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Fo reword

he recent broad political rapprochement between the United States and

the nations of the Former Soviet Union (FSU) has transformed the en-

vironment for cooperation on space projects, and led to cooperative

programs in space with Russia and other FSU states that would have
been unimaginable just a few years ago. Chief among these are the high-profile
human spaceflight cooperative activities involving the Space Shuttle-Space
Station Mir dockings and the International Space Station.

This report surveys the potential benefits and drawbacks of expanded coop-
eration with Russia and other nations of the FSU in space activities, and ex-
amines the impacts of closer cooperation on U.S. industry and U.S. national
security concerns. Such cooperation has begun to yield scientific, technologi-
cal, political, and economic benefits to the United States. However, the politi-
cal and economic risks of cooperating with the Russians are higher than with
the United States’ traditional partners in space. Cooperation in robotic space
science and earth remote sensing is proceeding well, within the stringent limits
of current Russian (and U.S.) space budgets. Including Russia in the Interna-
tional Space Station program provides technical and political benefits to the
space station partners, but placing the Russian contribution in the critical path
to completion also poses programmatic and political risks.

The report notes that much of the motivation for the expansion of coopera-
tion with Russia lies beyond programmatic considerations. In particular, it
points out that continued cooperation, including large payments for Russian
space goods and services, may help stabilize Russia’s economy and provide
incentive for some of Russia’s technological elite to stay in Russia and contrib-
ute to peaceful activities in space. Lack of opportunities at home might other-
wise cause them to seek employment abroad where their skills might contrib-
ute to the proliferation of weapons of mass destruction. Finally, the report
assesses the pros and cons of expanded commercial ties, their impact on the
U.S. space industrial base, and on aerospace employment.

In undertaking this effort, OTA sought the contributions of a wide spectrum
of knowledgeable individuals and organizations. Some provided information;
others reviewed drafts. OTA gratefully acknowledges their contributions of
time and intellectual effort.
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IExecuﬂve
Summary

he end of the Cold War, the collapse of the Soviet Union,

and the changing world order have provided new opportu-

nities and new incentives for the United States and other

countries to cooperate with Russia in space science, space
applications, and human spaceflight. Although U.S. attempts to
cooperate on space activities with the Soviet Union began more
than 30 years ago, intense political and military competition be-
tween the two countries severely limited the scope and duration of
such activities. Today, the United States government is actively
pursuing cooperation with Russia on a wide range of space activi-
ties, including the International Space Station. In addition, U.S.
aerospace firms have entered into joint ventures, licensing agree-
ments, and cooperative technical agreements with a variety of
newly organized Russian counterparts.

The emergence of Russia as a major cooperative partner for the
United States and other spacefaring nations offers the potential
for a significant increase in the world’s collective space capabili-
ties. Expanding U.S.-Russian cooperation in space since 1991
has begun to return scientific, technological, political, and eco-
nomic benefits to the United States. Yet, Russia is experiencing
severe economic hardship and its space program has undergone
major structural changes. The future success of U.S.-Russian
cooperative projects in space will depend on:

= successful management of complex, large-scale bilateral and
multilateral cooperative projects;

= progress in stabilizing Russia’s political and economic institu-
tions;

= preservation of the viability of Russian space enterprises;

= flexibility in managing cultural and institutional differences; |1




2| U.S.-Russian Cooperation in Space

= continued Russian adherence to missileQTHER BENEFITS AND RISKS
technology-proliferation controls; and NASA is exploring cooperative space research
= additional progress in liberalizing U.S. andand development with Russia in virtually every
Russian laws and regulations in export controlprogrammatic area. Aside from the space station,
customs, and finance activities include flights of instruments on each
other’s spacecraft and joint missions using Rus-
FOREIGN POLICY BENEFITS AND RISKS sian launch capabilities with U.S.-built space-
Russia’s technical contributions to the Interna<raft. Public sector cooperation in space science
tional Space Station offer a substantial increase igind Earth observations is developing well for the
planned space station capabilities. Just as impopost part. The political, technical, and adminis-
tant to the United States are the foreign policyirative risks involved are somewhat higher than
gains from this and other human spaceflight projihey are in NASAs traditional cooperative rela-
ects, such as the Shuttle-Mir dockings. U.S. offitionships, but—except for the space station—
cials expect cooperative activities to help promotdrussian contributions are not in the “critical path”
economic and political stability in Russia. For ex-to completion of key projects; program managers
ample, the National Aeronautics and Space Adunderstand the risks involved and have made con-
ministration’s (NASA's) purchase of nearly $650 tingency plans to minimize long-term risks.
million in goods and services from Russia during Cooperation on projects involving human
fiscal years 1994-97, by far the largest transfer o$paceflight involves both potentially greater pro-
U.S. public funds to the Russian government angrammatic benefits and higher risks than it does in
private organizations, is an important signal ofspace science and applications. The United States
U.S. support for Russia’s transition to a markestands to gain new experience in long-duration
economy. These purchases should help preserg@aceflight and a better understanding of Russia’s
employment for Russian engineers and technitechnology and methods. On the other hand, the
cians in at least some of Russia’s major space-ifJnited States risks possible project failure if Rus-
dustrial centers, thereby inhibiting proliferation Sia proves unable to perform as promised.
through “brain drain” and helping to sustain Rus- Placing the Russian contribution in the critical
sian adherence to the Missile Technology Contrgpath to completion of the space station poses un-
Regime. Moreover, NASAs purchases improveprecedented programmatic and political risks.
the chances that Russia will be able to meet its oj-he Russian elements must be delivered on time
ligations to the space station project, thereby enand within budget; failure to do so could cause se-
hancing prospects for success. rious difficulties, both programmatically and in
Nevertheless, such purchases entail some poliNASAS relations with its other partners and with
ical risk in the United States, as well as the risk té-ongress. Knowledgeable observers express con-
the space station if the Russian government an@grn about the stability and staying power of the
enterprises are not able to perform. Some U.S. oiRUssian aerospace sector, about the Russian track
servers question the wisdom of supporting anyecord in delivering new spacecraft, and about the
part of the Russian aerospace industry, which prgsondition of the Baikonur launch complex (used
vided much of the technological substance for th&o launch Proton and Soyuz vehicles). On another
Soviet threat to the United States; others believievel, observers worry that political and/or mili-
that U.S. officials have made adequate provisiofiary events within Russia or between Russia and
to ensure that U.S. funds remain in the civil spac@ther countries could cause either party to seek to
sector. amend the space station program or withdraw
from it.
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Given the significance of the Russian contribu-RUSSIA, THIRD PARTIES,
tion to the space station, the U.S. ability to makeAND THE UNITED STATES
up for delays or failure to deliver is severely lim-1q French experience in cooperating with the So-
ited by available U.S. resources. However, partiCiyjet Union and Russia since 1966 largely parallels
pants in current cooperative ventures suggest,y confirms that of the United States. The Euro-
some other preca_lutlons _that coquI be taken, boﬂlb‘ean Space Agency has budgeted over $320 mil-
in the space station project and in space robotigy, tor space cooperation with Russia, largely for
cooperation: European-built hardware that will be installed in

= Seek better understanding of the larger politicathe Russian portion of the International Space Sta-
and economic forces that could affect Russiaition.
ability to deliver on commitments, perhaps The U.S. decision to bring Russiainto the space
through further systematic analysis of Russiarstation partnership initially caused considerable
aerospace industry developments. strain in relations with the existing partners, al-

» Maximize open and frank communication. Toready frayed by years of U.S. design changes and
avoid as many technical and managerial surcostincreases and aggravated by a general cooling
prises as possible, seek (and be willing to alof public enthusiasm for human spaceflight. Chal-
low) a high degree of communication andlenging negotiations remain to complete the re-
interpenetration between the U.S. and Russiadlignment of the agreements covering the station’s

programs. construction and utilization, but the working rela-
= Be prepared for delays and reverses. tionships now appear to be developing more
» Be aware of and manage cultural differences efsmoothly.

fectively.

DOMESTIC ECONOMIC IMPACT
COMMERCIAL COOPERATION Experts disagree over the nature and extent of the
Because of the potential for diverting civilian effect that expanded cooperation with Russia will
space technologies to enhance Soviet militarhave on the U.S. aerospace industry, and particu-
capabilities, during the Cold War, the federal gov4arly on the retention of U.S. jobs. Some industry
ernment effectively precluded U.S. aerospacefficials have expressed concern that U.S. aero-
firms from entering into cooperative businessspace employment could be lost and the techno-
agreements with Russian entities. Now, moslogical base adversely affected by use of Russian
large U.S. aerospace companies are pursuingchnology in the U.S. space program. Others
some form of joint venture or partnership with have argued that skillful incorporation of Russian
Russian concerns, especially in launch servicegchnologies into U.S. projects could save taxpay-
and propulsion technologies. Although several otr dollars in publicly funded programs such as the
these emerging commercial partnerships showpace station and could boost U.S. international
promise, and some could result in large revenuegpmpetitiveness in commercial programs. Both
none of them yet appear to be profitable, and it isould happen and have to be weighed against each
too early to tell how successful they will be. Here other.
too, the risks are larger than they are in coopera- Russian launch vehicles and related systems
tive ventures with Japanese and Western aer¢rave the most obvious potential for U.S. commer-
space firms because of unstable Russian politicatial use, but using them could adversely affect the
economic, and legal conditions and potential link-U.S. launch industry. This industry is the subject
age to U.S.-Russian political relations. The U.Sof upcoming OTA reports.
government could assist U.S. industry by further
liberalizing U.S. export-control laws and regula-
tions.
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INTRODUCTION

he U.S. civilian space program began in large part as a
competitive response to the space accomplishments of the
Soviet Union. For the first three decades, at least, compet-
itive impulses played a major role in the direction of U.S.
space activities. Cooperation with the Soviet Union was highly
limited, with the most important projects being undertaken in an
attempt to open lines of political communication between the two
superpowerd.The recent collapse of the Soviet Union and the
end of the Cold War have brought dramatic changes to the civilian
space programs of both the United States and the Former Soviet
Union (FSU). Once implacable adversaries who used their space
programs to demonstrate scientific and technical prowess, the
United States and the countries of the FSU (figure 1-1) are now
seeking to develop a variety of political, economic, and other ties
to replace their Cold War competition.
U.S.-Russian cooperation on the International Space Station,
begun in 1993, is the largest and most visible sign of the new rela-
tionship in space activities. However, the United States and Rus-

involving both government and industry. These ventures range
from administratively simple projects between individual scien-
tists to complicated commercial and intergovernmental transac-
tions. Such activities also involve a wide range of investments,
from a few thousand to hundreds of millions of dollars. Although

1see, e.g., U.S. Congress, Office of Technology AssessthéhtSoviet Coopera-
tion in SpaceOTA-TM-STI-27 (Washington, DC: U.S. Government Printing Office, July | 5
1985).
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the United States most extensive partnerships
with FSU countries are with the Russian govern-
ment and Russian commercia entities, the United
States and U.S. companies are exploring addition-
al cooperative ventures with other FSU countries.

This rapid expansion of cooperative activity is
taking place in the context of serious economic de-
cline, political instability, and socia disruption in
Russia and the other countries of the FSU. As a re-
sult, both the potential benefits and the risks in-
volved are considerably greater than they are in
U.S. space cooperation with Europe, Japan, and
other partners. This is particularly the case for the
International Space Station program. By engag-
ing the Russians as partners and purchasing re-
lated Russian space hardware and services, the
United States hopes to benefit not merely from
Russian technical capabilities, but from improved
Russian political and economic stability and con-
tinued adherence to nonproliferation goals. At the
same time, Russian failure to deliver as promised,
for whatever reason, could risk the future of the
program itself.

This report surveys issues related to U.S.-Rus-
sian efforts—governmental and commercial-to
cooperate in civil space activities’It was re-
quested by the House Committee on Science,
which asked the Office of Technology Assess-
ment (OTA) to “undertake an initial survey of is-
sues related to U.S.-Russian cooperation in space
activities.” * The committee also asked OTA to ex-
tend its analysis to other republics of the FSU,
where applicable.

To gather data for this report, OTA convened a
workshop of experts with experience in U.S.-Rus-
sian cooperative efforts in space science, space ap-
plications, space-launch services, and human
spaceflight.* The workshop gave OTA the oppor-
tunity to explore the lessons learned in previous or

Chapter 1 Introduction and Findings 17

ongoing U.S.-Russian cooperative programs and
to discuss the implications for future cooperative
efforts.

Chapter 1 presents OTA’s mgor findings re-
garding U.S.-Russian cooperation. Chapter 2
summarizes the status and organization of the
Russian space program and shows how it relates
to programs of other FSU countries. The history
and current state of U.S.-Russian cooperation are
explored in chapter 3. Chapter 4 summarizes les-
sons learned from others who have developed ma-
jor space ties with Russia and its predecessor, as
well as past and potentia interactions among
Russia' s partners and the United States. Chapter 5
examines risk management, the role of govern-
ments, and opportunities for and impediments to
establishing or expanding cooperative relation-
ships. Finaly, chapter 6 examines the impacts of
closer cooperation on U.S. industrial and national
security concerns.

FINDINGS
(L2 [cREN The dramatic expansion of U. S.-Rus-

sian cooperation in space since 1991 has begun to re-
turn scientific, technological, political, and economic
benefits to the United States. Further cooperative gains
will  depend on:

successful  management of  extraordinarily
complex, large-scale bilateral and multilateral
cooperative projects;

+ progress in stabilizing Russia’'s political and
economic ingtitutions;

+ preservation of the viability of Russian space
enterprises,

+ successful management of cultural and institu-
tional differences;

+ continued Russian adherence to missile-
technology-proliferation controls; and

*This report deals only with civil space cooperation and does not address cooperative activities of the military or of the Department of

Defense.

3 George E. Brown, Jr., and Robert S. Walker, House Committee on Science, Space, and Technology, letter to Roger Herdman, Director

of OTA, Aug. 29, 1994.
“Held Nov. 9, 1994, in Washington, DC.
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BOX 1-1: General Benefits of Cooperation in Space

» Reducing costs and sharing burdens. Many of the agencies involved in space share common

goals and have developed overlapping programs. Facing budget constraints, these agencies are
looking for ways to coordinate their programs to eliminate unnecessary duplication and to share the
cost burden of projects they might otherwise do on their own.

Broadening sources of know-how and expertise. Scientists and engineers from other countries
may possess technology or know-how that would improve the chance of project success.

Increasing effectiveness. The elimination of unnecessary duplication can also free up resources
and allow individual agencies to match their resources more effectively with their plans This realloca-
tion of resources can eliminate gaps that would occur if agency programs were not coordinated. In-
ternational discussions can be valuable even if they merely help to identify such gaps, but they can
be particularly useful if they lead to a division of labor that reduces those gaps.

+ Aggregating resources for large projects. International cooperation can also provide the means to
pay for new programs and projects that individual agencies cannot afford on their own. This has been
the case in Europe, where the formation of the European Space Agency has allowed European coun-
tries to pursue much more ambitious and coherent programs than any of them could have accom-
plished alone.

Promoting foreign policy objectives. Cooperation in space also serves important foreign policy ob-
jectives, as exemplified by the International Space Station program. The agreements on space coop-
eration reached in 1993 and 1994 by Vice President Al Gore and Russian Prime Minister Viktor Cher-
nomyrdin have also led to significant cooperate activities in space science and Earth observations

SOURCE off Ice of Technology Assessment, 1995

= additional progress in liberalizing U.S. and
Russian laws and regulations in such areas as
export control, customs, and finance.

Most knowledgeable observers conclude that
international cooperation will be essential to the
success of future major space plans.”Most large
programs are too ambitious to be undertaken as
unilateral efforts.°Multilateral projects and ex-
tensive coordination among al potential partners
in a particular field are becoming increasingly
common as al major space-faring nations en-
counter significant budget pressures yet desire to

accomplish more in space (box 1-1). The emer-
gence of Russia as a major cooperative partner for
the United States and other space-faring nations
offers the potentia for a significant increase in the
world’s collective space capabilities.
U.S.-Russian cooperation in space is taking a
wide variety of forms, ranging from relatively
straightforward company-to-company arrange-
ments to high-profile government-to-government
cooperative agreements. Most large U.S. aero-
space companies are pursuing some form of joint
venture or partnership with Russian concerns. The

*Kenneth Pedersen, “Thoughts on International Cooperation and Interests in the Post-Cold War World,” Space Policy 8(3): 205-220, Au-
gust 1992; George van Reeth and Kevin Madders, “Reflections on the Quest for International Cooperation,” Space Policy 8(3): 221-232, Au-
gust 1992; American Ingtitute of Aeronautics and Astronautics (AIAA), Conference on International Cooperation (Kona, HI: AIAA, 1993);
U.S.-CREST, Partnersin Space (Arlington, VA: U.S-CREST, May 1993); John M. Logsdon, “Charting a Course for Cooperation in Space,”

Issues in Science and Technology, 10(1): 65-72, fall 1993.

*u.s. Congress, Office of Technology Assessment, International Collaboration in Large Science Projects (Washington, DC: U.S. Gover-

nment Printing Office), forthcoming, Spring 1995.
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National Aeronautics and Space Administrationefforts to ease political tensions occasionally
(NASA) is exploring cooperative space researchstimulated the pursuit of cooperative activities
and development (R&D) in virtually every areathat might not otherwise have been considered of
that interests its scientists and engineers. Intensitigh scientific or engineering value, such as the
fied cooperation with Russia, either bilaterally orApollo-Soyuz Test Project (see photo on page
in a multilateral framework, could yield great 10)8 NASA program managers constantly faced
benefit for both countries. the reality that the political linkage—that is, the
Cooperation between the two countries raisefinkage between politics and support for certain
economic, financial, scientific, foreign policy, projects—could work to disrupt cooperative un-
and national security issues. U.S. efforts to indertakings, as events in the Soviet Union, Afghan-
clude Russian scientists and engineers in coopersstan, and Poland did at the end of the 1970s and
tive efforts derive in large part from a desire toearly 1980$. Today, the desire to support eco-
help Russia make a successful, stable transition ttomic and political stability in Russia and to pro-
democracy, develop a market economy, and resde tangible incentives for positive Russian
duce military production in favor of civilian behavior in areas such as nonproliferation of
manufacturing. By involving some portion of weapons of mass destruction and their delivery
Russia’s technical elite in high-technology spacesystems encourages cooperafi®As a result, the
projects, the United States hopes to encouragénited States has made unprecedented commit-
highly educated professionals to stay in Russianents of resources to cooperative projects, includ-
and help develop its economy, rather than move tmg purchases of Russian goods and services, and
countries potentially hostile to the United Stateshas been willing to make Russian hardware and
and its allied. U.S. purchases of space-relatedlaunch services major components of keystone
goods and services from Russia also provid®lASA projects, particularly the International
much-needed hard currency for the Russian ecorspace Station.
omy. Cooperation on Earth-observation projects Technologically, Russian hardware and other
stems in part from a desire to involve Russia moreapabilities have much to offer the space station
deeply in regional and global environmental mat-and other projects. To learn more about working
ters. together and to gain early long-duration-flight ex-
The recent broad political rapprochement beperience, NASA has embarked on a two-year se-
tween the United States and Russia has transies of engineering and scientific experiments
formed the environment for cooperation on spacévolving the Mir Space Station and the U.S.
projects. Previously, both governments limitedSpace Shuttlé! Nevertheless, more intense
what could be done, for political reasons and beeooperation entails some significant risks and lia-
cause of the desire to prevent the transfer of stratéilities. Political and economic instabilities with-
gically useful technical information; conversely,

7U.S. Congress, Office of Technology Assessninaljferation and the Former Soviet UnidBTA-1SS-605 (Washington, DC: U.S. Gov-
ernment Printing Office, September 1994).

8 The Apollo-Soyuz Test Project involved an orbital rendezvous between a U.S. Apollo capsule and a Soviet Soyuz capsule. The project
was planned and carried out during the early 1970s (see ch. 3 for greater detail).

9 Human rights abuses in the Soviet Union, the Soviet invasion of Afghanistan in 1979, and the institution of martial law in Poland in 1981
occasioned a sharp cooling in the cooperative relationship.

10y.s. Congress, Office of Technology Assessniautnologies Underlying Weapons of Mass Destrudddi-BP-1SC-115 (Washing-
ton, DC: U.S. Government Printing Office, December 1993).

11 This arrangement gives the United States access to long-duration-flight opportunities for the first time since the mid-1970s, when the
United States launched and occupied Skylab.



ACYETT AT
=
o
[
= _(/')
'
Pl
[
w
|28
QD
=
O
o
o
=]
D
=
QD
=
o
=
=
w
=]
QD
[ep]
D

:

=4
I

AT ICRLAL, A0S TIOS AMD SRDE

|
s!

-|~<||

]
"

I W | u I ¥
T L |
4 i |
I = Rl 7|
| Y = |
| a o L. =
| 4 gy A dk B
F i~F F o v Al =Tk Tid

il - ¥ 4 KR &'
' il Lge ol A, . " |
e . S B s T
! - _.-'- _—

pollo-Soyuz Test Project.

>

Russia has undergone enormous political
changes, having gone from a centralized regime
under the Soviet flag to an emerging democracy in
just a few years. Its newly formed democratic
institutions are still quite fragilRussia is also
attempting to move from a centrally planned
economy to one in which market forces predomi-
nate. Such changes have imposed considerable
hardship on Russia’s people. Rapid political and
economic improvements are impeded by the very
human impulse to resist change. To solidify
changes in its political and economic order, Rus-
sia must, therefore, build the legal and commer-
cial infrastructure to support and enhance the
changes. Because the political, economic, and ad-
ministrative nature of Russian private and govern-
mental institutions is changing rapidly, each
cooperative agreement generally requires chart-
ing new institutional ground, adding to the uncer-
tainties of cooperating with Russia.

Russians and Americans have strong cultural
differences. Over the nearly 40 years of mutual
isolation in technical matters, the two countries
have also acquired different technical and mana-
gerial approaches to the development and applica-
tion of space technology. Such differences can be
beneficial to both sides because they add new per-
spectives, but they can also be barriers to in-
creased cooperation. By contrast, the European,
Japanese, and Canadian space communities have
had a close relationship with their U.S. counter-
part, making communication and collaboration
much easier than they are between the United

in Russia constitute the greatest risks 10 @5 and Russia. Although cooperation with
pursuit of cooperative activities. After investing canada, Europe, and Japan has its own set of risks,
both time and money in cooperative programs, ifcooperation with Russia is currently more diffi-
Russia failed for any reason to f_oIIow t_hrough, thegyt. Workshop participants pointed out the im-
United States could be faced with having to com-y5iance of maintaining open minds and learning

plete such programs on its own, cancel them, o

ore about Russian practices in order to reduce

find new partners. Companies face the risk of 10Synisynderstandings resulting from cultural differ-

ing their investment of time and money if com-

ences. The uncertainties of cooperating with Rus-

mercial agreements fail. In time, companies also;, (box 1-2) suggest that the U.S. government and

risk the loss of entire programs or product lines.

I The debate within Russin aver the Russian military s recent abiempis in preveni the Russian Bepublse of Chechnya from seceding fram

Russia umderacones the vulmershility of these new instinations,
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BOX 1-2: Uncerigjnties of Cooperating with Russia

Technical risks. Despite Russia’s prowess in developing and maintaining a large and capable space
program, it has certain weaknesses, such as difficulty maintaining schedules on new spacecraft and
components, which were evident even before the end of the Cold War. Russia will have to complete
several new systems to fulfill its upcoming cooperative and contractual commitments.

* Unstable political institutions. Russian democratic institutions are in a very early stage of develop-
ment, and successful maturation is far from certain. Legal and political instability is great and ap-
pears likely to remain so for some time to come.

» Russian military actions. The Russian military has undergone substantial change in the past few
years and is much less stable than it was under the U.S.S.R. government. Instability in the Russian
military could make the Western world much more wary about investing in Russia and could even
undermine economic and political stability. For example, the war in Chechnya has drained important
resources from the civilian economy and has raised concerns about human rights abuses.

« Economic uncertainty The near collapse of the Russian economy and its impact on the many enter-
prises essential to Russian space activity could affect Russia’s ability to deliver on international com-
mitments. Russia lacks a common, settled business and procedural framework within which to orga-
nize and regulate its new marketplace.

* Crime and corruption. The political and legal changes in Russia and lax enforcement have in-
creased the incidence of serious crime and open corruption, thus impeding the development of nor-
mal business relationships.

= Cultural barriers. U.S. and Russian partners face a high risk of misunderstanding each other’s inten-
tions and of inadvertently creating discord in their relationships.

SOURCE. office of Technology Assessment, 1995

U.S. companies should proceed cautiously and Although cooperation with Russia in space has
develop clearly defined objectives for cooperative  varied widely in intensity, it has a three-decade
ventures. history. The United States and the Soviet Union

began sharing data from weather satellites in
Intergovernmental cooperation with  1966.”U.S. and Russian space scientists have
Russia in space science, Earth observations, and cooperated at some level of interaction since the
space applications is developing well for the most part, |ate 1960s.
although severe Russian budgetary constraints have Over the years, the United States has made
put some projects in jeopardy The political, technical, some useful gains in space science and Earth ob-
and administrative risks involved are somewhat higher servations by cooperating with Russia. For exam-
than they are in NASA's traditional cooperative relation- ple, data acquired during the Soviet Union's

hips, but U.S. derstand th . .
SIps, AU program managers Understand them Venera Venus landings of the 1970s provided U.S.
and have planned accordingly

“The first experimantal Soviet weather observation sensors were flown in 1964. The sharing of weather-satellite data began two years

later, after the launch of the Soviet Kosmos 122 satellite. (N.L. Johnson, Kaman Sciences Corporation, Colorado Springs, CO, persona commu-
nication, Feb. 6, 1995.)
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BOX 1-3: Current and Future Intergovernmental Scientific and Technical Cooperation

Between the United States and Russia

+ Solar system exploration: proposed coordinated or joint missions to Mars, Pluto, and the neighbor-
hood of the Sun; flight of instruments on each other’s spacecraft, including Russia's Mars 96.

» Space physics: coordinated observing campaigns to study cosmic rays and the Earth’'s solar mag-
netic environment, using U.S., European, Japanese, and Russian spacecraft and ground facilities,

» Space biomedicine, life support, and microgravity: flight experiments on Mir, Spacelab, the Space
Shuttle, and Russian biosatellites to support increased understanding of microgravity phenomena
and factors affecting humans in space,

» Earth sciences and environmental modeling; flight of U.S. Earth Observing System instruments on
Russian meteorological satellites; ground-based, aircraft, satellite, and spacecraft measurements of
crustal and atmospheric phenomena and other aspects of the Earth as a system

» Astronomy and astrophysics: flight of x-ray and gamma-ray instruments on each other’s space-

craft; data exchanges and coordinated research,
SOURCE: office of Technology Assessment, 1995

planetary scientists with unigue insights into
chemical and physical processesin the Venusian
atmosphere and on its surface. 14

As noted above, throughout the Cold War, the
overal state of the relationship between the
United States and the Soviet Union placed general
limits on the extent of cooperation in space activi-
ties. In addition, the risk that U.S. technology
might be used to further Soviet military capabili-
ties also limited the scope and depth of such coop-
eration from the U.S. side. Furthermore, Soviet
authorities were loath to open their facilities to
westerners or to allow their scientists and engi-
neers to travel outside the Soviet Union. Never-
theless, during the Cold War, U.S. officials
viewed scientific cooperation between the United
States and the Soviet Union as helping to provide
important insights into the workings of the closed
Soviet society. Cooperation also exposed Soviet
scientists to Western economic prosperity and
political ideals. Since 1991, the pace of coopera-
tive intergovernmental science and technology

programs with Russia has increased significantly
(box 1-3).

Russia operates a fleet of reliable, relatively in-
expensive launch vehicles. However, Russian
space and earth sciences instrumentation and
science spacecraft are generaly not up to U.S.
standards of sophistication and long-term reliabil -
ity. “Russian strengths lie in theoretical science,
materials, software development, space propul-
sion, and mechanical engineering. To counter
their technical weaknesses, the Russians have ac-
tively sought foreign instruments for their space-
craft. Flying U.S. instruments on some Russian
spacecraft continues to be an attractive way for the
United States to gain additional flight opportuni-
ties at minimum cost. For example, from August
1991 until February 1995, a NASA Total Ozone
Mapping Spectrometer (TOMS) delivered impor-
tant data from aboard a Russian Meteor-3 polar-
orbiting weather spacecraft. NASA has recently
concluded an agreement with the Russian Space

*James W. Head |11, “Scientific Interaction with the Soviet Union: The Brown Geology Experience,” Geological Sciences Newsletter,

May 1988, pp. 1-3.

“Russian engineers have compensated for less reliable spacecraft design by building operational spacecraft, such as their Meteor weather-

monitoring satellites, in series and by launching new ones as needed. Russia's efficiency in launching payloads to Earth orbit makes this ap-

proach feasible.



Agency (RSA) to fly a Stratospheric Aerosol and
Gas Experiment (SAGE) instrument and a TOMS
instrument on Meteor-3M spacecraft in 1998 and
2000, respectively. At the same time, the U.S. par-
ticipants in these cooperative efforts must be
keenly aware of the risk that Russian agencies or
enterprises may be late or unable to perform be-
cause of technical, economic, and/or political dif-
ficulties. " Well-developed contingency  plans
are, therefore, a necessity.

In the past, NASA has almost aways arranged
its cooperative projects so that there is no ex-
change of funds with the other countries or agen-
cies involved. OTA’s workshop participants
believed that under normal circumstances, this
practice was sound because it helps ensure bal-
anced projects and avoids the political difficulties
that could arise from sending funds abroad. More-
over, they agreed that foreign agencies that find a
place in their budgets for their part of cooperative
projects tend to be more fully engaged and com-
mitted partners.

Consistent with this approach, the use of Rus-
dan launch vehicles for U.S. space science and ap-
plications spacecraft is an attractive cooperative
option that may permit some projects that would
not be undertaken otherwise. Normally, such
cooperative agreements should be made on the ba-
sis that Russia would supply the launch vehicle in
return for participating in the activity and receiv-
ing access to the data returned. Nevertheless, as a
short-term measure, U.S. support of some portion
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of the launch costs for an experiment may be ap-
propriate—for example, to ensure the project’s
completion. *’

Cooperation in space science and applications
has a lower profile, and a less immediate connec-
tion to political matters, than does cooperation in
human spaceflight and thus would be much more
likely to survive a cooling in the political rela-
tionships between the United States and Russia.
Nevertheless, the emergence of sharp policy dif-
ferences between the two countries, particularly in
geographical areas of intense conflict, might make
all cooperative projects harder to carry out.

LU eE Al Because of the high cost, complexity

and public visibility of projects involving human space-
flight, cooperation on such projects promises the po-
tential for both greater benefits and higher risks than it
does in space science and applications. Although Rus-
sian technical contributions to the International Space
Station will result in a substantial increase in the station's
planned capabilities, the potential benefit for the United
States in this and other human-space flight projects lies
at least as much in foreign policy as in space activities.

Russia has more operational experience with
long-duration human spaceflight than does the
United States. During the 1970s and early 1980s,
the Soviet space program orbited and operated six
Salyut space dations. In February 1986, the
U.S.S.R. launched the core module for the larger
and more capable Mir Space Station, which is till

“For example, Russian budgetary constraints have forced the near abandonment of the “Mars Together” concept for linking the Us. and

Russian programs for the exploration of Mars in a series of joint missions.

“To obtain much-needed technical information about the Russian Meteor-3M spacecraft for determining the feasibility of Joint missions,

the United States has paid Russia about $100,000 for a set of spacecraft-interface design-and-control documents. These arrangements will help
defray Russia's costs for its part of the Meteor-3 M/SAGE and Meteor-3 M/TOMS projects. The United States will also reportedly pay integration
costs for the 1998 and 2000 flights, which will total around $5 million for both missions.
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BOX 1-4: Technical and Operational Advantages of Cooperating

with Russia on the International Space Station

+ The use of Russian launch vehicles for construction and logistics, in addition to Space Shuttle and
other Western vehicles, significantly improves transportation availability.

» The space station “Alpha” redesign with Russian participation will be completed 15 months earlier
than the “Alpha” redesign without Russian participation (but two years later than Space Station Free-
dom'’s scheduled completion).

» The space station will have 25 percent more usable volume (if the European Columbus module is
reauthorized in October 1995),

» When assembly is completed, the station will have 42,5 kilowatts more electrical power than did the
“Alpha” design,

» Crew size can be Increased from four to six, providing additional crew time for scientific experiments
and maintenance

+ Portions of all international laboratory facilities will be within the zone of best microgravity conditions
for research,

= An orbital inclination of 51.6° means that the space station will overfly a large portion of the Earth’s
surface, thus increasing opportunities for Earth observations.

SOURCES “Addendum to Program Implementation Plan, " NASA, Nov. 1, 1993, Marcia S. Smith, “Space Stations, " Congressional
Research Service Issue Brief 93017, Washington, DC, October 1994 (updated periodically), Off Ice of Technology Assessment, 1995

m operation under Russian control. *Throughout
the program, cosmonauts have extended Russia's
experience in long-duration spaceflight, up to the
current record of 473 days.

In December 1993, U.S. Vice President Al
Gore and Russian Premier Viktor Chernomyrdin
announced their governments’ agreement to
cooperate on the International Space Station.”
This agreement was a highly visible sign that the
United States was willing to work more closely
with Russia on important science and technology
programs. It was undertaken in large part to under-
score the new political relationship between the
two countries, in which the United States and Rus-
sia are attempting to work together on technical
and political problems of mutual interest. Also in
December 1993, NASA Administrator Dan Gol-
din and RSA Director General Yuri Koptev signed
a cooperative agreement for joint Space Shuttle-
Mir experiments and a letter contract committing

the United States to atotal of $400 million ($100
million per year for four years) for Russian goods
and services related to the Shuttle-Mir program.
Thejoint activities planned under this agreement
should yield critical life sciences data and impor-
tant insights into working with the Russians. Rus-
sia will make a substantial addition to the
International Space Station by contributing sever-
a major components; the United States is pur-
chasing other components (box 1-4). The United
States will spend nearly $650 million in Russia
over four years for the Shuttle-Mir program and
other Russian space goods and services.

As noted earlier, by including the Russiansin
high-profile projects in space, U.S. officials hope
to reduce possible proliferation of Russian mili-
tary technology and assist the stabilization of
Russian economic and political institutions. Suc-
cessful execution of the space station agreement
would also be an important symbol of the chang-

*Indeed, the two cosmonauts aboard Mir during the 1991 attempted coup were launched as citizens of the U.S.S.R. and returned to Earth

as citizens of Russia.

*Al Gore and Viktor Chernomyrdin, Joint Statement, Dec. 16, 1993.



ing world order—a demonstration both of the
ability of two former superpower adversaries to
substitute cooperation for competition and of
Russian integration into a major Western coopera-
tive venture.

The Clinton Administration’s policy of involv-
ing Russia in the International Space Station and
other space projects also stems from a growing
U.S. appreciation of Russian technical capabili-
ties in developing and maintaining the support
structure for humans in low Earth orbit (LEO).
The series of engineering experiments beginning
in 1995 involving Mir and the Space Shuttle will
serve as important precursors to space station
construction.

Involving the Russians in the International
Space Station promises to increase program flexi-
bility and capability. It aso reduces the potentia
for space dtation failure resulting from the loss of a
shuttle orbiter.” Russia has highly capable launch
systems that can assist in building the space sta-
tion and in supporting its operations and that can
reduce the probability of interruptions in these ac-
tivities. For example, Russia will contribute Soy-
UZ-TM spacecraft for crew rotation and rescue (if
needed) during the 1997-2002 period (box 1-5).
However, including the Russians in the space sta-
tion aso increases the managerial complexity of
gpace station planning, construction, and opera-
tions.

How the United States manages the relation-
ship with its other space station partners and Rus-
siawill also affect space station success. The 1993
U.S. decision to invite Russia to participate in the
International Space Station was the latest episode
in a series of trials that have strained the partner-
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ship since the signing of the initial agreements in
1988. U.S. officials angered other partners by the
unilateral manner in which they invited the Rus-
sians to join the project.” Since then, NASA has
endeavored to repair the damage its actions might
have done to an effective partnership and has tak-
en care to involve fully al partners in space station
decisions. Although working-level cooperative
activities appear to be proceeding well in the new
framework, other events may place added pres-
sure on the space station partnership. In 1994,
Canada decided to reduce its space station partici-
pation significantly, and the scale and shape of the
European Space Agency’s (ESA’s) commitment
remains uncertain, pending a ministerial meeting
scheduled for October 1995.

Including Russia in the International
Space Station program  provides technical and political
benefits to the space station partners, but placing the
Russian contribution in the critical path to completion

also poses unprecedented programmatic and political
risks.

Russian contributions to the space station in-
volve the development and construction of several
critical elements (box 1-6). To keep space station
construction on schedule and costs down, these
space station elements must be delivered on time
and within budget. Because successful comple-
tion of the space dation is so important to NASA's
future, difficulties in meeting space station cost or
schedule goals will especially stress NASA’s rela
tions with Congress and the other partners. Some
analysts, for example, worry that although Rus-
sian supplies of space hardware seem adeguate

“As noted in an earlier OTA report, the risk of losing a shuttle orbiter during or after space station construction is Sufficiently high to raise

concerns about the wisdom of using only the Space Shuttle to support the space station. The availability of Russian space-transportation systems
greatly reduces the risk of a failure to complete space station construction. See U.S. Congress, Office of Technology Assessment, Access to
Soace: The Future of U.S. Space Transportation Systems, OTA-1SC-415 (Washington, DC: U.S. Government Printing Office, May 1990), p. 7.

“According to news reports, U.S. officials initially failed to consult adequately with Canada, the European Space Agency, and Japan con-

cerning the inclusion of Russiain the joint project. See, e.g., “Clinton Orders New Design for Space Station, '’ Aviation Week and Space Technol-
ogy, Feb. 22, 1993, pp. 20-2 1; James R. Asker, “NASA’s Space Station Takes Friendly Fire,” Aviation Week and Space Technology, Mar. 22,
1993, p. 25; and “Station Partners Blast U.S. Design, “ Aviation Week and Space Technology, May 3, 1993, p. 20.
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BOX 1-5: The SOYUZ-TM

The Soyuz series of crew ferries began with the Soyuz (1967-81), moved to the Soyuz-T (1979-86),
and is represented today by the Soyuz-TM (1986-present). Designed and manufactured by NPO Ener-
gia (now RSC Energia), the Soyuz-TM carries a crew of two to three in its 10-cubic-meter habitable
volume, Two 10.6-meter solar arrays provide electrical power during the two- to three-day trip from
Earth to the Mir Space Station and connect to the space station’s electrical system to provide it with an
additional 1.3 kilowatts of electrical power, The Soyuz-TM is just over 7 meters long, has a gross weight
of 7.07 metric tons, and is rated for flight times of up to 180 days while docked with Mir The 20 suc-
cessful launches of the Soyuz-TM, in addition to the 51 launches of the Soyuz and Soyuz-T, have given
the Russians unparalleled experience in automated and manual docking procedures.’

The SOYUZ-TM Spacecraft

and supplies to the space station,

Sciences Corporation, 1993).

SOURCE. David F. Portree, Mir Hardware Heritage, 1994,

Part of the Russian contribution to the International Space Station will be Soyuz-TMs to serve for
crew return and crew rotation during Phase Two of the space station. The Progress-M, a vehicle de-
signed like the Soyuz-TM but made to carry cargo only, will be used throughout all phases to bring fuel

'U.S. astronaut Norman Thagard and two Russian cosmonauts, Vladimir Dezhurov and Gennadiy Strekalov, were launched to-

ward Mir aboard a Soyuz-TM on Mar, 15, 1995, On Mar, 16, they docked automatically with Mir. Astronaut Thagard will return to Earth
on the Space Shuttle, which is scheduled to dock with Mir in June 1995.

SOURCE: N.L. Johnson and D.M. Rodvold, Europe and Asia in Space, 1991-1992,DC-TR-219/103-1 (Colorado Springs, CO Kaman

T

today, Russian enterprises might not be able to
maintain an appropriate pace and quality of pro
duction.”On the other hand, for certain items,
such as launch vehicles and many launch subsys-
tems, Russian enterprises have excess capacity,
and given sufficient funding, may be able to in-
crease their production to meet market needs.

At least one OTA workshop participant ob-
served that Russian space enterprises have func-
tioned extremely well in building a production
series of spacecraft but have had difficulties meet-
ing schedules with new, untried, and one-of-a
kind designs. Others expressed concern about the
state of second- and third-tier equipment suppliers

#Judyth L. Twigg, “The Russian Space Program: What Lies Ahead?’ Space Policy 10(1):19-31,1994.



that does not yet exist).

station completion (1997-2002).

(updated periodically)

BOX 1-6: Key Russian Elements in the Critical Path of the International Space Station

- Guidance, navigation, and control of the Phase Two station depends on the Functional Cargo Block
(FGB) module, purchased from Khrunichev Enterprise by Lockheed.

. Rebooting the space station, to prevent premature reentry caused by atmospheric drag, will depend
on a series of Russian Progress-M and Progress-X cargo spacecraft (the latter is an enlarged version

-Russia will be responsible for crew-return (“lifeboat”) capability in the period before planned space

. Fuel resupply is also a Russian-only function, under current plans.

SOURCE Marcia S Smith, "Space Stations, ” Congressional Research Service Issue Brief 93017, Washington, DC, October 1994
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to the large enterprises and about whether those
suppliers could continue to meet planned produc-
tion schedules.

Other concerns relate to Russia' s space infra-
structure. For example, the Baikonur Cosmo-
drome, or launch facility, in the nation of Ka-
zakhstan is a crucial part of Russia’s contribution
to the space station program; the Proton, Soyuz,
and Zenit launch vehicles are launched from Bai-
konur. Visitors to the facility in 1994 expressed
concern about its condition and about low morale
among key personnel at the site.” Further, news
reports about Leninsk, the city created to support
the launch complex, have painted a grim picture of
living conditions.* However, prospects for the
long-term viability of the Baikonur Cosmodrome
have improved as a result of: 1) the ratification of
the Russia-Kazakhstan agreement on its use and
2) the apparent resolution of internal Russian gov-
ernment differences over funding its operation
and maintenance. Recent visitors from NASA and
Anser Corporation report that the Baikonur facili-
ties are in good repair. In addition, LKE Intern-
ational’ s decision to invest in the modification of a
payload processing facility at Baikonur demon-
strate that at least one major American-Russian
partnership has confidence in the long-term opera-
tion of the Cosmodrome. Finaly, in 1994, Russia

launched 13 Proton vehicles from Baikonur,
which tied the al-time high for the number of Pro-
ton launchesin agiven year.

Of perhaps greatest importance to the relation-
ship between Russia and the United States in the
International Space Station effort is whether polit-
ical and/or military events within Russia or be-
tween Russia and other countries will cause either
the United States or Russia to amend or even can-
cel their space station agreement. Although few
believe that a resumption of the level of hostility
present during the Cold War is likely in this re-
structured world, a sharp cooling of the U.S.-Rus-
sian political relationship could slow or even
cancel space station activity. On the other hand,
the space station’s high visibility in the overal
political relationship and the Clinton Administra-
tion’s strong commitment to the project could
help insulate it from transitory political strains.

(ALY [cXTM Although the emerging commercial

partnerships between the United States and Russia ex-
hibit promise in some space sectors, it is too early to tell
how successful these partnerships will be. Because of
the higher economic and political uncertainties, com-
mercial ventures with Russian companies carry much
higher risk than those with firms in Western Europe or
Japan.

“Oversight Visit: Baikonur Cosmodrome, Chairman’s Report of the Committee on Science, Space, and Technology, House of Representa-

tives, 103d Congress, 2d Session (Washington, DC: U.S. Government Printing Office, February 1994).
“"Baykonur-Leninsk Difficulties Evaluated,” Foreign Broadcast Information Service, FBIS-USR-94-074, July 5, 1995.
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BOX 1-7: Areas of Commercial Cooperative Activities

services.

ices.
SOURCE: Office of Technology Assessment 1995

» Propulsion technology Using Russian engines to enhance the performance of existing U.S. launch
vehicles, or for potential use in future systems, such as reusable demonstration vehicles,

» Launch services, Using Russian space-launch vehicles for Western satellites,

» Launch-vehicle components. Taking advantage of Russian expertise in materials and fabrication to
achieve cost and weight savings and increased reliability.

» Telecommunications services. Using Russian communication satellites to provide International

+ Others. Remotely sensed data; underlying technologies and materials; software and analytical serv-

Russian companies have much to offer U.S.
companies, especialy in liquid-fuel propulsion,
launch vehicles, and launch services. Incorpora-
tion of Russian technologies into U.S. launch ve-
hicles and launch operations could make U.S.
launch services more competitive in the interna-
tional marketplace than they are today. Russian
launchers such as Proton and Soyuz are highly ca-
pable and have a strong record of launch success.
Russia also has significant skills in satellite re-
mote sensing and now markets, through several
Western companies, the highest-resolution re-
motely sensed data”that are commercially avail-
able.”However, Russian skills in the global
marketplace are just developing. The combination
of Russian know-how and U.S. marketing skills
can improve the international competitiveness of
U.S. companies and aso help Russian companies
earn much-needed hard currency.

Continued progress in developing these part-
nerships (box 1-7) will depend in part on the speed
with which Russia converts its large state enter-
prises into firms driven by market forces. It will
also depend on the development of stable Russian
laws and institutions aimed at reducing the institu-
tional uncertainties and economic risks of such

ventures. Commercial progress will aso depend
on developing and maintaining stable and sup-
portive U.S. and Russian governmental policies
toward these industrial partnerships.

As noted above, the Clinton Administration,
with cautious encouragement from Congress, has
pursued policies of greater openness with the
FSU. U.S. agencies could play a significant role in
easing the path of private sector cooperative
agreements with Russia, but interagency conflicts
and continued distrust of Russian motives impede
greater progress. Despite the end of the Cold War,
the dismantlement of the Coordinating Commit-
tee on Export Controls (COCOM), and the
realignment of the State Department and Com-
merce Department’ s export-control responsibili-
ties (during which many space items were
removed from the State Department’s U.S. Muni-
tions List), U.S. export-control restrictions con-
tinue to increase the time and cost involved in
cooperating with Russian entities in both the pub-
lic and private sectors.

Although business relationships among U.S.
and Russian firms have generally developed with-
out unduly affecting either side’s relations with
third parties, competition in launch services may

*However, the highest-resolution Russian remotely sensed data are in photographic form and cannot be provided in a timely manner after

acquisition, which inhibits their use in applications where timeliness or well-calibrated radiances are necessary.
*WorldMap International, Ltd., markets data from the Russian Resurs-F satellites that have been digitized from photographic originals;

several other companies market photographic images or digital data from second-generation images obtained through Soyuzcarta, a Russian

data-marketing firm.



prove an exception. The U.S. government faces
growing pressure from some U.S. firms and Rus-
sia either to liberalize its launch-services agree-
ment with Russia or abandon it altogether.” The
latter, in particular, seems likely to provoke a
strong protest from Europe, which favors an upper
limit on launches for Russia.

The political and economic uncertainties in
Russia should prompt U.S. companies to be cau-
tious in pursuing partnerships with newly created
Russian private companies. In addition, the
changing institutional relationships within the
Russian government make navigating Russian
regulatory requirements a challenge to U.S. com-
panies. Russian officials worry about the loss of
economically or militarily significant technolo-
gies to the West. For most space technologies, the
Russian military plays an important role in the es-
tablishment of fruitful business relationships with
Russian companies. Despite the increasing power
of Russian aerospace corporations to chart their
own destiny, many U.S.-Russian agreements re-
quire the consent and/or the active participation of
the Russian Ministry of Defense and the Military
Space Forces. These parties, which may possess
veto power over projects, are often not included in
negotiations at the early stages.

(L2 {<X T8 The Russian government has made im-

portant strides in reorganizing its civilian space pro-
gram to allow smoother cooperation with Western
governments and commercial enterprises. Neverthe-
less, Russian space program faces many challenges
in achieving long-term  stability

To change the way space policy is made within
Russia, to separate the civilian space effort from
the military, and to make cooperation with other
governments and with non-Russian corporations
easier, the Russian government created the Rus-
sian Space Agency in February 1992. Made up of
a relatively tiny cadre of about 200 people who
were part of the old Ministry of General Machine
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Building that once controlled all aspects of the
space program, RSA reports directly to the gov-
ernment of Russia. It is responsible for drafting
space policy and for implementing the policy once
it has been ratified by the government. Funding
for RSA comes through several ministries, includ-
ing the Ministry of Science. RSA is responsible
for space program management, budgeting, and
international negotiations. The agency lacks the
personnel to engage in R&D activities or detailed
program oversight, and it must depend on Russian
industry to carry out many of the functions that
NASA’s field centers perform in the United States.

Whatever the prognosis for the commercial
space industry, Russian space science will likely
suffer during the next few years. The Institute of
Space Research (IK1) is the official body that or-
chestrates Russia' s efforts in space science, and a-
though IKI is a part of the Russian Academy of
Sciences (RAYS), it depends on the RSA for its
funding. Funding for science will almost certainly
take aback seat to funding for projects that are ei-
ther necessary to the state or that promise to bring
in Western currency. Two other organizations are
involved in determining Russias space science
efforts. 1) the Interdepartmental Scientific and
Technical Council on Space Research (MNTS
K1), which provides peer review of proposed proj-
ects and is chaired by the head of RAS, and 2) the
Interdepartmental Expert Commission, which is
made up of chief designers from industry and
members of other ministries and which tries to
coordinate the needs of industry with those of the
scientific community.

FINDING 7: RiFassen space program is suffer-

ing from the current political and economic climate in
the FSU. The budget for space activities is decreasing
sharply The survival of some parts of Russia’s space
program will depend on cooperation with other coun-
tries.

27 The agreement, which was signed in September 1993, limits Russian commercial launches to eight between 1993 and 2000. See chap-

ter 5, “Governments as Regulators.”
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The Russian space-related work force has de-
creased 30 to 35 percent over the past three years.
A total of 200,000 workers have left the industry
for more lucrative aerospace jobs elsewhere, both
inside and outside Russia. Many of these workers
are young people who are leaving for more prom-
ising futures in the emerging private sector. One of
the largest aerospace firms, RSC Energia, used to
hire 2,000 young people each year; now it hires
200. From December 1994 through February
1995, RSA argued forcefully in the Russian media
and before the Duma that unless its 1995 funding
request was met, the space program could col-
lapse. Although the Duma was publicly sympa-
thetic, there is no reason to expect that RSA will
fare better in 1995 than it did in 1994, when it re-
portedly received approximately one-quarter of
the funding it requested, and one-half of what had
been allocated by the government. On the other
hand, the space program has aready survived
what may be the worst times. Efforts a restructur-
ing the space program and moving to a market-ori-
ented way of doing business have ameliorated the
situation and are continuing. Systems required by
the government (such as reconnaissance satel-
lites) will continue to be funded, but funds for ba-
sic research, new designs, and many commercia
projects will amost certainly have to come from
external sources. Despite many economic hard-
ships, the Russian civil and military space pro-
grams continue to lead the world in annua
numbers of launches and active satellites.

131/l [cR: B NASA's purchase of goods and ser-
vices from Russia serves important foreign policy goals

and improves the chances that Russia will be able to
meet its obligations to the International Space Station.
The scale of NASA funding that this requires, however,
further increases the political risk faced by the Interna-
tional Space Station program.

The planned payment of nearly $650 million
from the NASA budget during FY 1994-97
(directly and through contractors) for Russian
gpace goods and services represents by far the
largest transfer of funds from the U.S. budget to
Russian government and private organizations in
that period.”

Symbolically, these payments are an important
international signal of U.S. support for Russia's
transition to a market economy. Given Russia's
pride in its aerospace accomplishments, U.S. sup-
port for that sector takes on added political and
psychological significance. U.S. purchases of
Russian space goods and services should also help
to sustain Russian adherence to the Missile
Technology Control Regime, both because of the
political linkage that was established when the
$400 million NASA/RSA contract was an-
nounced®and because the funding will help pre-
serve employment for Russian engineers and
technicians in at least some major Russian space-
industrial centers. By funding a significant por-
tion of the total RSA budget and making
payments to Russian enterprises that play pivota
roles in the Russian contribution to the Interna-
tional Space Station program (such as RSC Ener-
gia and the Khrunichev Enterprise), NASA
improves the chances that Russia will be able to
meet its obligations to the space station project.

On the other hand, the size of the funding re-
quirement virtually guarantees that it will be
controversial when considered by Congress, par-
ticularly in the context of efforts to reduce the U.S.
budget deficit. Moreover, some observers have
questioned the wisdom of supporting the Russian
aerospace industry, which provided much of the
technological underpinnings for the Soviet threat
to the United States. However, mogt, if not al, of
these funds would be spent in industrial subsec-

28 See chapter 3, “The Financial Dimension,” for a detailed discussion of these payments.

29 The White House, “Joint Statement on Space Cooperation,” from the first meeting of the U.S. Russian Joint Commission on Economic

and Technological Cooperation, Washington, DC, Sept. 2, 1993.



tors that support spaceflight rather than ballistic-
missile production.

ALY LR The French experience in  cooperating

with the Soviet Union and Russia since 1966 largely
parallels and confirms that of the United States.

France and the European Space Agency have
the two most significant programs of space coop-
eration with Russia other than the United States.
The long French relationship with the FSU dem-
onstrated an early understanding and acceptance
of the importance of political motives for space
cooperation. *French president DeGaulle's 1966
decision to begin cooperating with the Soviet
Union on space projects was principally intended
as an assertion of French independence within the
Western alliance, but it quickly acquired signifi-
cant substantive content, particularly in the space
sciences. In 1982, France and the Soviet Union
began a series of cooperative human-spaceflight
activities, despite strains in the political relation-
ships with Western nations caused by Soviet ac-
tions in Poland. These actions precipitated a U.S.
decision, in the same year, to allow formal space
ties to lapse. In contrast, the French opted to main-
tain cooperative ties, adjusting the scale of coop-
eration in response to the state of the political
environment.

ESA, which is a relatively new participant in
cooperating with Russia, is now spending signifi-
cant amounts on several magor projects. In al,
ESA committed about $81 million to Russia to
pay for Mir flights and other activities between
November 1992 and the end of 1994. ESA has
budgeted approximately $240 million to provide
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European-built hardware for use on Russian ele-
ments of the space station.

LRI Although the Russian government

and Russian enterprises have preserved most of the
technical and managerial capabilities of the former So-
viet Union, Ukraine also retains significant space as-
sets and capabilities. Kazakhstan owns the Baikonur
launch facility and several tracking and data stations.
The United States may find it beneficial to form partner-
ships with firms and governmental entities in these
countries.

= Kazakhstan. Russia and Kazakhstan have con-
cluded a long-term agreement on the support
and use of the Baikonur Cosmodrome, which
isacritica component in Russia' s launch infra-
structure. The importance of this launch com-
plex to the launch of space station components
and supplies guarantees U.S. interest in the
continuation of good political relations be-
tween Russia and Kazakhstan. NASA is ex-
ploring cooperation in environmental research,
space science, and telemedicine with Kazakh-
gan and is maintaining its own lines of commu-
nication with Kazakhstani space authorities in
order to follow space developments there
closely.

= Ukraine. Russia itself uses launch vehicles with
significant Ukrainian content™and Ukrainian-
built components extensively.” The United
States will have to determine the appropriate
balance between working directly with Ukrai-
nian partners and developing ties through Rus-
sia. So far, the U.S. approach has been to rely
on Russia to represent Ukraine in matters in-

30 See appendix D and U.S. Congress, Office of Technology Assessment, U.S-Soviet Cooperation in Space, OTA-TM-STI-27 (Washing-

ton, DC: U.S. Government Printing Office, July 1985), ch. 4.

31 An example is the Zenit booster, for which NPO Y uzhnoye, Ukraine, is the prime contractor and for which the Russian firm NPO Energo-

mash provides the main engines.

32 However, some Russim enterprises are cutting back their dependence on Ukranian suppliers of space goods in a government-wide effort
to make the Russian space program independent of Ukraine. See Peter B. deSelding, “Russia Distances Space Program from Ukraine,” Space

News, Feb. 20-26, 1995, p. 3.
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volving the space station partnership, while
awaiting confirmation of Ukrainian adherence
to the Missile Technology Control Regime
(MTCR). *Meanwhile, NASA is seeking to
advance cooperation with Ukraine in areas
such as environmental research and telemedi-
cine.

02 [cBREHE Despite the economic and political

uncertainties, most early participants in cooperative
ventures have found the potential gains worth the prob-
lems of pursuing cooperative projects. Participants
suggest that any organization planning cooperation
with Russian (or other former Soviet) organizations take
several precautions to enhance the success and mini-
mize the risks of such projects.

= Plan for the possibility of nonperformance.
Given the significance of the Russian contribu-
tion to the space station, the U.S. ability to
make up for delays or for falure to deliver is se-
verely limited by available U.S. resources .34 In
robotic space exploration, program managers
emphasize the importance of such planning
from the outset.

= Seek a better understanding of the larger politi-
cal and economic forces that could affect Rus-
sia’s ability to deliver on commitments. Some
increased confidence might be obtained
through further systematic analysis of Russian
adaptation of their defense industry to post-So-
viet conditions.

= Maximize open and frank communication.
Minimizing technical and managerial surprises
means seeking (and allowing) a high degree of
communication and interpenetration between
U.S. programs and their Russian counterparts,
both for the space station partnership and in ro-
botic space cooperation.

= Be prepared for delays and reverses, and seek
good advice. Businesspeople interviewed by
OTA believe that the best protection against the

immaturity of Russia’s legal and business sys-
tems is to obtain sound advice from Russian ex-
perts, to expect delays and reverses, and to be
patient.

m Be aware of and manage cultural differences €f-
fectively. As noted in finding 1, cultural differ-
ences can aso increase the level of project risk.
To minimize these risks, U.S. entities should:

» Sensitize all personnel who will be in contact
with Russian personnel to be aware of cultur-
a differences, learn ways to avoid affront,
and build personal rapport with their Russian
counterparts.
Resist the temptation to assume that U.S. and
Russian personnel share common assump-
tions about the meaning of business or con-
tractual terms and concepts;, when in doubt,
such terms should be spelled out. Find out
who has the authority to make the needed de-
cisions.

» Avoid postures or assumptions of superiority,
particularly in technical areas; a good rapport
and mutual respect for each other’s technical
achievements and capabilities are critically
important.

= Make use of the best available expertise in
Russian nonaerospace business law and prac-
tices, both to structure relationships properly
and to avoid surprises as much as possible
when political or financia circumstances
change.

L[y P4l Fxperts disagree over the extent to

which cooperation with the Russian government and in-
dustry on space projects would affect the retention of
U.S. jobs.

v

Some industry officials have expressed con-
cern that U.S. jobs could be lost as a result of using
Russian technology in the U.S. space program.
Others have argued that skillful incorporation of

33 Ukraine has agreed to abide by the restrictions of the MTCR, but before being admitted to the regime, it must demonstrate its adherence

to the terms of the regime.

34 The United States cannot afford to maintain Parallel developments for the Russian FGB module or the Soyuz-TM crew-return vehicle.
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Russian technologies in U.S. projects could savebvious potential for commercial use. Russian
taxpayer dollars in publicly funded programs sucHaunch experience is unmatched, and both exist-
as the space station and could boost U.S. internaig hardware and underlying technological devel-
tional competitiveness in commercial programsopments can fill important gaps in U.S.
Although the use of Russian technologies andapabilities. On the other hand, U.S. national se-
know-how may cause some job shifts, and eveourity interests demand that the United States
the loss of certain technical skills, if U.S.-Russiarmaintain its national launch capability and
cooperative activities are properly structuredtechnology base. The simple purchase of vehicles
they could improve the scope of the U.S. spacer launch services appears to be less attractive
program and, possibly, enhance U.S. competitivethan joint ventures, co-production of vehicles and/
ness. or systems, and analogous business arrangements

Russian launch vehicles and related systemas ways of accommodating these differing inter-
(particularly propulsion systems) have the mosests.



History and
Current Status
of the Russian
Space Programz

n 1957, the Soviet Union put the first satellite, Sputnik, into

orbit. In 1961, it launched the first human, Yurii Gagarin,

into space. From that time until its dissolution in 1991, the

U.S.S.R. maintained a robust space program, often follow-
ing lines of development very different from its one major com-
petitor, the United States. However fast the political and
economic landscape may be changing in Russia, the speed with
which the space program can change and the directions it can take
are constrained by how it developed during the Soviet era. This
chapter gives a synopsis of the legacy of the Soviet space pro-
gram?l It then describes what we know about the current status
and structure of the Russian space program and what direction it
might take in the next few years.

THE SOVIET SPACE PROGRAM

Russia’s civilian space program is still using equipment and
material manufactured and stored before the dissolution of the
U.S.S.R., such as stockpiles of Proton rockets, satellites, and the
Mir Space Station. Some of the impetus for the high-level produc-
tion was a desire to equal or surpass U.S. accomplishments in ™%
space. Figure 2-1, which shows the number of launches in the
United States and in the U.S.S.R. since 1957, not only demon-
strates the productive capacity of the U.S.S.R.’s space industry,
but also indicates the difference in design philosophies of the two
countries. Where the United States built long-lived, technically

1 Much of the material in this chapter is drawn from N.L. Johnson and D.M. Rodvold,
Europe and Asia in Space, 1991-19DZ,-TR-2191.103-1 (Colorado Springs, CO: Ka- | 25
man Sciences Corporation, 1993).
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FIGURE 2-1: Successful U.S. and U.S.S.R./Russian Launches
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SOURCE: Marcia S. Smith, Space Activities of the United States, CIS, and Other Launching Countries/Organizations: 1957-1993, Congressional

Research Service Issue Briefs, Washington, DC, Mar 29, 1994.

sophisticated payloads, the U.S.S.R. built much
shorter-lived satellites that required more frequent
replacement.

The difference in design philosophy between
the two countries goes back to the origins of their
space programs. At the end of World War 11, the
German rocket scientists from Peenemiinde, who
were responsible for the V-2 Rocket, were part of
the spoils of war divided between the United
States and the U.S.S.R. Both countries used the
experience and skills of these men to set up their
ballistic-missile programs. Because the Soviet
hydrogen bomb was so much larger and heavier
than the one developed in the United States, it re-
quired alarger, more powerful rocket to carry it. In
fact, the Soviet Union produced the first intercon-
tinental ballistic missile (ICBM) in the world,
which was known in the West as the R-7. The So-
viets' expertise in producing rockets with large lift
capacities then made it possible for them to be the
first to produce launchers that could carry humans
into orbit.

The successful production of rockets with large
lift capacities reduced incentives to make pay-
loads compact and light. To this day, the Russian

satellite is less sophisticated in its electronics (So-
viet satellites continued to use vacuum tubes long
after the West had switched to solid-state compo-
nents) and heavier than its Western counterparts.
The Soviets built satellites with a much shorter de-
sign life than was typical in the United States. The
requirement to maintain these space systems led
to the Soviet Union's remarkable (by Western
standards) ability to replace damaged or obsolete
satellites. For some types of satellite, the Soviet
Union was able to launch a replacement in 24 to 48
hours.

Both in the United States and the Soviet Union,
the space program was a symbol of the country’s
technological superiority and productive capacity.
The United States kept its military program out of
the public eye and created the National Aeronau-
tics and Space Administration (NASA) as a sepa-
rate civilian space program, with its own budget,
as the focus of the national civilian space effort.
The Soviet Union, on the other hand, never
created separate civil and military space pro-
grams, the same budget supported both efforts.
Much of the same infrastructure, production orga-
nizations, design bureaus, and personnel were
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used to service both programs. Furthermore, thefBHE RUSSIAN SPACE PROGRAM
was no functioning legislative body that deter-
mined the budget; instead, funds went directl;)j The Breakup of the US.S.R.
from the government to the design bureaus ani December of 1991, the Union of Soviet Social-
production organizations via the ministries (fig- ist Republics was dissolved. Of the 15 republics
ure 2-2). Ultimately, the Central Committee of theOf the U.S.S.R., the three Slavic states (Russia,
Communist Party of the Soviet Union decidedUkraine, and Belarus) joined the Commonwealth
what was to be funded. Which projects the Centra®f Independent States (CIS) on December 8; the
Committee considered worthy of funding de-five central Asian states (Kazakhstan, Kyrgyz-
pended in part on what the United States was d&tan, Tajikistan, Turkmenistan, and Uzbekistan)
ing at the time and who among the industrial andind the three transcaucasian states (Armenia, Az-
military leaders had the government's ear. erbaijan, and Moldava) joined on December 28;
The procurement of any system for the Spacénd GeorgiajOined in 1993. The Baltic states (Lat'
program, civil or mi“tary, began with an order Via, Lithuania, and EStonia) are not members of
from the Council of Ministers. Money was then the CIS. Atthe end of December 1991, to keep the

appropriated for the Ministry of General Machineformer Soviet space program intact, Russia led an
Building (MOM), which passed it directly to the attempt to form a CIS space ageAd¥hat orga-
plant or design bureau chosen to do the work. Th@ization has turned out not to be influential, and
same funds would be used to do the systems tesg@dthough Ukraine, Kazakhstan, Azerbaijan, and
and if the tests went well, the Military Industrial Uzbekistan have all formed their own space agen-
Commission (VPK) would place the order for cies, Russia is by far the dominant player in the
large-scale production. Once all the pieces were jROSt-Soviet space program.

place to produce a system that fulfilled require- With the dissolution of the U.S.S.R. has come
ments and had passed testing, the system’s rigidit¢ daunting task of establishing a new form of
would deter attempts to infuse innovative andjovernment in Russia and, after decades of eco-
untested techn0|ogica| Changesl Often, one We|p0miC and pOIltlcaI isolation from the West, alter-
tested design for a spacecraft would be used g & command economy to make it competitive
widely disparate parts of the space program. CorﬁNlth Western markets. The Politburo and Secre-
monly, a spacecraft designed for the Soviet humat#riat of the Communist Party are no longer the
space program would be used for robotic pur.Chief decisionmakersin RUSSi&.AnGleinStated
poses. For example, the Soviet Vostok spacecrafduma, or legislative assembly, controls the ap-
the type that carried Gagarin into orbit, was modi{ropriations process, while the executive minis-
fied to become the Zenit photographic-reconnaistries are subordinate to the prime minister, who is
sance spacecraft and, also, the Photon ma-

terials-processing platform.

2The “Minsk Space Agreement,” signed December 30, 1991, by representatives of the republics of Azerbaijan, Armenia, Belarus, Kazakh-
stan, Kyrgyzstan, Tajikistan, Turkmenistan, Uzbekistan, and the Russian Federation, lays out general guidelines for continuing the U.S.S.R.’s
space program through combined use of resources and proportionate funding. Ukraine signed in the summer of 1992. The document itself is
kept in the archives of the Belarus Republic in the capital city of Minsk.

3 On September 21, 1993, Russian President Boris Yeltsin dissolved the Supreme Soviet of the Russian Federation. Two weeks later, on
October 3 and 4, he used the Russian Army to suppress resistance to his order by a group of deputies from the dissolved Soviet. Yeltsin ordered
a referendum on a new constitution and elections on December 12, 1993. The resulting election created a bicameral legislature, which had as
its upper house the Federation Council and as its lower house the historically named State Duma. For an account of the conflict and the elections,
see J. Nichol, Congressional Research Seri@assia’s Violent Showdown: Chronology of Events, September 21-October 03-893 F
(Washington, DC: October 1993), and J. Nichol, Congressional Research Jeusgisian Legislative Elections and Constitutional Referen-
dum: Outcome and Implications for U.S. Intere8ts,19 FAN (Washington, DC: January 1993).
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FIGURE 2-2: Management Structure of Soviet Space Activity, 1960s-1980s
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appointed by the president. As a consequence, the
Russian space program faces difficulties in
organizing a network of facilities that stretches
across several independent countries. As long as
the non-Russian republics were part of the
U. S. S. R, facilities such as design bureaus, facto-
ries, a launch facility (cosmodrome), and many
sites used for satellite telemetry and tracking were

available to the ruling body in Moscow for its use.
Now, the independent republics are in a position
to demand payment for facilities on their land, for
hardware, and for services.

Very few of the facilities outside Russia can be
considered indispensable to the survival of its
space program. However, the Baikonur Cosmo-
drome is one facility that Russia would have a
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Box 2-1: Space Facilities and Organizations Outside Russia

Launch facility
The only launch facility in the former Soviet Union now outside Russia is the Baikonur Cosmodrome,
in Tyuratam, Kazakhstan.

Organization for launch-vehicle and satellite design and manufacture

NPO Yuzhnoye (formerly the Yangel Design Bureau) is located in Dniepropetrovsk, Ukraine. Yuzh-
noye produces the SS-18 and SS-24 ballistic missiles and the SL-11 (Tsyklon-M), SL-14 (Tsyklon), and
SL-16 (Zenit) launchers. It also produces remote-sensing, intelligence, and weather satellites. At one
time, NPO Yuzhnoye had nearly 30,000 employees.

Spacecraft command-and-control centers

The Space Command, Control, and Tracking System (KIK) has its main control centers near Mos-
cow: 1) the Flight Control Center (TsUP) at Kaliningrad, which handles planetary missions, the Mir
Space Station, and Soyuz missions to Mir, and 2) the Satellite Control Center (TsUS) at Golitsino, which
handles all civilian and military satellites. KIK also has sites outside Russia in Georgia, Kazakhstan,
Ukraine, and Uzbekistan. It controls the nearly 180 currently active Russian and Commonwealth of In-
dependent States satellites. A subset of these sites is also used as the primary support network for the
Mir Space Station.

The Long-Range Space Communications System (TsDKC), which controls scientific spacecraft in
high Earth orbit or in interplanetary flight, has sites in Russia and Ukraine.

Space-surveillance facilities

The System for Monitoring Outer Space (SKKP)'and the System for Warning of Missile Attacks
(SPRN) use HEN HOUSE and Large Phased Array Radar developed in the 1960s and 1980s. Sites out-
side Russia are in the Ukraine, Kazakhstan, Azerbaijan, and Latvia. SKKP also uses seven optical sen-
sors located in Russia, Kazakhstan, Tajikistan, and Ukraine, and it uses five electro-optical sensors lo-
cated in Russia, Armenia, Georgia, Turkmenia, and Ukraine.

'This facility is now referred to officially as the Space Surveillance System.

SOURCE: Kaman Sciences Corporation, 1994.

hard time replacing quickly.’Rather than build a
new launch complex, the Russian government has
decided that it is more effective and cheaper, for
the time being, to lease the cosmodrome from
Kazakhstan for the next 20 years at least.’"Most of
the spacecraft command, tracking, and control
stations outside Russia have been taken offline

and are being replaced with space-based autorelay
satellites. "Russia must now deal with the produc-
tion organizations and design bureaus that lie out-
side its borders as it would with any other foreign
enterprise. Box 2-1 shows some of the facilities
and organizations that now lie outside Russia.

* Although Baikonur is the usual name for the cosmodrome located near the Tyuratam railway station in Kazakhstan, the town of Baikonur

lies some 320 km (200 miles) northeast of the cosmodrome.

*The Military Space Forces (VKS) and the Russian Space Agency (RSA) are struggling over whether or not to establish a new cosmodrome

at the old ballistic-missile site in Svobodny. The VKS wants the security of launching all military payloads from Russian soil, but the RSA does
not want its funding diluted by having money diverted away from Baikonur.

*The command and tracking stations in Ukraine are still online.
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After drawn-out negotiations dating back torocket complex in the interests of the Russian Fed-
1992, Prime Minister Viktor Chernomyrdin of eration’s socio-economic development, security
Russia and his Kazakh counterpart, Akezhan Kazand international cooperation. .9 RSA is sup-
hegeldin, signed a treaty on December 10, 19940sed to be funded as a separate item in the Rus-
that leases to Russia the use and control of Basian federal budget, as it was in 1993 and is
konur until the year 2014, with the possibility for aexpected to be in 1995. In 1994, the funding for
10-year extension of the lease. In the near futurd3SA was not a separate line item but came
those same parties are expected to sign an agrabrough the Ministry of Science. RSA's organiza-
ment leasing to Russia several military test rangetsonal structure, which is similar to NASAs, is
that lie in Kazakh territory. One plan under con-shown in figure 2-49 Under the Soviet system,
sideration would convert the ballistic-missile there had never been any agency whose sole pur-
launch site at Svobodny into a space-launcipose was to formulate and implement government
facility to reduce or eliminate dependence orspace policy. The existence of such an agency has

Baikonur!

changed the way the space program is run in sever-

al ways:

[J The Russian Space Agency .

With the dissolution of the U.S.S.R., a hew gov-

ernmental structure and, two years later, a new
constitution were established in Russia. Russia’s
legislative structures started to play a more signif-
icant role in governing, and the executive branch
revised its structure. (See figure 2-3 for the orga-
nization of the revised government as it bears on

It is now possible to separate the civil and mili-
tary parts of Russia’s space prografhough

the military still commands a large portion of
resources in the space program, Russia is mov-
ing away from having Space Forces personnel
operate all launch and operations facilities.
Within the next two years, RSA will be respon-
sible for paying civilian personnel to take over

the space program.) Because of the importance of functions that have to do with civilian launches

the space program to Russia’s defense and eco-

and the maintenance and operation of civilian

nomic well-being and because the space industry satellites and of the Mir Space Station. At pres-

would have to compete in the world market to sur-

vive, the Russian government empowered a sepa-

rate agency to control the direction of the state

ent, RSA pays the salaries of 16,000 service-
men, who, although they are no longer paid by
the Space Forces, are still under the command

space program and to act as the representative of of the Commander of the Space Forces.

the Russian space program in dealings with the
Newly Independent States (NIS) and other foreign
countries.

The Russian Space Agency (RSA) was estab-
lished by decree of the president of Russia on
February 25, 1992, and was given its ch&rgr
the legislative branch on October 6, 1993, with a
mandate to “make efficient use of Russia’s space-

Russian facilities are now more accessible to
the West because: 1) the military part of the
program has been separated out, which makes
transfer of sensitive military technology easier
to control, and 2) fewer government depart-
ments have to sign off on a cooperative venture.
Furthermore, RSA provides a single point of
contact for any organization wanting to do

7“New Launch Base Sought@viation Week & Space Technolpgy 54, Jan. 2, 1995.

8 Law of the Russian Federation on Space Activity, Section Il, Article 6, October 1993.

9 Boris Yeltsin, Decree Establishing the Russian Space Agency, Moscow, February 1992.

10 However, RSA is an organization of only 200 people, compared with NASAs workforce of 22,000. Lynn Cline, Director, Space Flight
Division, Office of External Relations, NASA, points out that it is impossible for RSA to oversee implementation of cooperative agreements
and contract awards in the way that NASA does, simply because of its small size.
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FIGURE 2-3: Management Structure of Russian Space Activity, 1992-1993
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business with Russia in commercial space en- all contracts between foreign entities and the
deavors, if the organization chooses to useiit." various enterprises of the Russian space pro-
In that regard, RSA replaces Glavkosmos, gram and is reportedly very willing to approve
which now primarily markets Russian technol- contracts that benefit those enterprises.”

ogy. RSA’sdirector, Yuri Koptev, must approve

“There are company-to-company contacts, but RSA involves itself in the negotiations at some level.
*Two Russian contacts, one a scientist with Applied Mechanics NPO and a member of the Russian Academy of Sciences, the other an

analyst of the Russian space program, both agree that RSA is committed to helping the Russian aerospace industry do as much business with
foreign corporations as possible.
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= RSAisinvolvedin all phases of the developmerthe infrastructure that supports those enterprises
of a system, from research and developmentould decrease significantly.
through production. At its inception, the
agency was given authority over several re{] Current Activities

search and production organizations (figure The percentage of the total 1993 Russian Fed-
2-3), including the Central Scientific Researcheration space budget devoted to the different areas
Institute of Machine Building (TsNIIMash), of Russia’s space program is shown in figure 2-5.
which operates the spacecraft control facilitiesThese resources are used to support Russia’s civil-
of the Flight Control Center (TsUP) at Kalinin- jan and military objectives, namely,

grad. After a struggle between RSA and several .
of the larger space enterprises, the Russian 90\'/— exploring space,

. . . ..~ ® pursuing space science,
ernment, in a decree signed by Prime Minister pursuing sp . .
= maintaining human presence in space via

Chernomyrdint3 gave control of 38 aerospace .
enterprises to RSA, to be added to the four com- > space station _an_d .
panied4 already under RSA control. This ac- 2799 and logistics vehicles,
tion shifted authority for the funding and " maintaining  information  space  systems,
oversight of those enterprises from the State such as .
Committee on Defense Industries to RSA. The nawgat_lon sate;lhtes,
change also means that RSA is now responsible > geodetic satglllt(_as, .
for all defense conversion efforts. ~ telecommunlcatlo_n satellites and
» observation satellites, and

RSA could also help make the transition to pri-* maintaining space assets dedicated to national
vate enterprise less abrupt. In the recent privatiza- Security.

tion of one of Russia’s largest and mostinfluential ¢ these. the severe budgetary constraints of

space enterprises, Scientific Production Orgage past few years have curtailed efforts in space
nization (NPO) (now Russian Space Corporationycience and exploration the mégt.
(RSC)) Energia, ownership of 38 percent of the

company was retained by the government, that isjuman Spaceflight

by RSA. Of the remaining 62 percent, 10 percenRussia has had a frequent human presence in
(120,000 shares at 1,000 rubles each) was offeregpace since the Salyut program began in 1971.
to the employees, 5 percent was given to managéhe Salyut Space Stations passed through several
ment, 10 percent was held in reserve, 12 perceulifferent designs before reaching the most recent
was sold at auction, and 25 percent was exchang@tiase, which is represented by the Mir Space Sta-
for privatization vouchers. As Russian aerospacéon. Mir has been in orbit since 1986 and has been
companies become more established in the worldermanently occupied since 1989. Although not
market, the extent to which RSA has to subsidizall of the operations have gone according to plan,

13 Government of the Russian Federation Decree #866, Moscow, July 25, 1994. The decree states, “The RSA will provide state control and
coordination of enterprises and organizations involved in the research, design, and production of rocket and space hardware for various pur-
poses; to determine state scientific, technical, and industrial policy in the areas of rocket and space hardware and to ensure the fulfillment of
such policies; and to enable the fulfillment of conversion projects and the structural reorganization of the rocket and space industry.”

14The original four enterprises under RSA control are the Scientific Research Institute of Chemical Machine Building (NlIKhimMash),
the AGAT Institute, the Scientific Research Institute of Thermal Processes (NIITP), and the Central Scientific Research Institute of Machine
Building (TsNIIMash).

15The U.S.-Russian mission to Mars, which was scheduled to fly in 1994, will be lucky to get off the ground as early as 1996. The “Fire
and Ice” mission to explore Mercury and Pluto is now highly tentative. It stands to reason that in tight budgetary times, programs deemed less
essential will be cut back first, and those programs needed for national security or that can attract outside revenues will be given priority.
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Systems research 4.3%
Communications, television, and navigation 3%
Ecological and earth sciences 5%

Technology, materials, and material base 4%
Energia-Buran 6%

Control systems 2%
Ground infrastructure 4%

Launch vehicles 15% iOuter-apace research 23%
|

. /
N
xx->"'l-

= L MiEragraily iechnolegy 2%

Human flights 26%

SOURCE: Kaman Sciences Corporation, 1995.

with several failures of the automatic docking sys- Civil Space Systems
tem and occasional problems with power mainte-Russia has approximately 180 operational satel-
nance and environmental control, the Russiansites in over 30 active satellite programs; in addi-
have used the Mir station to gain more experiencgion, many inactive, standby satellites can be
in the adaptation of humans to the space environbrought into use if needed. Box 2-2 summarizes
ment than has any other nation. the active systems that are not strictly military.
The Mir Space Station has been used to per-
form international experiments in science anc?%/atlona/ Secudty Space Systems
?pacehengmeenng. It has bleen host to astronautg, ooy imnetus for the development of satellites
rom the United States, England, Germany, Japan, - 4" e snace for military observation, which
and other countries. The use of the station has 9V one reason Sputnik created such a stgter
en the Russians unequaled experience in the e

: ) came the realization that orbiting platforms could
feqts_ .Of prolor_lged space_fllght, extravehl_ql_JIarbe used for early-warning systems and space
activities, docking, and maintenance of facilities

weapons. The Russian antisatellite systems

in space. Experiments on Mir include research inagaT program dates back to 1963, and the first
the fields of botany, biology, materials science, ASAT intercept test was performed in 1968.

and physiology, many of which included interna- - pyssia currently operates several types of mili-
tional participation. Because of their EXPErence,,y reconnaissance  satellite

with space stations, the United States expects
Russia to play a large part in the design and mains Low-Earth-orbit (LEO) high-resolution satel-
tenance of the International Space Station. lites that fly for up to three months with [-meter

“Even before the time of Sputnik, both the United States and the Soviet Union understood the surveillance and communications potential
of satellites.
"N.L. Johnson, Kaman Sciences Corporation, Colorado Springs, CO, personal communication, February 1995.
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(or better) resolution. The photographic film between 90 and 200 minutes. A conventional ex-
returns to Earth and is picked up. plosive device would then destroy the target satel-
= Satellites with both photographic film return lite.
and digital transmission capabilities. These sat-
ellites remain in orbit for up to two months. [ Launch Systems
= Satellites with lifetimes of a year or more thatRussia maintains a versatile fleet of launch ve-
transmit their digital data to Earth via relay hicles capable of lifting payloads of half a metric
from geosynchronous-orbit (GEO) satellites. ton to 21 metric tons into LEO. All Russian- and
= Topographic mappers that fly for six weeksUkrainian-built boosters, their primary launch
with 2-meter-panchromatic and 5-meter-colorsites, principal manufacturers, and payload capa-
resolutions. cities are listed in the table in figure 2-6. These ve-
= Vostok-class satellites which fly for two to three hicles are launched from the two cosmodromes
weeks and are assumed to function like the Rezurrently in use, Plesetsk in Russia and Baikonur
surs-F remote-sensing satellites (box 2-2).  in Kazakhstan.
= A new satellite, designated Kosmos 2290 and
launched on the Zenit, which is still under as-g3ikonur Cosmodrome

sessment. _ _ Baikonur is the oldest space-launch facility in the
= EORSAT (Electronic Ocean Reconnaissance)yoriq and has supported more than 968 orbital

a four-satellite constellation that flies at alti- pissions since 1951 Information from visiting
tudes of about 400 km. The system is believeqesterners and from wire and news reports con-

to be able to estimate naval positions to withiryiry that the infrastructure is deteriorating, that

2 km_. _ _ . many buildings where work is going on are un-
* Russia flies two other types of electronic in-heated, and that certain parts of the complex are in

telligence satellite. One, launched on theyisrepaifl There were reports of strikes and pro-

Tsyklon, flies at an altitude of 650 km; the oth-taqt5 |ast winter because of the harshness of condi-
er, launched on the Zenit, flies at 850 km alti-jons and the lack of basic amenities in the

tude. neighboring town of Leninsk. Reportedly, bands

Two constellations support ballistic-missile- of thieves were even using camels to pull copper
attack warning systems, and one supports acable from the ground, melting the cable down,
ASAT system. One of the early-warning systemsand selling the copper for its value as raw material.
has nine satellites in Molniya orbits equipped withThe Russian press reported that one launch at Bai-
infrared sensors (see box 2-2 for an explanation dfonur had to be postponed because of the theft of
the Molniya-type orbit); the other has two or threespecialized equipmenr¥.
satellites in GEO. The ASAT system operates by The picture is not altogether bleak, though. At
waiting for the launch site at Baikonur to passthe cosmodrome itself, maintenance and modifi-
through the orbital plane of the offending satellite cations are being kept up to allow for the con-
at which time the ASAT would be launched on artinued launching of all families of booster
intercept path requiring one or two revolutions, ortraditionally launched out of Baikonur. Under the

18 About 70 missions failed to reach Earth orbit.

19 see, e.gQversight Visit: Baikonur Cosmodrogr@hairman’s Report of the Committee on Science, Space, and Technology, House of
Representatives, 103d Congress, 2d Session (Washington, DC: U.S. Government Printing Office, February 1994), Margaret Shapiro, “Site of
First Steps into Space Slips into Poverfyjt Washington Pgd¥lar. 19, 1995, p. A1, and Michael Specter, “Where Sputnik Once Soared into
History, Hard Times Take HoldThe New York TimeMar. 21, 1995, p. C1.

20vjadimir Ardayev, “Kazakhstan: Depressing Landscape With Firewolstiya Moscow, Nov. 3, 1994, p. 4 (Foreign Broadcast In-
formation Service translated text).
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Box 2-2: Operational Russian Satellite Systems

Telecommunications satellites

* Molniya (“Lighting”) is a constellation of 16 satellites in highly elliptical (eccentricities of about 0.75),
semisynchronous orbits used for telephone, telegraph, and television transmission. The Molniya-type
orbit was designed by the U. S. S. R., and the satellites view broad regions of the Northern Hemisphere
for eight hours out of their 12-hour periods. The Molniya-type orbit has the advantage of giving better
coverage of the Earth at high latitudes than does a geostationary orbit. By choosing an orbit with an
inclination of 63.4°, the satellite’s point of closest approach remains fixed in the Southern Hemi-
sphere, thereby ensuring that the satellite always flies over the same region in the Northern Hemi-
sphere.

- Ekran (“Screen”) satellites are geostationary at 99° east longitude and provide television and radio
transmission for Russia’s far-northern regions. At present, two such satellites are operational.

- Gorizont ('(Horizon”) is a high-power telephone, telegraph, television, radio, and fax transmission sat-
ellite, which also handles maritime and international communications. Through Gorizont, Russia has
become increasingly more integrated into the Western system of communication satellites. When the
U.S.S.R. became a member of INTELSAT in 1991, it made Gorizont available to that system, and sev-
eral Western nations now lease Gorizont transponders. The United States leased transponders dur-
ing the Persian Gulf War to handle the increased communications traffic in the Middle East.

» Gals is a television broadcasting system made up of one satellite in geosynchronous orbit (GEO).
Originally meant as a part of a national program, the satellite is currently serving foreign customers.
Luch is a three-satellite GEO system used for teleconferencing, television, video data exchange, and
telephone links. To date, only two of the three GEO satellites have ever been operational, and the
Luch has been used primarily in support of the Mir Space Station.

» Raduga and Geyser (Geyser carries the Potok data-relay system) are constellations of satellites used
for military and government communications

Remote-sensing satellites

» Resurs-F1, first flown in 1979 with a nominal lifetime of 14 days, performs low-altitude (250 to 400 km)
multispectral photography with cameras of 5- to 8-meter and 15- to 30-meter resolutions, and returns
the film.

» Resurs-F2, first flown in 1987 with a nominal lifetime of 30 days, flies at altitudes of 170 to 450 km and
returns multispectral photographs with 5- to 8-meter resolution.

+ Almaz-1, first flown in 1991 (after a 1987 prototype), has a nominal lifetime of two years, flies at alti-
tudes of 250 to 350 km, and uses a 15- to 30-meter-resolution synthetic aperture radar.

+ Resurs-0, first flown in 1985 (with prototypes during 1977-1983), has a nominal lifetime of three years
and performs multispectral imagery in Sun-synchronous orbit at altitudes of 600 to 660 km.

» Okean-0, first flown in 1983, with a nominal lifetime of two years, performs multispectral sensing and
real aperture radar measurements for oceanographic surveys at altitudes of 630 to 660 km. This sat-
ellite can look at ice in the polar regions and spot weak points as an aid to navigation. Okean-0 has
also proved useful in search-and-rescue operations.

agreement between the Russian and Kazakh gov-  money can be in the form of services and support
ernments whereby Russia will lease the cosmo-  of Leninsk, which is home to the workers who are
drome, Russia gains control overall of Baikonur's  still employed at Baikonur.

facilities and will pay the Kazakh government the Facilities currently in use at Baikonur are re-
equivalent of$115 million per year. Some of that ~ ported to be in good working order and operating
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Box 2-2 (Cont'd): Operational Russian Satellite Systems

Meteorological satellites

- Meteor-2, first flown in 1975, carries a scanning photometer, an infrared radiometer, and a radiation
measurement complex. It is now being phased out. Meteor-3, first flown in 1984, carries a direct-
scanning telephotometer, a store-and-dump scanning telephotometer, a direct-scanning radiometer,
a store-and-dump scanning radiometer, a UV spectrometer, a multichannel UV spectrometer (Ozon-
M), and a radiation measurement complex, In 1991, the United States and Russia cooperated on a
project to place NASA'’s Total Ozone Mapping Spectrometer (TOMS) on a Meteor-3 spacecraft.

. Electro, once called the Geostationary Operational Meteorological Satellite (GOMS), has been under
development since the 1970s. Launched October 31, 1994, it carries a scanning infrared radiometer,
a scanning telephotometer, and a radiation measurement complex.

Material processing and biological satellites

. A Photon spacecraft, dedicated to materials science research, has flown every year since 1988, ex-
cept for 1993. International organizations also make use of the Photon for their microgravity experi-
ments. Bion, like the Photon, uses a Vostok-like recoverable spacecraft to perform life sciences ex-
periments and to return the payload to Earth. Ten Bion flights have occurred over the past 20 years,
and the last seven have all had extensive international, including U. S., participation.

'The eccentricity of an orbit 1s a measure of how far that orbit is from being circular (A circular orbit has an eccentricity of zero )
Satellites have their greatest velocity at perigee and their smallest velocity at apogee The Molniya orbit is designed to have its perigee
in the Southern Hemisphere which puts the apogee in the Northern Hemisphere where the satellite needs to spend most of its time to

be most effective.

SOURCE: Kaman Science Corporation, 1994.

with the automated efficiency typical of the Rus-
sian launch industry. Baikonur supported 23
missions in 1993; and 30 in 1994. In addition, the
U.S. firm of Lockheed Aerospace is building a
payload-processing facility in support of its joint-
venture subsidiary Lockheed-Khrunichev-Ener-
gia, and construction has begun on special
buildings dedicated to the processing of Western
payloads.

Russia launches five boosters from Baikonur
—Rokot, Tsyklon-M, Soyuz, Zenit, and Proton
(three-stage and four-stage). Energia, with and
without the shuttle Buran, is no longer opera-
tional, and the Molniya booster has not flown
since 1989. The Baikonur Cosmodrome supports
Russian programs in human spaceflight, inter-
planetary spaceflight, communications and early-
warning satellites in GEO, navigation and
geodetic satellites, remote-sensing satellites, sat-

ellites used for national security purposes, and
scientific satellites (including interplanetary sat-
ellites).

Plesetsk Cosmodrome
The cosmodrome at Plesetsk was, until last year,
the world’'s busiest space-launch facility. It has av-
eraged one launch per week for the past 10 years,
and it has launched nearly 1,400 missions since
1966, including 26 missions in 1993 and 18 in
1994. Plesetsk is capable of supporting launches
of Start-1, Kosmos, Tsyklon, Molniya, and
Soyuz. Plesetsk supports remote-sensing, meteo-
rological, communications, navigation, and sci-
entific satellites, as well as satellites used for
national security purposes.

Some Russian officials would like to see all
boosters launched from Russian soil. One plan
would upgrade Plesetsk so that it could launch



FIGURE 2-6; Russian and Ukrainian Boosters
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Designator | SL-19 SL-18 SL-8 SL-11 SL-14 SL-6 SL-16 SL-12 SL-13 SL-17 SL-17

Name | Rokot Start-1 Kosmos | Tsyklon-M | Tsyklon | Molniya Zenit Proton Proton Energia* Energia/Buran*

First Flight 1991 1993 1964 1966 1977 1961 1985 1967 1968 1987 1988

Current Baikonur Plesetsk | Plesetsk | Baikonur | Plesetsk |Baikonur  |Baikonur Baikonur | Baikonur Baikonur Baikonur Baikonur

Launch Sites Plesetsk Plesetsk

Principal Salyut Yuzhnoye | Yuzhnoye | Yuzhnoye |Yuzhnoye | TSSKB | TsSKB Yuzhnoye | Khrunichev Khrunichev Energia Energia

Manufacturei | Design NPO NPO NPO NPO Samara Samara NPO Enterprise Enterprise NPO NPO

Bureau

Configuration | 3-Stage |4-Stage | 2-Stage 2-Stage 3-Stage | 3-Stage 2-Stage 2-Stage 4-Stage 3-Stage 1-Stage 1-Stage

Stage 1 Ss-19 SS-25 RD-216 |RD-218 |RD-218 |RD-107,108|RD-107,10¢{|RD-170 |RD-253 RD-253 RD-0120/171]RD-0120/171

. Stage 1 Stage 1

Stage 2 Ss-19  [ss-25 N/A RD-219 |RD-219 |RD-0110  IRD-0110 RD-120 |RD-0210,0211{RD-0210,021"

Stage 2 |Stage 1
Stage 3 Breeze |SS-25 N/A N/A ‘ RD-0212 RD-0212
Stage 1 1

Stage 4 N/A \ Block D/DM

Payload 2.0 (LEO)|05 (LEO) | 1.5 (LEO) | 35 (LEO) |4.0 (LEO) | L8 (SEQ) |7.32(LEO) | 137 (LEO)|2.5 (GEO) 206 (LEO) |88.0 (LEO) |30.0 (LEO)

|{tonnes)

[Uses N/A N/A Early- Military Meteor, Molniya, All manned; | Military Solar System |Space VA Buran
warning payloads, | Okean, Kosmos Photon, ELINT exploration, Station Space
mission eg., geodetic Bion, communi- components Shuttle

ASAT, Resurs-F, cations
EORSAT, Progress-M navigation,
RORSAT | early warning

Precursor SS-19  [SS-25 SS-5 $S-9 $S-9 556 SS-6 None None None None None

(Skean) (Scarp) (Scarp) | (Sapwood) |(Sapwood)

“The Energia and Energia/Buran are

not currently operational.

SOURCE: Kaman Sciences Corporation, 1995
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TABLE 2-1: Possible Russian Ballistic-Missile Conversion

Payload to LEO*

Name Ballistic missile (metric tons) Launch site

SS-18K SS-18 4.4 Baikonur

Space Clipper SS-24 2. Air launch near Equator
Shtil SS-N-23 0.95 Air launch near Equator
Reef SS-N-20 15 Air launch

Surf SS-N-20/SS-N-23 2.4 Sea launch near Equator

‘Low Earth orbit,
SOURCE: Kaman Sciences Corporation, 1994

every vehicle in the fleet, but the financial con-
straints make that kind of construction unlikely in
the near term. A second proposal is to convert the
missile range at Svobodny into a cosmodrome for
civilian and military launches. The Russian Duma
has not approved the installation of facilities to
launch the proposed Angara heavy-lift launch ve-
hicle, but it has not prohibited the planned 1996
operations of the Rokot small-payload launcher.
Engineers have aready begun converting the old
ICBM silos for launching the Rokot, and the first
test launch from Svobodny is planned for summer
or fall of this year.

OMilitary Conversion

The end of the Cold War leaves Russia with sever-
al classes of ballistic missile that could be con-
verted to commercial lift vehicles. Besides the
Start-1 and Rokot, which are already operational,
Russia will test several conversions in the next
few years. Conversion is costly, and the number of
systems that become operational will depend on
market demand. Table 2-1 shows the ballistic mis-
siles that Russia has considered for conversion to
commercial launchers, along with their payload
capacities and launch sites.



The Cooperative
Experience
to Date

PUBLIC SECTOR

ooperation on civil space projects with the world’s other

space superpower has been discussed and sometimes pur-

sued since the beginning of the Space Age, although dur-

ing the Soviet period, competition generally domindted.
Before 1991, the ability to pursue cooperation was frequently
compromised by the vicissitudes of the Cold War because the
linkage between space cooperation and broader superpower rela-
tions frequently worked to restrict even modest projects. For
example, the United States allowed the government-to-govern-
ment agreement on the cooperative use of space to lapse in 1982
over Soviet imposition of martial law in Poland.

Although linkage to political concerns continues, it currently
works to stimulate rather than limit cooperative activity. More-
over, with serious space-budget shortfalls across the rest of the
spacefaring world, most observers of the U.S. space program con-
sider extensive international cooperation, involving Russia as
well as traditional partners, essential to the achievement of na-
tional goals in space. This section briefly traces the history of
public sector space cooperation between the United States and the

1 For a detailed review of international cooperation and competition up to 1985, see
U.S. Congress, Office of Technology Assessmietgynational Cooperation and Com-
petition in Civilian Space Activitie$SC-239 (Washington, DC: U.S. Government Print-
ing Office, June 1985). See also U.S. Congress, Office of Technology Asseds$iBent,
Soviet Cooperation in SpacEMI-STI-27 (Washington, DC :U.S. Government Printing
Office, July 1985). The standard political history of this period in science and technology,
with particular attention to space cooperation and competition between the United States
and the Soviet Union, is Walter A. McDougall, The Heavens and the Earth: A Political | 41
History of the Space Adélew York: Basic Books, Inc., 1985).
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Soviet Union (and later, its successor states) and
describes its status through early 1995.

OThe Early Years: 1958-1971

Even before the launch of Sputnik 1, the United
States sought to engage the Soviet Union in space
cooperation on two broad fronts-diplomatically,
through proposals to guarantee the peaceful use of
outer space, and scientifically, through the ma-
chinery of the International Geophysical Y ear
(IGY).?Both countries explicitly linked their ini-
tial satellite efforts to the IGY. After Sputnik 1,
both the Eisenhower Administration and Con-
gress gave heightened emphasis to calls for scien-
tific collaboration.’Relatively little tangible

BOX 3-1: The Apollo-Soyuz Test Project

» The objective of ASTP was to develop and
demonstrate compatible rendezvous and
docking systems for U.S. and Soviet manned
spacecraft. The docking mechanism to be
used during the seven-flight Shuttle-Mir pro-
gram is an Improved variant on the ASTP de-
sign.

+ On July 17, 1975, three U.S. astronauts and
two Soviet cosmonauts docked Soyuz 19 with
an Apollo spacecraft that was carrying the
jointly developed docking module. Soyuz 19
and Apollo undecked after two days of sym-
bolic visits between spacecraft.

« ASTP was widely praised as a symbol of de-
tente, while also criticized at the time as an ex-
pensive symbolic gesture that was wasting
scarce U.S. space funds.

» Follow-on Shuttle-Salyut mission preparations
were suspended in 1978 amid worsening
U.S.-U.S.S.R. relations.

SOURCE. Off Ice of Technology Assessment, 1995.

cooperation resulted, however, because the com-
petitive element predominated on both sides.

Even before his inauguration, President John F.
Kennedy commissioned an extensive study of po-
tential space cooperation with the Soviet Union
and signaled this interest both in his Inaugural Ad-
dress and in hisfirst State of the Union message,
as part of a broader effort to engage the U.S.S.R. in
cooperation in relatively nonsensitive areas. The
study arrived at the White House on April 14,
1961, two days after Y urii Gagarin’sfirst orbital
flight.

The space-cooperation study contained more
than 20 individual proposals, ranging from arms-
length scientific collaboration to proposals fores-
tablishing a joint lunar base. U.S. prestige around
the world suffered dramatically because of Gaga
rin's flight, and as a result. the balance of U.S.
attention shifted to competition, particularly after
President Kennedy’s announcement of the Apollo
Program on May 25, 1961. However, a first, mod-
est agreement on space cooperation between Mos-
cow and Washington was reached in 1962; it
provided for a limited exchange of weather-satel-
lite data, coordinated satellite measurements of
the Earth’s magnetic field, and communications
experiments involving the U.S. Echo |l satellite.
Results were mixed, and cooperation in satellite
meteorology, in particular, was slow to begin.

OCivil Space Agreements, Apollo-Soyuz,
and Shuttle-Salyut: 1971-1982

The race to the Moon ended in 1969. Meanwhile,
in 1967, the United States and the Soviet Union
reached a political accommodation in the United
Nations (U. N.) Outer Space Committee, resulting
in the U.N. Treaty on Principles Governing the
Activities of Statesin the Exploration and Use of
Outer Space, Including the Moon and Other Ce-
lestial Bodies.

*The IGY was established in 1957 by the International Council of Scientific Unions to pool international efforts in studying the Earth, the

oceans, the atmosphere, and outer space.

*For a detailed discussion of Cooperation before 1974, see Dodd L. Harvey and Linda C. Ciccoritti, U. S-Soviet Cooperation in Space (Mi-
ami, FL: University of Miami, Center for Advanced International Studies, 1974).
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Early in the 1970s, the general political thaw \
between the United States and the U.S.S.R. e : '
tended to space cooperation. A series of senior gl .t

:

"

%

level meetings between the National Aeronautics§™
and Space Administration (NASA) and U.S.S.R.
Academy of Sciences delegations in 1970-71 re
sulted in agreements on the organization of th
Apollo-Soyuz Test Project (ASTP) and on coop-
eration in satellite meteorology; meteorological
sounding rockets; research on the natural enviro
ment; robotic exploration of near-Earth space, th
Moon, and the planets; and space biology an
medicine. The 1972 Agreement on Cooperation iNVASA Administrator James Fletcher with Apollo 16
the Peaceful Exploration and Use of Outer Spacey i 'vepusren propet oo
signed at the summit by Presidents Richard M.

Nixon and Alexei Kosygin, formalized these un- .
derstandings and endorsed the Joint Workinﬁj any technology losses, though it acknowledged

: t the Soviets had probably learned a good deal
Group (JWG) structure that had emerged to imple- a : :
ment ASTP and to develop specific cooperative2?0Ut NASA's management of large projects. The

orojects (see box 3-1 and photo above). study also recommended a careful, arms-length
Work on ASTP proceeded relatively smoothly, 2PProach to additional cooperation, with struc-

although both sides approached the flight Withturled1'8;%@93”%756\/5 VSV o agl prohposalss. L

suspicion and caution. Meanwhile, modest but n an  U-S. (and perhaps Soviet) in-

mutually satisfactory cooperation-larael re_terest in Shuttle-Salyut diminished further. The
Jtuatly ry coop 9€Y " \White House decided not to schedule the next
stricted to exchanges of data and coordinated e echnical meetina.. which the United States had
periments of various types-was developing in g

the areas of space science and applications, parti%gregd toh host. (Ijn 1979, President Carter man-
ularly in space biology and medicine, ated a sharp reduction in remaining activity un-

.. der the 1977 agreement, following the Russian
Not long after the successful ASTP flight in . o . .

1975 (fgure 3, the o counesagred o pur "ETEnEn 1 NGhanian 1 le 561 wih e
?nlili)l\?irfgllffgol?.Sr.enSdpeaZ(;/eo usshsltrglti %?vﬂi(::?]gh%?\ggA_d_ministration announced that in retaliation, th(_e
yet flown) and the Soviet Salyut Space Stationc'v'l s;l)ggg agreement would be allowed to lapse in
(figure 3-2). Shuttle-Salyut was the centerpiece ml\/Iay '
the renewal of the intergovernmental agreement o
between the U.S.S.R. and the United States im Hiatus and Improvisation: 1982-1987
1977 under President Jimmy Carter, which other-In the absence of an agreement, U.S. officials au-
wise extended the 1972 agreement’s provisionsthorized only low-profile cooperation, with ap-
Although extensive science planning for Shuttle-proval on a case-by-case basis by the White
Salyut was completed in 1978, U.S. enthusiasnmHouse. Despite this stricture, a certain amount of
for the venture began to wane as relations cooledctivity continued. COSPAS-SARSAT, a satel-
because of conflicts over human rights in thdite-aided search-and-rescue project involving
U.S.S.R. and, later, Soviet international actions.cooperation between the SARSAT partners (the
Concern about the possible technology-transfetJnited States, Canada, and France) and the Soviet
implications of ASTP led to an extended inter- COSPAS program, was judged by the White
agency review, which found the program innocentHouse to have overriding humanitarian value and
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FIGURE 3-1: Apollo and Soyuz Join in Space

SOURCE: David S.F. Portree, Mir Hardware Heritage, Houston, TX, 1994

operated uninterrupted.'NASA was allowed to
continue to pursue cooperation in space biology
and medicine, which, along with planetary data
exchanges, had produced the most valuable scien-
tific results under the 1972 and 1977 agreements,
U.S. biomedical instrumentation flew on Soviet
biosatellite missions in 1983 and 1985. Planetary-
data exchanges aso continued, principally in-
volving studies of the atmosphere and surface of
Venus.

In 1981, the space agencies of the United
States, the U. S. S.R., Europe, and Japan formed
the Inter-Agency Consultative Group (IACG) for

Halley’s Comet, an informal coordinating frame-
work for the upcoming Halley's Comet appari-
tion. Both the United States and the Soviet Union
were members of the IACG, and NASA’s Deep
Space Network provided most of the tracking sup-
port for the European Space Agency’s (ESA’S)
Giotto and for the Venus and Halley encounters of
theU. S. SR.’SVEGA-1 and 2. U.S. scientists also
participated in data exchanges and joint analyses
with Soviet counterparts through the IACG. In
addition, several U.S. or partly U.S. instruments
actually flew on the Soviet spacecraft, by virtue of

‘SARAT stands for Search and Rescue Satellite-Aided Tracking, and COSPAS is from the Russian for “ Space System for the Search of

Vessdls in Distress.”



FIGURE 3-2: Conceptual Drawing of the Shuttie Docked with Salyut
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SOURCE David S.F. Portree, Mir Hardware Heritage, Houston, TX, 1994

agreements negotiated with third parties who, in
turn, concluded agreements with the U.S.S.R.’
As the Reagan Administration began to fed its
way toward an improved relationship with the
U. S. SR, thefirst tentative steps were taken to-
ward resumption of more formal, high-profile
space cooperation. In January 1984, days before
President Ronald Reagan’s State of the Union ad-
dress, in which he invited U.S. friends and alies to
participate in the construction of a space station,

the U.S. privately proposed to the Russians the
idea of a simulated space-rescue mission involv-
ing the U.S. Space Shuttle and the Salyut-7 Space
Station. Publicly and privately, the Russians were
cool to the idea, perhaps because of the perceived
asymmetry of a mission in which the Space
Shuttle would simulate a rescue of cosmonauts
from Mir. That summer and for the next two years,
the U.S.S.R. also insisted on a linkage between
progress in space arms control and a willingness

°In one instance, a U.S.-built flight instrument for the Vega mission was actually subjected to formal interagency review and approved for
export to Russia on the ground that it was “not sophisticated” enough to be considered space hardware. A second instrument for the Phobos
missionsto Mars was on its way through a similar review process in December 1984, when the builder of the first instrument publicly pro-
claimed that he had outmaneuvered the Washington bureaucracy, angering the reviewing agencies and foreclosing further approvals at that

time.
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to consider expanded civil space cooperation, eftwo years elapsed between the agreement in prin-
fectively precluding forward movement on theciple and the conclusion of the U.S.-U.S.S.R.
latter. Memorandum of Understanding on the flight, a

In mid-1986, however, the situation changeddelay largely attributable to intensive U.S. inter-
dramatically. In an exchange of letters betweeragency negotiations on technology-transfer con-
General Secretary Mikhail Gorbachev and Presitrols. Finally, against the background of the
dent Reagan, Gorbachev dropped the arms-compolitical evolution in Eastern Europe and Russia,
trol requirement. Moscow accepted a U.S.and given the importance of continuity in the
proposal for an exploratory meeting in Moscow incollection of atmospheric ozone data, a compro-
September, at which U.S. and Russian delegatiomsise was reached. Shortly after the successful
discussed and agreed upon a 16-item list of aredaunch, while U.S. engineers and scientists were
for expanded cooperation. The agreement text itstill in Moscow for checkout activities, the abor-
self was negotiated in Washington at the end dfive anti-Gorbachev coup was launched, signaling
October 1986, and in April 1987, rather than waithe beginning of the end for the Soviet Union.
for a summit meeting, the two sides signed the
agreement at the foreign minister level. [0 Current Cooperation in Space Science

_ and Applications

[J Glasnost and the End of the Soviet Era:  The U.S.S.R.’s collapse and the emergence of sep-

1987-1991 arate Russian, Kazakhstani, and Ukrainian states
The 1987 agreement, which owed much of its redramatically changed the political context for
strictive structure and provisions to the 1970s exspace cooperation. The linkage between political
perience, differed importantly from its interests and cooperation remains as strong as be-
predecessors by including an annex with a list ofore, but the balance of forces in that linkage has
16 approved areas for cooperation. It resurrectechanged substantially. Previously, politics pro-
the JWG structure and authorized the formation ofided a context for cooperation, limits on what
groups in space biology and medicine, solar syseould be done (for both political and technology-
tem exploration, astronomy and astrophysicstransfer-control reasons), and an occasional stim-
space physics, and earth sciences. The JWGs warlis to pursue cooperative activities that might
expected to meet at least annually. Amendmentsot otherwise have had sufficient budgetary prior-
to the annex, announced at a succeeding sumnify (such as ASTP). Program managers constantly
in May 1988, authorized the exchange of instrufaced the reality that the political linkage could
ments for flight on robotic spacecraft, as well aswvork to disrupt cooperative undertakings, as
the exchange of planning data on future missiongvents in Afghanistan and Poland had during
Interagency approval was not forthcoming, how-1982-87.
ever, for activity in human spaceflight going be- Today, the U.S. desire to promote economic
yond research in space medicine or forand political stability in Russia and to provide tan-
higher-profile robotic cooperation in Mars explo- gible incentives for positive Russian behavior in
ration. areas such as preventing proliferation of missile

In August 1991, the United States and theand other military technologies is a powerful en-
U.S.S.R. achieved an important milestone withgine behind cooperation. As a result, the United
the flight of the U.S. Total Ozone Mapping States has made unprecedented commitments of
Spectrometer (TOMS) on a Soviet Meteor-3 potesources to Russfancluding large payments in
lar-orbiting meteorological satellite. More than exchange for Russian products and services, and it

6 See “The Financial Dimension,” later in this chapter.
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is now willing to place Russian hardware and The 1992 agreement sanctioned a very signifi-
launch services on the critical path of keystonecant increase in activity across the entire range of
NASA projects, particularly the space station.cooperative space science and applications proj-
Only a few years ago, tieeport of the Advisory ects between NASA (the U.S. lead agency) and
Committee on the Future of the U.S. Space Prathe Russian Space Agency (RSA), the Russian
gram opposed placingny foreign cooperative Academy of Sciences, and several other Russian
contribution in the critical path of U.S. projeéts, agencieso
and NASA managers had resisted allowing even In a joint statement accompanying the agree-
such a long-time ally as Canada to play a similament, the two governments also agreed to “give
role on the space station without extensive agreesonsideration to” a specific exchange of astro-
ment provisions against default. naut-cosmonaut flight opportunities and to a
Recognizing the risks inherent in this situation,Shuttle-Mir rendezvous and docking mission. Fi-
particularly given Russi&political and econom- nally, the government announced that NASA
ic instability, NASA has sought to put arrange-would be giving a contract to a Russian enterprise,
ments in place to hedge against any Russia8cientific Production Organization (NPO) Ener-
default on commitments. Generally speaking, irgia, principally to study the potential use of the
robotic space science and applications, RussiaBoyuz-TM spacecraft as an interim crew-rescue
participation is not essential to specific projectsyehicle for Space Station Freeddin.
making contingency planning possible and cost- On July 20, 1992, NASA Administrator Daniel
effective. Goldin and RSA General Director Yuri Koptev re-
OnJune 17, 1992, a new civil space agreemem¢ased a Memorandum of Discussion on talks held
was concluded at the first summit between Presin Moscow, which elaborated on the understand-
dent George Bush and Russian President Borisgs reached in June. The two agency heads also
Yeltsin. Drafted and quickly agreed to in prepara-agreed to expand the JWG structure set up by the
tion for the summit, the agreement was substarit987 agreement by adding biomedical life-sup-
tially enabling and permissive rather thanport systems to the JWG on Space Biology and
restrictive? For the first time since 1977, it raised Medicine and by creating a Mission to Planet
the prospect of cooperation in human spaceflightzarth JWG to concentrate on earth science flight
including “Space Shuttle and Mir Space Stationprojects. They added study of a Russian-provided
missions involving the participation of U.S. rendezvous and docking system to the NPO Ener-
astronauts and Russian cosmonauts.” For the firglia contract signed in June and discussed the flight
time, the agreement also foresaw cooperation inf U.S. instruments on a spare lander for the Rus-
space technology and explicitly raised the possisian Mars ‘94 mission.
bility of “working together in other areas, such as
the exploration of Mars.”

7Report of the Advisory Committee on the Future of the U.S. Space P(@laahington, DC: U.S. Government Printing Office, December
1990), p. 8.

8 For simplicity, “Russia” is used throughout this chapter to denote the United States’ cooperative partner because the overwhelming major-
ity of U.S. cooperative projects to date are with Russia. Where a general statement is made that does not apply as well to Ukraine, the distinction
will be made clear. Where Kazakhstan is meant, it will be explicitly identified.

9 Text of the 1992 agreement and subsequent implementing agreements are in appendix A.

10 summary tables describing cooperative activities approved by each of the six joint working groups and under way as of the end of 1994
are in appendix B.

11 This role reversal from the 1984 U.S. proposal for a simulated space-rescue mission seems to have gone unremarked at the time.
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Both the astronaut-cosmonaut exchange antive Mars-exploration options involving launches
the Mars '94 agreement were finalized on Octobeby each side during the 1998 and 2001 launch win-
5, 1992, when Administrator Goldin and Generaldows, and a concept for joint exploration of the
Director Koptev signed agreements on humarsun and Pluto, called “Fire and Ice.” At the De-
spaceflight and Mars '94 cooperation following cember 1994 Gore-Chernomyrdin meeting, the
meetings in Moscow. principals decided only to continue joint studies

Cooperation under the JWG structure has proand “agreed that all such planning should take into
ceeded relatively smoothly since the signing oftonsideration appropriate budgetary and financial
the 1992 agreement. The first Russian instrumeronstraints.3
to fly on a U.S. spacecraft, the KONUS gamma- The United States and Russia have continued to
ray-burst detector, was launched November 1play key roles in the multilateral IACG, which is
1994, on the U.S. Wind spacecraft, part of the Innow occupied mainly with the ISTP Program, and
ternational Solar Terrestrial Physics (ISTP) Pro-Russia has joined the Committee on Earth Ob-
gram. On December 16, 1994, NASA and RSAservation Satellites (CEOS), the most important
signed an agreement for the reflight of TOMS andnultilateral coordinating body for Earth remote-
for the flight of the third version of the Strato- sensing-satellite operators. Both countries are
spheric Aerosols and Gas Experiment instrumenrdlso key players in the International Mars Explo-
(SAGE-IIl) on Russian polar-orbiting meteoro- ration Working Group (IMEWG).
logical satellites. NASA views the Russian com- For the most part, U.S.-Russian cooperation
mitment to provide the launch, operations, andinder the JWG structure has followed the estab-
supporting science for SAGE, in particular, as dished pattern of past NASA international coop-
significant Russian contribution to the U.S. Eartherative projects—adherence to principles such as
Observing System (EOS) program. It was alsalean interfaces and general avoidance of technol-
agreed at the December meeting that Version 0 afgy transfers—but there has been one important
the U.S. EOS Data and Information Systendeparture. Even before the dissolution of the So-
(EOSDIS) will be interconnected with appropri- viet Union, U.S. officials recognized that some
ate Russian counterpat. U.S. subsidy of Russian hard-currency expenses

In 1993, the proposed cooperation on the Margvould be required to keep cooperation on track.
'94 mission was scaled down to the provision of aMore recently, NASA has found ways to provide
single U.S. instrument for each of the two landerslimited injections of hard currency through
after the Russian developers of the spacecraftriting small contracts for engineering-model
proved unable to accommodate a third lander ohardware and services such as preparing interface-
schedule; subsequently, reportedly because afontrol documents. NASA program managers
budgetary, technical, and production difficulties,generally believe that cooperation is not currently
the Mars '94 launch slipped to 1996. At the Jungoossible without such stimuli, but they express a
1994 meeting of the U.S.-Russian Commissiorstrong desire to return to the traditional, no-ex-
on Economic and Technological Cooperationchange-of-funds partnership model as soon as this
(hereafter, for brevity, the Gore-Chernomyrdinis feasible.

Commission), the principals directed NASA and
RSA to study “Mars Together,” potential coopera-

12 private correspondence from Charles Kennel, NASA Associate Administrator for Mission to Planet Earth, to Ray Williamson of OTA,
Feb. 16, 1995. In his letter, Kennel also noted that NASA will pay the marginal costs for integration and test for the SAGE flight and the TOMS
reflight, expected to total $5 million to $6 million.

13y.s.-Russian Commission on Economic and Technological Cooperation, “Joint Statement on Aeronautics and Space Cooperation,” Dec.
16, 1994, pp. 2-5. See also Peter B. deSelding, “Russian Woes Hampering Mars Rpgeet, Newsqp. 2, 20, Dec. 19-25, 1994.
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[0 Human Spaceflight and the ware, services, and data in support of the joint

International Space Station spaceflight program leading to the development
of the International Space Station.

Background On November 1, NASA and RSA agreed on an

In early 1993, President Bill Clinton ordered that
Space Station Freedom be redesigned to redu
construction and operating codfsin response,

NASA formed a redesign team, including mem-

addendum to the September 7, 1993, Space Sta-
tion Program Implementation Plan. The program
set out in the addendum is organized into three
ghases. Phase One (1994-97) is fundamentally an

bers named by its existing partners as well a X - -
. . . pansion of the program agreed to in the Human
NASA and industry participants, which devel- Spaceflight Agreement of October 1992 into a

oped a set of three options (A, B, and C) to fit with- - .
in cost profiles provided by the White House. Toprogram of seven to 10 shuttle flights to Mitsee

be abl id - licati for R figure 3-3 and photo on page 51), as well as five
e able to consider potential applications for RUSz o 4, 1o long-duration flights on Mir by U.S.

sian hardware in the revised design, NASA QUIet stronauts. Phase Two (1997-98) involves U.S.,

ly brought in a small team of senior Russ'a.nRussian, and Canadian elements and achieves the

engineers to SEIVE as “resources_” for the rec_ieaggbi”ty to support three people in 1998 with the de-

process, but their inputs to_ the first phase, in thﬁvery of the Soyuz-TM crew-rescue vehicle (see

sp:m% of 191%%’3\'\"?6 V%ry Itmg:'}??' lected O photo on page 52). Phase Three (1998-2002) com-
h June , Fresident Linton selected Opy aiag assembly of the station, including European

tion A (a scaled-down modular space station) wit nd Japanese components (see photo on page 53
some elements of Option B (the design closest 9nd figure 3-4}7

Space Station Freedom), and he allowed three In December 1993, a formal invitation to par-

months for ZI'EISAS tr2n5|_t|o:1hteam tt_o creatte aticipate in the space station project was issued by
new, merged design. Again, the existing partnerg, , existing partnership and accepted by the Rus-
were involved directly in the re_deS|gn Iorocess§ians. Also in December, at the second meeting of
and an et?larged ti‘."lml OT Rulssglr;h Cor_'tSUItan.tSthe Gore-Chernomyrdin Commission, the Human
was much more actively involved than it was InSpaceflight Agreement was amended to provide

the tSpf[Ing. t\C/)vn theNilgfmagché?A\nt, a s;\]rles Offorthe full Phase One program, and an initial letter
contacts between an over the SUMzqniract was signed to begin implementation of

mer of 1993, and between the two governments, $400 million commitment.

led t_o a Wh't? House announcement at the end of Since that time, a series of negotiations with the
thgflrst meeting of the Gore-Chernomyrd!n Com-p ;ssians and the existing space station partners
mission on September 2, 1993, that Russia and trh%
United States foresaw Russia joining the spacg,
station partnership? As an essential part of the
package, the United States committed to pay $40
million over four years for Russian space hard-

t of agreements governing the partnership. In
une 1994, at the third session of the Gore-Cher-
omyrdin  Commission, NASA Administrator

14For a detailed discussion of the evolution of the current design and Russian participation, see Marcia S. Smith, “Space Stations,” Congres-
sional Research Service Issue Briefs, Washington, DC, October 1994 (updated regularly).

15 Formally, the two governments agreed only on the joint development of a program plan that would be the basis of a U.S. government
decision and consultations with the other space station partners.

16 Shuttle flight STS-60 in February 1994, involving the flight of cosmonaut Sergei Krikalev on a Space Shuttle mission, is formally also
considered part of the Phase One program.

17 The latest published manifest, dated Nov. 30, 1994, shows a total of 44 flights in the four-year construction period, of which 27 are to
be Space Shulttle flights. Those totals do not include flights to rotate crews at the station or to resupply fuel and other consumables.
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FIGURE 3-3: Mir Complex with Docked Progress-M and Soyuz-TM Spacecraft
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SOURCE: David S.F. Portree, Mir Hardware Heritage, Houston, TX, 1994

Goldin and RSA Director General Koptev signed
an Interim Agreement covering initial Russian
participation in the space station. The actual $400
million, fixed-price contract was also signed at
that meeting. Negotiations are under way on a
Memorandum of Understanding with Russia, on
amending the existing Memoranda of Under-
standing with the other partners, and, in parallel,
on amending the multilateral Intergovernmental

Agreement to include the Russians and to bring it
into conformity with the underlying bilatera
agreements.

The original agreement structure stated that
each partner would receive rights to use the space
station proportionate to its contributions to the
station, that each would pay the costs of its own
assembly and logistics flights, and that the com-
mon operations costs would be shared among the
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partners in proportion to each partner’s contribu-hopes to complete the necessary negotiations and
tion. The agreements envisioned that there wouldenegotiations during 1995.

be a significant net flow of resources to the United Meanwhile, a series of milestones has been
States during the utilization and operations phasegached successfully in the development of the re-
which might be accomplished either through castvised program. In particular, NASA and RSA
transfers or (preferably for the partners) throughreached technical and management agreements
provision of goods or services. However, the veryduring August-September 1994, including a joint
large Russian role in the station now includes elemanagement protocol and an agreed specification
ments formerly reserved for the United Stateslocument for the Russian segment of the space
notably, provision of core systems and of trans-station. The first major shipments of equipment
portation services during the assembly phase)for use by U.S. astronauts on Mir were made in the
ESA and Japan may become transportation proSeptember-December period, and the first top-
viders as well. Negotiating allocations of spacelevel Joint Program Review was carried out in
station resources and contributions to commorMoscow during November, confirming program
operations costs is a challenging task; NASAnmilestones for 1995 and beyond. Rockwell In-

—
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Artists  conception of Phase Two of the Intemational ~Space  Station,

ternational delivered the Space-Shuttle-to-Mir  Progress has not been entirely smooth, howev-
docking mechanism, incorporating key compo-er. Technical and organizational difficulties on the

nents from RSC Energia, to the Kennedy SpaceRussian side have been largely responsible for
Center in Cape Canaveral, Florida, in Novembercausing the scheduled date of the Spektr module’s

1994. The Shuttle-Mir rendezvous and close-ap-launch to Mir to slip from March until May 11,
proach mission was successfully completed in1995. As a result, the frost U.S. astronaut on Mir
February 1995, a key dress rehearsal for the dockwill have use of the equipment aboard for only

ing missions to come. Finally, in mid-February, about two weeks, rather than two months, as first

Lockheed, Khrunichev, NASA, and RSA success-anticipated; the next long-duration U.S. flight on
fully concluded separate, interlocking negoti-Mir will not occur until March 1996:In addi-

ations on purchase of the Functional Cargo Blockiion, severe problems with Russian customs clear-

(FGB) module, which provides guidance, naviga- ance for the U.S. equipment involved in the flight
tion, and control capabilities for the Phase TWOhave required the intervention of Vice President
space station.

“Part of the equipment is being launched to Mir on Progress cargo spacecraft instead.
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Artist's  conception of Phase Three of the International ~Space  Station.

Gore and premier Chernomyrdin; a customs NASA payments to Russian entities, combined

agreement was signed at the December 1994ith directed procurements from Russian sources

Gore-Chernomyrdin meeting. under NASA contracts with U.S. industry, will
likely total nearly $650 million over the FY

The Financial Dimension 1893-97 period:

NASA has historically conducted international = $400 million for space-station-related goods
cooperation on a no-exchange-of-funds basis. and service$,

Since 1992, however, foreign policy and national= at least $210 million for the initial docking-
security interests have led to a significant depar- mechanism purchase and the FGB procure-
ture from this precedent in NASA activities with  ments,

Russia. The effects of this change on NASA ande $16 million for two Bion biosatellite flights,
on the place U, S.-Russian space cooperation oc- and

cupies in the overall U.S.-Russian relationship are* at least $10 million in smaller procurements of
discussed in this section. goods and services.

1% This camperises 53535 million for Phase Cme Shuitle-Mir activities amd $63 mallson fior Phase Two, plus procurement of all Russian- pro-

vided docking mechanisms after the first one. As of March 1, 1995, only $62.5 million had been disbursed from the $100 million available
in FY 1994; disbursements are made as deliveries of goods or services are received.
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FIGURE 3-4: Schematic Drawing of the International Space Station
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SOURCE National Aeronautics and Space Administration, 1994

These payments do not constitute assistance from
NASA to RSA or to Russian space enterprises.
The $400 million NASA-RSA contract covers at
least seven Shuttle-Mir rendezvous and docking
missions and up to 21 months of U.S. astronaut
presence on Mir. NASA expects to gain funda-
mental experience in joint operations, including
risk reduction, command and control, docking the
shuttle with large structures in space, performing
technology experiments, and executing a joint re-
search program. The contract amount includes
$20 million in support for jointly peer-reviewed

Russian scientists' proposals in all space-related
disciplines and $25 million toward the cost of the
FGB module being purchased by Lockheed from
the Khrunichev Enterprise for use in the Interna-
tional Space Station. The FGB procurement by
Lockheed, at a cost of $190 million, includes one
unit and related services; NASA and RSA have
agreed that RSA will contribute to NASA, at no
cost, the FGB launch and all services not covered
by the Lockheed contract, with the possible ex-
ception of some command-and-control software
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that may be needed.The procurements of the technology to India.
docking mechanism, the Bidlights, and other, NASA funding is very important to the Russian
minor goods and services all involve the use obpace program. Inflation, the dramatic depreci-
unique Russian capabilities by NASA at a lowation of the ruble, and conflicting data make it dif-
cost compared with the cost of developing thenficult to quantify this impact, but one senior RSA
indigenously. official said that RSA actually received R450 bil-
Nevertheless, no other executive brancHion from the state treasury during 1994, about
agency is transferring funds to Russia at anythingalf its appropriation. Arguing for more state
approaching this rate. U.S. government funds obfunding, he asserted that the total of all foreign
ligated forassistancao Russia through Septem- agreements and contracts “represents just a fourth
ber 30, 1994, total something over $3 billdn, of our requirements?® However, at an average
but over a third of that total is for in-kind goods exchange rate of R3,000 = U.S.$1.00, the NASA/
(food shipments, principally in FY 1993), and sig-RSA contract alone yielded nearly R200 billion
nificant funds that were obligated have been losbver that period4
because of failure to spend them intime. Of the re- Aside from direct and indirect payments to
mainder, almost all have been paid to U.S. consuRussian entities, NASA is committing significant
tants and other entities to conduct assistandeudget resources to expenditures in the United
activities in Russia. Meanwhile, other non-NASA States that are directliglated to Russian coopera-
executive branch spending in Russia has been rdlon. The totals stated by NASA in its FY 1996
atively minor22 budget submission are listed in table 3-1. Each
At the September 1993 Gore-Chernomyrdinitem identified in the table is contained within
Commission meeting, the United States combroader program or project line items in the
mitted $400 million of the NASA total payments NASA budget, and some of the amounts in the
to Russia when it agreed to involve Russia in théable, such as the $100 million per year for “Rus-
space station and to conclude an agreement aian Space Agency Contract,” are included in the
Russian access to the commercial space-laundhiscussion of transfers to Russia above. In addi-
market, in exchange for Russia’s agreement to tetion, the space station expenditures shown are
minate its transfer of cryogenic-rocket-engine

20 |nterview with Lynn F. H. Cline, Director, Human Space Flight Division, Office of External Relations, NASA Headquarters, Feb. 14,
1995.

21 Office of the Coordinator for U.S. Assistance to the Newly Independent States, Department of State, “Cumulative Obligations of Major
NIS Assistance Programs by Country to 9/30/94.” See also U.S. Congress, Office of Technology Asdessifezation and the Former
Soviet UnionOTA-ISS-605 (Washington, DC: U.S. Government Printing Office, September 1994) for a discussion of nonproliferation-related
U.S. spending programs involving Russia. This discussion includes Department of Defense funding under the Cooperative Threat Reduction
Program.

221.S. Congress, Office of Technology Assessment, opfeiitnote 21, p. 28. Department of Energy (DOE) joint research programs with
the Russian weapons laboratories are funded at $35 million in the FY 1994 Foreign Operations Appropriations Act, while the International
Science and Technology Center (established to help fund Russian military scientists and engineers in civilian work related to their former fields)
is funded at $25 million total, of which very little has been disbursed.

23 Boris Ostroumov, Deputy General Director of the Russian Space Agency, quoted in “Manned Space Program in Imminent Jeopardy,”
MoscowTrud, in Russian, Dec. 10, 1994 (translated by Foreign Broadcast Information Service).

24 f anything, this probably understates the impact because by the end of 1994, the exchange rate was approaching R4,000 = U.S.$1.00.
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TABLE 3-1: NASA Russian-Related Activities

FY 1995 FY 1996 FY 1997 FY 1998 FY 1999

Russian Space Agency contract 100.0 100.0 100.0
Mir missions® 141.7 102.7 54.3 16.3 0.6
Space station-related 20.0 20.0 10.0 0.0 0.0

developments
Space science 14.4 10.1 9.2 12.3 6.2
Earth science 3.7 31 3.3 3.0 3.0
Space access 2.7
Aeronautics 11.7 3.0
Tracking and data 2.3 1.9 2.0 21 21
TOTAL 296.5 240.8 178.8 33.7 11.9

*Includes payloads and Shuttle/Spacelab support related to Mir and Shuttle-Mir missions
"Does not include pending Lockheed contract costs.

SOURCE. NASA Headquarters.

subsumed within the $2.1 billion/year cap for keting arm of their then-invisible Ministry of Gen-

space station spending. eral Machine Building. Even earlier, there had
been an abortive Soviet effort to commercialize
PRIVATE SECTOR the Proton launch vehicle, including requests that

INTELSAT and INMARSAT, two international
communications satellite operators, consider it as
a candidate launch vehicle for their upcoming sat-
ellites. In this and subsequent efforts to qualify as
a launch supplier for INTELSAT, however, Glav-
kosmos was unsuccessful.” Otherwise, little of
conseguence occurred during the late 1980s; one
American firm successfully arranged for the flight
of a small microgravity payload on the Mir Space
Station in 1989, precipitating a brief but heated

U.S. interagency dispute over whether the export

[Early Entrepreneurs and Glavkosmos: of the experiment hardware had been properly ap-
Before 1991 proved.*

During the 1980s, a few small-scale entrepreneur-  Several factors acted to limit the potential for
ial companies and individuals sought to openthe  private sector space business with the Soviet

U.S. market to Soviet launch services and remote- Union. First, Soviet secrecy about space-industry
sensing imagery, with little success. Meanwhile, facilities and capabilities discouraged most com-
the Soviets formed Glavkosmos in 1985 as a mar- panies from pursuing business ties; Glavkosmos

U.S. private companies, for the most part, did not
pursue potential business relationships in Russia
or Ukraine until the demise of the Soviet Union.
Since 1991, this situation has been changing, and
cooperative efforts are beginning to bear fruit. In
general, progress has been slow because of differ-
ences in business and technical cultures, as well as
residual suspicions and restrictions left over from
the Cold War.

“ After the collapse of the Soviet Union, Glavkosmos was reconstituted as a “private” company marketing space and other high-technolo-

gy products and services. Although it continues to operate, the firm is not known to be involved in any of the major cooperative ventures current-
ly under way.

* Another small payload was flown in 1992 without controversy.
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was too obviously a front organization, and its of- The Strategic Defense Initiative Organization
ficials were too abrasive and inexperienced inSDIO) actually initiated the first major “private
business. More important, all exports of spacesector” imports of Russian space technology be-
hardware and related technical data were corginning in late 1990, when it sought to import To-
trolled by the U.S. State Department under the Inpaz 2 space nuclear-reactor hardware and “Hall
ternational Traffic in Arms Regulations (ITAR). Effect” spacecraft thrusters (used for attitude con-
These regulations identified the Soviet Union androl and station-keeping, or keeping the satellite in
other Warsaw Pact countries as proscribed dests proper orbit). SDIO used private firms as its
tinations, meaning that requests to export ITARpurchasing agents for these procurements. Ap-
controlled items to them were automaticallyproval of these proposals by the U.S. government
denied unless a waiver of the proscription was apin March 1991, together with the decision to per-
proved at a high level in the Department of Statemit INMARSAT to negotiate with Russia for the
with the concurrence of other concerned agencie®roton launch of a single INMARSAT satellite,
most notably the Department of Defensesignaled a significant shift in the U.S. govern-
(DOD) .27 Finally, most U.S. firms in a position to ment’s attitude toward space trade with Russia.
do business in Soviet space goods and services progress in developing business relationships
were heavily dependent on contracts with NASAnas been slow, in most instances, and the Office of
and DOD; in the absence of clear, positive signalsrechnomgy Assessment (OTA) has not found any
from these important clients, most firms chose nogy s. space enterprise that has yet shown a profit

to pursue business ties in the Soviet Union.  from its Russian activities. According to press re-

ports and interviews conducted by OTA staff, the

[J Learning to Work Together: U.S. and slow pace is attributable to factors on both sides.
Russian Industry After the initial wave of U.S. “tire-kicking” visits,

In the period following the breakup of the Sovietmany Russian organizations felt that further con-
Union, the changed policy environment and thdacts without tangible return were useless and be-
opening of Russian and Ukrainian enterprises tgan to reject further discussions unless the visitors
business contacts with the West resulted in a floogould demonstrate, in advance, that they were pre-
of Western aerospace business people to thogé@red to invest substantial hard currency in the
countries. Initially, at least, some had hopes of ac€lationship. For their part, the Americans (and
quiring space technology at “fire-sale” prices.other Western businesspeople, as well) found the
Many went with authority only to visit, assess, Russians often unwilling to provide financial and
and report back. The visitors found the Russiatechnical information that would have been a rou-
and Ukrainian aerospace sectors beginning slowlyine part of such exploratory exchanges in the
and painfully to abandon generations of secrecyVest?8 Even when business interest has been es-
and to learn Western business methods, while algablished and negotiations have begun, there have
confronting the devastating economic effects obeen serious conceptual and communications
dramatically reduced state contracts, hyperinflaproblems. Regulatory, legal, and bureaucratic ob-
tion, and a widespread breakdown of supplier andtacles on both sides disrupted schedules and
customer networks. strained relationships. Cultural differences, false

27 Russia and the newly independent states continue to be proscribed destinations on the ITAR today.

28n part, this apparently reflected simple Russian inexperience; there also appear to have been significant residual security concerns and,

in some instances, personal resistance to being asked to prove technical or managerial capabilities.
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preconceptions, differing negotiating styles, ands
simple inexperience were all further complica-

tions. And always, there was the underlying polit-

ical and economic uncertainty.

Nevertheless, U.S. firms are persevering and,
in several areas, are increasingly optimistic about
their prospects for the futu?® The most promis- =
ing prospects appear to be:

Using joint-venture efforts to apply Russian
materials science and other underlying tech-
nologies to U.S. aerospace produdtaiser
Aerospace and Electronics and McDonnell
Douglas are among the firms pursuing these
possibilities.

Using in situ Russian human resources in fields
where their capabilities are well-known
McDonnell Douglas, for example, has estab-
lished joint research centers in Moscow and
Huntington Beach, California, with the Me-
chanical Engineering Research Institute of the
Russian Academy of Sciences, and it is pursu-
ing a variety of technology and software devel-
opment efforts.

» Marketing Russian and Ukrainian launch ser-
vices, either from Russia or through innovative
arrangements for launch elsewhek®ckheed
is the firm most deeply involved, through the
LKE International (Lockheed-Khrunichev-En-
ergia) joint venture, but several others, includ-
ing Boeing, are attempting to develop
prospects involving Ukrainian launch vehicles; Lessons

and a variety of converted Russian missés. Cooperation to date in both the public and private

= Introducing Russian launch-vehicle and pro- . : . .
. . sectors (including the experience of the Soviet pe-
pulsion technology into U.S. systems through.

: riod, although much more has been possible since
purchase and/or co-production arrangements

Aerojet and Pratt and Whitney have each an_199_1)_has yielded a rich mix of lessons for the U.S.
L . . participants. OTA sought to collect and evaluate
nounced activities aimed at replacing the en; .
) L : - . _these lessons both through its November 9, 1994,
gines of existing U.S. launch vehicles; in . . .
workshop and through many interviews with

addition it was announced at the Gore-Cherno eople participating in cooperative activities. The
myrdin Commission meeting in June 1994 thaf b€ p hating P '

Pratt and Whitney would be working with ¢ B0 B8 AE0E Pt e
NASA to explore the possible application of b yp P

) : sector managers:
tri-propellant-rocket-engine technology devel-
oped by NPO Energomash, which might havel. Although the payoffs can be great, and in some
application in future single-stage-to-orbit instances can only be gained through coopera-
launch vehicles. tion with Russia, cooperative activities with
= Marketing Russian remote-sensing-data prod- Russia are more difficult, take longer, and are,
ucts and serviceskirms including EOSAT, at this stage, riskier than is governmental

Worldmap International, and Core Technolo-
gies have announced the availability of Russian
optical imagery with spatial resolution as good
as 2 meters, as well as radar data from the Al-

cooperation with NASA's traditional partners

or cooperation between U.S. companies and
aerospace firms in Europe, Japan, and Cana-
da. In some respects, the situation is compara-

maz satellites. ble to the early stages of those established

29 A table listing representative private sector undertakings that have been reported in the press is in appendix C. Of course, important con-
tacts are probably under way that have not been publicized.

30 paimler-Benz Aerospace of Germany and the Khrunichev Enterprise have recently announced a joint venture to market the Rockot
space-launch vehicle, which is derived from the SS-19 intercontinental ballistic missile (ICBM) and can deliver small to medium-sized pay-
loads to low Earth orbit (see Peter B. deSelding, “Rockot Launcher to Go Comm&pade Newpp. 3, 6, Feb. 20-26, 1995).
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relationships, but with a difference: the United
States largely inculcated its space standards
and practices in Western countries by virtue of
its unchallenged leadership position during the
1960s and 1970s, but the Russian space infra-
structure is already well-established and likely
to resist changing its practices to conform to
U.S. norms.

2. There are wide linguistic, cultural, and societal

differences between Russians and Americans,
differences that are reinforced by the history of
the past 75 years and the enforced separation
of the U.S. and Russian space communities
since the beginning of the Space Age. At the
same time, technical people of the two sides
tend to share an approach to the solution of
problems in space technology and have a sub-
stantial body of common interest and mutual
respect in space scien&@everal consensus les-
sons follow from these basic observations:

political and time pressures to achieve their
objectives.

= |tis important to establish direct, open rela-
tionships and mutual respect based on tech-
nical competence. Russian society places
great weight on personal relationships in
business, particularly in the absence of es-
tablished institutional structures for these
new cooperative ventures. In addition, some
U.S. participants believe that U.S. coopera-
tion with Russia in space science has been
more successful than ESAs or France’s be-
cause, they say, Russian space officials rec-
ognize the United States as an approximate
equal, while they regard other countries’
space programs as inferior.

= Russian officials are extremely sensitive to
any implication of condescension from the
West, regardless of their currently weak eco-
nomic positiors!

= Whenever possible, understandings shoul@®. Even during the Soviet period, with plentiful re-

be documented in detail, in writing, to avoid
ambiguity. To remove as many misunder-
standings as possible at the outset, it is very
worthwhile to develop texts of important
documents in both languages and to
compare them formally and recognize both
as equally authoritative.

= As one OTA workshop participant observed,4.
Russia lacks settled legal frameworks for
most business relationships, which are taken
for granted in the West. As a result, it is im-
portant explicitly to define terms and
establish agreement on the substance of con-
tractual relationships, and not merely accep-
tance of language. Several workshop
participants emphasized that Russian nego-
tiators are quite willing to undo understand-
ings reached earlier in order to exploit

sources and relative political stability, delays
were frequently encountered in first-time scien-
tific missions and original technological devel-
opments. Conservatism in schedules is
indicated; as one participant observed, sched-
ules with no margin for slipping deadlines in-
crease the risk of failure.

Several workshop participants believe that in-
ternal bureaucratic conflict and disorganiza-
tion are an important source of delay and
disappointment to both sideBhey noted that
proposed projects may well involve several
Russian organizations, even if only the lead
agency is represented in negotiations, and that
these interagency relationships are in constant
flux. Reliance on the principal Russian orga-
nization to deliver the others whose coopera-
tion is needed can be risky because so little is

31 One participant in OTA's workshop believes that the legacy of the 1980s has adversely affected current cooperative efforts by feeding
a Russian perception that the United States is not serious about cooperation and seeks to take unfair advantage of Russia’s current, disadvanta-
geous position.
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known about relationships among these orgareasons). Several emphasized the desirability of
nizations or their leadef&.Workshop partici- ~developing a cooperative relationship with Russia
pants and others also complained that officialshat is comparable to those with the other major
and organizations on both sides continue to apspacefaring nation® Such a relationship would
ply anachronistic controls on the transfer ofrestore the principle of government-to-govern-
space hardware and technical data, rather thanent cooperation with no exchange of funds (in-
acting to encourage the development of normatluding an end to directed procurements across

business relationships. national boundaries). The cooperative element
would be balanced by a vigorous commercial rela-
TOWARD NORMALIZATION tionship involving an industry-determined mix of

U.S. government program managers at the OTAree and open commercial competition, on a rea-
workshop generally agreed that the large transfeisonably level playing field, and teaming between
of U.S. public funds to Russia currently being un-U.S. and Russian firms where this makes business
dertaken by NASA should not be continued long-sense to the companies involved.

er than necessary (for either political or economic

32 Of course, such problems may be exacerbated when, for example, a project with Russia involves launches from Kazakhstan; the newly
signed Russian-Kazakhstani agreement on the status of Baykonur may alleviate many of these concerns, but its implementation remains to be
tested.

33 0One workshop participant believes that the United States should not seek to return to the general principles that govern its other coopera-
tive relationships but should be willing to pursue a pragmatic, case-by-case approach (including fund transfers, as needed) for as long as neces-
sary. This participant also believes that space science cooperation with Russia is dominated by unduly rigid adherence to such principles, and
he praised the space station program’s approach.
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his chapter reviews the experience some other countries

have had in space cooperation with the Soviet Union, and

later Russia. It considers what lessons might be learned by

the United States from their experience and addresses
how the intensification of U.S. interactions with Russia in civil
space efforts has affected and might in the future affect coopera-
tive relations between the United States and its traditional part-
ners in Europe, Canada, and Japan.

OTHER COUNTRIES’ EXPERIENCE

Before the collapse of the Soviet Union in 1991, most of the other
spacefaring nations had only very limited cooperative experience
with the Soviet civil space program. The principal exception to
this general rule is France, which opened space science coopera-
tion with the Soviet Union under President Charles de Gaulle in
1966 and managed to maintain an active program in both robotic
and, later, human spaceflight through the political vicissitudes of
the 1970s and 1988sSince 1992, the European Space Agency
(ESA) has joined France and the United States as Russia’s main
bilateral partners in civil space cooperation.

[J France and the Soviet Union

On June 30, 1966, French President de Gaulle and Soviet General
Secretary Leonid Brezhnev signed the open-ended Intergovern-
mental Accord on Scientific/Technical and Economic Coopera-

1see appendix D for a French review of French-Soviet (later Russian) space coopera-
tion. A thorough discussion of French-Soviet cooperation before 1985 can be found in
U.S. Congress, Office of Technology Assessmgrg,-Soviet Cooperation in Space: A
Technical Memorandup®TA-TM-STI-27 (Washington, DC :U.S. Government Printing | 61
Office, July 1985).
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tion, which emphasized cooperation in the exploShuttle in June 1985 (both the United States and
ration and peaceful uses of outer space. AlthougRrance were apparently seeking balance in this
it was intended as an assertion of French indepeihigh-profile field), Chretien flew again in 1988
dence of action within the Western alliance, theaboard Mir and conducted the first French EVA
agreement, and particularly its space componenfextra-vehicular activity, or “spacewalk”). An-
soon acquired considerable substantive contenbther French “spationaut” flew on Mir in 1992.
By the early 1980s, about one-third of the more In December 1989, the French and Soviets
than 2,000 space researchers and technicians signed a long-term agreement on human-space-
France were working in some way with French-flight cooperation, calling for a series of flights on
Soviet cooperation in space, and the level of reimbursable basis, in 1993, 1996, 1998, and
French funding for cooperation with the U.S.S.R.2000. Most recently, plans to shut down Nfir
was not far below that for cooperation with thelate 1997 or early 1998 appear to put the later
United States. This balance was an apparent, arflights in jeopardy, but negotiations continue,
relatively explicit, objective of the French pro- with the price for the 1996 flight quoted as $13.7
gram?2 million.3

Since those early days, French bilateral space From a U.S. policy perspective, the most inter-
cooperation with the U.S.S.R. has remained conresting aspect of the conduct of French-Soviet
centrated in a few areas, notably: space cooperation is the difference between the
U.S. and French responses to past changes in the
political environment. While the United States al-
lowed its intergovernmental space agreement
with the Soviet Union to lapse in the wake of the
Soviet invasion of Afghanistan and the imposition
of martial law in Poland, the French decided to

The French have invested significant resourcesontinue relations. Indeed, Chretien’s Salyut-7
in cooperation with the Soviet Union in planetaryflightin 1982 was the subject of considerable con-
exploration. The Vegmission, launched in 1984 troversy in France, but the issue appears to have
to explore Venus and Halley’s Comet, featuredoeen resolved in favor of continuing cooperation
French-built atmospheric balloons that wereat a higher or lower profile, depending on the
successfully released and tracked in the Venusigpolitical environment, rather than suspending
atmosphere in 1985. Similar—but more sophistities?
cated—French balloons are intended as part of the Since the French lacked a crewed spacecraft of
next Russian Mars mission, recently postponed ttheir own, as well as the resources for an extensive
1996. Major French instruments also flew on thdlight program in space science, a decision to ter-
Soviet Granat and Gamnmaissions in 1989 and minate cooperation with the Soviet Union would
1990. have been comparatively costly. Moreover, as

In addition, in 1982, France and the Sovietnoted above, independence and balance between
Union began a series of cooperative human-spac#ie United States and the U.S.S.R. were important
flight activities with the flight of Jean-Loup Chre- tenets of French foreign policy in the 1980s. The
tien on Salyuf7. After the flight of Patrick French also saw space cooperation asimportantin
Baudry, Chretien’s backup, on the U.S. Spacevorking toward broader objectives such as im-

astronomy and astrophysics,

= space plasma physics,

= planetary exploration,

= materials processing in space, and
life sciences.

2 |bid., p. 54.
3 Peter B. DeSelding, “French Try for Mir Swan Sorggace News. 21, Jan. 9-15, 1995.
4 U.S. Congress, Office of Technology Assessment, op. cit., pp. 61-66.



Chapter 4  Other Countries’ Space Cooperation with Russia | 63

proved communications and reduced tensions besion to involve the Russians in the International
tween the U.S.S.R. and the outside world. FinallySpace Station, ESA has begun negotiations with
they appear to have judged that their systems faRSA in two areas directly related to that project:
controlling and monitoring technology transfersproviding a data-management system for the Rus-
in the course of cooperative projects were suffisian service module and providing the European
ciently effective to obviate any concern about unRRobotic Arm (ERA) for installation on the exteri-
warranted transfers of militarily significant or of the module (see figure 3-8). Terms of the

items? Memoranda of Understanding governing these
activities have not yet been finalized, but in return
[J The European Space Agency for providing the ERA, ESA will benefit from its

Although there was some scientist-to-scientisglualification for and use in space, while the quid
contact between European and Russian space sBfo quo for the data-management system will
entists during the 1980s, for all practical purposes?robably be in the form of Russian space hard-
ESAs engagement with the Russian Spac#vare, reportedly including the docking mecha-
Agency (RSA) began in 1991, when, at an ESsAnism Russia currently uses to attach its station
ministerial meeting in Munich, ESA decided to modules to the Mir core.
explore the potential for expanded cooperation in ESA is dedicating significant resources to this
support of its human-spaceflight objectives. Thiscooperative initiative. Its budget for the European
decision was confirmed during the subsequen@stronautﬂights on Mir is $82 million. Within Eu-
ministerial meeting in Granada, Spain, in Novem{ope, ESA is spending approximately $60 million
ber 1992. on the data-management system, and it decided in
During 1993, ESA and RSA established work-September 1994 to spend $180 million for the

ing groups to focus on five areas of human spacdERA.®
flight: From November 1992 through the end of 1994,

ESA committed to pay a total of about $81 million
to Russian entitieSOf this amount, $56.4 million
funds the contract with NPO (now Russian Space
Corporation (RSC)) Energia, which is responsible
for Russian implementation of the astronaut
flights on Mirand payment of any subcontractors.
In addition, in mid-1993, ESA and the RussianAnother $6 million was approved to reimburse
enterprise NPO Energia signed a contract, latdRSA for the flight of ESA payloads on Russian
confirmed by an ESA-RSA agreement in OctobeiFoton recoverable spacecraft.
1994, covering paid flight of European astronauts European budgetary difficulties are putting
on Mir. The first flight, a 31-day mission, took strong constraints on ESAs ability to expand
place in October-November 1994, and a 135-dayork with Russia, however. During 1994, ESA
flight (Euromir '95) is scheduled to begin in Au- was considering proposals for cooperative devel-
gust. The latter flight will include a spacewalk. opment with Russia of a crew-return vehicle
Early technical exchanges concerning reusabléCRV) for the space station (which could evolve
spacecraft for human spaceflight and space suinto a crew-transfer vehicle to carry crews to and
design have not been pursued, but with the decfrom orbit) and an automated transfer vehicle

. European astronaut missions on Mir,

. in-orbit infrastructure,

. crew and freight transportation vehicles,

. Space-transport-systems technology, and
. in-orbit servicing.

O WNPE

5 bid., p. 66.
6 Peter B. deSelding, “Ventures with Russia Starting To Bear F8ptite Newsp. 10, 17, Oct. 31-Nov. 6, 1994.
7 Figure provided by Karin Barbance, Russian Desk Officer in the International Affairs Department, ESA Headquarters, Mar. 2, 1995.
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(ATV) upper stage to deliver Ariane 5 payloads towith its provision of the core space station and
the station. ESA was reportedly also consideringupporting infrastructure for all of the partners’
options for joint development of the CRV with the contributions. For their part, the partners had
National Aeronautics and Space Administrationsought equality in the program’s decisionmaking
(NASA). Recent news reports suggest that ESArocess but settled for a commitment by all parties
may scale back its contribution significantly andto seek consensus; final authority, in the absence

is not actively pursuing the Russian optfon. of consensus, was reserved to NASA.

Through a series of design reviews and rede-
EFFECTS OF U.S.-RUSSIAN PACTS signs driven by U.S. budgetary and political
ON OTHER U.S. PARTNERSHIPS forces, NASA tried, with varying success, to bal-

cooperation since 1992 has taken place in th
broader context of space relations between th artners, leading to a stormy consultative meeting
United States and traditional partners. Those rel '

tionships have concurrently been undergoin fair—_t the governmental level in September of that
SIP: entiyt Jergoing year. In subsequent restructuring and redesign ex-
ly significant change in their own right, as the

. rci NASA m nsiderably more effor
United States and the partners all reassess th grcises, NASA made considerably more effort to

) : 'Sivolve and consult with the partners. For their
space plans n _th(_a_face Of tight pudget_s and shi vart, the partners generally accommodated the re-
ing national prioritie$. This section briefly ex-

. . ) sulting design changes, but at a price, in terms of
I arious areas on the United tates' Sooperativichiecule changes and increased costs
P The Clinton Administration’s 1993 decisions

relations with other nations and international or, redesign the space station dramatically and in-
ganizations.

volve Russia in a key role sharply increased ten-
. sions in the partnership. From the partners’

[J Space Station perspective, throughout the 1993 redesign and
Since the signing of the Intergovernmental Agreetransition process, the United States failed ade-
ment on Cooperation in the Detailed Design, Dequately to consult its partners. When President
velopment, Operation, and Utilisation of the Clinton went “over the heads” of the space agen-
Permanently Manned Civil Space Station and it€ies and wrote to his counterparts in Europe, Can-
companion Memoranda of Understanding in Sepada, and Japan in October 1993, seeking their
tember 1988, the partners have preserved thedupport for inviting Russia to join the project, he

cooperation and made significant progressfurther exacerbated the resentment of partner
though the course has not been smébths ne-  space agencies. However, if he had not interceded,
gotiated, those agreements provide for NASASt is by no means clear that the space agencies
clear preeminence in the program, commensuratgould have reached agreement on Russian partici-

esign review was initially concealed from the

8 See Craig Covault, “Europe Faces Critical Decisions on Station Reiation Week & Space Technolpgp. 22-23, Jan. 16, 1995; and
Peter B. deSelding, “European Outlook Cloudgace Newsp. 8, 10, Feb. 13-19, 1995.

9 A forthcoming OTA background papémternational Collaboration in Large Science and Technology Prajegmines trends in this and
other key areas of large-scale international science and technology cooperation.

10see Marcia S. Smith, “Space Stations,” Congressional Research Service Is@g0BiefVashington, DC, October 1994 (updated peri-
odically). Also see Graham J. GibExpanding the International Space Station Program Partnersifip International Partner’s Perspective
(presented at the 45th Congress of the International Astronautical Federation, Jerusalem, Israel, Oct. 9-14, 1994).
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pation, at least in time for the December 1993 an- Some of the difficulties in Europe and Canada
nouncement that the United States destted. result from a general decline in support for space
NASA now believes that equilibrium has beenspending, particularly spending on human space-
restored in the relationship. Cooperative activitiedlight. There is no doubt, however, that partner re-
are proceeding well, relations with partner representment over the U.S. management of Russia’s
sentatives are cordial in Washington and Houstorentry into the program did political harm. More
and the negotiations for revised Memoranda obroadly, the space station experience appears to
Understanding and an amended Intergovernmerirave convinced the partners that they should not
tal Agreement, although substantively difficult, enter into such an asymmetrical arrangement
are proceeding relatively smooti#y. againl® It is not yet clear whether, or to what ex-
After a series of difficult, ministerial-level de- tent, this determination will hamper efforts to re-
cision meetings, ESA announced in 1993 that ihegotiate the space station agreements by the end
was reviewing the scope and character of its coraef 1995, as NASA now plans.
tribution to the International Space Station and set

a decision point in early 1995. Although the ESA[] Space Science and Applications

Executive has produced a series of detailed ar\*1;|he situation for collaboration in space science

varyingly ambitious plans for a redefined SPaC& g applications is considerably different from

station commitment, it has not yet dgm_ded how t hat for space station collaboration. Reasons for
proceed. France has declared that it will be unablﬁ]is difference include-:

to reach a decision at the ministerial level until Oc-
tober 1995, seven months after NASA saysitmust There has been a strong tendency toward in-
have ESA's decisio3 At French and Germanin-  creasing multilateralism in space science since
sistence, the ESA Executive (the administrative the founding of the Inter-Agency Consultative
staff in Paris) circulated an “alternative scenario” Group for Halley's Comet (IACG) in the early
to member states early in February that seeks to re- 1980s. Russian scientists and managers were
duce spending between 1996 and 2800. involved from the group’s inception. In remote
In early 1994, Canada informed the United sensing, a variety of multilateral mechanisms
States that it would have to withdraw from the has existed since the 1960s and 1970s to coor-
space station program unless a means could be dinate remote-sensing-program plans and poli-
found to reduce the cost of its contribution. De- cies. In 1993, NASA and the National Oceanic
tailed and painstaking negotiations resulted in an and Atmospheric Administration (NOAA)
acceptable restructuring, reducing Canadian costs were successful in securing Administration ap-
by approximately U.S.$550 million and securing proval for a U.S. initiative to invite Russia to
a Canadian recommitmet. become a member of the Committee on Earth

11 Gibbs, op. cit., pp. 3-6; Gibbs notes, in particular, that although NASA involved its existing partners in the 1993 redesign and transition
processes, leading to adoption of a redesigned space station, that process did not explicitly anticipate Russian participation. Instead, the United
States and NASA negotiated with the Russians on a bilateral basis, only informing the partners on the eve of the September 1993 meeting of the
Gore-Chernomyrdin Commission meeting.

12 |nterview with Lynn F. H. Cline, Director, Space Flight Division, Office of External Relations, NASA Headquarters, Feb. 14, 1994.
13 peter B. deSelding, “Europe, U.S. Scramble for Station Fusgaée Newspp. 3, 20, Jan. 16-22, 1995.

14 peter B. deSelding, “ESA Makes Cuts, Delays to Space Station Pl&ggeg Newp. 3, Feb. 6-12, 1995.

15 Canadian Space Agency press release, June 3, 1994.

16 Gibbs, op. cit., footnote 10, p. 3. In particular, the partners believe that decisionmaking mechanisms that give the United States the last
word are inconsistent with true partnerships.
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Observation Satellites (CEOS), a key internaworld market for commercial launch serviéés.
tional body in the field. Current U.S. policy, in To guard against market disruption caused by the
both space science and earth science, is to eantry of nonmarket launch-service providers, the
courage further Russian integration into world-United States negotiated launch trade agreements
wide, coordinated activities. with each country that provided quantitative lim-

= Russian emergence as a significant player hdss on the number of launches each could provide
not undone existing arrangements, as happenethd specified pricing controls intended to prevent
in the space station program. Indeed, the Rusartificially low bids.
sians pioneered, in some respects, the begin- Recently, the United States has renegotiated its
nings of multilateral space cooperation throughaunch trade agreement with the People’'s Repub-
the science working groups established in théic of China, giving the Chinese a significantly
1980s for their planetary and astrophysics mistarger guota and more leeway on price than that af-
sions, which relied heavily on foreign instru- forded the Russians in the 1993 commercial
ments. space-launch agreement with th&hT.here have

= Programs in these areas generally have a lowéeen hints that the United States may consider lift-
political profile than those in human space-ing the quantitative restriction on commercial
flight. Although they are no less vulnerable tosales of Russian launch services altogether.
the annual budget process, they are less olsuch an action, in response to Russian and U.S.
vious captives to linkage with the overall politi- urging, could have a major impact in Europe. The

cal climate. European firm Arianespace is already critical of
_ _ what it sees as the United States’ failure to enforce
[J Commercial Relations the price requirements of the 1993 agreem@nt.

In general, business relationships among U.S. arldberalization or elimination of the U.S.-Russian
Russian firms have developed without unduly afagreement might be seen in Europe as a blatantly
fecting either side’s relations with third parties inanti-Arianespace move by the United States, par-
Europe, Japan, and elsewhere. The one potenti¢ularly if NASA and Department of Defense
exception to this rule is trade in launch serviceslaunches continued to be reserved for U.S. launch-
In 1989 and 1993, respectively, the United Statesrs only.

agreed to the entry of China and Russia into the

17 previously, the United States had been able to block such entry by denying export licenses for satellites or satellite components; all com-
mercial satellites built outside the United States included U.S. components, so this restriction was effective.

18 Warren Ferster, “China Wins Big In Launch De&pace Newsp. 1, 20, Feb. 6-12, 1995.

19 “Russia and US May Scrap Commercial Russian Rocket Launch Qlrdtafax, Moscow, Jan. 27, 1995 (translated by the Foreign
Broadcast Information Service).

20 Warren Ferster, “Russia: Relax Launch Limi8pace NewDec. 19-25, 1994, p. 1; Andrew Lawler, “Industry Criticizes U.S. Launch
Agreements,’Space New9. 3, Oct. 3-9, 1994.



Opportunities for
and Impediments
to Expanded
Cooperation 5

oreign policy considerations, together with the budgetary

pressures currently facing the civil space programs of the

United States and of other spacefaring nations, provide a

strong motivation for examining whether expanded space
cooperation with Russia is desirable, in what fields, and on what
basis. Additionally, there is a need to examine more closely the
risks that would go along with such expanded cooperation and
how those risks might be mitigated; this discussion is relevant to
current cooperative programs as well. Finally, this chapter ex-
amines the role of the Russian and U.S. governments in civil
space cooperation, particularly regarding control and regulation
of private sector activities.

POTENTIAL FOR EXPANDED COOPERATION!?

[1 Launch Vehicles and Propulsion

Although the Clinton Administration’s National Space Trans-
portation Policy directs the U.S. government to negotiate and
implement agreements controlling trade in commercial space-
launch services, it expressly authorizes the use of foreign launch &
services on a no-exchange-of-funds basis for cooperative govern- =
ment-to-government programs. The policy also states that “the
U.S. Government will seek to take advantage of foreign compo- §
nents or technologies in upgrading U.S. space transportation sys-

1 As used in this chapter, the teamoperationencompasses both government-to-
government relationships and private sector ties such as joint ventures, co-prgduction
andlong-term supplier relationships.

2The White House, Office of Science and Technology Policy, “Fact Sheet—National | 67
Space Transportation Policy,” Aug. 5, 1994.
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tems or developing next generation space trans- launch services internationally, for both geosta-
portation systems.” tionary and low-Earth-orbit satellites.

The policy clearly was framed, among other= Boeing is seeking U.S. government approval
things, in the knowledge that the greatest strength for a joint venture with Ukraine’s NPO Yuzh-
of the Russian space program (and the principal noye (also known by its Ukrainian name, NPO
strength of the Ukrainian program) lies in launch Pivdenne®® RSC Energia, and a Norwegian
vehicles and associated technologies, particularly builder of offshore oil platforms to market
propulsion and rapid payload processing and in- launch services using the Zenit vehitle.
tegration. The availability, robustness, and estalb= U.S. manufacturers of propulsion and launch
lished reliability of Russian and Ukrainian launch  vehicles are pursuing proposals for the use of
vehicles, built on large-volume series production Russian propulsion systems, both to re-engine
over many years, are potentially major assets for existing U.S. launchers and to include in pro-
cooperative civil space activities. The use of those posals for future systems such as the X-33 reus-
launch vehicles on a no-exchange-of-funds basis able-launcher demonstration vehicle.
could permit some missions that would not be un- _ L
dertaken otherwise. Private sector development of SPace station program planners anticipate that

these capabilities could also be a significant eco?Krainian Zenit launch vehicles (with Russian

nomic asset for Russia and Ukraine, but thignain engines) will be a key transportation element
dimension is currently limited by Western unwill- " the space station project, and a Russian-Ukrai-
ingness to allow those states full access to thBian agreement is being negotiated to cover the
launch market. provision of these and other Ukrainian goods and

As a practical matter, use of Russian and UkraiServices to Russia for its use in the project. The

nian launch vehicles is being pursued on sever@dreement was expected to be ready for signature
fronts: in 1995, but recent press reports suggest that the

negotiations are not going well and that Russia is

= Russian launch vehicles are being extensivelgeeking to reduce its dependence on Ukrainian
scheduled to provide critical transportation forsuppliers> Meanwhile, the Boeing joint-venture
the assembly and operation of the Internationgbroposal awaits licensing by the U.S. Department
Space Station. of State. Press reports indicate that the U.S. gov-

= The U.S. and Russian governments are discugrnment is withholding its approval in part out of
sing the use of Russian launch vehicles in coopeoncern for the impact of another new entry in the
erative projects such as planned missions toommercial space-launch market, and also as le-
Mars and Pluto. verage to help ensure Ukrainian conformity with

= The Lockheed-Khrunichev-Energia joint ven-the Missile Technology Control Regime. The re-
ture (LKE International) is marketing Proton gime seeks to deny the transfer of systems capable

3 An umbrella space agreement between the United States and Ukraine was signed November 22, 1994, by Presidents Bill Clinton and Leo-
nid Kuchma. The agreement is very similar to the 1992 U.S.-Russian agreement and is permissive rather than specific. The two Presidents also
announced that NASA and the Ukrainian National Space Agency will prepare recommendations for flight of a Ukrainian payload specialist on
the Space Shuttle (see “Joint Statement on Future Aerospace Cooperation Between the United States and Ukraine,” Office of The Press Secre-
tary, The White House, Nov. 22, 1994).

4 The Zeniuses a highly automated launch-processing system, which could give it a competitive advantage; this Russian innovation could,
in principle, be applied to evolving U.S. systems, as well.
5 Peter B. deSelding, “Russia Ready To Use Ukraine-Built ZeSfsate Newsp. 1, 21, Oct. 3-9, 1994; “Zenit Rockets To Be Used in

International Space Project,” Ki&nian (in Ukrainian), Nov. 15, 1994 (translated by the Foreign Broadcast Information Service); Peter B. de-
Selding, “Russia Distances Space Program from UkraBggate New. 3, Feb. 20-26, 1995.
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of the long-range delivery of weapons of mass de- Russian scientific spacecraft present somewhat

struction® different issues. Some, such as the Lama \Ven-
era planetary probes, were robust and resilient de-
[J Spacecraft signs. Others, notably the two ill-fated Phobos

Russian spacecraft capabilities are mixed. ThéPacecraft, both of which failed after launch in
fact that the Russians use robust, simple, low}988, were not.Some U.S. spacecraft specialists
cost, shorter-lived operational systems does ndittémpting to understand Russian spacecraft de-
indicate, as some have argued, that they are nec&#dns have had difficulty with the withholding of
sarily inferior to U.S. designs—simply different. SPecific design information by the spacecraft
This difference does mean, however, that it maynanufacturers—at least in part a residuum of So-
not be cost-effective to adapt high-cost, uniqué/iet-era secrecy and bureaucratic compartmental-
U.S. instrument designs, developed for long-livedzation, as well as a reflection of the Russians’
U.S. spacecraft, to fly on Russian operationaperception that the design information might have
spacecraft with a shorter lifetime. Simpler instru-commercial value.
ments, or instruments that replicate existing hard- Maintenance of schedule on new-design scien-
ware, may be a good fit, however, depending ofific spacecraft has also been a Soviet (and now a
the cost of adapting them to the new platform. Russian) weakness; historically, the Russians
In the past, the United States has not been abl@ve been much more successful at producing a
to anticipate some adaptation costs. For examplégries of spacecraft once a design is in series pro-
in preparing to fly the Total Ozone Mapping duction. The current delay in completing the Mars
Spectrometer (TOMS) instrument on a Russiar94 spacecraft, for example, reportedly results as
Meteor-3, the National Aeronautics and Spacenuch from technical problems as financial short-
Administration (NASA) initially assumed that the falls.®
Russian satellite included a mass data storage sub-Mir and Mir-related spacecraft (such as the
system, as is standard in U.S. satellites. Insteafunctional Cargo Block (FGBand other major
NASA learned that the Russian satellite did noRussian components of the space station) repre-
have this capability, which meant that NASA hadsent a special case. On the one hand, Russian ex-
to build and fly, for the first time, a solid-state perience in human spaceflight is unmatched, and
memory unit dedicated to TOMS data. In addi-Mir systems, although not technologically as so-
tion, NASA learned that Russian meteorologicalphisticated as systems being planned in the West
satellite integration facilities did not have “cleanfor use on the space station, are mature and well
room” capabilities for protecting sensitive instru- tested. On the other hand, the FGB has not flown
ments from contamination; because the TOMS rein the form that will be required for the space sta-
quired such handling, NASA provided a portabletion, and delivery-schedule problems have been
“clean room” for the TOMS integratioh. common during Mir’slifetime—the Spektrand

6 See, e.g., Warren Ferster, “U.S. Eyes Zenit Wai8pace Newsp. 1, 28, Dec. 12-18, 1994.
7 From an unpublished interview with George Esenwein, NASA Program Manager for the TOMS/Meteor-3 flight, 1991.

8 One actually failed due to an erroneous command from the ground, but it was observed at the time that the spacecraft lacked fail-safe provi-
sions that might have enabled controllers to save the mission.

9 Frank Morring, Jr., “NASA Applies New Philosophy To Meet Old Goals in Mars Explorat@rgspace Dailyp. 111, Oct. 21, 1994.
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Priroda modules, for example, were originally charge-coupled-device (CCD) array in a Hungari-
scheduled for delivery in the late 1980s, then iran-designed camera with French optics) have
1992, but will not reach Miuntil this yeaf0 been very successful, as well. Russian military-
As discussed in chapter 2, there are basic diffederived remote-sensing systems, particularly
ences in spacecraft and instrument design philosdhose using photographic film, also produce ex-
phy between the U.S. and Russian programsellent results. Radar-imaging systems with a
which can make designing and implementing insimilar heritage may be another asset, and there
terfaces between U.S. and Russian hardware diffare reportedly plans to commercialize high-reso-
cult. U.S. systems have tended to be expensiv@ytion, digital optical-imaging systems in the near
complex, high-performance, long-lived, heavily future.
ground-tested, one- or few-of-a-kind designs. The
Russian approach, on the other hand, emphasizEsHuman Resources
relatively low-cost, simple, moderate-perfor- according to NASA officials and other observers,
mance systems that are flight-tested and put intR,ssjan scientific and engineering talent repre-
series production, with the expectation that theysenis 4 great strength. Russian capabilities in me-
will need to be replaced on orbit in a comparativezhanical engineering, software development for

el ‘ S .

ly short time- science and engineering, and science theory are
excellent!3

O Instrumentation “Brain drain” represents a major potential

Russian scientific spacecraft, particularly duringProblem for Russia, as the best (or best-known)

the 1980s and early 1990s, relied heavily on forspecialists are offered opportunities to leave for
eign instrumentatioh? Western instrument J0DS outside Russia or in other fields. One reason

technology is generally acknowledged to be sufor the U.S. government to support programs that
perior. On the other hand, the Soviet Union hagtress in situ employment of such people is to
outstanding success in such technological areas §8Unter such losses of talent, both to stem poten-
automated sample return (the Luna series), autdi@! proliferation of militarily relevan_t know-how
mated roving vehicles (the Lunokhod), and the se2broad and to encourage economic development
ries of Venerdanders in the high-temperature, @nd defense conversion at hotfe.

high-pressure environment of the Venusian sur- .

face. Other instruments and components with mill] Other Capabilities

itary applications or ancestry (such as the Veg&®ussian deep-space communications assets—no-
imaging system, which used a Soviet militarytably, the 70-meter-class antennas at Yevpatoria

10 A launch schedule for 1995 Shuttle-Mir activitieeluding launch of the two modules, was signed by Russian Space Agency (RSA)

General Director Yuri Koptev and NASA Administrator Daniel Goldin at the December 1994 meeting of the Gore-Chernomyrdin Commission.
This came after a late-1994 announcement of a two-month slip in the Spektr launch date, which seemed to threaten the scientific return on the

investment in NASA astronaut Norman Thagard’s visit tq bginning in March 1995.

11 some observers have suggested that these differing design philosophies also reflect fundamental systemic differences in approach to
technology. In this view, capitalist firms tend to look for new technological solutions and invest heavily in research and development, while
Soviet (how Russian) entities place a lower value on innovation and seek to make the best (often clever) use of existing technology rather than

take the risk of developing something new.

12 Much of the major instrumentation on the Vega and Phobos missions, for example, was of Western European origin.

13 An early initiative under the 1987 space agreement was the exchange of scientists between the science teams of various missions, includ-

ing Phobos, Magellan, Mars Observand Cassini.

14see U.S. Congress, Office of Technology AssessiReriiferation and the Former Soviet UnidBTA-1SS-605 (Washington, DC: U.S.
Government Printing Office, September 1994), pp. 62-66, and chapter 6 of this report.
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(actually in Crimea, Ukraine, but controlled by [] Risks

Russia) and Ussuriysk—could provide a usefulrhe programmatic benefits of international space
Space Network, particularly in times of extremely

high workload such as during the Galileo encoun® a0 increment of technical risk (presuming that
ter with Jupiter beginning in December 1995. In t_he international partner’s technical capabili-
1992, the first NASA contract awarded to a Rus- 1i€S are not as well known as one’s own, or that
sian entity involved feasibility studies of such N€w developments are required);
complementary uses, which demonstrated that ug- @dded management complexity; and

ing the Russian antennas would be of some mod- €XPosure to additional political risk, if c_)nly be-
est value. Negotiations broke down, however, Cause the needed budgets must survive two or
when NASA's Russian counterparts demanded a More political systems rather than only one.

price for the use of the antennas that was muc@enerally, NASA and its traditional partners have
higher than NASA was prepared to pay. Discusjudged these risks worth takifg.

sions were broken off at that point, in 1993, and |n the case of cooperation with Russia, the pic-
NASA has since developed and implementedyre is somewhat more complex, and additional

other plans to handle the expected worklbad.  risk factors are clearly present. These additional
Russian capabilities in advanced materials offactors include:

fer a potential for commercial development that
has not, so far, been realized. U.S. engineers have
explored the use of materials such as aluminum-
lithium alloy, titanium, and carbon-carbon com-
posites on U.S. spacecraft and launch vehicles.
Kazakhstan has significant production capacity
for beryllium, but a joint-venture project to ex-
ploit this capability, which was launched soon af-
ter the dissolution of the Soviet Union, has
achieved only limited resulés$.

Russian political and economic uncertainties
on the most fundamental level, which cast
doubt on whether (or when, at least) commit-
ments will be honored, whatever the intentions
of the parties.

The risk of “reverse linkage,” in which strains
in other aspects of the U.S.-Russian relation-
ship adversely affect cooperative space projects
(this has happened before, most clearly in
1982, when the government-to-government
space agreement was allowed to lapse to ex-
RISKS AND RISK MANAGEMENT press U.S. ire over the imposition of martial
Clearly, civil space cooperation with Russia law in Poland).

involves risks—some that are common to coop= Russian systemic immaturity, that is, the sub-
eration with the United States’ traditional coop- stantial lack of a settled legal and institutional
erative partners and some that are unique to framework within which cooperation can go
Russia. This section characterizes those risks and forward in a relatively predictable fashion.
discusses some options that managers in both tmeExacerbated programmatic uncertainties, de-
United States and Russia might adopt for manag- riving from limited cooperative experience and
ing them. 30 years’ mutual isolation.

15 Interview with Charles Force, NASA Associate Administrator for Space Communications, Dec. 22, 1994.

16 See appendix C.

17 The overall record in high-technology cooperation with U.S. friends and allies is distinctly mixed, principally because of institutional
mismatches (e.g., annual funding in the United States versus multiyear funding in other countries). See U.S. Congress, Office of Technology
AssessmentArming Our Allies: Cooperation and Competition in Defense Techno@@#-ISC-449 (Washington, DC: U.S. Government
Printing Office, May 1990).
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= Reliance on the Baikonur launch site in Ka-skilled personnel. Recently, senior Russian Space
zakhstan, with its attendant political and infra-Agency (RSA) officials have warned publicly that
structural uncertainties. the Russian human spaceflight program is in im-

= Problems of communication and understandminent jeopardy, although this undoubtedly re-
ing, again derived from a lack of common ex-flects some degree of posturing for domestic

perience and from cultural factors. political effect!8
The Russian government response could be—
[J Risk Management as it has been in science and technology more gen-

Political and economic uncertainties in Russigerally—to insist on “maintaining a broad front of
(and elsewhere in the former Soviet Union) prestesearch... [forcing] cuts on a random basis, with-
ent particular difficulties for risk management in Out any rational decisions about what is needed
civil space cooperation, as described in chapter 30r economic development or military securi-
During the Office of Technology Assessmentsty.”1°To the extent that the Russian authorities are
(OTAs) November 9, 1994, workshop, “Civil unable or unwilling to establish priorities, Rus-
Space Cooperation with the Former SovietSian enterprises that are key to particular coopera-
Union,” several participants expressed doubt thdive space projects with the United States will be
the deteriorating overall condition of the Russianimore-or-less equally at risk across the board.
aerospace sector will permit it to deliver on the Alternatively, RSA could decide to set clear
commitments to space cooperation being made bgriorities among space activities on the basis of
the Russian government. The Ukrainian econotheir economic or operational value and to sus-
my, including its small aerospace sector, is in evefend support to those that fall too far down the list.
worse condition than Russia’'s. Under these cirSuch a decision was made early in the post-Soviet
cumstances, it is extraordinarily difficult for U.S. period, when RSA funding was terminated for
program managers to decide how much to invedioth the Buranspace shuttle and the Energia
in hedging against the Russian (or Ukrainianheavy-lift launch vehicle. Deeper cuts may now
partner’s default. The extent of such hedging i®e under way, judging by the economic problems
likely to be limited by available resources on thecurrently facing the Russian Mars program and
U.S. side, but some increment of confidence coulthe further delay in the SpectrumiXission20
be gained through further systematic analysis ofhe U.S. public and private sectors can, of course,
post-1991 trends in the Russian aerospace sectorfluence these decisions over priorities, as they
Even assuming that broad political and ecohave through procurements for the space station
nomic stability can be maintained and that thegprogram and joint commercial ventures such as
aerospace sector (or key elements of it) does naKE International.
collapse, it still appears certain that the sector, in- Russian behavior since 1991 apparently re-
cluding the enterprises that support civil space adiects both tendencies. Even though the decisions
tivity, will continue to be severely underfunded, to stop funding the EnergandBuran programs
undersupplied, and hard-pressed to retain itevere made atthe highestlevels of the government,

183ee, e.g., “Manned Space Program in Imminent Jeopardy,"Moscow, p. 2, Dec. 10, 1994, in which senior RSA officials warn that the
Russian piloted space program “could be terminated in late February 1995” unless more funding is found. The article was published just before
the December 15-16, 1994 meeting of the Gore-Chernomyrdin Commission and as the Russian State Duma was debating the 1995 state budget,
which suggests a tactical motivation for emphasizing the negative.

19Harley BalzerSome Thoughts on S&T Cooperation with Russia: Problems of Communication and Pe(Cegtiaisation for Econom-
ic Cooperation and Development, in press).

20 peter B. deSelding, “Russian Woes Hampering Mars Propgtte News. 1, Dec. 19-25, 1994.
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a year or more passed before Russian officialnay be less tractable than problems of commu-
ceased sending confusing signals in the pregsication. Space cooperation, in general, and space
about the future of these prografdsSimilarly,  station cooperation, in particular, are highly vis-
Russian officials delayed postponing the Mars '94ble, politically significant components of the
mission until the last possible moment, everoverall U.S.-Russian relationship. Vice President
though well-documented rumors of the budgetanAl Gore and Russian Premier Viktor Chernomyr-
and technical causes of the delay were circulatindin are personally engaged, through showcasing
a year earlief? space cooperation in their commission’s activi-
Russian and U.S. program officials could re-ties. At the same time, the decisions to involve
duce risk from this missed communication toRussia in the space station program, to permit
some extent by communicating privately and exRussian entry into the commercial launch- ser-
plicitly with each other about programmatic prio- vices market, and to make significant purchases in
rities and funding decisions as they are beindrRussia as part of the new relationship were clearly
made (or as soon as possible thereafter). On occafluenced in large part by the desire to secure
sion, with other partners, such “early warning”continuing Russian adherence to the Missile
has worked extraordinarily well. In 1990-91, for Technology Control Regime (MTCR). The Gore-
example, NASA's cancellation of the Comet Ren-Chernomyrdin Commission meeting planned for
dezvous Asteroid Flyby (CRAF) mission, which June 1993 was postponed because of a failure to
had significant European (particularly German)reach agreement on this issue; at their September
involvement, was privately signaled well in ad- 1993 meeting, the two officials announced agree-
vance and has had little lasting political impactments on MTCR, Russian participation in the
On the other hand, in 1981, the United States gav@ace station, and the commitment to spend $400
no warning to the European Space Agency (ESApillion on a NASA-RSA contract?
before canceling its spacecraft in the International Some observers believe that the linkage be-
Solar Polar Mission, and European confidence inween Russian missile-technology-proliferation
U.S. reliability as a partner was severely sha@én. behavior and space cooperation that has been
Frank and open communication with the Rus-created in this way could ultimately pose a greater
sians, although currently more difficult to achievethreat to the space station than do technical or pro-
than such communication with ESA, could provegrammatic considerations; others believe that the
effective, at least in the non-space-station areas space station relationship is so important to Rus-
the relationship. sia that it provides a strong motivation for contin-
The problem of “reverse linkage” is more com-ued MTCR complianc&® The high profile
plex and, from the programmatic perspective,

21part of the confusion may be due to the emergence of space enterprises with some independent ability to keep systems and projects alive on
their own. RSC Energia claims that it has continued to maintain and market the Energiavehicle (private correspondence from Jeffrey
Manber, Managing Director, North American Operations of RSC Energia, to Ray Williamson, OTA, Feb. 3, 1995).

22 |pid.

23 CRAF was paired with the Cassini mission to Saturn, using many of the same spacecraft components and systems that Cassini did, to save
money. When it became clear that the cost of the combined program would exceed congressional guidelines, CRAF was canceled while work on
Cassini continued. For a discussion of the International Solar Polar Mission (ISPM) cancellation, see U.S. Congress, Office of Technology As-
sessmentinternational CooperationOTA-ISC-239 (Washington, DC: Government Printing Office, July 1985), p. 384.

24See Marcia S. Smitpace Activities of the United States, CIS, and Other Launching Countries/Organizations: 19%4-1B838SPR
(Washington, DC: Congressional Research Service, March 1994 (updated periodically)), pp. 36-39.

253ee, e.g., Marcia S. Smith, “Space Stations,” Congressional Research Service Issue Briefs, Washington, DC, October 1994 (updated peri-
odically), pp. 8-9, 16.
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afforded the space station in the overall cooperaand tend to resist requests for information, even
tive relationship may also afford it a degree ofwhen those requests have sound business justifi-
protection; from this vantage point, the space stacation and do not jeopardize trade secrets or sensi-
tion may be affected less by negative developtive technology. Only time and effort on both sides
ments in the overall relationship than are other(and, particularly, people in place in each other’s
lower-profile aspects of space cooperation, inestablishments) can gradually lower these barriers
cluding private sector activitie’. to the point reached with the United States’ tradi-
Businesspeople interviewed by OTA generallytional cooperative partners; the incorporation of
find systemic problems in Russia to be a signifi-Russian capabilities squarely in the critical path of
cant brake on developing business relationshipspace station development will necessarily accel-
The Russian institutions and legal system, develerate this process, but at the probable cost of some
oped under the Soviet regime and undergoing ra@xpensive misunderstandings along the #ay.
id change to fit the new situation, do not yet The sheer scale and complexity of the coopera-
provide an appropriately stable business envirortive arrangements with Russia that are in place
ment; observers have described the situation itbday for the International Space Station make it
Russia as resembling that in the United States duanprecedentedly difficult to insulate the program
ing the 19th century’s “robber baron” era. Suddenfrom disruption at any affordable cost. NASA is
unexplained changes in basic business law anmaking a concerted effort to plan for such disrup-
regulations are commonplace, as are corruptiotions, but it acknowledges that a Russian delay or
and, increasingly, crime. These factors have nadefault, depending on when it occurred and what
deterred U.S. aerospace firms from attempting telements of the space station were affected, could
establish business relationships in Russia, butause significant cost or schedule penalties. More-
they have undoubtedly impeded progress in somever, as one observer has suggested, Russian par-
cases. The most effective counter to this impediticipation may, in fact, be in two critical paths
ment, most of those interviewed suggest, is to ob—programmatic and political. Placing Russia in
tain sound specialist advice, expect delays anthe programmatic critical path means that the pro-
reverses, and wait out the evolving system. gram will incur significant delay and resultant in-
Relative mutual unfamiliarity, mistrust, and the creased costs if Russian components are delivered
resulting additional programmatic uncertainty ardate or not at all. Although very substantial, this
the inevitable consequence of 30 years of enforcerisk is at least broadly quantifiable, and from this
isolation of the two national space programs fronstandpoint, Russian participation is not necessari-
one another. For their part, U.S. officials and busily essential to the program. The “political critical
nesspeople express frustration at their inability tgath” concept addresses whether the United States
penetrate beyond the largest, best-known of Rusvould be willing to continue the project at all,
sian space enterprises; five years ago, they wemgthout Russian involvement, in the current budget-
largely unaware that these enterprises existe@ry environment. Those supporting this analysis
Many Russian managers and officials carry withbelieve that continuation of the International
them entrenched habits of bureaucratic secrecy

26 Russia’s unsettled politics make choosing among these hypotheses very difficult.

27 For example, James T. McKenna, “Mir Docking Device Readied for Rendez#wiatjbn Week and Space Technolqmy72, Sept. 19,
1994, describes difficulties in reaching agreement on the safety certification of the Russian-built docking module for the Shuttle-Mir program.
On the other hand, the successful accommodation reached between the two programs, permitting the February 1995 Shuttle-Mir rendezvous to
continue despite Russian concerns about a leaking Shuttle thruster, demonstrates what can be accomplished when the stakes are high enough.
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Space Station program depends on continued Never assume a common understanding of

Russian participatio® terms and concepts; when in doubt, spell them
U.S. officials have focused a great deal of con- out.

cern on the future viability of the Baikonur launch= Find out who has the authority to make the

site, or cosmodrome, which is essential to Rus- needed decisions; many decisions go straight

sia’s participation in the space station, as wellasto to the top.

the commercial use of the Proton launch vehicle Avoid postures or assumptions of superiority.

for commercial launches. On December 10, 1994, Particularly in technical areas, mutual respect

Russian Premier Chernomyrdin and Kazakhstani for capabilities and achievements is critical.

Prime Minister Akezhan Kazhegeldin signed

what appears to be a_deflnltlve agre_ement 1_‘or t.h?HE ROLE OF GOVERNMENT

long-term lease of Baikonur to Russia. Earlier, in_ , _

October 1994, Russian President Boris Yeltsin is] NiS section reviews the roles of government (or,

sued a decree that seemed to resolve internal RUEOre properly, the U.S. and Russian govern-

sian government differences over the continued€nts) in civil space cooperation between the

maintenance and funding of the cosmodrome. [nited States and Russia. The same observations

these measures are implemented and if the ré@PpPly, as well, to cooperation with other states of

sources are made available for restoring the infrdhe former Soviet Union.

structure at Baikonur and in the supporting city of

Leninsk, this concern could recede; first report§] Governments as Actors

are encouraging® . Historically, NASA has resisted “umbrella” space
Problems of communication and understand

. . S . agreements between the United States and other
ing have their roots both in inherent cultural dif-

. countries and between itself and other space agen-

ferenc_:es andoln the Ite_:gacy to_f 73%/:1:&1‘,\5] of Sobv'eéies, preferring instead to construct relationships
experience. Lne participant in S NOVEMDET - <ed on a series of individual, self-contained

1994 v_vorkshop declared that “althogghthings ar%roject-level agreements. NASA’s rationale for
changing very slowly, the most realistic assUMPip ;g position is that umbrella agreements tend to

tion is that the system and attitudes have noireate pressures to make projects cooperative

changed at all.” . . 5
U.S. officials and businesspeople emphasize(\nll\/hether or not the substantive basis for such proj

several keys to controlling such risks: ECtS exists.
/ J ' This pattern has been broken with the Soviet

= Make use of the best available expertise in RudJnion, China, and other countries, including,
sian business law and practices, both to strucmost recently, Ukraine. In each case, the political
ture relationships correctly and to avoid symbolism of the umbrella agreement was judged

surprises as much as possible. to be such that agency interests were overridden.
= |nvestin high-quality interpreting and translat- The current relationship with Russia carries this
ing. mutual coupling to a new level of intensity.

28Kenneth S. Pedersen, Research Professor of International Affairs, Georgetown University, private correspondence with Ray Williamson,
OTA, Feb. 13, 1995.

29 “working Conditions at Baikonur Improve Following Kazakh Agreemefgtospace Dailyp. 140, Dec. 30, 1994. In late February
1995, a NASA team, returning from work at Baikonur on preparations for launch of the Spektr and Priroda modules, reported that conditions on
the spaceport itself were totally satisfactory and that hotel accommodations in Leninsk, except for an absence of hot water, were adequate. NASA
also notes that the Russians continue to launch from Baikonur twice each month. On the other hand, one OTA workshop participant questions
whether Russia will be able to afford both to maintain the spaceport and to arrest the deterioration of Leninsk.
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A second tenet of NASA policy toward interna-  In 1993, partly in recognition of the end of the
tional cooperation has been that each side shoufdold War, the United States revised the ITAR
bring to the venture the financial resources neededlunitions List, placing almost all civil space
to carry out its side of the bargain. The fundamenhardware (except for launch vehicles and
tal rationale for this approach is that mutual pro-associated technology, remote-sensing satellites,
grammatic interest and priority is best ensurecdind communications satellites and components
when each party pays its own way and, secondarivith significant military utility) under the control
ly, that spending taxpayer dollars abroad is politi-of the Department of Commerce. Significantly,
cally risky. Historically, NASA has not opposed however, detailed design and manufacturing in-
international teaming between its contractors anébrmation on all space hardware and software re-
those in cooperating countries; indeed, such teanmains on the Munitions List.
ing has often been needed for the foreign partnerto NASA has negotiated with the Departments of
deliver its contribution. Occasionally, as in theState, Defense, and Commerce a blanket data-ex-
case of the space station project, NASA has digport authorization for the space station project,
couraged its contractors from pursuing such teamwhich permits the export of all interface and speci-
ing agreements until the governments involvedication data necessary for Russia to carry out its
have put the fundamental decisions in place, butesponsibilities, on the same basis that such data
the private sector relationships have then followedre exported to the other partners. Other coopera-
quickly. Today, for example, U.S. firms and coun-tive activities, such as the export of instruments
terparts in Canada, Europe, and Japan have eand related data for flight on Russian spacecraft,
tered into space-station-related contracts andontinue to require case-by-case authorization.
other agreements valued at over $200 million. Private sector activities are still subjectto ITAR

Again, the U.S.-Russian space station relationin most cases because, almost without exception,
ship has broken new ground; in addition to Rusthe first stage of developing a joint venture or
sian contributions on the usual no-exchangeether cooperative relationship involves an “ex-
of-funds basis, direct NASA payments to RSAport” of technical data for the purpose of initiating
and directed procurements by NASA contractorsubstantive discussions. During the OTA work-
from Russian suppliers will total close to $650shop, several participants from the private sector
million over four years. As discussed in chapter 3complained that the process continues to place an
these payments serve important foreign policyonerous burden on their activities, often including
goals, although NASA argues that they are alsa requirement that their negotiations be monitored
good value and a practical necessity, enablingy Defense Department personnel. Others noted
cooperation to continue during Russia’s difficultthat the U.S. government uses the licensing pro-

economic transition. cess to pursue its policy goals in areas such as
space-launch trade and missile-technology prolif-
[J Governments as Regulators eration, holding back on license approvals until

Historically, U.S. export controls were a highly appropriate agreements are obtained, as in the case
effective and nearly total block to space trade withof Boeing’s proposed joint venture to market a
the Soviet Union; Russia and the other former Sobkrainian launch vehicle’s services. Others com-
viet republics remain on the list of proscribedmented that in many cases, the problem appeared
countries in the International Traffic in Arms Reg-to be less the substance of the regulations them-
ulations (ITAR), meaning that the Secretary ofselves than the “old Cold Warrior” attitudes they
State (or his designee) must grant a waiver beforascribe to the officials and military officers in-
any export of goods covered by those regulationgolved.

can take place.
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Although information is more fragmentary and Competitive issues aside, potential earnings from
Russian institutions in the field of technology- commercial launch sales may be important to
transfer control are less well-developed than thekeeping Russian rocket designers employed at
are in the United States, there have been some iheme rather than offering their services to Third
dications of impediments to expanded cooperaworld missile programs. The current agreement,
tion at work in Russia, too. Complaints aboutsigned in September 1993, is designed to be tran-
Russia’s selling off its technical birthright for pen- sitional and allows Russia a total of only eight
nies on the dollar have been common in the Ruggeostationary orbit launches through the year
sian press. One firm reported that an importan2000. However, by the end of 1994, LKE Interna-
deal was being delayed because of lack of approvional had reportedly won 15 firm contracts or op-
al for transfer of the technology involved by tions worth more than $1 billion and was expected
a Russian interagency group concerned witho fill the Russian quota with firm launch contracts
technology security. Because of extensive comeuring 1995 The Clinton Administration is
monality between Russian remote-sensing syssoming under pressure from Lockheed, U.S. sat-
tems and their military counterparts, securityellite manufacturers, and the Russians to expand
concerns have imposed considerable overhead @he quota, particularly in light of the conclusion in
efforts to market remote-sensing data products idanuary 1995 of a much more liberal agreement
the West, some businesspeople report. between the United States and China. Meanwhile,

Another important regulatory area is the fieldU.S. launch-vehicle manufacturers and Europe’s
of space-launch trade. As mentioned above, one dfrianespace complain that the current agree-
the most important motivations for Russian agreement’s price provisions, in particular, are not be-
ment to abide by the MTCR was U.S. willingnessing adequately enforced, and those companies
to allow Russian space-launch services to comeppose any further market share for Rudéia.
pete to launch U.S.-built commercial satellites.

30“|_ockheed Signs Up 15 Launches for Proton Ventubetospace Dailyp. 390, Dec. 20, 1994. Only very limited information on the
financial arrangements between the partners is publicly available, but Lockheed’s investment to date has apparently been modest compared with
the potential revenues involved.

31 Andrew Lawler, “U.S. To Begin Launch Talks with China, Russipace News. 1, 20, Sept. 12-28, 1994.
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INTRODUCTION
ome observers express concern that U.S.-Russian com-
mercial cooperation might cost U.S. aerospace jobs,
erode the country’s space-technology base, and undercut
competitiveness of U.S. companies by transferring so-
phisticated technology to a foreign competitor. In fact, the costs of
cooperation will have to be balanced against the potential bene-
fits, some of which may extend well beyond any specific project.
For example, U.S. officials are deeply concerned about the prolif-
eration of ballistic-missile technologies to developing countries.
Russia is a potential source of missiles, components, and exper-
tise, whose transfer could benefit a country trying to develop its
own ballistic-missile capability.

A combination of economic incentives and economic sanc-
tions might be effective in curtailing the sale of hardware useful
in the development and deployment of ballistic missiles, and it
might help to keep the rocket scientists, whose expertise is an es-
sential part of a working ballistic-missile program, from leaving
Russia to work for a developing nation that would pay well for
their services. A collapsing aerospace industry, with massive lay-
offs, dwindling salaries, and no jobs for young scientists and
engineers who are just starting out, puts great pressure on em-
ployees to seek greener pastures outside Russia. Of particular
concern are those scientists who would aid states, such as Iran,
that are actively hostile to the United States. Although emigration
restrictions seem to have been effective in preventing some at-
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tempts at expatriation by aerospace enginkterscause the requirements of the Soviet/Russian
one long-term solution to the “brain drain” prob- space program have historically been different
lem is a stable, viable Russian aerospace industrfyom those of the U.S. program, Russia has de-
This chapter summarizes some of the issuegeloped systems with different operational and
that come into play in a consideration of futuredesign characteristics. Access to Russian techno-

U.S.-Russian cooperation. logical innovations could offer U.S. decisionmak-
ers a wider range of design possibilities from
DOMESTIC IMPACT which to choose, some of which have already been

The effect on the U.S. aerospace industry of Rudested and implemented by the Russians. Some
sia’s entry into the international space-launctfléments of their aerospace industry that might

market will depend on how the United States de€nhance U.S. capabilities are automated launch
cides to structure commercial cooperation withc@pabilities, less expensive hardware, advanced
the Russians and on which part of the industrﬁnatenals and materlal_s processing, computation-
attention is focused. On the one hand, access @ Methods, and technical expertise.
different and up-to-date technologies, production ]
and processing methods, and cheaper hardwaké U.S. Job Market and Industrial Base
could make the U.S. aerospace industry strongérhe current U.S.-Russian agreement on interna-
in an ever more competitive world market fortional trade in commercial space-launch services
space-related services. On the other hand, coopeeks to prevent Russia from providing space-
erative arrangements could also lead to unwantddunch services at prices more than 7.5 percent be-
technology transfer, strengthening of a competitow “the lowest bid or offer by a commercial space
tor, loss of domestic production jobs, and a weaklaunch service provider from a market economy
ening of U.S. capabilities because of dependenagountry.™ It also limits the number of principal-
on a foreign source. payloa@ launches that the Russians can sell on the
The United States is in the process of decidingnternational market to eighbetween now and
how to evolve its space technology so that it can bhe year 2000. Both of these quantitative limits re-
as efficient as possible in meeting the domestiflect an attempt to protect domestic providers of
need for access to space and in competing in theedium- to heavy-lift launch services from en-
international space-launch-services mafkBe-  countering unfair competition from the Russian

11n December 1992, more than 50 Russian rocket scientists were stopped at Moscow’s Sheremetyevo Airport. They had been recruited by
North Korea with the promise of salaries much higher than they could command in Russia, according to one report (U.S. Congress, Office of
Technology Assessmefroliferation and the Former Soviet Unid@TA-ISS-605 (Washington, DC: U.S. Government Printing Office, Sep-
tember 1994), pp. 32-33, 643). The report goes on to point out, “In spite of the fact that the arrest has a positive aspect, reinforcing the belief that
the Russian authorities are alert to foreign efforts to recruit or corrupt their specialists, there is also a negative aspect: the event demonstrates an
active, advanced effort by a state to gain technologies controlled by an international nonproliferation regime.”

2For a discussion of the objectives and possible effects of the Clinton Administrhititios Space Transportation Poligge U.S. Con-
gress, Office of Technology Assessmétite National Space Transportation Policy: Issues for Congwashington, DC: U.S. Government
Printing Office), forthcoming, spring 1995.

3 Chapter 5 presents a more detailed catalogue of Russian capabilities that could be useful to the U.S. aerospace industry.

4“Agreement Between the Government of the United States of America and the Government of the Russian Federation Regarding Interna-
tional Trade in Commercial Space Launch Services,” 1993, p. 8.

5 A principal payload is a telecommunications satellite or, in the absence of a telecommunications satellite, any other spacecraft or combina-
tion of spacecraft.

6 This does not include the scheduled launch of an INMARSAT 3 satellite on a Russian Proton booster. The payloads referred to are commer-
cial payloads; no limit is placed on the number of payloads that can be launched with either the Russian or U.S. government as the customer.
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aerospace industry, which is heavily subsidizedne 4 and 5. Representatives of the U.S. launch in-
by the Russian government, from the top-levedustry at an Office of Technology Assessment
manufacturer down through all lower-tier suppli-workshop, “Lower Industrial Tiers of the Space
ers. There is also excess capacity in the Russidraunch Vehicle Industry,” held in March 1995 ex-
aerospace industry, dormant now, that could prepressed another viewpoint: the domestic launch
umably be brought into play if sufficient demandindustry is struggling and does not need another
develops. The overall effect is that the Russiamompetitor in the medium-to-heavy launch-ser-
aerospace industry, if not constrained, might beice market, irrespective of any possible enhance-
able to meet a large demand for launch services atent of U.S. capabilities through cooperation
prices much lower than U.S. firms could offer. with the Russian$.

The U.S. aerospace industry is made up of dif- Apparently, the effect that any given coopera-
ferent segments with differing needs, which comtive venture with the Russians will have on jobs in
plicates the attempt to predict the effect on jobs ofhe U.S. space industry will depend on how that
using Russian launch services. Removal of altooperation is structured. Several possible ar-
quotas on the number and price of Russiamangements are:
launches might be burdensome competition to a
U.S. launch-service provider and, at the same
time, a boon to a provider of on-orbit capabilities
who must pay to launch its satellites to orbit.
Whether such a tradeoff would result in a net in-
crease or decrease of jobs in the aerospace indus-
try as a whole is not clear. Evemet increase in
jobs might be small consolation to a launch-ser-
vice provider that loses out. Some observers argue
that Russian entry into the launch-vehicle market
might result in an increase of business in the aero-
space industry as a whole because of Russian tech-
nological capabilities that make launch services
cheaper. In that case, having Russian hardware
and technical expertise available to U.S. industry
for marketing at home and abroad could position n

the U.S. aerospace industry to capture a larger (S:S(r;rgir;'rzlt?;zgn\}\%sitﬁgs%rz%r%pgtlsr:\?nt:,'[rg;
share of the expanded overall market, even while y J 9 y

it is losing market share in the launch-services S:ris':tri]blreosxlfi?r: Snsglgis();{]e?ts CAOIE[Jrlgubi ;Tji?‘e
component of this market. P = ' 9

It might also be possible for domestic firms to ?nsxzf;\gltlurpi?baszlyrrlloesrﬁ JS]P Sthfgr(;[gfngsnt?cl;nie;-
take advantage of Russian launch capabilities di- dustry. in mgst cgases testing and svstems
rectly. As an example, the formation of Lockheed- oy, I A » testing y
Krunichev-Energia (LKE) International is an engineering will still be reqwred.AIso,_cheaper
attempt by Lockheed to market Proton launches to Egﬂngf}tirc'eght ?til:]?izl.si:fcurre]zg;iiervllacuessinrggge
geosynchronous orbit. LKE International argues P /e, potentially 9 bt
that it will not be taking market share away from and creating jobs in that sector of the industry
the U.S. Atlas or Titan, but from the French Ari-

Independent contributionHave each side de-
sign and develop its contribution separately
and provide the other side with interface docu-
ments only. This type of arrangement has the
advantage of making it possible to control
technology transfer between the parties in-
volved. But the components of a joint venture
provided by a foreign entity are not manufac-
tured in the United States, so there would be no
contribution to U.S. manufacturing jobs. A
joint arrangement with independent contribu-
tions from both parties could, however, provide
a new service, or an existing service at a lower
price, thereby benefiting the U.S.-based part-
e

7U.S. Congress, Office of Technology AssessniEm,National Space Transportation Policy: Issues for Congwashington, DC: U.S.
Government Printing Office), forthcoming, spring 1995.
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and in others stimulated by low-cost launchgovernment will not purchase launches on ve-
services. hicles not manufactured in the United St&&ae

= Licensing technologyA U.S. firm could buy Department of Defense (DOD) is willing to use
a license for a given engine technology and sdaunch systems that have foreign components and
up its own production line. This licensing of technology, but only in such a way that foreign
technology would result in increased employ-suppliers cannot deny DOD access to sfakke.
ment for U.S. workers if it is successful in pro-though this might result in higher costs to the gov-
ducing a product. It could also make those parternment, it ensures that the United States will be
of the industry that depend on the product of thable to fulfill its space-related national security
licensed technology more competitive in theneeds without depending on foreign suppliers of
world market. launch services.

= Joint developmentln a joint business venture
that seeks to develop a new service, the ventufd Technology Transfer
can benefit from the technological expertiseCooperative ventures entail the risk of transfer of
that each side brings with it. Such venturesiomestic technologies that could be used to
could bring technological advancement to bothstrengthen a competitor’s position in the interna-
sides, which might then create new markets fotional aerospace market. Policymakers disagree
the products that would result from coopera-over how effective specific means to prevent such
tion. transfer can really be, but present policy is clearly

in the direction of loosening trade restrictions.
pecifically, many items having to do with satel-

6es and satellite technology have been moved

The United States must also decide how muc
of its industrial base should be maintained to me
national security needs and to ensure access " >
space. Making use of existing Russian technolog om the U.S. Munitions Lis? onto the Com-

could reduce the amount of research and develo _ercg Control_ List, effectively making it easier to
ment required of U.S. firms, resulting in reduced rade in those items. There are recent reports that

costs, but it could also undercut the developmerﬂ’thher loosening of restrictions is being worked
of U.S. capabilities in certain areas. Because th8Ut between the Department of State and the De-

space industry is considered to be indispensable poartment of Commerc:

the security of the United States, many argue that

the United States should develop and maintain itfROLIFERATION CONCERNS?3

own capabilities in certain critical areas to preventhe principal current attempt to limit proliferation
any weakening in its own technological base. Irof long-range delivery systems capable of deliver-
line with that reasoning is the National Spacdang weapons of mass destruction (nuclear, chemi-
Transportation Policy, which states that the U.Scal, and biological weapons) is the Missile

8 The White House, Office of Science and Technology Pdtayt Sheet: National Space Transportation Pollayg. 5, 1994, section VI.

9 DOD Implementation Plan for National Space Transportation PORED/NSTC-4, Nov. 4, 1994.

10Code of Federal Regulations 22, ch. 1, subch. M—International Traffic in Arms Regulations, Part 121—The United States Munitions List,
1994, pp. 383-402.

11 The U.S. Munitions List regulates export of items considered to have explicit military value. Those exports are regulated by the State
Department under the Arms Export Control Act (P. L. 90-629). The Commerce Control List includes dual-use items that have both civil and
military application. Those items are controlled by the Commerce Department under the Export Administration Act (P. L. 96-72).

12\warren Ferster, “Satellite Export Controls To EaSpace News. 1, Feb. 20-26, 1995.

13 Most of the material in this section is taken from chapter 5 of U.S. Congress, Office of Technology AssEssnmebgies Underlying
Weapons of Mass DestructiddTA-BP-ISC-115 (Washington, DC: U.S. Government Printing Office, December 1993).
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Technology Control Regime (MTCR), created inthat has space-launch vehicles should be consid-
1987 by the United States and other Western inered capable of developing ballistic missiles.
dustrialized nations. The MTCR established a Economic shortfalls in the space sector and
presumption to deny the transfer of ballistic mis-throughout the Russian economy make the sale of
siles with ranges greater than 300 kilometers andxpensive, high-technology missile components
payload capacities greater than 500 kilograms tand systems extremely attractive. In 1992, India
nonmember nations. These guidelines have sinantracted with Russia to buy a liquid-oxygen/lig-
been extended to cover any systems “intended taid-hydrogen engine to be used as the upper stage
deliver weapons of mass destruction.” Russia har its Geosynchronous Satellite Launch Vehicle
pledged to join the MTCR and has agreed to abidgGSLV). Both India and Russia resisted attempts
by its rules until it becomes a full-fledged mem-py the United States to declare the deal to be a
ber. Participation in the MTCR requires that Rus-iolation of the MTCR, which would have trig-
sia prohibit the transfer of complete systemsgered sanctions that U.S. law requires be applied
components that could be used to make completgainst states engaged in such transfer. Finally, in
systems, and technology involved in the produc4993, and against the wishes of the Indian govern-
tion of components or of complete systems. ment, Russia agreed to break its contract with In-
Missile systems and space-launch systemdia and withhold the engine technolddy.
have much in common, and arguments arise over The question remains of what the United States
whether a particular technology is best suited t@an do to forestall the proliferation of technology,
one type of system or the other, or could be usedomponents, and expertise from Russia to devel-
for both. Despite having many components anaping nations. Even if Russia is willing to abide
technologies in common, space-launch systemisy the MTCR, as it has pledged to do, and prohibit
differ from vehicles designed to reenter the Earth’she export of hardware useful in ballistic missiles,
atmosphere and strike targets on the groundt might not be able to prevent the emigration of
Space-launch systems do not require the sophistiecket scientists seeking to escape stifling eco-
cated guidance needed for long-range ballistiaiomic conditions that are aggravated by the pres-
missiles; a 10-kilometer error is tolerable for putt-ent state of the Russian space program. Despite
ing a payload into orbit, but is a great tactical im-Russia’s apparent concern over the loss of its aero-
pediment when trying to hit a long-range targetspace engineers, it might not be able to prevent
even for weapons of mass destruction. There andeir departure in all cases. People with expertise
many other technological barriers that separatean freely emigrate from Russia to neighboring
space-launch systems from working ballistic-mis-countries in the Newly Independent States (NIS),
sile systems, including the need for sophisticatednd keeping track of where they go from there
materials-processing capabilities and advanceghight not be possible.
guidance systems. Despite all the technological The United States might consider it in the inter-
difficulties involved in producing a working bal- est of global nonproliferation to try to ensure that
listic-missile system, testing and development othe Russian space program has the greatest pos-
weapon-delivery systems can be accomplishedible chance of remaining healthy and capable of
under the guise of developing a space-launch pro-
gram. The prudent assumption is that any country

14Four of the engines were sold to India by Russia. The United States’ main concern was the potential military uses of the technology that was
being transferred rather than the sale of the cryogenic engines themselves. Observers differed in their opinions about the usefulness of cryogenic
engines for weapons systems. Weapons systems require constant readiness, and cryogenic engines take a long time to prepare for launch. There
is no question, however, that some of the technology involved in the transfer could be beneficial to the development of long-range ballistic mis-
siles.
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retaining its experts. A similar kind of decision effort to keep them employed in areas other than
arises in the case of the proliferation of nuclearthe development of those weapdfs.

weapons expertise, or brain drain. Attempting to Many of the scientists and engineers in the Rus-
prevent the proliferation of nuclear weapons issian civil and military space programs have exper-
probably more difficult because the scale of thdise that could be usefully applied to space science
operation required to build some kinds of nucleamissions. Even during Cold War periods when the
weapon is small (particularly if the required nu-political atmosphere made larger, high-profile
clear material—enriched uranium or plutonium—cooperative science efforts unacceptable, small,
is available on the black market), while alow-profile science projects involving Russian
ballistic-missile program requires the integrationand U.S. scientists continued. That ongoing coop-
of a variety of complex and sometimes large syseration kept the lines of communication between
tems. Nonetheless, the U.S. government’s rethe two countries open and fostered commonality
sponse to the brain drain in the area ofbfinterest. With the lessening of tensions follow-
nuclear-weapons technology was to provide somimg the end of the Cold War, opportunities have in-
direct funding to scientific researchers responsiereased for including Russia in international
ble for the development and engineering of nuscience projects and for joint U.S.-Russian sci-
clear, chemical, and biological weapons in arence missions.

15Since FY1992, the Nunn-Lugar amendment to Public Law 102-228 and subsequent legislation have authorized the transfer of $1.6 billion
of Department of Defense funds to help accomplish the destruction and secure storage of weapons of mass destruction. Of that money, $25 mil-
lion was to be the 1994 U.S. contribution to the International Science and Technology Center (ISTC), which would provide research opportuni-
ties for former Soviet Union scientists in collaborative efforts with Western scientists. See, U.S. Congress, Office of Technology Assessment,

Proliferation and the Former Soviet UnioB;TA-ISS-605 (Washington, DC: U.S. Government Printing Office, September 1994), pp. 23-28.

Some U.S. private foundations have also made money available to Russian research institutions to try to curtail the proliferation of nuclear-weap-

ons expertise.
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APPENDIX Al:

Agreement Between the United States of America and the Russian Federation
Concerning Cooperation in the Exploration and Use of Outer Space
for Peaceful Purposes (June 1992)

The United States of America and the Russian Federation, hereinafter referred to as the Parties;

Considering the role of the two states in the exploration and use of outer space for peaceful pur-
poses;

Desiring to make the results of the exploration and use of outer space available for the benefit of
the peoples of the two states and of all peoples of the world;

Considering the respective interest of the Parties in the potential for commercial applications of
space technologies for the general benefit;

Taking into consideration the provisions of the Treaty on Principles Governing the Activities of
States in the Exploration and Use of Outer Space, including the Moon and other Celestial Bodies, and
other multilateral agreements regarding the exploration and use of outer space to which both states are
Parties;

Expressing their satisfaction with cooperative accomplishments in the fields of astronomy and as-
trophysics, earth sciences, space biology and medicine, solar system exploration and solar terrestrial
physics, as well as their desire to continue and enhance cooperation in these and other fields;

Have agreed as follows:

[ Article |
The Parties, through their implementing agencies, shall carry out civil space cooperation in the fields
of space science, space exploration, space applications and space technology on the basis of equality,
reciprocity and mutual benefit.
Cooperation may include human and robotic space flight projects, ground-based operations and
experiments and other activities in such areas as:
| 85
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—NMonitoring the global environment from space;

—Space Shuttle and Mir Space Station missions involving the participation of U.S. astronauts and Rus-
sian cosmonauts;

—Safety of space flight activities;

—Space biology and medicine; and,

—Examining the possibilities of working together in other areas, such as the exploration of Mars.

(] Article |l

For purposes of developing and carrying out the cooperation envisaged in Article | of this Agreement,
the Parties hereby designate, respectively, as their principal implementing agencies the National Aero-
nautics and Space Administration for the United States and the Russian Space Agency for the Russian
Federation.

The Parties may designate additional implementing agencies as they deem necessary to facilitate
the conduct of specific cooperative activities in the fields enumerated in Article | of this Agreement.

Each of the cooperative projects may be the subject of a specific written agreement between the
designated implementing agencies that defines the nature and scope of the project, the individual and
joint responsibilities of the designated implementing agencies related to the project, financial arrange-
ments, if any, and the protection of intellectual property consistent with the provisions of this Agreement.

[J Article Il

Cooperative activities under this Agreement shall be conducted in accordance with national laws and
regulations of each party, and shall be within the limits of available funds.

(1 Article IV

The Parties shall hold annual consultations on civil space cooperation in order to provide a mechanism
for government-level review of ongoing bilateral cooperation under this Agreement and to exchange
views on such various space matters. These consultations could also provide the principal means for
presenting proposals for new activities falling within the scope of this Agreement.

(] Article V

This Agreement shall be without prejudice to the cooperation of either Party with other states and interna-
tional organizations.

(1 Article VI

The Parties shall ensure adequate and effective protection of intellectual property created or furnished
under this Agreement and relevant agreements concluded pursuant to Article Il of this Agreement.
Where allocation of rights to intellectual property is provided for in such agreements, the allocation shall
be made in accordance with the Annex attached hereto which is an integral part of this Agreement. To
the extent that it is necessary and appropriate, such agreements may contain different provisions for
protection and allocation of intellectual property.

[ Article VI

This Agreement shall enter into force upon signature by the Parties and shall remain in force for five
years. It may be extended for further five-year periods by an exchange of diplomatic notes. This Agree-
ment may be terminated by either Party on six months written notice, through the diplomatic channel,
to the other Party.
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DONE at Washington, in duplicate, this seventeenth day of June, 1992, in the English and Russian
languages, both texts being equally authentic.

FOR THE UNITED STATES OF AMERICA: FOR THE RUSSIAN FEDERATION:

George Bush Boris Yeltsin
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ANNEX: INTELLECTUAL PROPERTY

Pursuant to Article VI of this Agreement:

The Parties shall ensure adequate and effective protection of intellectual property created or furnished
under this Agreement and relevant agreements concluded pursuant to Article Il of this Agreement. The
Parties agree to notify one another in a timely fashion of any inventions or copyrighted works arising
under this Agreement and to seek protection for such intellectual property in a timely fashion. Rights
to such intellectual property shall be allocated as provided in this Annex.

[J 1. Scope
a. This annex is applicable to all cooperative activities undertaken pursuant to this Agreement, except

b.

e.

as otherwise specifically agreed by the Parties or their designees.

For purposes of this Agreement, “intellectual property” shall have the meaning found in Article 2 of
the convention establishing the World Intellectual Property Organization, done at Stockholm, July 14,
1967.

. This Annex addresses the allocation of rights, interests, and royalties between the Parties. Each Party

shall ensure that the other Party can obtain the rights to intellectual property allocated in accordance
with the Annex, by obtaining those rights from its own participants through contracts or other legal
means, if necessary. This Annex does not otherwise alter or prejudice the allocation between a Party
and its participants, which shall be determined by that Party’s laws and practices.

. Disputes concerning intellectual property arising under this Agreement should be resolved through

discussions between the concerned participating institutions or, if necessary, the Parties or their desig-
nees. Upon mutual agreement of the Parties, a dispute shall be submitted to an arbitral tribunal for
binding arbitration in accordance with the applicable rules of international law. Unless the Parties or
their designees agree otherwise in writing, the arbitration rules of UNCITRAL shall govern.
Termination or expiration of this Agreement shall not affect rights or obligations under this Annex.

[111. Allocation of Rights

a.

Each party shall be entitled to a non-exclusive, irrevocable, royalty-free license in all countries to
translate, reproduce, and publicly distribute scientific and technical journal Articles, reports, and
books directly arising from cooperation under this Agreement. All publicly distributed copies of a
copyrighted work prepared under this provision shall indicate the names of the authors of the work
unless an author explicitly declines to be named.

. Rights to all forms of intellectual property, other than those rights described in Section li(a) above,

shall be allocated as follows:

1. Visiting researchers and scientists visiting primarily in furtherance of their education shall receive
intellectual property rights under the policies of the host institution. In addition, each visiting re-
searcher or scientist named as an inventor shall be entitled to share in a portion of any royalties
earned by the host institution from the licensing of such intellectual property.

2. (a) For intellectual property created during joint research with participation from the two Parties,
for example, when the Parties, participating institutions, or participating personnel have agreed
in advance on the scope of work, each Party shall be entitled to obtain all rights and interests
in its own country. Rights and interests in third countries will be determined in agreements con-
cluded pursuant to Article Il of this Agreement. The rights to intellectual property shall be allo-
cated with due regard for the economic, scientific and technological contributions from each
Party to the creation of intellectual property. If research is not designated as “joint research”
in the relevant agreement concluded pursuant to Article Il of this Agreement, rights to intel-
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lectual property arising from the research shall be allocated in accordance with Paragraph ll1b1.
In addition, each person named as an inventor shall be entitled to share in a portion of any royal-
ties earned by their institution from the licensing of the property.

(b) Notwithstanding Paragraph IIb2(a), if a type of intellectual property is available under the laws
of one Party but not the other Party, the Party whose laws provide for this type of protection
shall be entitled to all rights and interests in all countries which provide rights to such intellectu-
al property. Persons named as inventors of the property shall nonetheless be entitled to royalties
as provided in Paragraph 11b2(a).

[T11l. Business-Confidential Information

In the event that information identified in a timely fashion as business-confidential is furnished or created

under the Agreement, each Party and its participants shall protect such information in accordance with
applicable laws, regulations, and administrative practice. Information may be identified as “business-

confidential” if a person having the information may derive an economic benefit from it or may obtain

a competitive advantage over those who do not have it, the information is not generally known or public-

ly available from other sources, and the owner has not previously made the information available without
imposing in a timely manner an obligation to keep it confidential.
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APPENDIX A2:

Protocol to the Implementing Agreement Between the National Aeronautics and Space
Administration of the United States of America and the Russian Space Agency of the
Russian Federation on Human Space Flight Cooperation of October 5, 1992

[1Preamble

The National Aeronautics and Space Administration (hereafter referred to as “NASA”), and the Russian
Space Agency (hereafter referred to as “RSA”), jointly referred to as “the Parties;”

Consistent with the Joint Statement on Cooperation in Space issued by Vice President Gore and
Prime Minister Chernomyrdin on September 2, 1993; desiring to broaden the scope of the Implementing
Agreement of October 5, 1992, on Human Space Flight Cooperation (hereinafter the October 5, 1992
Agreement) to encompass an expanded program of activities for cooperation involving the Russian
Mir-1 Space Station and the U.S. Space Shuttle Program;

Having decided that the enhanced cooperative program will consist of a number of inter-related
projects in two phases;

Having determined that Phase One will include those activities described in the October 5, 1992,
Agreement and known as the Shuttle-Mir Program, including the exchange of the Russian Mir-1 crew
and crew member participation in joint mission science, as well as additional astronaut flights, Space
Shuttle dockings with Mir-1, and other activities;

Having further determined that Phase Two of the enhanced cooperative program will involve use
of a Russian Mir module of the next generation mated with a U.S. laboratory module operated on a hu-
man-tended basis in conjunction with the Space Shuttle, operating in a 51.6 degree orbit which is accessi-
ble by both U.S. and Russian resources, to perform precursor activities for future space station-related
activities of each Party, with launch to occur in 1997; and

Intending that activities in Phase Two would be effected through subsequent specific agreement(s)
between the Parties.

Have agreed as follows:

[ Article I: Description of Additional Activities

1. This Protocol forms an integral part of the October 5, 1992 Agreement.

2. An additional Russian cosmonaut flight on the Space Shuttle will take place in 1995. The back-up
cosmonaut currently in training at NASA's Johnson Space Center will be the primary cosmonaut for
that flight, with the STS-60 primary cosmonaut acting as back-up. During this mission, the Shuttle
will perform a rendezvous with the Mir-1 Space Station and will approach to a safe distance, as deter-
mined by the Flight Operations and Systems Integration Joint Working Group established pursuant
to the October 5, 1992 Agreement.

3. The Space Shuttle will rendezvous and dock with Mir-1 in October-November 1995, and, if neces-
sary, the crew will include Russian cosmonauts. Mir-1 equipment, including power supply and life
support system elements, will also be carried. The crew will return on the same Space Shuttle mis-
sion. This mission will include activities on Mir-1 and possible extravehicular activities to upgrade
solar arrays. The extravehicular activities may involve astronauts of other international partners of
the Parties.
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4. NASA-designated astronauts will fly on the Mir-1 space station for an additional 21 months for a
Phase One total of two years. This will include at least four astronaut flights. Additional flights will
be by mutual agreement.

5. The Space Shuttle will dock with Mir-1 up to ten times. The Shuttle flights will be used for crew
exchange, technological experiments, logistics or sample return. Some of those flights will be dedi-
cated to resources and equipment necessary for life extension of Mir-1. For schedule adjustments of
less than two weeks, both sides agree to attempt to accommodate such adjustments without impact-
ing the overall schedule of flights. Schedule adjustments of greater than two weeks will be resolved
on a case-by-case basis through consultations between NASA and RSA.

6. A specific program of technological and scientific research, including utilization of the Mir-1 Spekt-
er and Priroda modules, equipped with U.S. experiments, to undertake a wide-scale research pro-
gram, will be developed by the Mission Science Joint Working Group established pursuant to the
October 5, 1992 Agreement. The activities carried out in this program will expand ongoing research
in biotechnology, materials sciences, biomedical sciences, Earth observations and technology.

7. Technology and engineering demonstrations applicable to future space station activities will be de-
fined. Potential areas include but are not limited to: automated rendezvous and docking, electrical
power systems, life support, command and control, microgravity isolation system, and data manage-
ment and collection. Joint crew operations will be examined as well.

8. The Parties consider it reasonable to initiate in 1993 the joint development of a solar dynamic power
system with a test flight on the Space Shuttle and Mir in 1996, the joint development of spacecraft
environmental control and life support systems, and the joint development of a common space suit.

9. The Parties will initiate a joint crew medical support program for the benefit of both sides’ crew
members, including the development of common standards, requirements, procedures, databases,
and countermeasures. Supporting ground systems may also be jointly operated, including telemedi-
cine links and other activities.

10. The Space Shuttle will support the above activities, including launch and return transportation of
hardware, material, and crew members. The Shuttle may also support extravehicular and other space
activities.

11. Consistent with U.S. law, and subject to the availability of appropriated funds, NASA will provide
both compensation to the RSA for services to be provided during Phase One in the amount of US
$100 million in FY 1994, and additional funding of US $300 million for compensation of Phase One
and for mutually-agreed upon Phase Two activities will be provided through 1997. This funding will
take place through subsequent NASA-RSA and/or through industry-to-industry arrangements. Re-
imbursable activities covered by the above arrangements and described in paragraphs 3-8 will pro-
ceed after these arrangements are in place and after this Protocol enter into force in accordance with
Article lll. Specific Phase One activities, schedules and financial plans will be included in separate
documents.

12. Implementation decisions on each part of this program will be based on the cost of each part of the
program, relative benefits to each Party, and relationship to future space station activities of the Par-
ties.

13. The additional activities will not interfere with or otherwise affect any existing, independent obliga-
tions either Party may have to other international partners.
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[ Article II: Joint Implementation Teams

The coordination and implementation of the activities described herein will be conducted through the
Joint Working Groups established pursuant to the October 5, 1992 Agreement or such other joint bodies
as may be established by mutual agreement.

[ Article Ill: Entry into Force
This Protocol will enter into force upon an exchange of diplomatic notes between the Governments of
the United States of America and the Russian Federation confirming acceptance of its terms and that all
necessary legal requirements for entry into force have been fulfilled.

IN WITNESS WHEREOF the undersigned, being duly authorized by their respective Govern-
ments, have signed this Protocol.

Done at Moscow, in duplicate, this sixteenth day of December, 1993, in the English and Russian
languages, both texts being equally authentic.

FOR THE NATIONAL AERONAUTICS AND

SPACE ADMINISTRATION OF THE FOR THE RUSSIAN SPACE AGENCY OF
UNITED STATES OF AMERICA: THE RUSSIAN FEDERATION:

Dan Goldin Yuri Koptev
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APPENDIX A3:

Interim Agreement Between the National Aeronautics and Space Administration
of the United States of America and the Russian Space Agency

for the Conduct of Activities Leading to Russian Partnership

in the Detailed Design, Development, Operation and Utilization

of the Permanently Manned Civil Space Station

The National Aeronautics and Space Administration of the United States of America (hereinafter re-
ferred to as “NASA”), and the Russian Space Agency (hereinafter referrédR8AY), hereinafter also
referred to as the “Parties”,

RECOGNIZING the Agreement between the United States of America and the Russian Federation Con-
cerning Cooperation in the Exploration and Use of Outer Space for Peaceful Purposes of June 17, 1992;

RECOGNIZING the successful cooperation being conducted by NASA and RSA under the Human
Space Flight Agreement of October 5, 1992, and the Protocol to that Agreement of December 16, 1993;

RECALLING the Summit Meeting of April 3, 1993, between Presidents Clinton and Yeltsin which es-
tablished the U.S.-Russian Joint Commission on Energy and Space;

RECALLING the Joint Statement of September 2, 1993, on Cooperation in Space issued by the U.S.-
Russian Joint Commission on Energy and Space chaired by Vice President Gore and Prime Minister
Chernomyrdin;

RECALLING the Joint Statement of December 16, 1993, on Space Cooperation issued by the U.S.-Rus-
sian Joint Commission on Economic and Technological Cooperation chaired by Vice President Gore and
Prime Minister Chernomyrdin;

RECOGNIZING the Joint Invitation at the Occasion of the Intergovernmental Meeting of the Space Sta-
tion Partners in Washington, DC, on December 6, 1993; and further recognizing the acceptance of the
invitation by the Government of the Russian Federation on December 17, 1993;

NOTING the obligations of the United States of America and NASA pursuant to:

The Agreement Among the Government of the United States of America, Governments of Member
States of the European Space Agency, the Government of Japan, and the Government of Canada on
Cooperation in the Detailed Design, Development, Operation, and Utilization of the Permanently
Manned Civil Space Station of September 29, 1988 (the Agreement is referred to hereinafter as the
“IGA”; the Governments of the United States, Japan, Canada, and the European Governments collec-
tively, are hereinafter referred to as the “Partners”);

Memoranda of understanding on cooperation in the detailed design, development, operation, and utiliza-
tion of the permanently manned civil space station between NASA and:

The Ministry of State for Science and Technology of Canada (September 29, 1988), and further noting
that upon its establishment on March 1, 1989, the Canadian Space Agency (CSA) assumed responsi-
bility for the execution of the Canadian Space Station Program from MOSST;

The European Space Agency (ESA) (September 29, 1988); and

The Government of Japan (March 14, 1989), and further noting the designation by the Government of
Japan of the Science and Technology Agency (STA) as its cooperating agency; (CSA, ESA, and STA
are hereinafter collectively referred to as the “Cooperating Agencies of the Space Station Partners”);
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NOTING the commitments of NASA in the Space Station Program Implementation Plan of September
7, 1993;

RECOGNIZING the Addendum to the Space Station Program Implementation Plan of November 2,
1993, hereinafter referred to as the “Addendum”; and

RECOGNIZING the Joint Statement on Negotiations Related to the Integration of Russia into the Space
Station Partnership issued by the Partners and the Government of the Russian Federation at the Intergov-
ernmental Meeting on March 18, 1994, and the adoption of the following papers: “Changes in the Legal

Framework to Include Russia as a Partner” and “Modalities for Forthcoming Negotiations on the Space
Station Agreements;”

HAVE AGREED AS FOLLOWS:

[ Article 1—Objectives

1.1 This Agreement sets out the terms and conditions for NASA and RSA cooperation in activities
related to the initial participation in the Space Station Program by organizations or entities of, or
related to, the Government of the Russian Federation. This cooperation, an integrated partnership
among NASA, RSA and the Cooperating Agencies of the Space Station Partners, will contribute
significantly to achieving the goal of a single, integrated international Space Station that will en-
hance the use of space for the benefit of all participating nations and humanity. The Parties are
also cooperating in additional activities pursuant to other agreements, including precursor activi-
ties to the cooperation on the Space Station described in this Agreement. These precursor activi-
ties, referred to as Phase 1, involve efforts to achieve significant risk reduction in the overall
program which are not subject to this Agreement. This Agreement covers later phases of the coop-

eration: the detailed design, development, operation and utilization of the Space Station.
1.2 This Agreement provides for:

Initial cooperation between NASA and RSA to integrate RSA into the planning process for de-
tailed design, development, operation and utilization of the Space Station pending completion
of programmatic steps and entry into force of legal arrangements for a redesigned Space Station
with integral Russian participation;

Descriptions of managerial, technical and operational interfaces which are necessary to ensure
effective coordination and compatibility between Parties’ activities; and

Establishment of specified legal obligations, in connection with Russian participation in the
Space Station Program.

1.3 In particular, the purpose of this Agreement is to integrate RSA, to the maximum extent possible,
into Space Station management mechanisms under the IGA, and under the memoranda of under-
standing between NASA and ESA, NASA and the Government of Japan (GOJ), and NASA and
MOSST. The IGA, and these memoranda are attached for reference but are not part of this Agree-
ment. Neither the Russian Federation nor RSA is a party to the IGA, or these memoranda.

1.4 The Parties intend to proceed expeditiously to define their respective contributions to the Space
Station Program, as well as operation and utilization concepts, preparatory to concluding a
NASA-RSA Memorandum of Understanding (MOU) covering their entire cooperation in the pro-
gram. In addition, the Parties note that the Government of the Russian Federation and the Partners
stated on March 18, 1994, their intention to negotiate the following agreements: a Protocol to
amend the IGA so that Russia may become a party to it and to provide for Russian participation
in the Space Station Program as a partner; and a provisional arrangement concerning application
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of the IGA and Protocol pending entry into force of the Protocol. The Parties envision that this
Agreement will remain in effect until the NASA-RSA MOU and Protocol have entered into force.

[ Article 2—Responsibilities
2.1 While undertaking activities under this Agreement, NASA will provide overall program coordina-

2.2

tion and direction and perform overall system engineering and integration for the Space Station.
Boeing Aerospace is the U.S. prime contractor for system engineering and integration, and as
such will assist NASA as required in these activities. RSA will provide overall development,
coordination, management, and systems engineering and integration for its Space Station ele-
ments. RSA will participate in the management of the program and in the overall Space Station
system engineering and integration. NPO Energia is the Russian prime contractor for system engi-
neering and integration, and as such will assist RSA as required in these activities. NASA and
RSA each remains ultimately responsible for performance of responsibilities delegated to its re-
spective prime contractor.

NASA will conduct technical and managerial reviews of the Space Station program with RSA and
the Cooperating Agencies of the Space Station Partners, as appropriate. NASA and RSA will de-
velop all necessary joint documentation required for efficient execution of activities under this
Agreement. RSA will participate with NASA and the Cooperating Agencies of the Space Station
Partners in the management bodies as provided in Article 3.

[ Article 3—Management

3.1

3.2

3.3

3.4

3.5

RSA is responsible for management of its activities in accordance with this Agreement, and
NASA is responsible for management of its activities in accordance with this Agreement, the IGA
and the memoranda of understanding between NASA and the Cooperating Agencies of the Space
Station Partners, and implementing arrangements under the IGA and the memoranda of under-
standing. Program management activities during the initial cooperation under this Agreement
will be consistent with the Addendum.

The NASA Space Station Program Director at NASA Headquarters and the RSA Deputy General
Director in Moscow will be responsible for their respective activities.

The NASA Space Station Program Manager at the Johnson Space Center and the RSA Deputy
Division Chief in Moscow will implement their respective activities under the direction of their
respective Agencies.

For initial cooperation under this Agreement, in accordance with Article 1, this Article establishes
the management mechanisms to coordinate the respective design and development activities of
NASA and RSA, to establish applicable requirements, to assure appropriate technical, operation-
al, utilization, safety, and other activities, to establish interfaces between the Space Station ele-
ments, to review decisions, to establish schedules, to review the status of the activities, to report
progress and to resolve issues and disputes as they may arise.

The NASA-RSA Program Coordination Committee (PCC), co-chaired by the NASA Space Sta-
tion Program Director and the RSA Deputy General Director, will meet periodically or at the re-
guest of either Party to review the Parties’ respective activities. The Co-Chairmen will together
take those decisions necessary to assure implementation of the cooperative activities related to
Space Station flight elements and to Space Station-unique ground elements provided by the Par-
ties. In taking decisions regarding design and development, the NASA-RSA PCC will consider
operation and utilization impacts, and will also consider design and development recommenda-
tions from the Multilateral Coordination Board (MCB) described below. However, decisions re-
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garding operation and utilization activities will be taken by the MCB. The NASA-RSA PCC
Co-Chairmen will decide on the location and timing of the meetings. If the Co-Chairmen agree
that a specific issue or decision requires consideration by a Cooperating Agency of the Space Sta-
tion Partners at the PCC level, the NASA-RSA PCC may meet jointly with the NASA-ESA PCC,
the NASA-GOJ PCC, and/or the NASA-CSA PCC.

3.6 Space Station requirements, configuration, housekeeping resource allocations for design pur-
poses, and element interfaces; Space Station activities through the completion of assembly and
initial operational verification and other Space Station configuration control activities will be
controlled by the Space Station Control Board (SSCB) chaired by NASA. RSA will participate
on an equal basis with members of the SSCB and on such subordinate boards thereof as may be
agreed, attending and participating when these boards consider items which affect the RSA-pro-
vided elements, interfaces between the NASA-provided and the RSA-provided elements, and in-
terfaces between the RSA-provided elements and elements provided by the Cooperating
Agencies of Space Station Partners. Decisions by the SSCB Chairman may be appealed to the
NASA-RSA PCC, although it is the duty of the SSCB Chairman to make every effort to reach
consensus with RSA rather than have RSA refer issues to the NASA-RSA PCC. Such appeals
will be made and processed expeditiously. Pending resolution of appeals, RSA need not proceed
with the implementation of a SSCB decision as far as its provided elements are concerned; NASA
may, however, proceed with a SSCB decision as far as its provided elements are concerned.
NASA will participate on RSA Space Station control boards, and on such subordinate boards
thereof as may be agreed, attending as appropriate.

3.7 The Space Station System Specification and any modifications thereto, signed by the NASA
Space Station Program Manager, the RSA Deputy General Director, and their counterparts in the
Cooperating Agencies of the Space Station Partners, and approved by the SSCB, contain the re-
guirements related to elements provided by the Parties, and the Cooperating Agencies of the
Space Station Partners.

3.8 The Parties will work through the above management mechanisms to seek agreement on a case-
by-case basis with the intention to use interchangeable hardware and software to the maximum
extent possible in order to promote efficient and effective Space Station operations, including re-
ducing the burden on the Space Station logistics system.

3.9 The NASA Space Station Program Office and the RSA Division for Manned Space Flight are re-
sponsible for NASA-RSA technical liaison activities. In order to facilitate the working relation-
ships between the NASA Program Office in Houston and RSA, RSA will provide, and NASA
willaccommodate, the RSA liaison to the NASA Space Station Program Office. Similarly, NASA
will provide and RSA will provide support for accommodation of the NASA liaison to the RSA
in Moscow. RSA may also provide additional representative(s) to NASA Headquarters in Wash-
ington, DC, to further facilitate the program working relationships. Arrangements specifying
conditions relating to the liaison relationships will be agreed to by the Co-Chairmen of the NASA-
RSA PCC.

3.10 RSA will participate in selected NASA reviews on Space Station requirements, architecture and
interfaces. Similarly, NASA will participate in selected RSA reviews; the Cooperating Agencies
of the Space Station Partners will participate as appropriate.

3.11 Party has responsibilities regarding the management of its respective operations and utilization
activities and the overall Space Station operations and utilization activities, in accordance with
the provisions of this Agreement. Activities under this agreement will comprise long-range plan-
ning and top-level direction and coordination which will be performed by the strategic-level orga-
nizations, and which will be consistent with the Addendum. Operations plans will be developed
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by the Parties. These plans will include any necessary contingency plans for the safe and efficient
operation of the Space Station while on-orbit. They will also outline the division of responsibili-
ties of the Parties, taking into account RSA's particular operations capabilities during Phase 2,
in the framework of a unified command and control center concept as outlined in the Addendum.

3.12 The Multilateral Coordination Board (MCB), an established Space Station management body,

meets periodically or promptly at the request of the Parties or a Cooperating Agency of the Space
Station Partners with the task to ensure coordination of activities related to the operation and uti-
lization of the Space Station. The Parties to this Agreement and the Cooperating Agencies of the
Space Station Partners will plan and coordinate activities affecting the safe, efficient and effective
operation and utilization of the Space Station through the MCB, except as otherwise specifically
provided in this Agreement. The MCB will comprise the NASA Space Station Program Director;
the RSA Deputy General Director; the STA Director-General of the Research and Development
Bureau; the ESA Columbus Programme Department Head; and the CSA Vice President for Hu-
man Spaceflight. The NASA Space Station Program Director will chair the MCB. The Parties
agree that all MCB decisions should be made by consensus. However, where consensus cannot
be achieved on any specific issue within the purview of the MCB within the time required, the
issue will be resolved on the basis of the principles which govern the MCB.

3.13 The MCB has established Panels responsible for the long-range strategic coordination of the op-

eration and utilization of the Space Station, called the System Operations Panel (SOP) and the
User Operations Panel (UOP) respectively. The MCB approves, on an annual basis, a Consoli-
dated Operations and Utilization Plan (COUP) for the Space Station based on the annual Compos-
ite Operations Plan and the annual Composite Utilization Plan developed by the Panels. In doing
so, the MCB will be responsible for resolving any conflicts between the Composite Operations
Plan and the Composite Utilization Plan which cannot be resolved by the Panels. The COUP wiill
be prepared by the User Operations Panel and agreed to by the System Operations Panel. The
COUP will be implemented by the appropriate tactical and execution-level organizations. Any
portions of a COUP which cover activities prior to Assembly Complete plus one year of initial
operational verification will be subject to adjustments by the SSCB that are required to assemble,
verify, operate and maintain the Space Station.

3.14 The Parties will use their best efforts, in consultation with the Cooperating Agencies of the Space

Station Partners, to incorporate any necessary changes in management operation within the
framework of the management structure to reflect the expanded number of partners in the Space
Station program.

[J Article 4—Safety and Mission Assurance

4.1

4.2

In order to assure safety, NASA has the responsibility, working with the RSA and the Cooperating
Agencies of the Space Station Partners, to establish overall Space Station safety and mission as-
surance requirements and plans.

RSA will develop detailed safety and mission assurance requirements and plans, using its own
requirements for its Space Station hardware and software. Such requirements and plans must meet
or exceed the overall Space Station safety requirements and plans. Requirements for which meet
or exceed criteria are not appropriate will be determined by agreement of the Parties. RSA will
have the responsibility to implement Space Station safety and mission assurance requirements
and plans with respect to the elements and payloads it provides throughout the lifetime of the pro-
gram, and to certify that such requirements and plans have been met. NASA will have the overall
responsibility to certify that all Space Station elements and payloads are safe.
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4.3

The Parties will exchange information necessary in order to conduct system safety reviews. The
Parties will also conduct safety reviews of the elements and payloads they provide.

[ Article 5—Cross-Waiver of Liability

51

5.2

The objective of this Article is to establish a cross-waiver of liability by the Parties to this Agree-
ment and related entities in the interest of encouraging participation in space exploration, use and
investment through the Space Station. In addition, in light of the liability requirements in Article
16 of the IGA, a second purpose of this article is to fulfill the obligation of the United States of
America, as a Partner State, to extend the cross-waiver to related entities of the United States Gov-
ernment in the Space Station Program. Thus, pursuant to this Article, RSA, as a related entity of
NASA and the Government of the United States of America, for purposes of this article, is pro-
tected by application of the Cross-Waiver of Liability agreed to by the Partner States in the IGA.
The cross-waiver of liability shall be broadly construed to achieve the objective of encouraging
participation in space activities.

For the Purposes of this Article:

(&) The term “damage” means:
(1) bodily injury to, or other impairment of health of, or death of, any person;
(2) damage to, loss of, or loss of use of any property;
(3) loss of revenue or profits; or
(4) other direct, indirect, or consequential damage.

(b) The term “launch vehicle” means an object (or any part thereof) intended for launch,
launched from Earth, or returning to Earth which carries payloads or persons, or both.

(c) “Partner State” means a signatory to the IGA. A “Partner State” includes its Cooperat-
ing Agency. It also includes any entity specified in the Memorandum of Understand-
ing between NASA and the Government of Japan to assist the Government of Japan’s
Cooperating Agency in the implementation of that Agreement.

(d) The term “payload” means all property to be flown or used on or in a launch vehicle
or the Space Station.

(e) Theterm “Protected Space Operations” means all launch vehicle activities, Space Sta-
tion activities, and payload activities on Earth, in outer space, or in transit between
Earth and outer space done in implementation of this Agreement, the IGA, the memo-
randa of understanding between NASA and the Cooperating Agencies of the Space
Station Partners, or implementing arrangements under the IGA and the memoranda
of understanding. It includes, but is not limited to:

(1) Research, design, development, test, manufacture, assembly, integration, operation, or
use of launch or transfer vehicles (for example, the orbital maneuvering vehicle), the
Space Station, or a payload, as well as related support equipment and facilities and ser-
vices;

(2) All activities related to ground support, test, training, simulation, or guidance and control
equipment, and related facilities or services.

“Protected Space Operations” also includes all activities related to evolution of the Space Station,
as provided for in Article 14 of the IGA. “Protected Space Operations” excludes activities on Earth
which are conducted on return from the Space Station to develop further a payload’s product or
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process for use other than for Space Station-related activities in implementation of this Agreement
or the IGA.

() The term “related entity” means:

(1) A contractor or subcontractor of a Party or a Partner State at any tier;
(2) A user or customer of a Party or a Partner State at any tier; or

(3) A contractor or subcontractor of a user or customer of a Party or a Partner State at any
tier.

“Contractors” and “subcontractors” include suppliers of any kind.
5.3 (&) Each Party agrees to a cross-waiver of liability pursuant to which each Party waives

(b)

(©)

(d)

(e)

all claims against any of the entities or persons listed in paragraphs 5.3(a)(1) through
5.3(a)(4) below based on damage arising out of Protected Space Operations. This
cross-waiver shall apply only if the person, entity, or property causing the damage is
involved in Protected Space Operations and the person, entity, or property damaged
is damaged by virtue of its involvement in Protected Space Operations. The cross-
waiver shall apply to any claims for damage, whatever the legal basis for such claims,
including but not limited to delict and tort (including negligence of every degree and
kind) and contract, against:

(1) the other Party;
(2) a Partner State other than the United States of America;
(3) arelated entity of any entity identified in subparagraphs 5.3(1)(1) or 5.3(a)(2) above; or

(4) the employees of any of the entities identified in subparagraphs 5.3(a)(1) through
5.3(a)(3) above.

In addition, each Party shall extend the cross-waiver of liability as set forth in para-
graph 5.3(a) above to its own related entities by requiring them, by contract or other-
wise, to agree to waive all claims against the entities or persons identified in
subparagraphs 5.3(a)(1) through 5.3(a)(4) above.

For avoidance of doubt, this cross-waiver of liability includes a cross-waiver of liabil-
ity arising from the Convention on International Liability for Damage Caused by
Space Objects, of March 29, 1972, where the person, entity, or property causing the
damage is involved in Protected Space Operations and the person, entity, or property
damaged is damaged by virtue of its involvement in Protected Space Operations.
Notwithstanding the other provisions of this Article, this cross-waiver of liability
shall not be applicable to:

(1) claims between NASA and RSA arising out of activities conducted under any contract
between NASA and RSA;

(2) claims between a Party and its other related entities or between its own related entities;

(3) claims made by a natural person, his/her estate, survivors, or subrogees for injury or death
of such natural person;

(4) claims for damage caused by willful misconduct;
(5) intellectual property claims.

Nothing in this Article shall be construed to create the basis for a claim or suit where
none would otherwise exist.
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[ Article 6—Exchange of Technical Data and Goods

6.1 Except as otherwise provided in this Article, each Party will transfer all technical data and goods
considered to be necessary (by both parties to any transfer) to fulfill its respective responsibilities
under this Agreement. In addition, NASA may request a Cooperating Agency of a Space Station
Partner to transfer directly to RSA technical data and goods necessary to fulfill NASA's responsi-
bilities under this Agreement. NASA may also request RSA to transfer directly to a Cooperating
Agency of a Space Station Partner technical data and goods necessary to fulfill RSA's responsibi-
lities under this Agreement. Each Party undertakes to handle expeditiously any request for techni-
cal data or goods presented by the other Party for the purposes of this cooperation. This paragraph
will not require either Party to transfer any technical data and goods in contravention of its nation-
al laws or regulations.

6.2 The transfers of technical data and goods under this Agreement will be subject to the restrictions
set forth in this paragraph. Technical data and goods not covered by these restrictions will be trans-
ferred without restrictions, except as otherwise restricted by national laws and regulations.

(&) The furnishing Party or a Cooperating Agency of a Space Station Partner will mark
with a notice, or otherwise specifically identify, the technical data or goods that are
to be protected for export control purposes. Such notice or identification will indicate
any specific conditions regarding how such technical data or goods may be used by
the receiving Party and its contractors and subcontractors, and by the Cooperating
Agency of a Space Station Partner and its contractors and subcontractors. These
conditions will include: (1) that such technical data or goods will be used only for the
international Space Station program to fulfill responsibilities of the Parties or of a
Cooperating Agency of a Space Station Partner, and (2) that such technical data or
goods will not be used by persons or entities other than the receiving Party, its contrac-
tors or subcontractors, and by the Cooperating Agency of a Space Station Partner, its
contractors or subcontractors, or for any other purpose without the prior written per-
mission of the furnishing Party.

(b) The furnishing Party or a Cooperating Agency of a Space Station Partner will mark
with a notice the technical data that are to be protected for proprietary rights purposes.
Such notice will indicate any specific conditions regarding how such technical data
may be used by the receiving Party and its contractors and subcontractors, and by the
Cooperating Agency of a Space Station Partner and its contractors and subcontractors,
including (1) that such technical data will be used, duplicated, or disclosed only for
the international Space Station program to fulfill responsibilities of the Parties or of
a Cooperating Agency of the Space Station Partner, and (2) that such technical data
will not be used by persons or entities other than the receiving Party, its contractors
or subcontractors, the Cooperating Agency of a Space Station Partner, its contractors
or subcontractors, or for any other purpose without the prior written permission of the
furnishing Party.

6.3 Each Party will take all necessary steps to ensure that technical data and goods received by it un-
der subparagraph 6.2(a) or 6.2(b) above will be treated by the Receiving Party, and other persons
and entities (including Cooperating Agencies of the Space Station Partners, contractors and sub-
contractors) to which the data and goods are subsequently transferred in accordance with the terms
and conditions of the notice. (The Cooperating Agencies of the Space Station Partners and their
respective Governments have obligations under the IGA to protect data and goods transferred by
RSA under this Agreement.) Each Party will take all reasonably necessary steps, including ensur-
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ing appropriate contractual conditions in their contracts and subcontracts, to prevent unauthorized
use, disclosure, or retransfer of, or unauthorized access to, such technical data and goods.

6.4 Itis not the intent of the Parties to grant, through this Agreement, any rights to a recipient beyond
the right to use, disclose, or retransfer received technical data or goods consistent with conditions
imposed under this Article.

6.5 For purposes of this cooperation, interface, integration, safety and testing data (excluding detailed
design, manufacturing and processing data, and associated software) shall be exchanged by the
Parties without restrictions as to use or disclosure, except as specifically required by national laws
and regulations relating to export controls.

[ Article 7—Intellectual Property

7.1 With the exception of the intellectual property rights referred to in Article 6, Exchange of Techni-
cal Data and Goods, and subject to national laws and regulations, provisions for the protection
and allocation of intellectual property rights created during the course of cooperation between the
Parties to this Agreement are set forth in Annex 1 of the June 17, 1992, Agreement between the
United States of America and the Russian Federation Concerning Cooperation in the Exploration
and Use of Outer Space for Peaceful Purposes.

7.2 Except as set forth in paragraph 7.1, nothing in this Agreement will be construed as granting or
implying any rights to, or interest in, patents or inventions of the Parties or their contractors or
subcontractors.

[J Article 8—Public Information

Each Party will coordinate, as appropriate, with the other in advance concerning its own or joint public
information activities related to subjects covered by this Agreement.

[J Article 9—Customs and Immigration

9.1 Each Party will use its best efforts to facilitate the movement of persons and goods necessary to
implement this Agreement, into and out of its territory, subject to laws and regulations of its re-
spective country.

9.2 Subject to its respective countries’ laws and regulations, each Party will use its best efforts to fa-
cilitate provision of the appropriate entry and residence documentation for the other Party’s na-
tionals and their families, or for the nationals and their families of Space Station Partner States
who enter, exit or reside within its territory in order to carry out activities described herein.

9.3 The Parties will use their best efforts to arrange in their respective countries for free customs clear-
ance, to include no payment of import and export duties and no payment for the conduct of cus-
toms procedures, for entrance to, and exit from, their respective countries, for goods required for
implementation of the activities described herein.

9.4 RSA will take steps to facilitate the movement of persons and goods and clearances to and from
launch facilities RSA will utilize to fulfill its obligations under this Agreement.

[ Article 10—Financial Arrangements

10.1 Each Party will bear the costs of fulfilling its responsibilities, including but not limited to costs
of compensation, travel and subsistence of its own personnel and transportation of all equipment
and other items for which itis responsible under this Agreement, except as provided for in contrac-
tual or other arrangements between the Parties.
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10.2 The financial obligations of each Party pursuant to this Agreement are subject to its funding proce-
dures and the availability of appropriated funds. Recognizing the importance of Space Station
cooperation, each Party undertakes to make its best efforts to obtain approval for the funds to meet
those obligations, consistent with its respective funding procedures.

10.3 Inthe eventthat funding problems arise that may affect a Party’s ability to fulfill its responsibilities
under this Agreement, that Party will promptly notify and consult with the other Party.

10.4 The Parties will seek to minimize the exchange of funds while carrying out their respective respon-
sibilities in this cooperative program, including, if they agree, through the use of barter, that is,
the provision of goods or services.

[ Article 11—Termination

11.1 This Agreement may be terminated at any time by giving at least three months prior notice by dip-
lomatic note. Upon notice of termination for any reason, NASA and RSA will expeditiously ne-
gotiate an agreement concerning the terms and conditions of termination. To the extent that
termination affects specific rights or obligations of a Cooperating Agency of a Space Station Part-
ner under the IGA or the MOU between NASA and that Cooperating Agency, NASA will consult
with the affected Cooperating Agency before concluding any such agreement.

11.2 Termination by either Party will not affect that Party’s continuing rights and obligations under this
Agreement with regard to liability and the protection of technical data and goods unless otherwise
agreed in a termination agreement pursuant to Article 11.1.

[J Article 12—Amendment

This Agreement may be amended by written agreement of the Parties.

[ Article 13—Language

The working language for activities under this Agreement will be the English language and data and in-
formation generated or provided under this Agreement will be in the English language.

[ Article 14—Entry into Force

This Agreement will enter into force upon the exchange of diplomatic notes confirming its terms by the
Government of the United States of America and the Government of the Russian Federation. Unless this
Agreement is terminated pursuant to Article 11, it will remain in effect consistent with Article 1.4, until
otherwise agreed by the Parties.

Done at Washington, in duplicate, this twenty-third day of June, 1994, in the English and Russian
languages, each text being equally authentic.

FOR THE NATIONAL AERONAUTICS AND

SPACE ADMINISTRATION OF THE
UNITED STATES OF AMERICA: FOR THE RUSSIAN SPACE AGENCY:

Dan Goldin Yuri Koptev
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Public Sector U.S.-Russian Cooperative Projects

Field and missiont/title

Description

Russian entity

Status

Astrophysics

Exchange of Compton
and Granat Data

Experiment for
gamma-ray and optical
transients (EGOTS)/
Konus-A

Gamma-ray burst data
exchange

HETE

Long-duration balloon
studies for Relict-3
mission

Operations and archiving

for Spectrum-X-Gamma
(SXG)

Mission timelines being exchanged. U.S.
proposal to perform correlative studies of
neutron stars and stellar-mass black hole
candidates using BATSE, SIGMA, and
ART-P.

Russian proposal for U.S. participation in
proposed flight in 1995.

Exchange of data among BATSE, Granat,
and Ulysses.

International gamma-ray-burst survey
using a small satellite to be built by

the United States, in collaboration with
France and Japan; NASA to loan
ground-station equipment to Russia to
receive signals from HETE and to alert
visible-light observatories to look at burst
sources.

Russian Relict-3 mission funded for
Phase A. NASA participation under
consideration.

Cooperation in archiving and operations
for Spectrum-X, using NASA-supplied
hardware for the SXG archiving system.

Institute of Space
Research (IKI)

loffe Institute, St.
Petersburg

Kl

Pulkovo Observatory,
St. Petersburg

Kl

Kl

Granat expected to operate in three-axis
stabilized mode through 10/94. Russian and
French partners considering operating in a
scanning mode through about 10/95. Scientific
data exchange discussed at 4/94 JWG.

Approved by RSA as Konus-A. To be flown on a
low-Earth orbit spacecraft scheduled for launch
in early 1995. Could be reflown in 1-2 years as
Konus-A2.

Burst timing/location now or will be available
from PVO, SMM, Ginga, Phobos-2, Compton,
WIND, Ulysses, Granat, Coronas-1 and Mars '94
(now ‘96). Good exchange of data currently
among BATSE, Granat and Ulysses.

Satellite launch planned for 7/95 at the earliest.
Loan agreement to be written.

Sides agreed that long-duration balloon-based
observations might be a good preliminary step.
Russians noted that LDBF near Moscow had
been closed due to funding problems. NASA to
discuss with its science community the
usefulness of such flights in northern
hemisphere.

Smithsonian Astrophysical Observatory selected
as the U.S. SXG Coordinating Facility, to support
U.S. guest observers and work with IKI to define
and procure archiving hardware.
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Precision Gamma-ray
spectrometer (PGS)

Radioastron

Relict-2

Spectrum-UV

Spectrum-X-Gamma

Wind/Konus

Earth Science and

Environmental Monitoring

JWGs

U.S. germanium gamma-ray detectors to
fly as part of Russian experiment on Mars
'94 (now '96) orbiter; U.S. contribution
sponsored by NASA and DOE; being
handled in Solar System Exploration JWG.

Russian mission; NASA to provide DSN
support, loan of VLBA recording terminals,
and VLBA observing time and to cooperate
in correlation of selected data sets.

Russian mission similar to COBE. NASA
participation in development and
fabrication of receivers.

170-cm telescope for imaging and
spectroscopy, with possible co-aligned
smaller telescopes, in a 7-day, highly
elliptical orbit.

NASA to provide Stellar X-ray Polarimeter
(SXRP), Monitoring X-ray Experiment
(MOXE—AII Sky X-ray Monitor), and filters
for Russian EUVITA instrument.

Gamma-ray burst detectors for Wind
spacecraft, as part of ISTP;
co-investigator from the loffe Institute,

BOREAS Field Experiment Joint U.S.-Canada experiment on

interactions between the boreal forest and
the atmosphere.

Correlative measurements Cooperation involving ground-, balloon-,

of ozone

and aircraft-based measurements
correlative with space-based
measurements,

Kl

IKI, Russian Academy
of Sciences (RAS)

Kl

Institute of Astronomy,
RAS,
IKI

Kl

loffe Institute

Institute of Forest and
Timber (IFT), Siberian
Branch, RAS

Institute of
Atmospheric Optics
(1A0)

Launch date slipped to 1996. U.S. components,
built by DOE/LANL, shipped to IKl in 1993.

Launch date TBD, no earlier than 1997 (following
Spectrum-X-Gamma); engineering model of
10-m deployable antenna being fabricated,
scheduled to be completed by the end of 1994;
ground test early 1995 at Puschino Radio
Observatory.

Development of flight model spacecraft, utilizing
Prognosz engineering model, pending availability
of funds; launch scheduled for 12/95. Computer
workstation and software for processing COBE
data by Relict science team procured at GSFC;
to be loaned to IKI by NASA.

Currently not scheduled for flight, Ukraine,
Canada, Germany and Italy also reportedly
involved.

Scheduled launch date is late 1996. Engineering
models of SXRP and MOXE instruments
accepted by IKI; flight units in production, MOU
being developed.

Instrument delivered and integrated on
spacecraft. Launched 11/1/94.

Russian investigator selected through
peer-reviewed process, resident at the
University of New Hampshire.

Joint Implementation Team formed 4/94; more
than 30 Russian proposals currently under study.
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Field and missiont/title

Description

Public Sector U.S.-Russian Cooperative Projects (Co

Russian entity

Status

Crustal Deformation in
Pamir-Tien Shari

Earthquake Precursors
Study

FEDMAC-Sayani Field
Experiments

FIFE-Kursk Field
Experiments

Gravity and Magnetics in

Tibet and China

Internet Connectivity

Kamchatka Volcanological

Studies

LITE Shuttle mission

Meteor-3/TOMS

Determining the mechanisms of mountain
building using the Tien Shari mountains
as a natural laboratory.

Data exchanges in the area of
atmospheric precursors to earthquakes.

Study of forest health using in situ and
satellite data.

Study of climatologically significant
land-surface parameters using satellite
data.

Analysis of gravity data from Russia and
western China by bilateral investigator
groups.

Extending electronic communications via
the existing NASA Science Internet (NSI)
connection with IKI to reach Russian
Earth science facilities.

Exchange of U.S. and Russian aircraft
data and joint ground measurements;
joint analysis of data.

To coordinate Russian ground-based
LIDAR measurements with Shuttle-based
measurements; Russian principal
investigator on science team.

Flight of NASA Total Ozone Mapping
Spectrometer (TOMS) instrument on
Meteor-3 polar orbiter.

Institute of High
Temperature Physics,
RAS

Institute of Astronomy,
RAS

IFT

Institute of
Computational
Mathematics, RAS

Institute of
Mathematical
Geophysics, RAS

IKI, RAS

Institute of Geology,
Petrology, Mineralogy,
and Geochemistry
(IGPMG), RAS

IAO, Siberian Branch,
RAS

Russian Federal
Service for
Hydrometeorology and
Environmental
Monitoring
(ROSHYDROMET)

Major field program during summers 1993 and
1994; included scientists from Russia,
Kyrgyzstan, Kazakhstan, and the United States;
further field experiments planned for summer
1995.

Some exchanges completed; further exchanges,
including retrospective analysis of satellite data
for selected California earthquakes, to continue.

Field work complete; final publications being
prepared.

Field work complete; final publications being
prepared.

Modeling continuing.

List of priority sites to be jointly developed and
provided to NSI for implementation.

Learjet overflights completed 8-9/94; additional
aircraft flights under consideration; data
exchanges under way.

9/94 Shuttle flight.

8/91 launch; TOMS instrument failed in early
1995.
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Moz-Obzor (Priroda)

Operational Data
Transmissions

Priroda

Regional Tectonics in
Eurasia

SAGE Flight

SeaWiFS

Siberian AVHRR stations

Space Geodetic
Measurements

TAIGA Study of the Boreal
Forest

TOMS Flight

Watershed Hydrology
Project (Priroda)

Use of the Moz-Obzor ocean-color
instrument on Priroda in conjunction with
SeaWiFsS.

Processing of limited amount of NOAA
satellite products by ROSHYDROMET for
use in local and regional forecasting;
provided by NOAA through GTS.

NASA invited to participate in the science
associated with the Mir-Priroda module.

Through WEGENER program

Flight of SAGE instrument on a Russian
Meteor-3M as part of NASA EOS
Program.

Variety of activities involving Russian
participation in U.S. SeaWiFS project.

Installation of two NASA-provided HRPT
stations at Yakutsk and Khabarovsk to
support IGBP 1 -km data set project.

Long-term loan of Mark 3 VLBI
data-acquisition systems; satellite laser
tracking and exchanges of data; potential
project in atmospheric precursors for
earthquakes.

Exchange of Russian ground truth and
data from NASA-provided satellite HRPT
receiving station in Krasnoyarsk, to study
forest productivity, forest health, fire risk,
and fire history in the context of the global
carbon cycle.

Flight of another TOMS on a Russian
Meteor-3M.

Study of microwave remote sensing for
large-watershed hydrology.

Institute of
Radioengineering and
Electronics (IRE)

ROSHYDROMET

IRE

Institute of Geology,
RAS

RSA, Scientific
Research Institute of
Electromechanics
(NIEEM)

Shirshov Institute, RAS

ROSHYDROMET

Institute of Astronomy,
RAS

International Forestry
Institute (IFI), RAS

RSA, NIEM

IRE, RAS

U.S. proposal accepted by the Priroda Science
Team.

Under way

Seven NASA investigations using
Russian-provided instruments; launch December
1995.

GPS survey of Caucasus completed 1993;
workshop 6/94 in St. Petersburg.

Agreed at 12/94 GCC meeting.

Russian scientist selected as a principal
investigator in the SeaWiFS program; Russian
bio-optical data delivered to SeaWiFS database;
NASA to facilitate further Russian scientist
participation.

Installed 1 -2/95.

Loan agreement in place; first VLBI experiments
summer 1994; satellite laser ranging (SLR) data
exchanges well-established.

Letter agreement concluded 3/94; equipment
installed 11/94.

Agreed at 12/94 GCC meeting.

Formalized at 6/94 Priroda Scientific Council
meeting.

10} | S108loid aAanesadoon ueissny-"g'n 40}09S 91iqnd g xipuaddy



Field and missiont/title

Public Sector U.S.-Russian Cooperative Projects (Cont'd)

Description

Russian entity

Status

Solar System
Exploration

Antarctic instrument
cross-calibration balloon
flight

Coordination and
exchange of data for
science exploration of
Venus

Coordination of future
missions

Coordination of missions

To cross-calibrate remote-sensing
gamma-ray and neutron spectrometers
for geochemical observation of planetary
surfaces.

Data exchange from the Magellan,
Galileo, and Venera/Vega missions; data
documentation and archiving; review of
Russian scientists’ experience in the
Magellan Guest Investigator Program;
specific joint investigations and studies;
documentation of future exploration goals,
including consideration of concepts for
future techniques and experiments to
achieve these goals; selection of future
landing sites and/or balloon traverses;
and identification of future
joint/complementary experiments and
missions.

Technical study of future cooperative
solar system exploration missions.

U.S. VLBI tracking of Mars '96 during
cruise to Mars; U.S. Mars Surveyor relay
of Mars '96 lander data to verify lander
operability; joint tracking campaigns
during Mars orbit phase; and joint
U.S.-Russian VLBI tracking experiments.

IKI

IKI

IKI

IKI, RAS

At the 10/94 JWG, discussed successful
Antarctic balloon flight; recommended expansion
of goals to encompass intercalibration of
geochemical systems for U.S. and Russian
planetary missions; detailed plan to be
submitted at next JWG meeting.

Discussed at 10/94 JWG; progress satisfactory;
meetings 1/95 and 3/95 in Arizona and Houston,
TX.

10/94 JWG meeting received reports from joint
technical study teams for Mars Together, and
Fire and Ice. JWG endorsed reports in principle
and forwarded them to the 12/94, GCC meeting,
at which the principals asked the JWG to
continue the study activity and produce a
specific recommendation at the next GCC
meeting (6/95).

Discussed at 10/94 JWG meeting; progress
satisfactory.
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Coordination of science
observations and
exchanges of data

Exobiology

Ground-based
observations in support of
planetary missions

Mars '96

Mars engineering models

Mars landing-site
selection

Mercuric iodide room
temperature x-ray
detecting system

Space Biomedicine, Life
Support Systems and
Microgravity Sciences

Biological investigations
aboard Mir

Development of common data formats;
systematic exchange of data sets in the
agreed formats; and exchange of
participating scientists.

Characterization of Mars sites of interest
to exobiology, Mars mission strategies,
instrumentation for various missions, and
planetary protection.

To coordinate Mars Watch and Near-
Earth Objects Watch,

Fly two copies of U.S. Mars Oxidant
(MOX) experiment on Mars '96 landers.

To develop realistic models of the Martian
near-surface wind environment to
support future lander missions.

To develop models of the Martian surface
for the design of future missions and
selection of landing sites.

Part of German alpha backscatter
Instrument for Mars '96.

Investigations to include “Seed to Seed”
experiment with dwarf wheat and
investigations of avian egg development.

Kl

Kl

Kl

IKI, RAS

Kl

Kl

Max Planck Institute,
Germany; IKI

Institute of Biomedical
Problems (IBMP)

Activities involving the Phobos, Mars ‘96-' 98,
Mars Surveyor, and Pathfinder missions reviewed
at 10/94 JWG meeting; substantial progress
made. Detailed status of each Participating
Scientist to be reviewed at the next JIWG
meeting.

At the 10/94 JWG meeting, implementation team
recommended continuation of joint Mars site
studies and a joint workshop on planetary
protection measures for Mars sample return
missions.

At the 10/94 JWG, agreed to continue and
strengthen joint ground-based observing
programs through an exchange of observing
plans and results.

Flight postponed to 1996; progress satisfactory,

United States to continue modeling work; both
sides to seek better understanding and
verification of the results by comparison with
available observations and other models,

Agreement at the 10/94 JWG meeting on several
specific steps to develop additional information
for refinement of the engineering model; met in
3/95 in Houston to review potential landing sites
for Mars '96 small landers and penetrators.

Hardware delivered; awaiting 1996 launch.

At 3-4/94 JWG meeting, two sides agreed to
proceed with implementation.
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Field and missiont/title

Description

Russian entity

Status

Bion 11 and 12

Bion 10 flight experiments

Cooperation regarding
space-radiation-
environment databases

Flight of TEPC (Tissue
Equivalent Proportional
Counter) on the Mars '94
mission

IBMP life-support testbed
upgrade

Joint experimental
dosimetric measurements

Joint rodent
developmental experiment

Medical systems in
support of the
International Space
Station

Publication of
“Foundations of Space
Biology and Medicine”

U.S. reimbursable participation in primate
scientific programs on the Russian

Bion 11 and 12 biosatellite missions,
scheduled for 1996 and 1998.

Flight of U.S. primate experiments on
Russian biosatellite mission.

Beginning with 9/94 meeting, pursue a
systematic exchange of databases.

U.S.-provided TEPC to be flown on the
Mars '94 mission (now slipped to 1996).

Russia invited the United States to take
part in upgrading the IBMP life-support
testbed in order to set up an international
center on the development and testing of
complex physical-chemical and
environmental life-support systems.

Joint experiment on board the Space
Shuttle in 10/94.

Testing and evaluation of medical
programs during Phase One.

Multivolume compendium of U.S. and
Russian articles on research in the field.

RSA, IBMP, Central
Specialized Design
Bureau, Samara (TsKB)

IBMP, Institute of
Evolutionary
Physiology and
Biochemistry (IEPB),
RAS

IEPB

IEPB

IBMP

IEPB
IBMP

IBMP, Cosmonaut
Training Center (TsPK),
RSA

IBMP, Ministry of
Health

Contract signed 12/94; series of working
meetings under way at NASA Ames Research
Center (ARC) and IBMP.

Experiments completed; analysis of results
presented and published.

At 9/94 meeting, two sides agreed to begin
identifying sources of data from the respective
countries, types of data, and database formats.
Specific range of data types sought agreed to at
3-4/94 JWG meeting.

Agreement in principle; implementing agreement
under negotiation.

At 3-4/94 JWG meeting, U.S. side agreed to
study the proposal.

Measurements on STS-60 mission completed; to
continue on subsequent flights.

Agreed during 3-4/94 JWG meeting;
preparations under way.

Ongoing.

Exchange of chapters for Volume Ill completed,;
for Volume IV, to be completed by 9/30/95.
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Radiation-exposure
standards

Shuttle/Mir program

SLS-2 flight experiments

Space-crew safety,
operational efficiency and
unified U.S.-Russian
medical support in piloted
missions

Standardizing techniques
for physical, chemical,
and biological analyses of
recovered water and air

Support of Russian
scientific community
under the NASA/RSA
contract

Unified approach to
environmental standards

Space Physics
Anomalous cosmic rays

Exchange of information on current U.S.
and Russian standards and exploration
of possibility of convergence on one
process and one set of standards.

Fundamental and applied medical and
physiological experiments aboard Mir
and Shuttle.

Joint U.S.-Russian experiments in biology.

Updating and advancing medical issues
of space crew safety and operational
efficiency; establishing a unified
U.S.-Russian system for medical support
in piloted missions.

Coordination of Russian and U.S.
sampling operations and data sharing.

Funding of Russian space scientists and
technologists in eight discipline areas
($20 million set-aside).

Setting appropriate standards for Phase
One program.

Three-point approved program involving
investigation of trapped anomalous
cosmic rays, coordinated measurements
with SAMPEX, and investigation of

the mean ionic charge state of solar
energetic particles. German investigators
also participating.

IEPB

IBMP, others

IBMP

IBMP, TsPK, Ministry of
Defense, RSA

IBMP

RSA's Scientific and
Technical Advisory
Council, 50 scientific
organizations

IBMP

Scientific Research
Institute of Nuclear
Physics, Moscow State
University (NIIJAF
MGU)

Forum to be established; first meeting in 9/94,

Being implemented.

Final report released 9/94. Russian specialists
invited to a symposium in the United States on
SLS-2, held fall 1994.

Ongoing.

At 2/95 meeting held between IBMP toxicologist
and NASA, sampling methods agreed to for first
Phase One flight.

Joint meeting held in Moscow and the United
States to review process.

At 2/95 meeting held between IBMP toxicologist
and NASA, sampling methods agreed to for first
Phase One flight.

Comparison of modeling and observations
discussed during 4-5/94 JWG. Agreement on
reduction and comparison of data from 7-8/93
Cosmos flight and SAMPEX to derive the mirror
point distribution of trapped anomalous cosmic
rays. United States to prepare joint publication
on new data. Russia to provide additional data
from three COSMOS flights during the last solar
cycle.
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Public Sector U.S.-Russian Cooperative Projects (Cont'd)

Field and missiont/title

Description

Russian entity

Status

Coronas

Flight dynamics

Geospace

IACG-coordinated
campaigns

Long-duration balloons

Magnetospheric modeling

U.S. scientists invited to participate in
mission operations planning and
subsequent data analysis of Coronas-1,
as well as the planned Coronas-F and
Foton missions, to study solar activity.

Update IACG Handbook on Trajectories,
Mission Design and Operations; conduct
mission design for Relict-2.

Interball-Tail and Interball-Aurora
spacecraft planned for launch in 10/94
and spring 1995, respectively.

Coordinated observing campaigns using
existing spacecraft regarding flow of
energy in the magnetotail, collisionless
boundaries in space plasmas, and solar
events and their manifestations in
geospace.

To fly long-duration balloons carrying U.S.

payloads between North America and
Russia; NASA to provide balloons, launch,
and tracking.

Development of a mathematical
framework for describing the different
components of the Earth’s distant
magnetic field; assembling data from
space, mainly observations of the
magentic field, used for calibrating the
mathematical representations.

Institute for Earth
Magnetism,
lonosphere and Radio
Propagation of the
Russian Academy of
Sciences (IZMIRAN)

Kl

Kl

Kl

NIIJAF MGU

Kl

Coronas-1 operational. Letter agreement finalized
1 /23/95.

Updated handbook expected to ready for
distribution 9/94; small joint team formed to
develop an electronic version.

In 4-5/94 JWG, agreement reached on U.S.
scientist participation in data analyses. NASA to
fund investigators (subject to Interball principal
investigator agreement and Interball science
team member involvement).

First campaign, led by GSFC, in fall 1993.
Second campaign to be led by ESA. Second and
third campaigns not before 1996.

First flight planned for 6/95.

Most of the work is being done by the Goddard
group (Stern, Tsyganenko, et al.); significant new
developments and publications have resulted.
JWG (4-5/94) concluded that the implementation
team had achieved its intended purpose and
decided to terminate its activity.
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Solar Probe Provide science input to Elachi/Galeev IKl, RAS, IZMIRAN
technical team.
TREK U.S. ultra-heavy cosmic-ray detectors Kl

flown on Mir; NASA supplied detectors
and leading data-analysis efforts, while
RSA providing launch, recovery, and
collaboration in data analysis.

Technical team to prepare preliminary report by
8/94, final report by 11/94. Joint Science Steering
Group formed at 4-5/94 JWG meeting. U.S. side
hosted workshop on ‘(Near-Sun Science with a
Small Solar Probe” in summer 1994,

Three small stacks and one-third of the large
stack have been returned to Earth from Mir.
Plans are under way to retrieve the remaining
two-thirds of the external collector in 1995 by a
joint U.S./Russian EVA. Afanasiev is currently at
University of California at Berkeley to participate
in TREK data analysis for one year.

ARC = Ames Research Center

ART-P = Advanced Roentgen Telescope-Positioning

AVHRR =Advanced Very High Resolution Radiometer

BATSE = Burst and Transient Source Experiment

BOREAS = Boreal Ecosystem-Atmosphere Study

COBE = Cosmic Background Explorer

DOE = Department of Energy

DSN = Deep Space Network

EOS = Earth Observing System

EUVITA = Extreme Ultraviolet Imaging Telescope Array

EVA = Extra Vehicular Activity

FEDMAC = Forest Ecosystem Dynamics Multispectral
Airborne Campaign

FIFE = First International Field Experiment

SOURCE: Office of Technology Assessment, 1995

GCC = Gore-Chernomyrdin Commission

GPS = Global Positioning System

GSFC = Goddard Space Flight Center

GTS = Global Telecommunications System
HETE = High Energy Transient Experiment
HRPT = High Resolution Picture Transmission
IGBP = International Geosphere-Biosphere Program
ISTP = International Solar Terrestrial Physics
JWG = Joint Working Group

LANL = Los Alamos National Laboratory

LDBF = Long Duration Balloon Facility

LIDAR = Light Detection and Ranging

LITE = LIDAR In-space Technology Experiment
MOU = Memorandum of Understanding

NASA = National Aeronautics and Space Administration
NOAA = National Oceanographic and Atmospheric
Administration

PVO = Pioneer Venus Orbiter

RSA = Russian Space Agency

SAMPEX = Solar, Anomalous, Magnetospheric Explorer

SeaWiFS = Sea-Viewing Wide Field Sensor

SIGMA = French gamma ray instrument

SMM = Solar Maximum Mission

VLBA = Very Long Baseline Array

VLBI = Very Long Baseline Interferometer

WEGENER = Working Group of European Gee-scientists for
the Establishment of Networks for Earthquake Research
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Private Sector U.S.-Russian Cooperative Projects

Business entity and nature of

Title/description relationship Russian entity U.S. entity Status
LOX-augmented nuclear  Joint design study. Energopool (Consortium)  Aerojet; Babcock& Wilcox Pending U.S. government
thermal rocket engine policy decisions on
design nuclear propulsion.
NK-33 LOX/kerosene Teaming arrangement for utilizaton ~ NPO Trud, Samara Aerojet Seeking U.S. government
engine of NK-33 family of engines in the funding for engine
U.S. market. validation tests,
D-57 LOX/LH engine Teaming arrangement to improve, Lyulka Engine Design Aerojet Seeking U.S. government
market, and co-produce engine for  Bureau funding for engine
possible use in single-stage-to-orbit validation tests.

(SSTO) sub-scale demonstrator, or
in high-performance upper stage for
existing launch vehicles.

RD-0120 LOX/LH engine = Teaming arrangement for possible ~ Chemiautomatics Aerojet Seeking U.S. government
modification for either bi-propellant  Design-Development funding for engine
or tri-propellant cycle, to Bureau (CADB) validation tests.

demonstrate SSTO launch-
propulsion system.

Zenit launch services Proposed TM under which NPO NPO Yuzhnoye (Ukraine);  Boeing Defense and Pending U.S. government
Yuzhnoye and RSC Energia would ~ RSC Energia; Kvaerner Space Group licensing of TAA and
supply the vehicle, integration Shipbuilders (Norway) decision to proceed.

would occur in the United States,
and launch would take place “from
international waters” from a
semi-submersible platform built by
Kvaerner (Space News, Aug. 8,

1994).
Crystal growth experiment Commercial contract for flight of RSC Energia Boeing Defense and Experiment flew
Boeing crystal growth experiment Space Group successfully in 1994,

on Mir, with return to Earth by
Raduga small reentry capsule.
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Environmental control and
life-support systems
(ECLS) for spacecraft

Lunar-surface operations
using a modified Phobos
lander

Interactive audio-video
links between Mir and
U.S. classrooms

Worldwide marketing of
carbon- and
graphite-based materials

Worldwide marketing of
advanced composite and
metallic materials

Space launch services
utilizing the Proton from
Baikonur

Specialty metals for

Contract research and joint
feasibility studies preparatory to

International Space Station.

“Profit-sharing” and marketing

agreement.

Cooperative venture.

Kaiser NIIGrafit, San Leandro, CA.

Kaiser VIAM, San Leandro, ca

LKE International Inc.

Joint venture with exclusive rights to

Scientific Research
Institute of Chemical
Engineering
(NIICHIMASH); Institute of
Biomedical Problems,
Ministry of Health

Khrunichev
Enterprise. (ZIKh); NPO
Lavochkin; Zvezda

RSC Energia

Scientific Research
Institute of Graphite
(NlIGrafit)

All-Russia Institute of
Aviation Materials (VIAM)

Khrunichev Enterprise;
RSC Energia

Ulbinskiy Metallurgical

Boeing Defense and
Space Group

international Space
Enterprises (ISE), San
Diego, CA

ISE

Kaiser Aerospace and
Electronics Corp.

Kaiser Aerospace and
Electronics Corp.

Lockheed Commercial
Space Co., Inc.

Loral Corp., NY; Concord

Boeing-purchased Mir
flight hardware being
evaluated at Boeing
facility in Huntsville, AL.

ISE says joint
development of lunar
landers proceeding
toward early 1998 launch.

Ongoing.

Ongoing

Ongoing

Reported to have orders
or options for 15 launches
and expectations of eight
firm orders by end of
1995.

Ongoing.

aerospace, including
beryllium

Launch-vehicle activities

market all ULBA beryllium products Production Combine
in North America and Europe. (ULBA), Kazakhstan

Memorandum of Agreement (MOA) Central Specialized
on “several possible areas of Design Bureau and
cooperation in launch vehicle PROGRESS Factory,
activities, including launch vehicle Samara, Russia
stages, ground support systems

and system components. ”

Group, CO

McDonnell Douglas Corp. Active.

Unpressurized composite
structures and various
composite fabrication
techniques and materials

MOA.

Central Research Institute
for Special Machine
Building, Khotkovo,
Moscow Region, Russia

McDonnell Douglas Corp.

Active.
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Private Sector United States-Russia Cooperative Projects (Cont'd)

Business entity and nature of

relationship Russian entity

Title/description

U.S. entity

Status

Cooperative venture Space Research Institute
(IKI), Russian Academy of
Sciences; Babakin
Research and Design
Center (Lavochkin NPO);
Scientific Research
Institute of Transportation
Machinery

(VNIITransmash)

To examine and perhaps  Agreement to cooperate on a series RSA/Mechanical
utilize Russian expertise in  of space technology research Engineering Research

Cooperative planetary
rover development

materials, advanced projects Institute (IMASH),
mathematics, space Moscow
systems, and extended

human flight

RD-1 70/180 engines Marketing of RD-170 and RD-180
variant (to be developed 8/93) to
U.S. government and ELV

manufacturers

NPO Energomash

Docking hardware RSC Energia

procurement

Rockwell purchasing hardware,
spares and technical support for the
APAS androgynous docking
adapter.

McDonnell Douglas Corp.;
Planetary Society; Brown
University

McDonnell Douglas
Government Aerospace

Pratt & Whitney
Government Engines and
Space Propulsion, West
Palm Beach, FL

Rockwell Space Systems
Division

Active,

Active; joint centers
established in Moscow
and Huntington Beach,
CA.

Contract signed with
NASA Marshall Space
Flight Center for
tri-propellant engine
technology development.

Docking assembly,
including APAS, delivered
to NASA Kennedy Space
Center in late 1994.
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Stationary plasma International Space Technology, Fakel Experimental Design Space Systems Loral, CA Company funding R&D to
thrusters for Western Inc., development and marketing Bureau; Research develop and qualify power
communications satellites joint venture (later joined by Institute of Applied processing units utilizing
SEP/France) Mechanics and Western electronics, to
Electrodynamics, Moscow qualify Russian thrusters
to Western spacecraft
requirements, and to life
test the entire system.
Resurs data Digitization and marketing of Priroda Center WorldMap  International, Delivering digitized data
2m-resolution data from the Resurs Ltd. to customers; no 1994

series of Russian photographic

satellites

Resurs flights, but next
mission expected in
March 1995.

APAS = Androgynous Docking Adaptor (Russian acronym)
ELV = Expendable Launch Vehicle
LH = Liquid Hydrogen

LKE = Lockheed Khrunichev Energia International
LOX = Liquid Oxygen
NPO = Scientific Production Organization

RSC = Russian Science Corporation
SEP = Societe Europeene de Propulsion
TAA = Technical Assistance Agreement
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Appendix D:

Space Cooperation with
the Soviet Union (Russia):
D' A French Point of Viewt

INTRODUCTION 1975, which was not followed by a sustained col-

pace cooperation between France and thi&boration between the two superpowers.

Soviet Union (Russia after 1991) has been The Cold War is over, and what has been a very

a very special venture for two countries be-special relationship is now part of an increasingly

longing to opposing Cold War alliances. global space-cooperation environment. Russia is
This relationship began during the very tense decooperating more and more with the multinational
cade of the 1960s, when the space race betwe&tiropean Space Agency and has joined the part-
the United States and the Soviet Union was at it§ers of the International Space Station (ISS) proj-
height. It was not a short-term involvement by theect (Canada, Europe, Japan, and the United
two nations, but an endeavor that lasted a quartéttates). A very large Russian-American prepara-
of a century (until the fall of the Soviet Union) andtory program to the ISS is under way and will in-
is still going on with Russia, though in a very dif- clude many rendezvous between the U.S. Space
ferent spirit. Tens of laboratories and hundreds oPhuttle and the Russian Mir Space Station.
scientists and engineers of both countries partici- N this new context, what can be learned from
pated, and France took part in some of the modhe long French-Soviet collaboration? Can the les-
important Soviet space missions, including inter-SOns learned during a quarter of a century of com-
planetary flights, space station activities, and adon activities be significant and useful for the
vanced astrophysics missions (see table D-1). future? Before these questions are addressed, it is

This highly visible East-West technological Useful to recognize that:

collaboration was a unique phenomenon until thg ,e Russian political and economical system
first half of the 1980s, when the Soviet space pro- 4¢ changed, but the people in the space com-
gram began to open itself more broadly to Western ity and the technical culture of the Russian

countries. The only larger cooperative achieve- space industry have not really changed
ment has been the Apollo-Soyuz rendezvous of

1This appendix was written for this report by Alain Dupas of the University of Paris and the French Space Agency.
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Appendix D Space Cooperation with the Soviet Union (Russia): A French Point of View 1121

TABLE D-1: Milestones of Space Cooperation Between France and the Soviet Union (Russia After 19911

1968 Araks experiments (artificial aurora borealis created by sounding rockets)

1970 French laser reflector on the Moon rover Lunakhod-1

1971 Stereo-1 experiment on Mars-3 (solar raodioastronomy)

1971 Aureol-1 satellite with Arcad-1 experiment (gamma astronomy)

1972 Sret-1 technology satellite (piggyback launched on a Soviet rocket)

1977 French satellite Signe-3 (gamma astronomy) launched by a Soviet rocket

1982 First French human flight—Jean- Loup Chretien (PVH mission) aboard Salyut-7

1984-5 Flights of Vega-1/2 space probes (with releases of balloons in Venus atmosphere and
encounters with Halley’s comet)

1988 Third French human flight (Jean- Loup Chretien, Aragatz mission), including an EVA (the
second French spaceflight was conducted aboard NASA’s Space Shuttle)

1988 Phobos flights toward Mars

1989 Launch of Granat satellite with French gamma telescope Sigma

1990 Launch of Gamma satellite

1992 Fourth French human flight (Michel Tognini, Antares mission)

1993 Fifth French human flight (Jean-Pierre Haignere, Altair mission)

'This list does not include numerous experiments conducted on Soviet (Russian) Scientific, meteorological, and recoverable satellites
EVA = Extra Vehicluar Activity; NASA = National Aeronautics and Space Administration

SOURCE: Alain Dupas, 1995.

.for a long time French-Soviet space coopera-
tion was the main window of contact between
the Russian space community and the Western
world, and

.French scientists and engineers have played an
important role in introducing their Russian col-
leagues to the international space community,
particularly in the field of planetary explora-
tion.

THE RATIONALE FOR FRENCH-SOVIET
SPACE COOPERATION

(The Political Origin of the Cooperation

There is no doubt today that Russia's participa-
tion in the International Space Station (ISS) pro-
gram had a political origin. That was also the case
for the beginning of the space cooperation be-
tween France and the Soviet Union in 1966. The
President of France, Charles de Gaulle, was very
concerned about ensuring French strategic auton-
omy, although the fact that France was part of the
Western aliance was very clear. He had engaged
France in the development of nuclear weapons

and ballistic missiles (the “Force de Frappe’) and
had decided that his country would leave the
NATO integrated military command. Space was a
small, but nevertheless significant, part of this
drive toward French strategic autonomy; Presi-
dent de Gaulle was instrumental in the creation of
the French Space Agency (CNES) in 1962 and in
the development of the subsequent French nation-
al space program. In 1965, France became the
third country to launch an artificial satellite on its
own vehicle.

It isin this context that Soviet Minister for For-
eign Affairs Andrei Gromyko proposed to Presi-
dent de Gaulle in Moscow on April 27, 1965, that
the two countries should examine the possibility
of space cooperation between them. This opening
was followed on July 1, 1965, by an official mem-
orandum given to the French ambassador in Mos-
cow. For the Soviets, this proposal was certainly
a way to establish visible links with a Western
power in a politicaly significant field and to re-
duce Soviet isolation in the Cold War context. For
France, it was a way to demonstrate independence
from the United States and to confirm its willing-
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ness to take a special position in the East-Wedtuitful relationship. Converging scientific and
relationship. It was by no means a disengagemeié¢chnical interests were fundamental for that.
from French-American space cooperation, which From that point of view, the French-Soviet
was doing very well at that time—the first Frenchspace cooperation:

scientific satellite was, in fact, orbited by an

American rocket in 1965. = opened a lot of unigque opportunities for French

scientists and engineers (more experiments,
large scientific spacecraft, lunar and planetary
; probes, recoverable payloads, manned space-
Baikonur and the Agreement of craft) complementary to national, European,
June 30, 1966 and American opportunities;
Charles de Gaulle visited the Soviet Union agaire enabled the Soviet space community to im-
in June 1966 and was invited to travel to the then- prove the scientific value of its satellites and
secret Baikonur Space Center, where he attended, space probes by accommodating French ex-
along with General Secretary of the Soviet Com- periments using advanced technologies; and
munist Party Leonid Brezhnev, on June 22, the@ enabled the Soviet scientific space community
launching of a rocket. He was the first foreigner to have better contacts with the French and,
invited to Baikonur and would be the only one for  through them, the Western space science com-
nearly a decade, until the preparation of the Apol- munity.
lo-Soyuz flight.

This visit was closely followed by the signing THE WORKING OF FRENCH-SOVIET

of an agreement on French-Soviet space cooper(RUSSIAN) SPACE COOPERATION
tion. This was done on June 30, 1966 by Frenc

Minister for Foreign Affairs Maurice Couve de E Reliance on Simple Procedures. o
Murville and his Soviet counterpart Andrei Gro- The 1966 agreement was (and still is in many
myko. The agreement stressed that: ways) the basis of a very long and successful

The Governments of [France and the Soviet working relationship that relied on very simple
Union]: procedures:

= Projects were approved at a yearly meeting of
the French-Soviet (Russian) space cooperation
committee, alternatively in France and the So-
viet Union (Russia); this process is still going

[1 The Visit of General de Gaulle to

= recognizing the importance of the study and
exploration of outer space;

= considering that the cooperation between
France and USSR in this field will enable the

. . on.

extension of the cooperation betwe_en thetwo The principle was (and still is, mainly) “no ex-
countries and will be an expression of the han f funds.” Each part for it n
traditional friendship between French and change of fu S'. a.C. party pays for Its ow
Soviet peoples [. . . expenses and scientific results are shared; the

only exceptions are the human spaceflights,
where a participation fee is paid to the Soviet
(Russian) partner.

have decided to prepare and implement a pro-
gram of scientific and technical cooperation be-
tween France and USSR for the peaceful study
and exploration of outer space.

[J The Learning Process
O The Converging Scientific and Some difficulties have been encountered in
Technical Interest of the Two Countries learning to work with the Soviets. The main issues

The political rationale and the very high level of VEre:

support it created were essential to the beginning meeting the right counterparts—at the begin-
of the cooperation. It could not, however, have en- ning, contacts were organized by the Intercos-
abled, by itself, the establishment of a long-term, mos Council (a body of the Academy of
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Sciences) and did not involve the space indusand France. The following events have been im-
try, which was surrounded by secrecy, portant:

= gaining access to industrial and launch facili-
ties, and

= knowing the exact status of a project.

= In April 1979, Brezhnev himself proposed to
French President Giscard d’Estaing the con-
duct of a manned spaceflight aboard Salyut-7.
For the French specialists, working with thes In 1985, a Mitterand-Brezhnev meeting gave

Soviets in the second half of the 1960s was really the two leaders the opportunity to agree on a se-

a “cultural shock,” as can be heard in a comment cond joint spaceflight (Mitterand attended the

by Jean-Pierre Causse, former head of the CNES launching).

Technical Center, about a common satellite proj= In July 1989, the principle of a long-term

ect at the end of the 1960s: (10-year) agreement on manned spaceflight

[Our experience] was based on the coopera- ~ Was approved by Minister Paul Quiles and So-

tion with NASA (FR-1 satellite and other proj- viet Vice President Lev Voronin; the agreement

ects), which was very open. [In the Soviet was signed by CNES, RSA, and NPO Energia

Union] everything was fuzzy. Our Soviet coun- in December 1989. Four flights were planned

terparts were extremely cautious, even if they (in 1993, 1996, 1998, and 2000); the first one
showed a lot of good will. The academic-diplo- has already been completed.

matic procedures involved heavy, formal, and _ )
infrequent meetings, and the work progressed The French-Soviet space cooperation has sur-
slowly. vived the many political crises of the Cold War,

With a lot of patience and good will, the situa-Such as the invasion of Afghanistan in 1979,
tion has slowly improved. Major progress oc-Which happened while preparations for the first
curred during the 1980s with the involvement offFrench-Soviet human spaceflight were under
a new organization representing the space indugvay. In that case, the French government decided
try, Glavkosmos; there was more direct access t9 90 on with the project but to put the focus on the
Soviet space hardware, and much more access ®chnical side of the flight and to give it a very low
Soviet space facilities. These improvements haveolitical profile.
continued with the transition from the Soviet
Union to Russia and the creation of the Russian] The Reliability of the Soviet (Russian)

Space Agency (RSA), which works very much Partner

like NASA or CNES. _ _ The Soviets (Russians) were extremely reliable
However, the collapse of the Soviet Union hagyariners until the end of the 1980s. No project that
created new problems that were totally unknowrhaq peen started within the cooperative frame-
before: budgetary, programmatic, and procureyqrk had been canceled by the Soviet side (a few
ment difficulties for the Russian partner, which noyere canceled by France). The first failure was en-
longer benefits from the high priority it had i”_thecountered in 1988 with the Phobos project (al-
past and suffers from the general degradation qf,ogh French scientists still obtained very good
the economy; this is particularly true for scientific results).
projects. The situation has recently changed due to the
o o very large difficulties encountered by the Russian
0 The COﬂtlﬂUlty of Political Involvement Academy of Sciences in funding and supporting
The regularly renewed support of the political acscientific space projects. The cancellation of the
tors at the highest level has been an important faddars '94 flight and the difficult preparation of the
tor in the continuation and progress of the spactars '96 mission are consequences of this degra-
cooperation between the Soviet Union (Russiajlation.
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Up to now, cooperative human spaceflightsover more than 25 years seem to be:
have always been conducted exactly according to .
the schedule fixed months before the Iaunching'. strong a.nd frequently renewed political support
Some procurement problems have manifested at the highest level,

e = strong common scientific and technical inter-
themselves recently, but human missions seem to ost 9

be relatively protected from the degradation of the_ a lona-term commitment able to survive politi-
general economical situation in Russia. The ques- 9 . . . . P
cal (and technical, if they arise) crises, and

T ) ’
tion is, however, how long can this last? = a lot of patience and good will to deal with the
CONCLUSION different social and technical cultures.

The Soviets (Russians) have been very reliabl€ould these recipes work for very large coopera-
partners in space cooperation with their main pastve efforts such as the International Space Station
partner, France. The main ingredients responsiblgrogram?

for the continuous success of this relationship
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