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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.



