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Difficulties In Determining If Nuclear
Training Of Foreigners Contributes To

Weapons Proliferation

Training and education in nuclear technology
have been provided to foreign nationals by
U.S. national laboratories and a number of
firms and educational institutions in the
United States. Foreigners have also partici-
pated in U.S. nuclear research.

This study

--reviews the evolution of U.S. nuclear
training,

--shows how such training fits into the
overall U.S. scheme of nuclear tech-
nology transfers, and

--discusses whether such training could
contribute to nuclear weapons prolif-

eration.
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Organizations, House Foreign Affairs Com-
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COMPTROILLER GENERAL OF THE UNITED STATES
WASHINGTON, D.C. 20548

B-165546

The Honorable Clarence D. Long q
Chairman, Subcommittee on jﬁ
Foreign Cperations ;Dp
Committee on Appropriations Xé}/

House of Representatives l

The Honorable Con L. Bonker
Chairman, Subconmmittee on "ls
International Organizations 70
Committee on Foreign Affairs Hg’

House of Representatives

In response to your joint request, we have completed a
study of the education and training of foreign nationals in
nuclear engineering and related fields by the United States
and of whether this education and training could contribute
to the proliferation of nuclear explosive capabilities
abroad.

As agreed with your offices, no further distribution of
this report will be made for 15 days from the date of issue
unless either of you publicly announces its contents earlier.

The Departments of Commerce, Energy, and State: the
Nuclear Regulatory Commission; and the Arms Control and Dis-
armament Agency were given the opportunity to comment on
our report draft, and their comments have been included where
appropriate.
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REPORT BY THE DIFFICULTIES IN DETERMINING IF

COMPTROLLER GENERAL NUCLEAR TRAINING OF FOREIGNERS
OF THE UNITED STATES CONTRIBUTES TO WEAPONS
PROLIFERATION

DIGEST

The contribution of U.S. nuclear training
of foreigners to the spread of nuclear
weapons cannot be accurately estimated.
There is no way to ascertain the true
intentions of the foreign nationals being
trained or the motivations of their
countries.

Neither the data base hor the analytical
methods have been developed to effectively
evaluate the proliferation risks involved;
however, GACwlhds—idermttft®® a number of
issues, Géiscwesed—bolowr—whieh warrant

further Government attention.

GOVERNMENT TRAINING

P

Under the Atoms for Peace Program,'f%aining
of aliens in nuclear engineering and related
fields at U.S. Government facilities was at
its height in the early 1960s. Several thou-
sand foreigners were trained but received

only unclassified information., A few hundred
received instructions jin such “key technologies
as uranium enrichment and reprocessing.
Government policy now calls for restraint in
providing training in these key technologies.

The Government curtailed its nuclear training
in 1965, because similar courses were being
offered by U.S. colleges and universities.
It was U.S. policy not to provide training
that was available in the private sector

as the Government did not want to compete
for students with universities or other
private organizations. 1In 1976, however,
the Government reinitiated a nuclear
training program under the auspices of the
International Atomic Energy Adency. More
recently, it began a special course for
Iranians, but this training was terminated
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in early 1979 because of the lack of
financial support by the Government of
Iran.

?gég//The Secretary of Energy should review the

nature of nuclear training programs to be
conducted at Government facilities and the
need for the U S Government—-- as—eentmastad
el T TETE . seCtor-~-t0 provide such
tralnlng for foreign nationals. (See p. 26.)

GOVERNMENT RESEARCH

/4£t three U.S. national laboratories, a few

dozen foreigners had, over a 22-year period,
been involved..in, unn1aqa1f1pd research

S22l L A5 LooCa Ll 1]

related to %gbroces31ng or enrichment GAO

did not identify any foreigners curréntly

engaged in such reeearch at the national

laboratories. % Epted number of

foreigners HJEL- experience on

research projects that could be of concern
- if applied to a nonpeaceful projectﬁ,/

ffgeboratory officials contend that an attempt
to control foreign participation in all
research that could be indirectly related to
a possible weapons program would represent
a serious blow to the scientific community.
Moreover, they point out that much of this~
research has been done by immigrants seeking
U.S. citizenship.

Although aliens may have an important role

in advancim;gg?b nuclear research and
development, Secretary of Energy should
reassess foreign participation at Government-
owned nuclear research facilities and limit,
where appropriate, participation that could
be used to significantly raise the ability

of another nation to make nuclear explosives.
(See p. 34.)

UNIVERSITY TRAINING

/6;er 3,000 courses in nuclear science and
engineering are offered by 190 U.S. colleges
and universities. They provide a wide range

ii



of basic information on the principles and

applications of nuclear technology. reign
participation in the nuclear science and
engineering curriculum appears to be sub-
stantial and growing),f

gEHIversities offer only unclassified courses
and use published textbooks but some courses
could provide an educational base which might
contribute to a nuclear weapons capability,
Some courses include reprocessing and enrich-
ment; however, faculty members believe

that since the material taught has long been
declassified and is readily available in open
literature, the instructions could not be
considered a proliferation risk. Further-
more, at least 78 foreign universities or
other academic institutions provide nuclear
educational opportunities.

The Government has no system to identify
any unusually high concentration of students
from one country enrolled in specialized
fields relevant to a nuclear weapons capa-
bility, or any substantial foreign effort

to develop a significant nuclear technology
base through education and training without
corresponding interest in nuclear power
development. (See p. 51.)

INDUSTRY-SPONSORED TRAINING

7:rtvﬂ¥L¢i-‘“1
The fU.S. nuclear industry provides training
to forelgners THEIOUgh formal instructions
related to eguipment sales, licensing and
technical exchange arrangementsy on-the-job
experience, and full-time employment. How-
ever ,/only a few foreigners have learned or
gairfed experience related to key nuclear
technologies through sweh-training. (See p.
61.)

TRAINING SPONSORED BY
THE INTERNATIONAL
ATOMIC ENERGY AGENCY

,Tﬁé International Atomic Energy Agency spon-
sors fellowships for training individuals at
public or private facilities of a member
nation}//éﬁe United States has always been

Tear Sheet iii
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the dominant supporter of the Agency s train-
ing programs. From 1958 to 1976, 11 coun-
tries acted as hosts for 65 Agency-sponsored
fellowships in reprocessing.

In 1977, the Agency changed its policy to
limit fellowships in sensitive technologies

to individuals whose home country agreed to
accept international safeguards on the facili-
ties that would benefit from such training.
(See p. 70.)

U.S. NUCLEAR TRAINING

™ coca
/uJ.u\—c C1€ passage o

IN PERSPECTIVE

+hoa
ni v

of 1954, U.S. policy has been to encourage
the dissemination of scientific and techni-
cal atomic energy information without endan-
gering national security., This general
policy affects any attempt to evaluate the
risks associated with nuclear training
provided foreigners.

—-The United States has used a number of
mechanisms besides training to transfer
nuclear technology. These include research
reactor and equipment grants; the "sister"
laboratory program; commercial affiliations;
licensing of patents; Export=Import Bank
loans and guarantees to build overseas
nuclear training centers; overseas deposi-
tory libraries; advisory and consulting
services; and international conferences.

--Some fairly detailed descriptions of how
a nuclear fission explosive device is
constructed are available in unclassi-
fied technical literature, according to
the Arms Control and Disarmament Agency.

--Government and international infor-
mation services publish abstracts and
indexes listing unclassified scientific
and technical nuclear information avail-
able to the public including data relating
to uranium enrichment and reprocessing.

--The Nuclear Non-Proliferation Act of 1978
restricts the export of sensitive nuclear

iv
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technology. This raises some questions
about foreign participation in U.S. nuclear
research, education, and training which
could result in new findings or conclusions
concerning reprocessing, enrichment and
heavy water production.

~—Nuclear training is available in at least
23 foreign countries.

balance must be struck between protecting
information that has significant weapons
proliferation implications and providing
maximum assistance to the development og,a

peaceful nuclear applicationiy/ ‘ ;;
]"\6/

The executive branch should: ’|7

--Consider discontinuing further distri-
bution of Government publications which
could substantially assist anyone seeking
a nuclear weapons capability.

--Clarify what specific data or information
is subject to the "sensitive nuclear tech-
nology" export criteria established in the
Nuclear Non-Proliferation Act and how such
criteria apply to foreign participation in
education, training and research in the
United States. (See p. 14.)

--Consider adherence to the Non-Proliferation
Treaty in selecting foreigners to partici-
pate in Government nuclear research and in
providing nuclear fellowships and
assistantships. (See pp. 34 and 52.)

AGENCY COMMENTS

The executive branch generally stressed
that foreign participation in U.S. nuclear
training and research programs has had a
number of benefits, such as:

--Helping to meet U.S. obligations under
the Non-Proliferation Treaty and to per-
suade other nations to agree to inter-
national nuclear safeguards.



“ ~-Creating the poﬁgntial for goodwill
between U.S. and future foreign leaders

through personal contact.

--Exposing foreigners to U.S. nuclear
safety and non-proliferation concerns.

--Contributing to possible sales of U.S.
nuclear goods and services.

Department of Energy officials said that
sensitive areas of nuclear technology
have been examined and precautions have
been taken, but it is difficult to draw
a firm line between what is and is not
sensitive; it is a matter of degree.

The Nuclear Regulatory Commission com-
mented that definitions which are clearly
stated and consistently applied are essen-
tial in determining the significance of
particular types of information and
training to nuclear proliferation.

State Department officials stated that

the prevalence of grey areas of definition
and categorization was a general problem
and there was a wide spectrum of views

as to whether lines of delineation should
be drawn.

Officials of the Departments of State and
Energy commented that past Government
nuclear training was consistent with then
existing U.S. policies and technical judg-
ments and that past actions and decisions
should not be criticized on the basis of
today's revised standards.

The agencies indicated a number of initia-
tives were underway concerning information
and training provided foreigners. The
executive branch is reviewing a few of the
apparently most sensitive unclassified

Government publications to determine whether

further distribution should be controlled.
It is also considering giving preference to
Non-Proliferation Treaty parties in the
nuclear research and training areas.

vi



The Department of Energy is currently revis-
ing and updating internal review procedures
concerning foreign participation and visits
to Government research facilities. The
Department has also engaged a consultant to
study what specific research technology and
training disciplines should be categorized

as sensitive from a proliferation standpoint.
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CHAPTER 1

INTRODPUCTION

The threat of nuclear weapons proliferation brought
about by the international transfer of nuclear goods and
technology for peaceful applications has caused increasing
concern. This concern, exemplified by the Nuclear Non-
Proliferation Act of 1978 (Public Law 95-242), has generally
concentrated on the risks associated with the export of
reactors, nuclear fuel, and equipment. One area that has
not been the subject of intense scrutiny is the training
provided to foreigners, which conceivably could enhance
their capability of developing weapons.

Hence, the Chairmen of the Foreign Operations Subcom-
mittee of the House Appropriations Committee and the Subcom-
mittee on International Organizations of the House Interna-
tional Relations Committee 1/, requested that we study the
extent to which the education and training of foreign nation-
als in nuclear engineering and related fields in the United
States contributes to the proliferation of nuclear explosive
capabilities abroad. (See app. I.)

Over the years, nuclear technology has spread from a
handful of industrialized nations to dozens of nations, less
developed and industrialized alike. The United States can
largely be credited for the earliest transfers of nuclear
technology as it made the conscious decision to share the
benefits of the peaceful uses of the atom in the mid-1950s
through its Atoms for Peace Program. At the height of this
program, thousands of aliens came to this country for train-
ing, thereby benefiting from America's experience in nuclear
technology. As the United States assisted in the development
of foreign nuclear energy and research programs, these pro-
grams have gradually matured and become more sophisticated.

The need for trained manpower to serve the world's nu-
clear power and research programs has not diminished. Rising
0il prices have convinced many nations that they have no
ready alternative to nuclear energy for meeting their growing
electric power needs. Developing countries will continue to
look to the United States, and other nations with advanced
nuclear programs, for education and training opportunities
in the nuclear field. However, a world of many nations with
nuclear weapons capabilities could be extremely unstable

1/ The name of the Committee has since been changed to the
Committee on Foreign Affairs.
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and dangerous. Six nations i& have already demonstrated
such a capability, and the Arms Control and Disarmament
Agency (ACDA) estimates that by 1985 about 40 countries will
have sufficient material to make at least a few nuclear
bombs.

An important tool currently in existence to help stem
the tide of nuclear weapons proliferation is the inter-
national Treaty on the Non-Proliferation of Nuclear Weapons
(NPT), which entered into force in March 1970. Under
specific provisions of this treaty, each non-nuclear
weapon state agrees not to manufacture or otherwise acquire
nuclear weapons or other nuclear explosive devices and not
to seek or receive any assistance in the manufacture of
nuclear weapons or other nuclear explosive devices. Those
nations which have ratified the treaty--over 100 countries,
including the United States-—are bound by its provisions;
however, a number of countries have not become parties to
the NPT.

Article IV of the treaty stipulates that all NPT parties
will facilitate, and have the right to participate in, the
fullest possible exchange of equipment, materials, and
scientific and technological information for the peaceful
uses of nuclear energy. Parties in a position to do so shall
also cooperate in contributing to the further development of
the peaceful application of nuclear energy.

The problem of nuclear weapons proliferation is inherent
in the process of uranium fission which gives access to nu-
clear energy. According to ACDA, both nuclear weapons and
nuclear energy depend principally on the same technology and
use much the same type materials and production facilities.
However, to curb the exchange of technology through controls
over training could lead NPT adherents to allege noncompli-
ance with Article IV.

There is no way to ascertain the true intentions of the
foreign nationals being trained or the motivations of the
countries which they represent. However, nations which are
not parties to NPT and which have extensive nuclear capa-
bilities or ambitious plans for nuclear power development
are of particular interest to those concerned about nuclear
proliferation. Such non-NPT parties currently include
Argentina, Brazil, Egypt, Pakistan, South Africa, India,

l/United States, Soviet Union, United Kingdom, France,
China, and India.



Israel, and Spain. Other countries such as Iran, South
Korea, Taiwan, and Yugoslavia, although parties to NPT are
also of concern since possible political confrontations with
their neighbors could cause these countries to withdraw from
the NPT and develop a nuclear weapons capability.

Whether or not a nation turns to nuclear weapons devel-
opment depends upon its capability to produce such weapons
and its political self-interest. Capability is governed to
a large extent by access to nuclear technology and nuclear
materials such as plutonium or highly enriched uranium. Na-
tions which perceive a military threat to their existence
are likely to attempt to develop nuclear weapons; still
others may seek a nuclear weapons capability as a matter of
national prestige.

The Atomic Energy Act of 1954 (42 U.S.C. 2011) states
that the dissemination of scientific and technical informa-
tion relating to atomic energy should be encouraged to pro-
vide free interchange of ideas and criticism, which is
essential to scientific and industrial progress and public
understanding and to enlarge the fund of technical informa-
tion. That act also established the basis for U.S. parti-
cipation in international agreements for cooperation on !
the peaceful uses of atomic energy, which would not consti- ‘
tute an unreasonable risk to the common defense and security.

Over the years the United States has negotiated a number
of bilateral nuclear agreements for cooperation with indivi-
dual nations or groups of nations. Such agreements typically
provide that unclassified information can be exchanged on
the application of atomic energy to peaceful uses and the
related considerations of health and safety.

The International Atomic Energy Agency (IAEA), of which
the United States is a member, expresses a similar coopera-
tive attitude in its Statute. The Statute calls for IAFA
to encourage the exchange and training of scientists and ex-
perts and to foster the exchange of scientific and technical
information on peaceful uses of atomic energy. However, it
also provides that IAEA should ensure, so far as it is able,
that its assistance is not used to further any military
purpose. ’

The extent of U.S. programs to fulfill these coopera-
tive commitments is broad-ranging. There are obvious
benefits to such programs as providing nuclear training to
foreigners, but this report concentrates on whether such j
training could be an avenue to nuclear weapons proliferation. :
It also seeks to place training in some overall perspective.
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CHAPTER 2

NUCLEAR TRAINING--IN PERSPECTIVE

Training in high technology areas is considered one
of the most effective means of transferring technology
abroad, according to a 1976 report of the Defense Science
Board's Task Force on the Export of U.S. Technology. The
opportunity to obtain education and training in areas
related to nuclear technology has been made available to
several thousand foreigners over the years. They have
been involved in classroom and on-the-job training and
laboratory research activities at U.S. Government facili-
ties, public and private educational institutions, and firms
in the private sector. Some have received training under
IAEA-sponsored fellowships.

Before attempting to evaluate the proliferation risks
involved in providing foreigners such training, it is
important to understand which technologies are the most
relevant to a weapons program, what information is available
to the public-at-large on these technologies, how training
fits into the overall U.S. scheme for the international
transfer of nuclear technology, and whether a nuclear weapons
capability can be developed without formal training.

U.S. POLICY

The U.S. policy has been to make available the maximum
amount of information to assist progress in nuclear technol-
ogy and the peaceful applications of the principles and
techniques of nuclear energy while protecting information
essential to national security. The Atomic Energy Act and
the Nuclear Non-Proliferation Act set forth the framework
for the exchange of nuclear technology. Government officials
that we interviewed were concerned about proliferation, but
they did not believe training within these restraints was a
serious risk. They reasoned that the information had been
reviewed from a security standpoint and was considered suit-
able for public dissemination. In addition, the United States
and other major nuclear supplier nations have agreed to common
export policies including restraint in the export of repro-
cessing and enrichment technologies.

The executive branch has long perceived that the United
States does not have a monopoly on scientific talent in the
nuclear field and that even without U.S. assistance other
nations would be able to develop nuclear capabilities either



on their own or through the assistance of other nuclear
suppliers. Officials have concluded that the United States
is more likely to deter proliferation by constructively
associating itself with nuclear programs of foreign
countries than in remaining aloof.

State Department officials advised us that recent major
reviews of U.S5. nuclear policies have not dealt specifically
with the relevance of training being provided aliens at
Government laboratories, universities, and private industry
to U.S. non-proliferation objectives. 1In their view, unless
it can be demonstrated that there is reason to be concerned
about alien participation in nuclear activities in this coun-
try, the United States should not scrutinize these activities
from a nuclear proliferation standpoint.

The U.S. efforts to control nuclear weapons prolifera-
tion have concentrated principally on the safeguarding of
nuclear material. Over the years, the risks associated with
nuclear training were downplaved, because it was reasoned
that not one nuclear explosive device could be built, even
by trained specialists, without first obtaining sufficient
plutonium or highly enriched uranium. Starting with the
Atoms for Peace Program in 1954, the education and training
of foreigners in nuclear engineering and related fields have
been an integral part of U.S. policy.

Aliens from a country which has declined to forswear
development of nuclear weapons by signing the Non-
Proliferation Treaty are not precluded from pursuing nuclear
education and training in the United States. Nor are agree-
ments for cooperation (that contain guarantees that such coop-
eration will not be used for nonpeaceful purposes) required
of a foreign country for its citizens to participate in U.S.
nuclear educational opportunities.

DATA RELEVANT TO NUCLEAR WEAPONS

The manufacture of nuclear weapons can be divided into
two major areas of effort: (1) the production of weapons-
grade nuclear material; namely, plutonium or highly enriched
uranium, and (2) the design and fabrication of the weapons
themselves.

Uranium enrichment, the production of heavy water, and
the reprocessing of spent reactor fuel are the key technolo-
gies which provide the capability to produce weapons—-grade
material. The enrichment techniques ordinarily used to pro-
duce fuel for most of the world's power reactors can also
be used to produce highly enriched uranium. Heavy water
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productid% is important because it creates a moderator which
can be used with natural uranium in certain types of reactors
to produce plutonium. Reprocessing is the method of recover-
ing plutonium, a byproduct contained in the spent (used) fuel
from reactors,

In addition to these key nuclear technologies, other
technologies enhance the development of a nuclear weapons
capability. A successful nuclear weapons program requires
the efforts of people trained in a number of professional
disciplines. The following 10 disciplines, which obviously
have numerous peaceful applications, can be considered rele-
vant to a nuclear weapons program. The degree of significance
of each to a weapons program may vary and, of course, can be
debated, but each can contribute in some way.

Physics Electrical engineering
Nuclear engineering Mining engineering
Chemical engineering Mathematics
Metallurgical engineering Computer science
Mechanical engineering Chemistry

Information from the Lawrence Livermore and the Los
Alamos Scientific Laboratories on the backgrounds of per-
sonnel assigned to nuclear weapons programs generally con-
firms the selection of these 10 disciplines. The following
chart shows that a high proportion of the employees of these
laboratories are not nuclear engineers.

‘ Number of
Professional field employees
General physics 380
Mechanical engineering 217
Chemistry and chemical engineering 138
Electrical engineering, radio, electronics 90
Nuclear engineering, chemistry, physics,
science 75
Mathematics and statistics 62
Civil, architectural engineering,
metallurgy, mining, crystallography 57
General engineering 16
All others (note a) 118

a/Includes Business Administration, Computer Science,

" Humanities, Medicine, Biology, Geometry, Geophysics,
Geology, Military, Industrial, Aeronautical and Health
Engineering, and Physical and Life Sciences.



The above data represents the training received by
those individuals who are designing and modifying highly
sophisticated weapons for the U.S. nuclear arsenal. The
United States has for many years produced weapons-grade
nuclear material; most developing countries have not,.
Therefore, while a nuclear-related education may not be
the principal professional field of U.S. bomb designers,
it may be vital to a foreign weapons program.

CLASSIFIED OR DECLASSIFIED INFORMATION

The Atomic Energy Act deals specifically with the
control of certain nuclear information to protect national
security. Under the act, nuclear information which could
be inimical to the interests of the United States is cate-
gorized as Restricted Data.

The Atomic Energy Act defines Restricted Data as all
data concerning (1) design, manufacture, or utilization of
atomic weapons, (2) production of special nuclear material,
and (3) use of special nuclear material in the production
of energy, not including data declassified or removed from
the Restricted Data category. When data can be published
"without undue risk to the common defense and security,"
it may be removed from the Restricted Data category and
declassified.

The act also prescribes conditions under which anyone
from the United States may directly or indirectly engage in
the production of special nuclear material (enriched uranium
or plutonium) outside the United States. These extend to
furnishing such information to foreign recipients or for use
abroad.

The Department of Energy (DOE) 1/ maintains a continu-
ing program to make available to the public all possible
information about nuclear energy without endangering nation-
al security. The Department maintains classification
guides to assist technical experts in determining what infor-
mation can be published and the security classification
which must be placed on other information. DOE also reviews

1/The Atomic Energy Commission (AEC) was abolished
in January 1975, with its responsibilities assigned
to the Energy Research and Development Administration
(ERDA) and the Nuclear Regulatory Commission. In
October 1977, DOE assumed, among other things, the
responsibilities of ERDA.
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classified materialﬁdeveloped previously to determine the
material which could be published or downgraded to a lesser
category of classification.

The "Classification Policy Guide” forms the basis for
all other DOE classification guides., This Guide spells out
by means of topics, the information which has been declassi-
fied as well as the information that remains classified. Revi-
sions to this Guide are coordinated with the United Kingdom
and Canada to keep the classification rules consistent with
one another. Under this Guide, it was possible to make
available sufficient information to design, construct, and
operate civilian power reactors and their associated pro-
cessing plants, In addition, it was possible to make data
available on the effects of radiation on various materials;
the technology of heavy water manufacture; metallurgical
data on production of fuel elements, including some using
plutonium alloys; and considerable material on reprocessing.
The release of technology concerning the isolation and
handling of plutonium metal and its compounds, for example,
gave impetus to the development of the program for the use
of plutonium as a nuclear fuel for power and breeder reactors.

As matters stand, civilian nuclear energy research and
development is virtually free of security restrictions.
Nearly all the basic chemistry and practical technology
dealing with preparation of reactor fuel and materials and
with reprocessing has been declassified. Some information
generated in military-related programs which would be use-
ful in civilian programs is necessarily restricted. For
example, DOE has retained classification restrictions on
specific processing details as applied to the fuels of pro-
duction and military reactors. Much of this information
is considered too specialized for use in peaceful nuclear
application and such restrictions are not considered a
handicap to industrial and research efforts.

The Atomic Energy Act, as amended by the Nuclear Non-
Proliferation Act of 1978, sets forth conditions regarding
the export of "sensitive nuclear technology." The act
defines such technology as any information which is not
available to the public and which is important to the
design, construction, fabrication, operation, or mainte-
nance of enrichment, reprocessing, or heavy water produc-
tion facilities, but not Restricted Data.

This creates a new category of information and DOE
must determine what information will be controlled by this
definition. The implementing regulations do not specific~
ally define what data or types of information are considered



as meeting the controlling criteria. DOE indicated that
such precision as to definition was not advisable or prac-
tical. It prefers the approach of answering questions about
the applicability of the regulations to specific activities.

Since the Nuclear Non-Proliferation Act seeks to con-
trol the export of sensitive nuclear technologies, this
raises some questions about foreign participation in re-
search, training, and education in the United States. For
example, does foreign involvement in research, on-the-job
training, or exposure to classroom discussions--based on
information available to the public but reaching new,
important conclusions or findings concerning reprocessing,
enrichment, or heavy water production--fall within the
criteria of sensitive nuclear technology? Can these new
findings or conclusions be transferred to foreigners with-
out Government screening?

AVAILABILITY OF WEAPONS-RELATED DATA

The essentials of nuclear fission weapons design are
no longer secret, and the manufacturing techniques are within
the abilities of many nations, according to ACDA. Specific
designs of U.S. nuclear weapons, their dimensions, composi-
tions, detonating systems and yields are classified and likely
to remain so. However, much of the technology required to
make a nuclear fission weapon is in the open literature,
simply because it is utilized in peaceful applications.

In May 1964, the Lawrence Livermore Laboratory began the
"Nth Country Experiment® an experiment to see 1f a few capable
physicists, unfamiliar with nuclear weapons and with access
only to unclassified technology, could produce a credible
nuclear weapon design. The details of this experiment have
remained highly classified. However, the unclassified preface
of the report on this experiment showed that the information
and technology to design and construct a plutonium fission
weapon are almost completely available in unclassified
literature.

More recently, it has been reported that individual col-
lege students have been able to develop nuclear weapon designs
from unclassified data.

It is now generally agreed that one can learn the general
principles of how an atomic bomb works in most good libraries
and according to ACDA, some fairly detailed descriptions of
how a nuclear fission explosive device is constructed are
available in unclassified literature. However, ACDA officials
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add, actual construction of a nuclear explosive device is a
very difficult and hazardous undertaking even for those with
advanced scientific and engineering skills. According to
ACDA, the fabrication of a nuclear explosive device would
require not only the fissionable material but also personnel
with sophisticated skills and expertise in chemical and con-
ventional explosive technology, metallurgy, engineering, and
nuclear reactor physics.

i
o, i

DOE's Technical Information Center and the Department of
Commerce's National Technical Information Services publish
abstracts and indexes listing unclassified scientific and
technical nuclear information. Our review of a listing of
unclassified Technical Information Center scientific and
technical documents available from 1970 to July 1977 showed
a total of 689 studies relating to reprocessing and uranium
enrichment; most were related to reprocessing. Information
from this DOE system is also published in the National
Technical Information Service which has a much wider
distribution.

IAEA's International Nuclear Information System
(Atomindex) contains abstract references to unclassified
nuclear information. The abstracts include such subject
areas as production of enriched uranium, production of
heavy water, isotope production and enrichment, and nuclear
explosions.

AVAILABILITY OF NUCLEAR
TRAINING ABROAD

According to a 1977 IAEA inventory of nuclear training
facilities, at least 23 other countries have nuclear train-
ing programs. The training described in this inventory
covers a wide range of subjects provided by academic insti-
tutions, governments, contractors/consultants, and reactor
vendors. (See app. II.)

The inventory lists 78 foreign academic institutions,
34 foreign government institutions, and 1 foreign reactor
vendor that operate facilities for training in nuclear
power and its cycle. For example, West Germany has 28 uni-
versities or other academic institutions and 3 government
facilities with nuclear training programs. There are 9 uni-
versities and 8 government facilities providing nuclear
training in the United Kingdom.
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The training programs listed by IAEA cover such broad
areas as (1) nuclear powerplant operation and maintenance,
(2) nuclear safety, (3) quality assurance, (4) nuclear fuel
management, (5) nuclear materials control, (6) nuclear
plant control and instrumentation, and (7) nuclear powerplant
engineering.

The IAEA publication does not reveal the duration of the
training and the course descriptions provided to IAEA were
generally not very definitive. However, Brazil, Finland, West
Germany and Sweden reported specific training related to en-
richment and/or reprocessing.

A further analysis of the inventory showed that in com-
parison to the training available in the United States:

--France reported training at conly one government insti-
tution, in a single subject area--nuclear powerplant
operation and maintenance.

~--Sweden is the only foreign country which reported
training by a reactor manufacturer.

~-No foreign country reported any nuclear training by
consultants or contractors.

OTHER WAYS UNITED STATES
HELPED TRAIN FOREIGNERS

The United States has assisted other nations in obtaining
nuclear technology in a number of ways besides formal nuclear
training.

--Between 1956 and 1962, a total of 35 foreign countries
received about $9 million in research reactor develop-
ment grants and $2.7 million in related equipment
grants for nuclear research.

--A "sister laboratory" program was set up with
countries to exchange information and personnel
of U.S. organizations whose activities paralleled
those of foreign research centers.

-~-The International Cooperation Administration and
its successor, the Agency for International Develop-
ment, provided grants totaling $6.3 million to 27
countries for technical assistance projects related
to nuclear energy from 1956 through 1972, including
training in the United States for foreign nationals.

11
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--The U.S. Government has participated in and Finan-
cially supported numerous international scientific
conferences on atomic energy. For example: (1) the
First International Conference on the Peaceful Uses
of Atomic Energy was held in 1955, at which 1,428
delegates from 73 nations exchanged over 1,000
technical and scientific papers, including much
information which had previously been classified in
the United States and other countries, and (2) an
AEC Symposium for Chemical Processing of Irradiated
Fuels from Power, Test, and Research Reactors was
held in 1959 for the international review of tech-
nical information.

—--Under the Atoms for Peace Program, the United States
provided to each requesting country a complete
collection of unclassified AEC documents in the
field of atomic energy. From 1954 to 1968,
the United States provided 87 depository
libraries, each with about 60,000 documents, to
62 nations and 5 international organizations.

-~AEC conducted a program of advisory and consulting
services abroad. 1In the early 1960s, for example,
AEC helped the European Company for the Chemical
Processing of Irradiated Fuels 1/ at Mol, Belgium,
by assigning a full-time U.S. technical consultant,
arranging short-term visits of other technicians,
and exchanging technical reprocessing data.

--U.8. reactor and equipment manufacturers have trans-
ferred nuclear technology abroad in a number of ways
such as (1) having production carried out by foreign
affiliates, (2) licensing foreign firms to use
patented technology and providing corporate know-how,
(3) undertaking "turnkey" projects for design and
construction of complete plants or laboratories for a
foreign enterprise, including consulting services
during initial operations, and (4) exporting reactors
and related equipment accompanied by detailed instruc-
tions and assisting in installation, servicing,

1/Commonly known as Eurochemic, a semi-governmental,

" semi-private international company of 12 Western
European countries was established for the purpose of
constructing and operating nuclear fuel reprocessing
facilities to serve Western Europe.

12



supervision, and training of personnel for operation
of the equipment.

--The Export-Import Bank of the United States has
helped finance 51 foreign nuclear powerplants, as
well as nuclear training centers in Japan and
Romania, through loans totaling $3.3 billion and
$1.6 billion in financial guarantees. Eximbank
officials advised us that U.S. reactor vendors
provide training as an integral part of all
reactor sales.

-—Scores of U.S. experts have visited numerous
foreign nations to help on specific problems
encountered in developing civilian nuclear
programs.

--There have been technical collaborations with
about 40 countries, for example: with Canada,
on the production technology for manufacturing
heavy water; with the United Kingdom, Germany,
Switzerland, Canada, and Japan on fast breeder
reactors; with Australia, India, and Israel on
evaluation of nuclear data; and with the European
Nuclear Energy Agency on the Halden Boiling Heavy
Water Reactor and a high-temperature gas-cooled
reactor project.

CONCLUSIONS AND AGENCY COMMENTS

We recognize that there is an important distinction be-
tween designing a bomb and securing the needed material and
then constructing a nuclear weapon. However, once it is
known that a weapon can be built using certain principles,
we believe the difficulties are more apt to be resolved.

Our review showed that:

--Some fairly detailed descriptions of how a
nuclear fission explosive device is constructed
are available in unclassified technical literature,
according to ACDA.

~--U.S. Government and international information ser-
vices publish abstracts and indexes listing unclassi-
fied scientific and technical nuclear information
available to the public, including data related to
uranium enrichment and reprocessing.

13
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—-Tréining is one of the most effective means of trans-
ferring high technology, and at least 23 other coun-

tries provide nuclear training.

--Nuclear engineering is only one of several disci-
plines that is relevant to a nuclear weapons program.

--The United States has used a number of mechanisms be=-
sides training to transfer nuclear technology.

--The Nuclear Non-Proliferation Act of 1978 restricts
the export of sensitive nuclear technology. This
raises some questions about foreign participation in
U.S. nuclear research, education and training which
could result in new findings or conclusions concern-
ing reprocessing, enrichment and heavy water produc-
tion.

DOE officials said that sensitive areas of nuclear tech-
nology have been examined and precautions have been taken,
but it is very difficult to draw a firm line with respect to
what is and what is not sensitive; it is a matter of degree.
The Nuclear Regulatory Commission commented that definitions
which are clearly stated and consistently applied are essen-
tial in determining the proliferation significance of parti-
cular types of information and training. State Department
officials stated that the prevalence of grey areas of defi-
nition and categorization was a general problem and there
was a wide spectrum of views as to whether lines of delinea-
tion should be drawn.

Nevertheless, we were informed that under the organiza-
tional framework of the National Security Council's Inter-
agency Ad Hoc Group on Non-Proliferation, the executive
branch was reviewing a few of the apparently most sensitive
unclassified Government publications to determine whether
further distribution should be controlled. However, agency
officials cautioned that there were practical and legal
implications.

RECOMMENDATIONS

The Secretary of Energy, in conjunction with the Secre-
tary of State, the Chairman of the Nuclear Regulatory Commis-
sion, and the Director of the Arms Control and Disarmament
Agency, should:

14



--Clarify, through the issuance of coordinated inter-
agency guidelines, what specific data or particular
types of information are to be subject to the
"sensitive nuclear technology" export criteria estab-
lished in the Nuclear Non-Proliferation Act of 1978,
and how such criteria apply to foreign participation
in education, training, and research in the United
States.

-—-Consider discontinuing further distribution of U.S.
Government publications which could provide substan-
tial assistance to anyone seeking a nuclear explosive
capability.
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CHAPTER 3

ROLE OF U.S. GOVERNMENT FACILITIES

IN TRAINING FOREIGNERS

Foreigners have enhanced their nuclear capabilities by
attending formal training courses and by participating in
nuclear research projects at U.S. Government-owned contractor-
operated laboratories. 1/ Formal classroom work, some of
which included training in reprocessing and enrichment, was
given in the late 1950s and early 1960s but was curtailed
in 1965 because similar courses were available at U.S. univer-
sities. More currently, national laboratory training courses
have been limited to those under the auspices of IAEA and a
special course for Iranians.

In 1956, the Panel on the Impact of Peaceful Uses of
Atomic Energy summarized the manpower and training needs of
the atomic age as follows:

“The speed at which the peaceful uses of atomic
energy develop will be controlled by * * * the
availability of people having proper knowledge and
equipped with adequate facilities and the availability
of well gualified, highly trained scientists, engineers
and technicians to carry forward research, development,
design and construction of atomic plants and devices."

By that time, training in the United States of qualified
students of friendly nations had become one of the major
efforts of the U.S. Atoms for Peace Program.

A small beginning had been made even under the limited
international exchanges permitted by the Atomic Energy Act
of 1946, [60 STAT. 755 (current version at 42 U.S.C. 1801)].
Between 1948 and 1954, some 40 students from other countries
received the basic training in radioisotope techniques given
at the Oak Ridge (Tennhessee) Institute of Nuclear Studies, a
Government-supported institution.

1/bDuring World War II, the Government contracted with univer-

" sity and industrial organizations for nuclear research and
development as well as the operation of certain facilities.
At the end of the war, the major nuclear research and
development organizations that had been created were con-
verted to a peacetime footing. Thus the foundations for the
present system of national laboratories were laid.
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With the passage of the Atomic Energy Act of 1954, the
United States liberalized its nuclear cooperation with
foreign countries and the AEC international training program
began to grow in size and scope. By the end of 1959, more
than 2,500 persons from 70 nations had completed or were
receiving formal instruction or on-the-job training in
facilities of AEC and its contractors.

As the capacity of colleges and universities to provide
training in the nuclear field grew, AEC's program was oOri-
ented more and more to specialized training which utilized
the unique facilities or experience of AEC installations.

PAST FORMAL TRAINING PROGRAMS

AEC's formal international training courses were open
to qualified students from other countries. These courses
were available, primarily, at six AEC or contractor-operated
facilities: 0Oak Ridge National Laboratory; Oak Ridge Insti-
tute of Nuclear Studies; Argonne National Laboratory; AEC
Health and Safety Laboratory in New York City; Puerto Rico
Nuclear Center; and the Shippingport, Pennsylvania, reactor
site. Enrollees from other countries generally were spon-
sored by their respective governments; however, in many
cases, financial assistance was provided to such foreign
students through the State Department and the International
Cooperation Administration.

The most prominent formal training programs were given
at the Oak Ridge School of Reactor Technology and the Argonne
International School (later renamed Institute) of Nuclear
Science and Engineering and are discussed on the following
pages. A brief description of other formal nuclear training
courses offered by AEC in the late 1950s and early 1960s is
provided in appendix III.

Oak Ridge School of
Reactor Technology

The 1l2-month international training program at the Oak
Ridge School of Reactor Technology, which operated from 1959
to 1965, was designed to take students who had at least a
Bachelor of Science degree in engineering or physical sclence,
and begin the process of converting them into nuclear engi-
neers. Nine months of academic work were followed by 3 months
of more specialized practice in either reactor operations or
evaluation of hazards related to reactor operations.

It is now difficult to evaluate the extent of the subject
matter taught, but a review of the course descriptions given
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in a 3l-§a§e brochure dated January 1962 showed the program

included training on topics which could enhance, at least
indirectly, a nuclear weapons capability such as:
~--Uses and methods of isotope separations (enrichment).
--Separation of reactor products (reprocessing).
-~-Radiocactive waste disposal.

--Experimental reactor physics.

--Hazards evaluation including those related to pluto-
nium handling and metal fabrication.

-—-Radiation protection and shielding design.
--Reactor materials and high-temperature metallurgy.

Records showed a total of 115 aliens from 26 countries
had attended the Cak Ridge School.

Number of Foreign Participants
Oak Ridge School of Reactor Technology

1959-65

Japan 16 Spain 4
Italy 11 Switzerland 3
Pakistan 12 United Kingdom 3
India 8 Australia 2
China (Taiwan) 6 Denmark 2
Belgium 5 Indonesia 2
Brazil 5 Thailand 2
Iran 5 Finland 1
Philippines 5 Greece 1
South Africa 5 Netherlands 1
West Germany 5 New Zealand 1
Israel 4 Turkey 1
South Vietnam 4 Venezuela 1

TOTAL 115

|

Argonne International School of
Nuclear Science and Engineering

The Argonne International School was established in
1955 to provide qualified U.S. and foreign scientists and
engineers with a working knowledge of subject matter needed
for peaceful application of nuclear processes as quickly
as possible. Organization of the School was spurred by the

18
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belief that nuclear materials made available by the United
States could not assist in the rapid development of needed
electrical power if the world lacked trained scientists and
engineers with experience in the handling and use of nuclear
materials.

The School's objectives were to present and critically
evaluate the available technology in respect to (1) the pro-
duction of reactor materials, (2) the manufacture of satis-
factory reactor components, (3) the design, construction,
and operation of nuclear powerplants, (4) the processing
of all types of irradiated materials from nuclear reactors,
(5) the nonpower applications of nuclear reactors, and (6)
the utilization of radicactive products. In our opinion,
training in such areas as the production, processing, and
utilization of nuclear materials could, at least indirectly,
enhance a nuclear weapons capability.

Sufficient information was to be discussed to permit

the specialists who completed the work to be technically qua-
lified in one or more of the following areas: production and
purification of reactor materials from ores or other sources;
fabrication of these materials into reactor components;
design of research and power reactors; operation of reactors;
and design and operation of plants for processing radioactive
materials.

Countries were encouraged to send small groups who would
work in the various specialized areas and who, as a group,
could take home an understanding of the entire nuclear field.
The School was closed in 1960, but during the 5 years it
operated, 413 foreign nationals from 44 countries participated
in training.
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Number of Foreign Participants
Argonne International School of Nuclear
Science and Engineering

1955-60

Afghanistan 2 France 15 Pakistan 21
Argentina 4 Germany 27 Peru 3
Australia 2 Greece 16 Philippines 10
Austria 7 Guatemala 1 Portugal 3
Belgium 12 India 15 Rhodesia 1
Brazil 14 Indonesia 5 South Africa 1
Burma 7 Iran 3 Spain 34
Ceylon 1 Irag 5 Sweden 8
Chile 5 Israel 9 Switzerland 11
China (Taiwan) 14 Italy 35 Thailand 15
Cuba 2 Japan 30 Turkey 11
Denmark 4 Korea 22 Uruguay 2
Ecuador 2 Mexico 3 Venezuela 5
Egypt 8 Netherlands 9 Yugoslavia _ 3
Finland 4 Norway 2

TOTAL 413

Argonne International Institute
of Nuclear Science and Engineering

The International Institute of Nuclear Science and
Engineering was the successor to the International School
and operated between February 1960 and June 1965. The
Institute's training program was essentially the same as
the School's, but at a more sophisticated level and with
greater emphasis on individual project and research efforts.
This specialized advanced training and post-doctoral study
in the nuclear field included reactor science and tech-
nology; engineering research and development; physical
science research; life science research; and engineering,
administration, and operation of nuclear facilities.

In the 5 years of its existence, 256 foreigners from
29 countries, attended the Institute. Formal instructions
and special study opportunities were available in fields
that could at least indirectly enhance a nuclear weapons
capability such as

--reactor materials technology,

--physical metallurgy of reactor metals,
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--pyrometallurgical reprocessing of fuel, and

--chemistry of volatility separations.

Number of Foreign Participants
in the Argonne International Institute
of Nuclear Science and Engineering

1960-65

Argentina 3 India 50 Pakistan 3
Austria 6 Iran 3 Philippines 6
Brazil 21 Israel 5 South Africa 10
Burma 2 Italy 9 Spain 4
China (Taiwan) 7 Japan 75 Sweden 2
Denmark 1 Korea 4 Switzerland 1
Egypt 2 Mexico 1 Thailand 4
Finland 2 Netherlands 4 Vietnam 2
France 3 New Zealand 1 Yugoslavia  _15
Germany 9 Nigeria 1

TOTAL 256

Such international training programs were discontinued
in 1965 because of (1) increased capabilities of domestic
and foreign universities to provide advanced specialized
programs in nuclear sciences and engineering, (2) similar
schools established by atomic energy agencies in several
foreign countries, and (3) increasing difficulties experi-
enced by foreign students in obtaining financial support
for training at the AEC schools.

To assess the value and usefulness of its early training
programs, the AEC tracked the careers of foreigners trained
at its installations to determine whether their acquired
skills were being utilized. According to a 1960 AEC report,
“many of those who have completed various types of training
in the United States now hold positions of leadership in
nuclear energy programs, universities and industries and
research centers in their -home countries,”

Many of the foreign nationals who were trained at the

Argonne School or Institute went on to distinguish themselves
in their nation's program as shown by the following examples.
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Selected Foreign Officials Trained at Argonne

Country Position held
South Africa Director-General of Atomic Energy

Board and General Manager of
the Uranium Enrichment ‘
Corporation of South Africa

South Korea ‘ Director of the Atomic Energy
Bureau
Spain Director of the Industrial and

Pilot Plants Division of the
Nuclear Energy Agency

Egypt ~ Director of the Atomic Energy
Commission

Pakistan - Chairman of the Atomic Energy
Commission

Taiwan Secretary General of the Atomic

Energy Council

Director of the Institute of
Nuclear Energy Research

Yugoslavia Senior Scientific Staff of
Nuclear Energy Institute

Neither the Departments of Energy and State nor the
national laboratories now routinely keep or have readily
available information on the training backgrounds of senior
foreign nuclear officials or the current positions of those
individuals who have received U.S. training in the past.

RECENT FORMAL TRAINING PROGRAMS

Formal nuclear engineering-related training offered at
U.S. Government facilities at the time of our review was
limited to IAEA-sponsored nuclear reactor management courses
at Argonne and a special nuclear science and engineering
course at Oak Ridge designed expressly for Iranian students.

To reduce the risks of proliferation, the Government is
currently sponsoring courses to upgrade international safe-
guards and conducting programs for foreign representatives
on physical security measures to combat nuclear terrorism or
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sabotage. We did not review the safeguards and physical
security courses because their objective supports U.S.
non-proliferation goals.

IAEA Power Reactor Courses

Argonne National Laboratory is the site of IAEA courses
intended to train key technical and administrative personnel
from utilities, regulatory agencies, and power authorities
of developing countries. The courses offered are in the
development, construction, and operation of nuclear power
programs.

The two IAEA Nuclear Power Project Courses--(1) Plan-
ning and Implementation, presented at Argonne in January
1976 and September 1977 and (2) Construction and Operation
Management, given at Argonne in September 1976 and January
1977 ,--were broad and general in scope. The 3- to 4-month
courses were based on a syllabus developed by a panel of
international experts with wide experience in nuclear power
projects and in nuclear manpower training. The Federal
Republic of Germany and France have also presented both
these courses in their respective countries as part of their
contributions to IAEA.

Lectures given during the IAEA nuclear power course in-
cluded such topics as power reactor fuel cycles; safety,
safeqguards and regulatory functions; project management;
design and engineering review; maintenance, refueling and
plant modification; radiation protection; and environmental
considerations.

The nuclear power courses held at Argonne are tied to
U.S. in-kind contributions to the IAEA. The cost borne by
the United States for presenting the three IAEA nuclear
power project courses held before June 30, 1977, totaled
about $900,000. The bulk of these costs was for salaries
of Argonne employees, supplies, and salary and travel costs
for lecturers and consultants.

Special U.S.-Iranian training program

buring our review we learned of a recent U.S. program

for training Iranian personnel in the field of nuclear '
science and engineering. Pursuant to the U.S.-Iranian Joint
Commission, which was established in 1974 to foster broad
technical cooperation between the two countries, Iran offi-
cials made a formal request in 1976 to secure training in
the nuclear field to better prepare the Iranian engineers
and scientists for Iran's nuclear power program.
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In February 1977 a teau from the Oak Ridge Natlonal

Laboratory and the Oak Ridge Associated Universities, Inc., 1/
presented a proposed training contract to Iran. Subsequently
an agreement was reached between the Atomic Energy Organiza-
tion of Iran and DOE which provided that:

--0ak Ridge Associated Universities, Inc., had
responsibility for administering the training
and Oak Ridge National Laboratory was responsible
for technical assistance, tutoring, and laboratory
assignments for the trainees under their prime
contracts with the DOE.

~--Personnel receiving the training were to be from
Iran's Esfahan Nuclear Technology Center. Twenty
to twenty-nine trainees in the initial group were
to receive approximately 2 years of training.
Iran could also send other small groups for short
visits.

--Iran was to pay for all actual costs incurred in
operating this training program up to the total
agreed amount.

--The 2~year training program would include the follow-
ing topics:

Reactor engineering and Electronics and
design instrumentation
Reactor operation Hot cell operation
Reactor safety Radioactive waste and
Reactor materials disposal
Data processing Nuclear desalination
Experimental neutron Sodium technology
physics General laboratory
Environmental science operation

The proposed training contract presented to Iranian
officials in February 1977 stated that the cost for the
training would be $548,517. However, the cost estimate
provided Iran did not include the DOE's normal 20 percent
added factor and 8 percent depreciation charge, which
amounted to about $162,000.

l/A private nonprofit corporation sponsored by 43 colleges
and universities, which serves as a prime Government
contractor in conducting programs of scientific research,
education, information, and training.
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In June 1977 the U.S. Embassy's Science Attache infor-
mally discussed the matter of the additional $162,000 in
overhead with an Iranian official who indicated that his
country had negotiated in good faith, was not aware of any
additional $162,000 in overhead charges and therefore did
not feel the Iranian Atomic Energy Organization should
have to pay the higher cost.

DOE's general pricing policy is to price materials and
services furnished to others at the higher of full cost
recovery or current commercial prices. Therefore, DOE
advised the State Department that the only basis for waiving
the costs would be an overriding national interest and that,
unless State concluded there were such overriding national
interests, they planned to advise Iran that additional
charges would be necessary.

In July 1977 the State Department responded that (1) a
large part of future U.S.-Iranian cooperation would hopefully
be in nuclear energy once an agreement for cooperation was
signed, (2) American firms would be able to enter into long-
term contracts to provide six to eight nuclear power reac-
tors, and (3) to seek the added charges could seriously
affect future energy cooperation. The State Department sug-
gested that, in view of our national interests in developing
broad and particularly close ties with Iran in the energy
field, these charges be waived. DOE then officially waived
the charges, and the training agreement was signed in December
1977 with the apparent arrangement that any cost overrun
would be underwritten by the American taxpayers.

The Oak Ridge training program for Iranians began in
mid-1978. However, it was terminated in early 1979 because
of the lack of financial support by the Government of Iran.

CONCLUSIONS AND AGENCY COMMENTS

Formal training of aliens in nuclear engineering tech-
nology and related fields at U.S. Government facilities was
at its height in the early 1960s when a concerted effort
was being made to assist foreign nuclear programs through
the Atoms for Peace Program. While some of the training
related directly to such key technolocgies as uranium enrich-
ment and reprocessing, other aspects, in our opinion, could
alsc have enhanced, at least indirectly, a nation's nuclear
weapons capability.

Formal Government nuclear training was curtailed in

1965, not because of the proliferation risks involved, but
because similar courses were being offered by U.S. colleges
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and uni&&fsities elsewhere. It was U.S. policy not to pro-
vide training that was available in the private sector, as
the Government did not want to compete for students with
universities or other private organizations. In 1976, how-
ever, the Government reinitiated a nuclear training »rogram
by conducting IAEA-sponsored power reactor courses. In
addition, the United States subsequently agreed to provide
a special 2-year nuclear science and engineering course to
Iranians.

State and DOE officials commented that past Government
nuclear training was consistent with then existing U.S.
policies and technical judgments and that past actions and
decisions should not be criticized on the basis of today's
revised standards. DOE officials indicated that curtailing
Government training would be unwarranted if the objective
was to reduce proliferation risks.

State Department officials stated that training useful
in the production of weapons-grade material has been essen-
tially curtailed and that in giving nuclear training one
cannot ignore certain portions of the nuclear fuel cycle.
These officials added that the executive branch should have
the opportunity to consider political implications of U.S.
Government nuclear training as well as the economic benefits.

RECOMMENDATION

The Secretary of Energy, in conjunction with the Secre-
tary of State, the Director of the Arms Control and Disarma-
ment Agency, and the Chairman of the Nuclear Regulatory
Commission, should review the nature of nuclear training
programs to be conducted at Government-owned contractor-
operated facilities and the need for the U.S. Government--
as contrasted with the private sector--to provide nuclear
training programs for foreign nationals.




CHAPTER 4

ALTEN PARTICIPATION IN U.S. NUCLEAR RESEARCH

During the early Atoms for Peace days, many requests
from foreign countries for nuclear training could not be
met within the confines of the formal training courses.
Therefore, AEC attempted to arrange suitable individual
programs to meet those needs by permitting foreign access
to research opportunities. 1In many instances, this involved
specialized facilities available only at U.S. national
laboratories. Often, the alien participant was sufficiently
skilled to make a contribution to the laboratory's program
while gaining valuable on-the~job research experience.

From the beginning of the Atoms for Peace Program in
1955 to February 1977, about 13,500 non-Soviet bloc aliens
participated in research at AEC/ERDA-owned laboratories.
(See app. IV.) Our review showed that some aliens partici-
pated in unclassified research projects which could, at
least indirectly, provide skills useful to a nuclear weapons
program with a few having participated in research related
to enrichment and reprocessing.

The significance of research participation should not
be underestimated as a method of training. AEC in 1969
highly touted the educational benefits resulting from
research participation by saying that:

"Next to the pragmatic results of research at
AEC Laboratories, the most important product

is training. On~the~job training, whether for
permanent, temporary or part-time employees, has
strengthened the scientific manpower base in

the atomic energy field."

With the renewed interest in scientific research in
Europe after World War II, the launching of the Atoms for
Peace Program, and the impending shortage of qualified scien-
tists and engineers within the United States, the AEC decided
to broaden its use of alien scientists in the 1950s. Among
the policy changes instituted were:

--Removal of quota restrictions on employment of alien
scientists in Government and its associated
laboratories,

--Authorization for all laboratory and contractor
installations to employ aliens or have guest
aliens in unclassified research and in nonsecurity
areas, subject to appropriate security checks and
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procedures to ensure the protection of classified
information.

~-Appointment of aliens to laboratories on a space-
available basis.

Adherence to the NPT by the researcher's home country
does not appear to be a factor in alien involvement in
nuclear research at Government-owned laboratories. Although
it is U.S. policy to encourage countries to become NPT
parties and U.S. officials say that NPT parties are given
preference when the United States provides nuclear~related
technical assistance, such preferred treatment is not
given to individuals from NPT countries interested in
participating in nuclear research at U.S. Government-owned
facilities.

There were about 2,500 aliens participating in research
programs at U.S. Government-owned contractor-operated labora-
tory facilities in June 1977, but a substantial portion were
involved in non-nuclear research. Of the total, about
40 percent were engaged in research at Argonne, Oak Ridge,
and Brookhaven National Laboratories. The principal areas
of research at Argonne and Oak Ridge are nuclear energy and
life sciences. Brookhaven's principal efforts are in funda-
mental research in physical and material sciences.

Foreigners at the laboratories may or may not receive
compensation depending upon their position classification.
Alien employees, whether full- or part-time, are paid sal-
aries at rates comparable to $6,300 to over $40,000 per
year. Aliens engaged as temporary research or technical
collaborators do not draw salaries but do receive allowances
for such things as travel, lodging, and daily expenses.

For example, at Brookhaven National Laboratory, this support
varied from $11 a day for 1 month to free housing plus

$15 a day for 1 year. Guest scientists receive no remu-
neration from the Laboratory.

PREVIOUS RESEARCH

The extent of alien participation in research related
to reprocessing and enrichment at U.S. national laboratories
over the last two decades has been relatively small. During
our review we learned that:

~--At Argonne National Laboratory, 17 foreigners parti-

cipated in unclassified research related to reprocess-
ing or enrichment between 1955 and 1977.
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--The Oak Ridge National Laboratory, in February 1977,
developed a list of 44 foreigners from 17 countries
who, since 1959, had participated in work on or had
other exposure at Oak Ridge to the plutonium fuel
cycle. "Other exposure" was interpreted as a
reasonable likelihood of access to pertinent docu-
ments or involvement in relevant discussions.

--At least nine foreigners were involved in plutonium
recycle research at Brookhaven since 1958, according
to DOE field personnel.

To assist us in our review of alien participation at
U.S. facilities, the Oak Ridge National Laboratory developed
a list of 1,665 foreign nationals from 73 countries that had
been assigned to the Laboratory at some time between the
period January 1, 1955, and June 30, 1977.

From short narrative descriptions, it appears that about
10 percent of these 1,665 foreigners were involved in unclas-
sified nuclear research projects such as those related to
reactor metallurgy, neutron and reactor physics, radiation
protection, and nuclear instrumentation which could enhance,
at least indirectly, skills useful in the development of a
nuclear weapons capability.

RECENT RESEARCH

No foreigners were engaged in reprocessing, enrichment
or heavy water production research at Argonne, Oak Ridge,
and Brookhaven National Laboratories at the time of our
review. However, aliens were involved in research which
could at least indirectly enhance a nuclear weapons
capability.

Argonne National Laboratory officials indicated that
of the 306 alien employees and guests at the Laboratory
as of June 30, 1977, 25 were involved in research which
could enhance skills useful to a nuclear weapons program.
This research included such projects as structural analysis
of fuel element cladding; reactor components; fast reactor
physics; reactor accident analysis; nuclear chemistry; and
designs for fission reactors and experimental fusion power-
plants. Argonne officials explained that these 25 foreign
nationals were working on nuclear power programs and
although the skills were, in some way, related to
nuclear weapons, the connection was by no means direct.
They added that most of these aliens were immigrants
or were seeking immigrant status.
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Of the 145 aliens assiéLed to the Oak Ridge National
Laboratory as of June 30, 1977, 13 were engaged in research
on such projects as radiation protection for fuel element
reprocessing; irradiation effects; reactor metallurgy and
materials; treatment and disposal of radioactive waste;
and nuclear radiochemistry.

At Brookhaven National Laboratory, we noted unclassi-
fied research was underway on laser-induced chemical
reactions for the separation of certain isotopes. One
objective of this research was to obtain basic knowledge
that could be extended to uranium enrichment. Although at
the time of our review there was no foreign participation
in this project, it is considered unclassified and open to
alien involvement.

VIEWS OF LABORATORY OFFICIALS
AND FOREIGN PARTICIPANTS

Officials at the national laboratories we visited all
seemed to agree that the participation of aliens in nuclear
research at the laboratories would have, at most, only a
very minor effect upon the proliferation of nuclear weapons.
They felt that most of the aliens who undertake research
at the laboratories already have whatever theoretical skills
are necessary to construct nuclear weapons and their labora-
tory experience adds little to this basic knowledge.

Oak Ridge officials advised us that, because the United
States in the 1950s had declassified and released to foreign
nations the basic knowledge and technology required to build
reactors and fuel elements and had disclosed reprocessing
methodology, proliferation has not been a concern at the
Laboratory. Argonne officials stated that, while knowledge
gained at the Laboratory might be of indirect use to a nation
intent on producing nuclear explosives, they believed most
foreign participants had an extensive educational background
(many hold doctorate degrees in nuclear-related fields) and a
high level of skill before arriving at the Laboratory. Brook-
haven officials pointed out that the Laboratory's efforts
were geared toward basic research rather than applied techno-
logies. They added that aliens are an integral part of the
ongoing research and are making valuable research contribu-
tions to the United States.

Laboratory officials pointed out the only way to
guarantee that any knowledge gained, however peripheral
to nuclear weapons development, would not be used for
nonpeaceful purposes would be to completely exclude any
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foreign participation. They believe that this is not a
feasible alternative since the United States would be
forgoing benefits to be gained from the participation of
aliens in return for some ill-defined guarantee that nuclear
proliferation will not result from foreign participation in
U.S. research. It was also brought to our attention that
many aliens eventually become U.S. citizens and continue to
make valuable scientific contributions to this country.

We interviewed 36 foreign nationals who were involved
in nuclear research at Argonne, Oak Ridge, and Brookhaven
National Laboratories. During these interviews the aliens
typically provided the following comments.

--Their research work at the laboratories was not
related to a nuclear weapons program.

--They planned to become U.S. citizens.
--They attended a U.S. university.

--They had at least a master's degree in a nuclear-
related field.

U.S. CONTROLS OVER FOREIGN
PARTICIPATION IN LABORATORY
RESEARCH

The primary objective of controlling alien partici-
pation at U.S. facilities is to protect any classified
research and information from unauthorized disclosure.

The Department of Energy verifies, to the extent possible,
the identity and objectives of proposed foreign participants
and isolates classified research areas to preclude unauthor-
ized access.

0ld AEC Manual orders are still used by DOE as the

criteria for foreign participation in unclassified research
at Government laboratories. AEC Manual Order 3303, "Soviet
Bloc Visits, Participation and Conference Attendance," out-
lines the criteria for processing alien requests from Soviet
bloc countries and AEC Manual Order 3304, "Non-Soviet Bloc
Alien Visits and Participation," establishes procedures for
processing requests from other nations.

DOE officials advised us that both the DOE headquarters
and cognizant field operations offices are involved in proc-
essing Soviet bloc requests. Officials at the Department's
Oak Ridge Operations Office told us that Soviet bloc aliens
are approved by topic and building assignment. In addition,
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the laboratories are required to report to the Department's
Operations Office on the alien's activities.

. Non-Soviet foreign nationals may participate in unclas-
sified research activities at Government and Government-
supported installations provided that:

--Adequate measures exist to ensure that they will
not gain access to classified information,

--The level of foreign national participation will not
be unreasonable, no increase in funding is required,
and adequate supervision can be maintained.

--Cognizant agency officials determine there is "no
security objection," when required.

--The same standards of professional qualifications
are used in selecting foreign nationals as are used
for U.S. citizens,

--Equally qualified U.S. citizens are given preference
over foreign nationals for regular employment.

Before a foreign national can be employed, the DOE

field office manager must determine the adequacy of security
arrangements and initiate checks of investigative and intel-
ligence files as deemed appropriate by Headquarters. More
background information must be submitted with a request for
reqular employment than with a request for temporary employ-
ment or guest assignment. If substantial derogatory informa-
tion becomes known, DOE Headquarters makes the determination
on the case.

For non-Soviet bloc countries, the Department's cogni-
zant field office is principally responsible for processing
and approving requests for participation in research at the
laboratory. Generally, the field office determines if an
alien request for participation in unclassified research
conforms with departmental policy and objectives and either
approves or disapproves the request. Once the field office
approves a request, DOE headquarters has the option of
disapproving it, but such disapprovals are infrequent.

There are some exceptions to the normal processing of

requests for foreigners participation in unclassified
research.
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--Participation in research on reprocessing, uranium
enrichment, and heavy water production is essentially
curtailed.

--Prior DOE Headquarters approval is required for
any applicants from India and South Africa.

--Participants from France, Belgium, Netherlands,
and West Germany involved in the ligquid metal fast
breeder reactor program require prior DOE headquar-
ters approval. This is to ensure that U.S. scien-
tists receive data commensurate with what they
are providing under specific breeder reactor tech-
nology exchange agreements.

--Access to projects and documents designated as
applied technology, such as those involving the
breeder reactor or other nonpatented technology,
is restricted to individuals from countries with
which the United States has specific technology
exchange agreements.

Laboratory officials said that, although alien partici-
pation is approved for a specified area, an alien could be
exposed indirectly to other areas through such mediums as
program staff meetings. We were advised that once an alien
has access to the laboratory the primary control responsibil-
ity lies with the regular employees, particularly the
supervisors. We were told that both the regular employees
and the aliens are aware of restrictions placed on alien
participation.

Officials from the Departments of Energy and State told
us that existing controls over alien participation in unclas-
sified research were adequate. We did not attempt to test
the adequacy of the procedures for approving alien participa-
tion or the physical controls once aliens were at the U.S.
facilities. We did, however, note that although DOE regula-
tions call for a determination on the reasonableness of the
overall level of alien participation at DOE laboratories,
none had been made since at least 1972. Moreover, DOE offi-
cials could produce no documents to substantiate the 1972
assessment.

Earlier AEC regulations indicated that the periodic
review of the overall level of alien participation was to
have constituted an evaluation of the relative advantages
and disadvantages of continued alien participation in the
research and operations programs at contractor-operated
facilities.
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CONCLUSIONS AND AGENCY COMMENTS

At the three laboratories we visited, a few dozen foreign
nationals had, over a 2-decade period, been involved in re-
search related to reprocessing or enrichment. However, we
could identify no alien engaged in reprocessing, enrichment,
or heavy water production research at the time of our visit,
but a limited number of foreigners were gaining experience on
other projects that could be considered to be of proliferation
concern if it were applied to a nonpeaceful project.

Laboratory officials contend that an attempt to control
foreign involvement in any research that could be considered
indirectly related to a weapons program could represent a
serious blow to the scientific community. They also pointed
out that much of this research has been done by immigrants
seeking U.S. citizenship.

Although aliens may have an important role to play in
advancing U.S. nuclear research and development, we believe
there is a need to reassess the foreign participation at U.S.
research facilities and to limit, when appropriate, any
participation that could be used to significantly raise the
ability of another nation to make nuclear explosives.

DOE officials advised us that restrictions had been
established concerning foreign participation in research
on sensitive technologies and that the Department was in
the process of revising and updating the internal review
procedures, established by AEC, concerning foreign parti-
cipation and visits to U.S. Government research facilities,
principally national laboratories.

We also learned that DOE had engaged a consultant to
study what specific research technology and training disci-
plines should be categorized as sensitive from a prolifera-
tion standpoint.

RECOMMENDATIONS

The Secretary of Energy, in consultation with the
Secretary of State, the Director of the Arms Control and
Disarmament Agency, and the Chairman of the Nuclear Regqula-
tory Commission, should:

--Determine if areas of unclassified nuclear research
at Government-owned research facilities can be rea-
sonably held to be of significant proliferation
concern and, where appropriate, limit foreign parti-
cipation.
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--Consider the desirability of giving preference to
individuals from countries adhering to the Non-
Proliferation Treaty when approving alien partici-
pation in Government-supported nuclear research.

We also recommend that the Secretary of Energy peri-
odically assess alien participation in nuclear research at
U.S. Government laboratories. Such an assessment should
include information on the (1) reasonableness of the over-
all level of participation, (2) areas of concentration and
contributions made, and (3) internal review procedures

followed to control participation in research that could
contribute to proliferation.
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CHAPTER 5

NUCLEAR TRAINING AT U.S. UNIVERSITIES

University training in nuclear engineering and related
disciplines is quite extensive in the United States.
Available statistics show that U.S. colleges and universities
offer over 3,000 unclassified courses related to nuclear
science and engineering. Course descriptions obtained from
selected universities indicate that some courses include dis-
cussions of reprocessing and enrichment.

Faculty members at the universities we visited indicated
that nuclear engineering and related courses could be con-
sidered indirectly related to nuclear weaponry in that they
raise the plane of knowledge about nuclear energy, but facul-
ty members did not believe that university educational pro-
grams directly contribute to proliferation risks. Moreover,
they point out that nuclear engineering is only one of several
disciplines needed for a nuclear explosive capability.

Over the years the U.S. Government has provided finan-
cial support to the nuclear programs at the universities.
It does not, however, monitor course content or set criteria
for foreign student participation in university programs
beyond that involved in the normal visa process. Moreover,
the Government does not compile information regarding the
number of foreign students by country who are being or have
been trained in nuclear programs at U.S. colleges or univer-
sities.

UNIVERSITY COURSES OFFERED

According to a DOE compilation, 190 4-year institu-
tions in the United States offer 3,087 courses in nuclear
science and engineering. 1In addition, 79 schools offer
technician training programs of 2 to 4 years' duration
in one or more nuclear technologies. All of the courses
are apparently open to foreigners. The following table
shows DOE's categorization of 3,087 courses.
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Nuclear Science and Engineering Courses Available at

U.S. 4-Year Educational Institutions

February 1977

Either
undergraduate
Course category Undergraduate Graduate or graduate Total
Atomic and nuclear physics 380 392 101 873
Radio- and nuclear-chemistry 34 8l 87 202
Health physics 172 273 99 544

(Includes radiobiology,
biophysics, environ-
mental radiology, radiation
effects, radiological physics,
and reactor safety)
Muclear technology 292 402 141 835
(Includes nuclear engineering,
reactor analysis, reactor design,
reactor instrumentation, and
reactor laboratory)
Radiation hazards control 39 86 44 169
(Includes radiation shielding
and waste disposal)

Reactor materials 16 38 33 87
(Includes nuclear metallurgy)

Reactor fuel technology 10 29 16 55

Thermonuclear; plasmas 9 o1 23 123

Radioisotope techniques 27 38 58 123

Other (a) (a) (a) 76
TOTAL 979 1,430 602 3,087

a/Breakdown between graduate courses offered not available.

Source: DOE
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To‘gain some insight into the extent that uranium en-

richment, reprocessing, and production of heavy water
might be included in nuclear engineering courses, we exam-
ined the course descriptions of the Massachusetts Institute
of Technology (MIT) and the Universities of Michigan,
California at Berkeley, and Illinois. Of the 160 course
descriptions reviewed, 8 included references to fuel element
fabrication, fuel reprocessing, or uranium enrichment.
(See app. V.) The catalog descriptions of these eight
courses showed that the portion dealing with such technolo-
gies commanded only a segment of the total description.
According to the Congressional Research Service, however,
almost all major educational institutions offer courses
relevant to fuel reprocessing.

In discussions with university officials and faculty,
we were advised that the fundamental principles of techno-
logy are taught, but not the "hands-on" techniques required
to actually perform the process. They indicated that there
is a big difference between theory and application. They
did not feel their students would be able to actually con-
struct an enrichment or reprocessing plant without addi-
tional information and experience. One professor likened
it to petroleum refining--students aré taught its principles
but very little in the way of actual refining or specific
applied technology is discussed.

During our review we learned that from the late 1960s
to the mid-1970s, at least 18 civilian schools offered courses
related to nuclear explosives engineering. However, from
talking with educators at two schools where such courses were
offered and reviewing a text used in one course, it was appar-
ent that the courses did not include the design and fabrica-
tion of the nuclear explosive itself. The courses, we were
told, pertained to the potential application of peaceful
nuclear explosions for such purposes as digging canals and
harbors or developing petroleum and mineral resources. The
professors assumed the nuclear explosive device would be
purchased from the U.S. Government.

STATISTICS ON FOREIGN NATIONALS
ATTENDING NUCLEAR PROGRAMS

During the fall of 1977, 35 percent of the students en-
rolled in U.S. doctorate degree programs in nuclear engineer-
ing or engineering with a nuclear option were foreigners,
according to available DOE statistics. Since DOE relies on
voluntary participation to compile its data, the statistics
should be looked upon as an indication of enrollment rather
than as an absolute number.
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For the master's degree programs, foreign students made
up 27 percent of the enrollment; and at the undergraduate
level, 7 percent of the students were foreigners. DOE
figures show the total number of foreigners enrolled in
graduate and undergraduate nuclear programs increased from
390 in the fall of 1973 to 666 in the fall of 1977. Of the
nuclear engineering degrees conferred in the 1976-1977
academic year, foreigners received 30 percent of the doctor-
ate, 23 percent of the master's, and 4 percent of the bach-
elor's degrees., (See table on the following page.)

39



Foreign Participat%%n in Nuclear Engineering or
Other Engineering Fields with Nuclear Options
as Reported by DOE

Degrees conferred Academic year (note a)
to foreigners 1976-77 1975-76 1974-75 1973-74 1972-73
Doctorates 36 47 30 28 28
30% 32% 30% 22% 22%
Masters 127 81 76 61 58
23% 17% 16% 13% 13%
Bachelors (note b) 32 20 39 8 16
4% 3% _8% 18 __ 2%
Total 195 148 145 97 102
14% 12% 13% 8% 8%

Enrollment of
foreigners (note ¢) 1977 1976 1975 1974 1973

Doctorates 202 192 239 159 183
35% 33% 36% 27% 29%

Masters 312 312 285 182 150
27% 23% 20% 15% 15%

Bachelors 152 118 105 54 57
7% 6% __6% __ 4% _ 48

Total 666 622 629 395 3%
18% 16% 16% 12% 13%

a/Percentages are of foreign involvement in relation to the total
number of degrees conferred and students enrolled.

b/For those students enrolled in the 3rd and 4th years of the program.

c/For full- and part-time students in the fall of the year.

Note: Not all of the schools reported separate data on foreign national
enrollment and degrees granted, but only totals for all students.
Hence, the above figures could be somewhat understated if

those schools reporting only totals did indeed enroll or grant
degrees to foreign nationals.
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Some universities restrict the enrollment of foreigners
in their departments, often to approximately 25 percent.
Officials of these schools felt that, although a mixture of
foreign national and U.S. students contributes to the educa-
tional process by facilitating interaction and the exchange
of ideas, they recognize that their primary responsibility
is to the educational requirements of American students.

Another consideration for some schools is the financial
support they receive from their State government. If they
enroll large numbers of foreign students, the taxpayers might
object. Thus, the unwritten quota is either imposed directly
by setting an upper limit for foreign participation or indi-
rectly by precluding or limiting foreign nationals from re-
ceiving financial assistance or working in college=-sponsored
jobs.

The DOE does not maintain statistics on a country-by-
country basis for the number of students attending nuclear
programs at U.S. educational institutions. At three of the
schools we visited, Iran, Taiwan, and Brazil had the largest
representation among the 145 foreign graduate students
enrolled in nuclear degree programs during 1977 as shown
in the following table,

Foreign Graduate Students Enrolled in
Nuclear Engineering Departments at
Three U.S. Universities

1977
Iran 48 Spain 3 Malaysia 1
China, Republic of 21 Libya 2 Ceylon 1
(Taiwan) (Sri Lanka)

Brazil 13 Argentina 2 Belgium 1
Algeria 7 Canada 2 Costa Rica 1
Hong Kong 6 Egypt 2 England 1
Korea 5 Israel 2 France 1
Japan 4 Jamaica 2 Italy 1
Greece 4 Iraq 2 Mexico 1
India 4 Bangladesh 2 Pakistan 1
Turkey 3 Nigeria 1 Jordan 1

Total 145

RELEVANCE AND APPLICABILITY
TO NUCLEAR WEAPONS

Our review focused on nuclear engineering at the univer-
sities we visited; we were particularly interested in the
graduate degree programs (doctor's and master's) because of
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the higher percentage of foreign participation at that level
and the greater specialization inherent in graduate courses.
At three of the universities, we also obtained data on the
physics and the chemical and metallurgical engineering
departments because of the role those disciplines could play

in a nuclear weapons development program.

Our review of nuclear-related graduate programs at four
major universities showed that:

--The objective of the nuclear engineering department
was to provide an education for students interested
in developing peaceful application of nuclear energy.

--The educators teach unclassified theories and prin-
ciples and not specific technologies.

~-University officials believed that the lack of train-
ing in specific technologies would present a very
difficult problem for students attempting to fabri-
cate a nuclear explosive device. However, the
nuclear theories and principles provided by univer-
sity programs might be relevanht to the design of
nuclear weapons.

--The academic community feels that foreign students
not only receive a university or college education
but also the opportunity to assimilate the safety
and nonproliferation objectives of the United
States.

University personnel advised us that laboratory experi-
ments and demonstrations do not usually involve the sensi-
tive technologies of enrichment, reprocessing, and produc-
tion of moderators as such experiments are too technical,
expensive, or hazardous for university teaching. It was
also noted that such experiments would be involved more
with applied technology than with the underlying principles
that the university educational programs stress. However,
a faculty member did say that certain research projects
might include some aspects of subjects considered to be
of proliferation concern but usually did not involve actual
laboratory work. Instead, computer simulations are used
quite extensively.

Seeking a wider base of opinion on the relevancy of
university educational programs to nuclear weapons prolifer-
ation, we asked the Nuclear Engineering Department Heads
Committee, composed of representatives from 64 colleges and
universities, for its comments on the proliferation aspects
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of training. The Committee, with the approval of department
heads from 26 universities, replied that:

" * ¥ * We are not aware of any nuclear engi-
neering program where the special engineering
and scientific techniques necessary to nuclear
weapons design are taught. Nuclear engineering
graduates represent a small fraction of the
total pool of individuals involved in weapons
work * % % v ’

" % * % Clearly, any attempt to restrict access
in education to areas with possible weapons
application would put the U.S. in the role

of declaring as 'off limits' many traditional
areas of modern technology."

"We believe that the potential risks of
foreign national students applying the skills
they have learned in nuclear engineering pro-
grams to weapons system and nuclear explosive
developments are far outweighed by the benefi-
cial consequences of the international use of
the nuclear energy option for power generation
as well as by other nuclear applications, in-
cluding those in medicine, agricultural
research and space exploration.”

All of the faculty members we interviewed assured us
that no course material contained in any of their programs
applied directly to nuclear weaponry--that all of the
material was included in the curricula because of its appli-
cability to the peaceful uses of nuclear energy. Since the
courses were considered, at the most, only indirectly re-
lated to nuclear weaponry, the faculty members did not see
how a university educational program could directly contri-
bute to the proliferation of nuclear explosive capabilities
abroad.

Faculty members pointed out that since all of the
applications of nuclear energy rely on the same fundamental
principles and theories, almost anything that is learned
about nuclear energy could be at least in some way relevant
to nuclear weapons, Several of the educators, carrying the
concept of relevance to the extreme, maintained that if one
considers nuclear engineering courses relevant to prolifera-
tion, then grade school reading and mathematics are also
relevant to proliferation since those very basic skills are
required to obtain a nuclear weapons capability. However,
the foreign students we interviewed typically indicated that
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their education had little or no relevancy to nuclear weapons
development.

Quite a few members of the academic community expressed
the opinion that proliferation is a political problem and
not a technical one. They maintained that the only factor
holding back countries with a moderate industrial base is
the political decision that the country needs or wants a
nuclear weapons capability and is willing to suffer the
consequences--politically and militarily.

Because of the precarious energy situation, some felt
it would be unwise on the part of the United States to do
anything that might upset a country's supply or possible
future source of energy--directly or indirectly--by limiting
its cadre of nuclear engineers. Others felt that the unclas-
sified information available from the U.S. Government alone
could aid a country's nuclear weapons development program
more than a university educational program,

At the four universities we visited, we were informed
that no part of the educational program on-campus was secur-
ity classified, including research. The faculties felt that
the educational process was furthered by not becoming in-
volved with material or research that could not be published
or discussed openly in the academic community. One of the
prime requirements for theses and dissertations is that they
be publishable and available to interested parties.

Some universities do, however, operate off-campus re-
search facilities which conduct classified research. When-
ever material or research is classified, DOE security
requirements must be met; that is, all participants must
have security clearances. Foreign nationals are not normally
granted security clearances, with some very minor exceptions
under mutual defense treaties.

Multiple applications of the same principles and theo-
ries for contrary purposes are not unique to nuclear energy.
An illustration of another such area presented by a professor
concerns metallurgy. When people are taught how to produce
steel, it is assumed they are seeking information for peace-
ful purposes. There is, however, no guarantee that they will
not use this information for nonpeaceful purposes such as
manufacturing cannons.

Appendix VI lists the disciplines most relevant to a
nuclear weapons development program and illustrates how edu-
cation provided by a university in those fields might be used
in peaceful programs as well as a nuclear weapons program.
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GOVERNMENT'S ROLE IN ADMITTING FOREIGN
NATIONAL STUDENTS INTO THE UNITED STATES

The Immigration and Nationality Act (8 U.S.C. 1101)
provides for the admission of foreign nationals to study at
trade schools, high schools, universities, and other educa-
tional institutions in the United States under two different
types of visas. One visa is for exchange students or visi-
tors who are admitted as participants in a program approved
by the Secretary of State for the purpose of teaching,
instructing, lecturing, studying, observing, conducting
research, consulting, demonstrating special skills, or
receiving training. The second type of visa is for aliens
admitted solely to study at an established institution of
learning or other recognized place of study approved by the
Immigration and Naturalization Service.

The field of study that a foreign student intends to
pursue does not influence the type of review his immigrant
student visa application receives. Hence, the Government
exercises no more control over foreign national students
entering the United States to attend nuclear-related courses
than it does over foreign students entering the United States
to study the arts or humanities.

Most foreign nationals seek to obtain their student visas
from an American consulate in their home country, but an alien
already in the United States in another nonimmigrant classi-
fication may apply at an Immigration and Naturalization Service
district office for a change to student status.

In deciding whether to approve a student's visa appli-
cation or application for change of nonimmigrant status
to that of student, the reviewing officer, either a Depart-
ment of State consular officer or an immigration examiner,
considers whether the alien meets the following qualifica-
tions which are required by Federal regulations.

--A properly executed certificate of eligibility
from an approved institution or other place of
study showing that he has been accepted for
attendance.

--Sufficient funds or other acceptable arrangements
to cover expenses.

--Adequate scholastic preparation and knowledge of
the English language to pursue a full course of
study or arrangements to be tutored in the English
language.
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--An intention and ability to depart from the

United States upon terminating his studies.

The process of granting student status has relied
heavily on the admitting school's determination that the
alien has adequate scholastic qualifications and statements
that the student has financial resources to cover his edu-
cation and living expenses without having to seek employ-
ment. However, the State Department, at the time of visa
issuance, and the Immigration and Naturalization Service
at the time of entry, check the student's name against each
agency's "lookout" system to determine whether the person
is a known criminal or terrorist or is otherwise the sub-
ject of a lookout notice posted by another government
agency.

If the alien student is to participate in a program
designated by the Secretary of State to be cultural ex-
change, then the nature of the training will have been
reviewed by the Department of State to determine its use-
fulness to the development effort of the student's home
country. However, little consideration is given to the
nature of training to be obtained by individuals pursuing
a full course of study at a facility in the private sector.
There are no restrictions on the curricula that foreign
nationals may pursue at U.S. universities.

GOVERNMENT INVOLVEMENT WITH
SPECIAL PROGRAMS BETWEEN FOREIGN
ENTITIES AND U.S. SCHOOLS

During our review, we learned that MIT had established
a special program for training 50 students from Iran. Under
its contract with MIT, the Atomic Energy Organization of
Iran pays the cost of the additional course sections that
MIT has to provide in order to accommodate the Iranian
students.,

All students accepted by MIT, regardless of whether
they are admitted under this nuclear engineering program
or not, are subjected to the same admissions requirements
and screening. In essence, the contract permits additional
Iranian students to attend the MIT nuclear engineering
program by providing MIT with the resources required to
increase the total number of student openings available
to Iranians. The program began in September 1975 with the
first class of 25 and training was completed in June 1977.
The second class began course work in June 1976 and
completed the program in 1978. Although there was no
specific requirement of the University to do so, MIT
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consulted with the Department of State before entering
into the contract.

We also learned that in August 1976 the Uranium
Enrichment Corporation of South Africa expressed interest
in U.S. training for one of its scientists in an area
related to laser isotope separation of uranium. 1/ The
South Africans requested such training from at least 3
(MIT, the University of California at Berkeley, and Los
Alamos Scientific Laboratory) of the 24 U.S. institutions
working on such research, but their requests were denied.

--Los Alamos turned down the request because all
research on the subject at the Laboratory takes
place in an area restricted to employees with
security clearances.

--MIT declined the South African request because of
the political sensitivity involved after informal
consultations with DOE and State Department offi-
cials.

--The University of California at Berkeley also
rejected the request of the South Africans.

Since the work at the universities is unclassified,
they could have accepted the South African without the
knowledge or consent of the U.S. Government. Berkeley,
in fact, did not notify or request guidance from the DOE
division responsible for research in advanced isotope
separation.

DOE officials said that they have no controls over who
the universities have working on research projects. Univer-
sities are free to utilize whomever they wish as long as
classified work is not involved. Therefore, it is possible
that foreigners could have been accepted by any university
performing unclassified research of a proliferation concern
without the knowledge or consent of the U.S. Government.

1/A very advanced method of enriching uranium which
promises to be cheaper and more efficient than any
competing method. It is also particularly well-suited
to produce weapons-grade uranium.
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U.S. GOVERNMENT FINANCIAL S&PPORT
OF COLLEGIATE NUCLEAR ACTIVITIES

The U.S. Government has been substantially involved
in assisting U.S. educational programs in the nuclear field.
Most of the Government support has been directed toward
assisting educational institutions in establishing and
expanding their nuclear curricula, which of course benefits
foreign as well as U.S. students. Foreign students have
also received direct benefits from the U.S. Government
through fellowships and research assistantships. In addi-
tion, foreign students can obtain fellowships under the
IAEA technical assistance and training program.

In 1956 the Atomic Energy Act was amended to authorize
Federal grants and contributions to the cost of construction
and operation of reactors and other facilities and equipment
to colleges, universities, hospitals, and charitable insti-
tutions for the conduct of nuclear educational and training
activities. AEC believed its role in nuclear education was
to help educational institutions to accomplish three major
objectives: (1) ensure a continuing supply of capable
nuclear scientists and engineers for the atomic community,
(2) integrate nuclear technology into all pertinent curri-
cula, and (3) assist in orienting the public on nuclear
energy. :

The major forms of Federal assistance to U.S. colleges
and universities that indirectly benefit foreign students
have been:

--Loans or grants of nuclear materials such as enriched
uranium and heavy water needed for training programs.

—--Funds for the fabrication of fuel elements for
research reactors and the shipment of irradiated
spent fuel elements.

--Grants toward the construction of university
research reactor facilities.

--Training of college faculty members in advanced
nuclear science and engineering.

--Use of national laboratory facilities by students
for training and research.

-~-Course development.
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--Grants to acquire nuclear equipment for teaching
purposes.

The U.S. Government also contracts with the academic
community for nuclear research. Both universities and in-
dividual faculty members are retained as contractors, and
both in turn may hire faculty members or students to work
on the contract. Some students apparently rely on. the
money they receive from working on research contracts to
enable them to attend classes. For the most part, such
Government contracts do not restrict schools or individual
professors from hiring foreign nationals, so long as only
unclassified work is involved. The Immigration and Natu-
ralization Service allows full-time foreign students to
work on such research contracts if (1) it is considered
part of a student's academic program and related to the
course of study and (2) such employment does not displace
a U.S. resident.

SOURCE OF FINANCIAL SUPPORT
FOR FOREIGN NUCLEAR ENGINEERING
STUDENTS

Statistics on the source of financial support for for-
eign nuclear engineering students in the United States
are not readily available although the Immigration
and Naturalization Service routinely solicits such data
of all foreigners entering the United States on a student
visa (over 100,000 a year). Data obtained by the Immigra-
tion and Naturalization Service is filed at any one of its
35 field offices but statistics are not compiled. At three
of the universities we visited, we were able to develop
information on the source of financial support of 160 foreign
students enrclled in graduate nuclear engineering programs,
as shown on the following page.
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Source of Financial Support for
Foreign National
Graduate Nuclear Engineering Students
at Three Major Universities

Percent
Fellowships and Teaching Assistantships
School fellowships and teaching
assistantships ‘ 2.1
Foreign fellowships 45.3
U.S. industry and private
fellowships 1.9
IAEA fellowships .6
National Science Foundation
fellowships .3
Total 50.2
Research Assistantships
State or school 5.6
U.S. industry 1.7
U.S. Government/national laboratory
/National Science Foundation 18.0
Other 3.9
Total 29.2
Self-supported 14.4
Unknown 6.2
Total 100.0

The Nuclear Engineering Department Heads Committee
avoided directly answering the question we posed about
whether financial support by the U.S. Government affects
the number of foreign students pursuing nuclear training
at U.S. universities, by responding that:

"Educational opportunities in the nuclear field
are available in many countries. To consciously
bar foreign nationals from U.S. programs would
greatly decrease any influence we may have
throughout the professional careers of these
individuals. Such restrictions on foreign
nationals would only serve to impose an intel-
lectual estrangement spanning the entire field
of nuclear energy without significantly alter-
ing the availability of such training to
foreign nationals."
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During our review, we learned that adherence to the NPT
by the student's home country is not considered when select-
ing foreign recipients for U.S. Government-financed fellow-
ships and assistantships in nuclear-related educational
programs. The U.S. policy has been to encourage other
countries to become parties to the NPT and U.S. officials
have stated that the United States would give preference to
NPT parties when providing nuclear-related technical assist-
ance. However, such preferred treatment has not been
extended to nuclear-related, U.S. Government-sponsored
fellowships and assistantships beyond those involving in-
kind technical assistance provided through IAEA.

CONCLUSIONS AND AGENCY COMMENTS

Over 3,000 courses in nuclear science and engineer-
ing are being offered by 190 U.S. colleges and universi-
ties. They provide a wide range of basic information on
the principles and applications of nuclear technology.
Foreign participation in the nuclear science and engi-
neering curriculum appears to be substantial and growing.

U.S. universities offer only unclassified courses
and use published textbooks. However, some university
courses could provide an educational base which might
enhance a student's ability to contribute to a nuclear
weapons capability.

Some courses included such topics as reprocessing and
enrichment. However, faculty members believed that since
the material taught had long been declassified and was read-
ily available in the open literature, the instructions could
not be considered a proliferation risk.

The U.S. Government has no system to identify any
unusually high concentration of students from one country
enrolled in specialized fields relevant to a nuclear weapons
capability or any substantial foreign effort to develop a
significant nuclear technology base without a corresponding
interest in nuclear power development. The Government does
not know the full extent of alien participation in univer-
sity nuclear research projects that it sponsors. Further-
more, universities are not required to report special
arrangements with foreign government agencies for nuclear
training.

Although U.S. universities currently provide substan-
tial nuclear training opportunities, foreign nationals
seeking such training can also turn to at least 78 foreign
universities or academic institutions that provide similar
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educational opportunities. Therefore, terminating the
nuclear training provided to foreign nationals in the
United States would not eliminate the availability of such
training and could possibly eliminate any influence the
U.S. educational experience might have on future foreign
nuclear programs and policies.

Our review of the source of financial support of
160 foreign nuclear engineering students showed the U.S.
Government was not directly financing such students to any
great extent., However, we believe the policy of giving
preference to NPT parties when providing nuclear-~related
technical assistance should be extended to nuclear-related
educational fellowships sponsored by the Government.

State Department officials commented that, while the
U.S5. Government does not specifically monitor foreign stu-
dents, it is cognizant of the overall aims of their coun-
tries. DOE and State officials indicated that any attempt
to monitor a foreign student's involvement in unclassified
nuclear training at U.S. educational institutions may not
be practical and may be interpreted as an infringement on
academic freedom and an individual student's right to
privacy.

DOE officials indicated that generally they would
learn fairly quickly about any special nuclear training
arrangements between a university and a foreign govern-
ment. However, they expressed concern as to the academic
reaction to any Government involvement in such cases.

ACDA officials endorsed the general idea of NPT pre-
ference in Government funding of nuclear education for
foreigners. State Department officials said that the
concept of preference to NPT parties was now being con-
sidered within the framework of the National Security
Council's Interagency Ad Hoc Group on Non-Proliferation.

RECOMMENDATION

The Secretary of State, in consultation with the Secre-
tary of Energy and the Director of the Arms Control and
Disarmament Agency, should consider the desirability of
establishing interagency procedures which would make NPT
adherence a factor in considering foreign nationals for U.S.
Government-financed educational fellowships and research
assistantships in nuclear-related programs.
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CHAPTER 6

INDUSTRY-SPONSORED TRAINING

PROVIDED TO FOREIGN NATIONALS

The U.S. nuclear industry provides training to foreign-
ers in several ways.

--Formal instructions on how to operate and maintain
nuclear reactors and equipment sold abroad;

--International licensing and accompanying technical
exchange arrangements providing for transfer of reac-
tor technology through training, documentation, and
consultation; and

--Full-time employment of aliens, including some who
work on U.S. Government-financed research.

About 75 U.S. firms offer opportunities in nuclear
training. In addition, at least two companies have sold com-
plete nuclear power reactor training programs, similar to a
self-study course, for use in Japan, Iran, and South Africa.

Industrial training and employment at U.S. nuclear
industry facilities can give foreigners the "hands-on"
experience in handling nuclear equipment that educational
institutions generally do not provide. However, Department
of Energy officials have little knowledge of the full extent
or type of training or experience provided.

INDUSTRY'S TRAINING
RELATED TO FOREIGN SALES

The U.S. nuclear industry is now dominated by five
nuclear reactor system suppliers, Two of these companies
account for almost 70 percent of domestic and virtually
all overseas power reactor sales by U.S. companies. Another
company is the principal U.S8. supplier of research reactors.
Numerous other companles supply nuclear equipment or compo-
nents, and provide various other architectural, engineering,
construction, consulting, and training services abroad.

Since the first foreign sale to Italy in 1956, the U.S.

nuclear industry has sold 66 power reactors systems to 16
foreign countries with Spain and Japan the leading consumers.

53



A i §
The principal U.S. supplier gf research reactors has sold
28 reactors to 19 foreign countries since its first sale
in 1959. This manufacturer has not had a domestic sale
in almost 10 years but has made several recent sales to
developing countries, including Romania and Iran.

From 1970 to 1977, four U.S. power reactors suppliers
provided training to over 1500 foreigners in conjunction
with their foreign nuclear sales programs. The fifth prin-
cipal U.S. manufacturer of power reactors did not provide
us any data. Over two-thirds of the aliens trained by these
four firms were from Taiwan, Spain, Japan, and West Germany,
as shown in the following chart.

Country of Number of Country of Number of
citizenship alien trainees citizenship alien trainees
Taiwan 427 Iran 26
Spain 222 Sweden 24
Japan 221 Philippines 8
West Germany 186 ‘ France 6
Brazil 127 Austria 4
Switzerland 86 Australia 3
Mexico 57 Argentina 1
Italy 53 Finland 1
South Korea 35 Ireland 1
Yugoslavia 33 South Africa 1
Total alien trainees 1,522

The training provided to these aliens generally empha-
sized the safe operation, maintenance, and management of a
nuclear powerplant. Most of it involved formal classroom
and powerplant simulator courses which were conducted pri-
marily at company training facilities in the United States.
The formal classroom instruction lasted from 3 days for a
basic powerplant familiarization course to 18 weeks for spe-
cialist and technician training. Powerplant simulator
courses ranged from a 3-day operator retraining course to
a 12-week course covering complete control room operation.

The training typically provided aliens under these pro-
grams apparently did not involve reprocessing, enrichment,
or heavy water production. However, we learned that from
1970 to 1974, one U.S. manufacturer provided over 150 aliens
(principally from Japan and Brazil) with 2- to 5-week train-
ing courses in conjunction with prospective reactor sales,
which included training in spent fuel reprocessing. The com-
pany indicated, however, that the reprocessing information
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that was provided during this training was general and
available in published literature.

From 1959 to 1977, the U. S. supplier of research
reactors trained 60 aliens in conjunction with overseas
reactor sales. The 4-week program was conducted at the
manufacturer's facility and consisted of formal classroom
instruction regarding the safe operation and maintenance of
research reactors. The training apparently did not include
any discussion of enrichment, reprocessing, or heavy water
production.

It should be noted that U.S. industry's training of for-
eigners is not limited to instruction provided at U.S. facil-
ities. For example, U.S. company representatives may provide
both on-the-job and onsite classroom training for the over-
seas plant operations staff during the startup phase. This
onsite training may last from 6 weeks for research reactors
to 3 years for power reactors.

We did not identify any recent commercial exports invol-
ving enrichment, reprocessing, or the production of heavy
water. However, we learned that one company provided consult-
ing services to Italy during 1972 regarding the design of a
spent fuel reprocessing and fabrication plant.

During the same period, one major U.S. power reactor
supplier expressed interest in licensing spent fuel reproces-
sing technology to Italy and Japan. Although the U.S. Govern-
ment approved both requests, the negotiations did not result
in contractual arrangements. In February 1976 one U.S. com-
pany requested permission to assist Argentina in the design,
construction, and operator training for a heavy water plant,
but in April 1977 DOE disapproved this request.

TRAINING RELATED TO LICENSING
AND TECHNICAL EXCHANGE AGREEMENTS

Licensing agreements involve the transfer of nuclear
technology abroad rather than the direct sale of reactor
equipment. Under a nuclear reactor system licensing agree-
ment, virtually all of the company's engineering technology
regarding the design and manufacture of a power reactor
system is transferred abroad through training, documentation
and consultation. This technology transfer allows the foreign
licensee to design, manufacture, and market nuclear power-
plants, components, and fuel. The U.S. company normally
receives an initial fee plus a royalty for each sale made by
the licensee.
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have been established almost exclusively with the Western
European countries and Japan. The one exception was a
licensing agreement with India from 1970 to 1973 involving
power reactor fuel reload technology. Three Indian
nationals were trained in connection with this agreement.

From 1970 to 1977, three U.S. power reactor suppliers
provided training to over 500 alien trainees in conjunction
with their various licensing agreements abroad. As shown
below, 97 percent of the alien trainees were from Japan,
West Germany, Italy, France and Spain.

Country of Number of Percentage of

citizenship alien trainees total alien trainees

Japan 184 35

West Germany 100 19

Italy 95 18

France 74 14

Spain 58 11

Belgium 8 2

India 3 e 5

Sweden 2 .5
Total alien trainees 524 10

Most of these aliens received on-the-job training at
the manufacturer's facility for 6 months to a year. They
worked as members of an engineering team and received
design-related assignments as did other company employees.
This training apparently did not involve any discussion
of enrichment, reprocessing or heavy water production.

_ The overseas licensing arrangements by one U.S.
manufacturer did involve the transfer of spent fuel
reprocessing technology. Reprocessing information was
exchanged primarily with licensees in France, Germany,

and Switzerland, but we could not quantify the number of
aliens trained under these arrangements. During March
1977 DOE ordered this company to discontinue any further
exchanges of spent fuel reprocessing technology abroad
unless specific permission was granted. Company offi-
cials responded that most reprocessing information
exchanged with foreign licensees resulted from Government-
funded research and thus was readily available in published
reports.,

From DOE records, we learned that one U.S. company re-
quested permission in June 1976 to enter into a technical
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assistance and licensing agreement with South Africa, under
which South Africans would be trained and licensed to use
special techniques directly related to uranium enrichment.
However , authorization was not granted.

Licensing agreements are usually accompanied by tech-
nical exchange agreements which encourage the sharing of
power reactor design technology. One U.S. company estimated
that at least $30 million was saved in the research and
development of gas-cooled reactors through technical exchange
agreements with France. The reactor design feedback obtained
from France avoided the necessity of building a costly test
facility in the United States.

Other technical exchange agreements involve the research
and development of fast breeder reactors. Powered by a mixed
plutonium and uranium fuel, they produce more fuel than they
consume. Three U.S. reactor suppliers have been involved in
fast breeder reactor research under technical exchange agree-
ments with foreign governments and companies primarily in
France, West Germany, Switzerland, Great Britain, Japan and
the Soviet Union.

The President of the United States proposed in April
1977 to defer further U.S. commitment to the commerciali-
zation of nuclear technologies that use plutonium as a
fuel until better answers are found to the problems and
risks of nuclear proliferation., Some technical exchanges
on breeder reactors continue under the existing agreements,
but increased consideration is expected to be placed upon
alternatives that de-emphasize plutonium and current repro-
cessing technologies.

ALIEN EMPLOYMENT IN U.S. NUCLEAR INDUSTRY

U.S. nuclear companies reported that alien employees
represent anywhere from zero to 16 percent of a firm's work
force. Several company officials said aliens are frequently
hired due to a shortage of qualified nuclear engineers in the
domestic market. Alien employees of two U.S. reactor sup-
pliers approximated 5 percent of the professional staff
employees--294 foreign nationals out of the 5,715 profes-
sional employees. Over half of these 294 foreign employees
were from India, Taiwan, and Great Britain.

The professional alien employees function as engi-
neers or researchers and in various management capacities.
Most of the foreign nationals are involved in the design,
development, and testing of nuclear reactors. An official
of one company stated alien employees had made important
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! contributions to the compan&'s nuclear technology programs
for gas-cooled power reactors, fast breeder reactors and
fusion research.

A great number of these employees have master's or
doctor's degrees, primarily in engineering and scientific
subjects; at one U.S. reactor supplier, over three-fourths
of the aliens had obtained their advanced degrees from U.S.
colleges and universities. The majority of foreign employees
are permanent residents of the United States and intend
to become American citizens.

Several companies which we contacted were involved in
research related to key technologies. 1In two instances alien
employees were participating in such research. A reactor
supplier had one employee from Hong Kong and one from Great
Britain involved in spent fuel reprocessing research and
another supplier had a Canadian employee involved in the de-
velopment of lasers for uranium enrichment research. Both
programs were funded by the Federal Government.

We also noted that one British citizen had been in-
volved in the operation and maintenance of the first commer-
cial reprocessing plant at West Valley, New York, which was
shut down in 1972. One individual from India, who subse-
quently became a U.S. citizen, was briefly involved during
1975 in the planned expansion phase of the plant. However,
in 1976 the company announced its departure from the repro-
cessing business due to rapidly escalating construction
costs. We did not identify any foreign nationals involved
in the other two U.S. commercial reprocessing plants which
have been built but never operated.

FEDERAL CONTROLS OVER
ALIEN PARTICIPATION IN
THE U.S. NUCLEAR INDUSTRY

DOE exercises minimal controls over alien visits and
participation in private industry. Moreover, Department of
Energy officials had little knowledge of the number of aliens
employed by the nuclear industry (even Government prime con-
tractors) or which areas had alien employees. Government
contracts with private industry do not normally include pro-

visions concerning the involvement of non-Soviet bloc employ-
ees., .

The Atomic Energy Act permits U.S. citizens to assist a
foreign nuclear activity engaged directly or indirectly in the
production of special nuclear material (enriched uranium or
plutonium) only under a formal agreement for cooperation or
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upon authorization by the Secretary of Energy after

a Government determination that such activity will

not be detrimental to U.S. interests. Pursuant to this
statutory provision, Federal regulations [10 C.F.R.
810.7(b)] give general authorization for training non-
Soviet bloc foreign personnel in the design, construction,
fabrication, or operation of facilities for reprocessing,
the production of heavy water, uranium isotope separation
(enrichment), and plutonium fuel fabrication or of equip-
ment or components especially designed for such facilities
if such training

--does not involve Restricted Data or classified
information,

--is not a violation of the law, and

--is limited to either the furnishing of published
information or participation in (1) meetings or
conferences sponsored by educational institutions,
laboratories, scientific, or technical organizations,
or (2) international conferences under the auspices
of a nation or group of nations or State Department-
approved exchange programs.

This general authorization permits the export of
published civilian nuclear technology and assistance to
free world destinations. Any such technology transfers,
however, must be reported to DOE within 30 days from the
commencement of the activity. This reporting requirement
does not apply to (1) the communication of published
information generally available to the public, (2) finan-
cial assistance, (3) the furnishing of component parts
which are not especially designed for use in a nuclear
reactor or facility, (4) the comparative evaluation of
types of reactors or facilities, or (5) any activity
specifically authorized by the DOE.

According to a DOE official, reports provided by
private companies describe the information being trans-
ferred in the broadest terms, with only indications of
its technological importance. It should also be noted
that the Nuclear Regulatory Commission does not require,
nor does it receive notification of, such reports or
summaries of the data transferred. DOE officials stated
that in most cases there was no way to identify whether
private companies or individuals were complying with
the reporting requirement on technology exports because
there is no means to monitor them.

59



&

DOE estimated that it received only 20 to 25 requests
from U.S. firms, during a recent l-year period, for specific
authorization to provide training involving Soviet Bloc
countries or unclassified sensitive technologies. A number

of the requests were related to prospective nuclear sales
abroad.

Since the regulations do not specify whether firms
must request permission to train permanent full-time alien
employees involved in company and Government-sponsored
research, some companies request DOE approval for such train-
ing and others do not. For example, one U.S. power reactor
supplier has strictly interpreted this requirement to include
permanent full-time alien employees and has reported them
accordingly. On the other hand, another major reactor sup-
plier had two alien employees working in spent fuel reproces-
sing who were not being reported to the Department of Energy.

INDUSTRY VIEWS ON PROLIFERATION
RISKS INVOLVED IN TRAINING ALIENS

Overall, U.S. nuclear industry officials do not be-
lieve private industry has provided any technical infor-
mation during alien training programs which was not
already available through open literature. For example,
some said that much of the technical information regarding
plutonium production reactors and certain sensitive tech-
nologies, particularly spent fuel reprocessing and heavy
water production, has been widely available in the public
domain for over 20 years. Company officials cited several
instances where this information was available in textbooks
and other published documents. Two examples would be the
Reactor Handbook and Engineering for Nuclear Fuel Repro-

cessing.

Nuclear industry officials further believe the most
attractive route to nuclear weapons proliferation is a
production reactor which is designed and constructed
specifically for the production of plutonium. A produc-
tion reactor is less complex, less costly and a more effi-
cient plutonium producer than a power reactor. Industry
officials also stated that research reactors manufactured
in the United States do not provide an attractive proli-
feration medium because they are very poor plutonium
producers.

Overall, industry representatives felt that the
United States does not have a monopoly on nuclear techno-
logy and that foreign technology has even surpassed U.S.
technology in some research areas. Therefore, restrictive
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Government controls might result in the loss of export
business and prevent the exchange of useful information.
Industry officials believe that nuclear weapons prolifer-
ation is a political problem rather than a technological
one. They believe it will have to be resolved by interna-
tional cooperative agreements rather than controls restric-
ting the exchange of technological information.

CONCLUSIONS AND AGENCY COMMENTS

The U.S. nuclear industry provides training to
foreigners through formal instructions related to equip-
ment sales, licensing and technical exchange arrangements,
and by on-the-job experience, and full-time employment. Out
review showed that through the U.S. nuclear industry a few
foreigners have learned or gained experience related to key
nuclear technologies.

The Governmment does not know the full extent of alien
training or experience provided by U.S. nuclear firms or the
areas in which foreigners are involved. DOE does not nor-
mally include provisions concerning non-Soviet bloc alien
involvement in its research contracts with U.S. nuclear
firms. 1In at least two cases, foreigners were working for
U.S. firms on Government-sponsored research programs con-
cerning reprocessing and the development of lasers for
uranium enrichment.

DOE officials commented that foreign participation in
the development of lasers for enrichment is not sensitive
and is not prohibited. They added that generally nuclear
manufacturers merely provide training in the operation and
maintenance of equipment sold. ACDA officials, however,
felt the Government should review more thoroughly the
training/learning experience that U.S. industry provides
foreigners, especially employees of foreign subsidiaries,
licensees, or counterparts.
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IAEA TRAINING ACTIVITIES

Since 1958, the International Atomic Energy Agency,
with substantial assistance from the United States, has
been providing nuclear training to foreign nationals
in an effort to accelerate and enlarge the contribution
of atomic energy to peace, health, and prosperity through-
out the world without furthering any military purpose.

To promote the transfer of skills and knowledge relat-
ing to the peaceful uses of atomic energy, IAEA has estab-
lished a Technical Assistance and Training Program. IAEA
endeavors to assist member nations in building their scien-
tific and technical infrastructure and to promote economic
and scientific development through nuclear technology by
sponsoring the following programs.

Fellowships for training individuals at a university,
government laboratory, or private institute for up to
l-year, in any of IAEA's fields of technology.

(See app. VII.)

Visits of scientists from developing member nations
to nuclear centers usually in two or more advanced
nuclear countries, for such purposes as studying
nuclear science and technology and observing nuclear
research.

Short-term training courses designed by member
nations (generally from 2 weeks to 3 months long)
that provide the opportunity for individuals, prin-
cipally from the developing nations, to study in a
specific field related to peaceful applications of
the atom.

Expert services provided to member nations upon
request, principally to advise or assist in the
development of nuclear power technology.

Nuclear safeguards inspector training, an 8-week
basic course in Vienna, Austria, on the techniques
for measuring the uranium and plutonium content of
material in various forms at nuclear facilities.
Approximately 70 to 80 percent of the inspectors
get advanced safeguards training at Los Alamos
Scientific Laboratory in New Mexico.
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Research and training programs at the International
Center for Theoretical Physics in Trieste, Italy,
concerned with nuclear physics, solid-state physics,
plasma physics, and high and low energy physics
(jointly sponsored by IAEA and the United Nations
Educational, Scientific and Cultural Organization).

Power Reactor Project Courses, given under IAEA
auspices in the United States, France, and West
Germany, deal with either planning and implemen-
tation of a power reactor program or the con-
struction and management of power reactors.

The fellowship program has constituted the majority of
IAEA training. From 1958 through 1976, IAEA spent $20.9
million for such fellowships and considerably less for other
training projects. We concentrated on the fellowship program
because of its size and because it appeared to be most rele-
vant to our review. However, chapter 3 includes a discussion
of the IAEA power reactor courses given at U.S. laboratories.

FELLOWSHIP PROGRAM

IAEA awarded training fellowships to 5,713 students from
member nations between 1958 to 1976. These fellowships were
financed through various means, including voluntary contribu-
tions of member nations, contributions of in-kind training
by individual member countries, or contributions from the
United Nations Development Program.

Applications for fellowship grants are made to IAEA
exclusively through government channels of the member State,
and selection priority is given to requests for participation
in programs considered by IAEA officials as directly benefi-
cial to that State. Candidates for fellowships are selected
on the basis of educational and professional qualifications,
foreign language proficiency, and technology needs of the
member State concerned. The nation providing the training
has the option for final approval of the applicant's quali-
fications.

Fellowship training can involve laboratory experience,
formal academic courses, directed research, shop apprentice-
ships, engineering practice, or combinations of these, and
may be awarded up to 12 months with extensions of up to
12 additional months in exceptional cases. About 40 percent
of the candidates apply for training at institutions located
in the United States. :
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Appllcatlons of candldg%es nominated by IAEA for fellow—

ships at U.S. institutions are referred to the National

Academy of Sciences for placement. The Academy evaluates

the applicant's qualifications and training objectives and

has rejected applications in the past because it did not

consider the applicant's home nation sufficiently stable

for the type of training requested or because the training

requested was considered proprietary in nature.

The final screenlng of the applicant's qualifications
for a fellowship is made by the training institution where
‘the National Academy of Sciences has decided to place the
applicant. This decision is based on the preferences stated
by the candidate on his application and on the availability
of space at institutions providing the type of training
requested. If placement of the nominated candidate in a U.S.
facility is impossible for any reason, the Academy notifies
IAEA which then attempts to place the candidate in a train-
ing program of another member nation.

From the data made available to us by IAEA, we could
not ascertain the extent of fellowship participation in
training courses involving enrichment or the manufacture
of heavy water. However, we did determine that, during
the period 1958 to 1976, IAEA had provided 65 fellowships
for fuel reprocessing courses, of which 38 were in 1975.
Participants in these courses were from 12 countries,
with India and Argentina having the largest representation
as shown in the following table.
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Recipients of IAEA Fellowships
in Fuel Reprocessing

Nationality 1958-69 1970-74 1975 1976 Total
India 1 6 7 - 14
Argentina - 1 11 - 12
Japan 5 - 2 - 7
Pakistan 1 1 4 - 6
Ronania - 2 3 - 5
Poland - 2 3 - 5
Brazil - 3 3 - 6
Czechoslovakia 2 - 2 - 4
Mexico - - 1 1 2
Turkey 1 1 - 2
Korea, Republic of - - 1 - 1
Austria 1 = = - 1
Total 10 6 8 1 5

Eleven countries have provided the training to IAEA
fellows in reprocessing, with Italy and the Federal
Republic of Germany being the host country for about
half of such training, as shown below.

Host Country for

IAEA Fellowships in Fuel Reprocessing

Country providing

training 1958-69 1970-74 1975 1976 Total
Italy - 4 12 - 16
Germany, Republic of - 6 10 - 16
France 1 3 4 1 9
United Kingdon 2 1 3 - 6
Spain - 2 4 - 6
United States 5 - - - 5
Japan 1 - 1 - 2
Canada 1 - 1 - 2
India - - 1 - 1
Belgium - - 1 - 1
Sweden - = 1 - 1
Total 10 1 38 1 5

It should be noted that the major nuclear suppliers,
in January 1976, notified one another of their intention to
unilaterally follow certain common export policies including
the application of restraint in transferring technologies
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not generally available to the public concerning enrichment,
reprocessing, and heavy water production.

At the end of 1976, the IAEA Secretariat implemented
an administrative procedure to hold in abeyance requests
for technical assistance and training involving "sensitive"
technologies from nations that had not agreed to implement
international safeguards at nuclear facilities that would
benefit from the technical assistance to be received.

IAEA officials tentatively labeled all technical assis-~
tance and training related to fuel reprocessing, uranium
enrichment, manufacture of heavy water and plutonium
handling as "sensitive" in that such training involves
technologies that could make a significant contribution
toward the development of a nation's nuclear explosive
capability.

Several nations affected by this action contended that
the IAEA Secretariat did not have the authority to imple-
ment such a restriction without the approval of the Agency's
Board of Governors. Thereafter, at the Board of Governor's
conference held in September 1977, IAEA established, as its
policy, the requirement that international safeguards be
implemented before technical assistance or training in a sen-
sitive technology would be granted.

U.S5. ROLE IN IAEA TRAINING

The United States proposed the establishment of IAEA,
and since its inception the United States has continued to
be one of its staunchest supporters. Over the years the
United States has been the biggest financial backer of the
IAEA programs and has provided much of the IAEA-sponsored
training.

Estimated U.S. assistance to IAEA for 1977 amounted
to $17.7 million of which about 27 percent was for the
Technical Assistance and Training Program. As the sche-
dule below shows, U.S. support for IAEA's technical assis-
tance and training was in large measure in-kind assistance
(i.e., services, not money).
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U.S. Support for IAEA Technical Assistance and Training

1977 Program

Regular assessment allocation $ 513,600
Voluntary contributions 1,650,600
In-kind fellowships 1,100,000
IAEA training courses (in-kind) 355,000
Equipment grants and cost-
free experts (in-kind) 1,192,000
Total $4,811,200

The United States has been a major place of study for
recipients of IAEA fellowships since the inception of the
Agency in 1958. Between 1958 to 1976, 1,236 of a total
of 5,713 participants received their training at U.S.
facilities. Training in most fields of study has been
provided by other countries, especially the United King-
dom, France and Germany.

Of the 1,236 IAEA fellows who have studied in the
United States, 671 received training in such fields as
the application of isotopes and radiation in agriculture,
medicine and biology. We concentrated our detailed analy-
sis on the remaining 565 fellows because their training
appeared to have more relevance to our study of prolifer-
ation risks.

The following tables derived from IAEA data show the
sponsorship of the selected 565 fellows, their general
fields of study, and the extent of participation by certain
‘countries.

Type of Sponsorship for Selected
IAEA Fellows in the United States

Regular IAEA U.S. in-kind Other

support assistance (note a) Totals
Year Number Number Number Number
(percent) (percent) (percent) (Percent)
1958-69 50 (14) 251 (69) 62 (17) 363 (100)
1970-76 46 (23) 134 (66) 22 (11) 202 (100)

Total 96 (17) 385 (68) 84 (15) 565 (100)

a/Consists of fellowships funded by Swedish International
Development Authority and United Nations Development Program.
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Fields of §%udy for Selected
IAEA Fellows in the United States

Field of study 1958-69 1970-76 Total
General atomic energy i

development 1 1 2
Nuclear physics 39 23 62
Nuclear chemistry 51 31 82
Prospecting, mining

and processing 34 24 58
Nuclear engineering

and technology 195 90 285
Safety in nuclear

engineering _43 33 _76

Total 363 202 65

. —_—

IAEA Fellows Trained in
the United States From Selected Countries

Nationality 1958-1969 1970-1976 Total
India 50 16 66
Pakistan 26 24 50
Republic of Korea 18 13 31
Brazil 18 9 27
Yugoslavia 18 7 25
Republic of China 20 4 24
Egypt 17 6 23
Argentina 13 8 21
South Africa 8 - 8
Israel 2 9
Iran 4 4 8
All others (48) 164 109 273
Total 63 202 565

|
|
|

We further analyzed the training provided the 202
selected IAEA fellows in the United States from 1970
through 1976 and found that:

--Although 40 nationalities were represented, more
than half of the fellows being trained were from
seven countries. Pakistan, the Philippines, India
and Bangladesh were the major recipients.

68



--Universities were the major source of training for
the fellows with Government laboratories second and
private companies a distant third. Oak Ridge
National Laboratory apparently trained more IAEA
fellows than any other public or private U.S. facil-
ity.

--Since 1970 none of the participants have received
training in fuel reprocessing; however, two partici-
pants were enrolled in nuclear chemical engineering
courses which normally would include training in
the production of heavy water.

--A more detailed breakdown showed the most popular
specific field of training was nuclear instrumenta-
tion, electronics and reactor control, chosen by
42 fellows, followed by radiation protection (22
fellows) and power reactor technology (21 fellows).

~=-According to very limited information provided by
IAEA on a sample of 23 participants in the fellowship
program, 18 returned to their previously held posi-
tions with 16 of these indicating that their present
duties were related to the fellowship training
received in the United States.

IAEA AND U.S. MISSION VIEWS
ON TRAINING ACTIVITIES

Officials at the U.S. Mission to IAEA advised us that
they had never made any detailed study of IAEA-sponsored
training and thus have not attempted to assess the prolifer-
ation risks involved. IAEA officials stated that the proli-
feration risk associated with the exchange of technolegy is
impossible to measure accurately because of the inability to
identify factors associated with each request for assistance
that have a direct influence on the risk involved. For
example, Agency officials believe there is no reliable way
to determine the true intention of the individuals being
trained or of the country they represent.

IAEA officials admit that technical assistance training
activities do provide the opportunity for participation in
fields of study that involve technologies that could make a
contribution toward the development of a nation's weapons
capability. However, the recent change in policy regarding
training in sensitive technologies reveals IAEA's genuine
concern about the potential risks.
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U.S. Mission officials stated that the IAEA Statute
clearly prohibits a member nation from exerting any in-
fluence over the manner in which IAEA administers the
voluntary monetary contributions for technical assistance
made by the member nation. These U.S. Mission officials
added that the "no strings attached" concept does not pro-
vide for exceptions by any contributing nation.

Donor nations of in-kind contributions are not pro-
hibited from designating in what manner these contribu-
tions can be used. With in-kind technical assistance, the
nature of the assistance is specified by the donor and pro-~
liferation risks can be minimized. The United States has,
therefore, taken advantage of the opportunity to control
this form of IAEA assistance.

IAEA allows contributing nations to impose restric-
tions on which nations are not to receive in-kind assis-
tance and considers this procedure as being consistent
with its statutory requirements. For example, the United
States has stipulated that none of its assistance-in-kind
can be given to East European Communist bloc nations.
IAEA has also been advised-that the United States would
continue to give preference to NPT parties when pro-
viding in-kind assistance to IAEA.

U.S. Mission officials stated that because of the
Statute and the possibility of jeopardizing other U.S.
interests~--specifically, increased emphasis on the IAEA
safeguards program--nothing can be done directly to influ-
ence IAEA policy on training or assistance provided by
another member nation although it may be paid for, in part,
with U.S. monetary contributions.

CONCLUSIONS AND AGENCY COMMENTS

IAEA sponsors fellowships for training individuals
at universities, Government laboratories or private facili-
ties of a member nation in a wide variety of nuclear-related
fields. The United States has always been the dominant
supporter of the IAEA training programs.

Between 1958 to 1976, 11 countries acted as hosts for

" 65 IAEA-sponsored fellowships in reprocessing. In 1977,

IAEA changed its policy to limit fellowships in sensitive
technologies to individuals whose home country agreed to
accept international safeguards on the facilities that would
benefit from such training. This policy change shows genuine
concern about the proliferation risks involved in such train-
ing.
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U.S. officials, in general, stressed the importance
of training in the United States to the IAEA technical
assistance program and in turn to U.S. non-proliferation
goals. ACDA officials added that, within the framework
of the National Security Council's Interagency Ad Hoc
Group on Non-Proliferation, ACDA was proposing new guide-
lines to be given to the National Academy of Sciences for
use in the placement of IAEA fellows in the United States.
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OVERALL CONCLUSIONS

Training in nuclear engineering and related fields,
particularly in such key areas as reprocessing, enrich-
ment and heavy water production, could be used to enhance
a nation's capability to develop nuclear weapons. Train-
ing and experience in such other high technology areas
as physics, chemistry, engineering (metallurgical, electri-
cal, mechanical and mnining), mathematics, and computer
science could provide other skills or expertise also needed
to develop nuclear explosives.

More specifically, our review of nuclear education,
training, and experience provided foreigners at U.S.
laboratories, universities, and private industry and
through IAEA showed:

--0Over a 22-year period, only a relatively small
number of foreigners received training related
to the key nuclear technologies.

--Current U.S. policy calls for restraint in pro-
viding foreigners such key technologies.

-=-The United States has provided only unclassified
training to assist peaceful nuclear programns of
other nations.

~-Nuclear training is available in at least 23 other
countries.

--U.S. officials believe there are important scienti-
fic, economic, and political benefits in providing
nuclear training to foreigners.

--Many of the aliens who receive U.S. nuclear training
remain in this country to work on U.S. nuclear
advancements.

--The United States has helped other nations to obtain
nuclear technology through a number of mechanisms
besides formal training.

The contribution of U.S. training to nuclear prolifera-
tion cannot be accurately quantified. There are inherent
analytical difficulties in estimating the impact of U.S.
nuclear training given foreigners on the potential develop-
ment of weapons. Neither the data base nor the needed
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analytical methods have been developed to effectively
evaluate the proliferation risks involved in training
foreigners in certain nuclear fields. However, we believe
this report raises questions about U.S. nuclear training
policies and practices that may warrant further Government
attention.

In commenting on our draft report, agency officials
generally stressed that foreign participation in U.S.
nuclear training and research programs has had a number
of benefits, such as:

--Helping to meet U.S. obligations under the Non-
Proliferation Treaty and to persuade other
nations to agree to international nuclear safe-
guards,

--Hopefully, creating goodwill between U.S. and
future foreign leaders through personal contact.

--Exposing foreigners to U.S. nuclear safety and
non-proliferation concerns,

--Possibly contributing to sales of U.S. nuclear
goods and services.

Agency officials did indicate a number of initiatives
were underway concerning information and training provided
foreigners. The executive branch is reviewing a few of the
apparently more sensitive unclassified Government publica-
tions to determine whether further distribution should be
controlled. It is also considering the feasibility of ex-
tending the concept of giving preference to Non-Proliferation
Treaty parties in the nuclear research and training areas.

The Department of Energy is currently in the process
of revising and updating internal review procedures concern-
ing foreign participation and visits to U.S. Government
research facilities. The Department has also engaged a con-
sultant to study what specific research technology and
training disciplines should be categorized as sensitive from
a proliferation standpoint.

73



b i
Al : i

CHAPTER 9

SCOPE OF REVIEW

This report provides a historical perspective of the
evolution of U.S. training in nuclear engineering and
related fields provided to foreigners. It shows how such
education and training fits into the overall U.S. scheme
of nuclear technology transfers, and addresses the pro-
liferation implications of training foreigners. We in-
cluded foreign participation in research at U.S. laborato-
ries, because it provides an opportunity to gain valuable
hands-on experience (on-the-job training), in some cases
using very sophisticated equipment and techniques.

The objectives of our review were to determine to the
extent possible:

--The scope of nuclear related training and experience
provided foreigners.

--Whether such training or experience could contribute
to the proliferation of nuclear weapons.

--The Government's role in subsidizing and controlling
foreign participation in U.S. nuclear training.

To accomplish these objectives, the study included
an assessment of the nuclear training provided foreign
nationals by U.S. laboratories, educational institutions,
private nuclear firms, and IAEA. Government involvement
and oversight in each facet of training were subjects
of concern.

We were especially interested in foreign participation
in activities related to reprocessing, uranium enrichment
(isotope separation), and heavy water production, which are
considered key technologies from a proliferation standpoint.
The proliferation risk would, of course, depend on the sensi-
tivity of specific information within these areas, but there
is no criteria or meaningful list which sets forth the pro-
liferation significance of specific information or types of
data within the key technology areas.

We also developed certain information on foreign parti-
cipation in the fields of study shown below--recognizing
that those in the right column were probably less impor=-
tant from a proliferation standpoint than those in the left.
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Neutron physics
Reactor physics
Prospecting, mining and

Nuclear radiochemistry
Analytical chemistry
Physical chemistry

processing of nuclear
materials

Research reactors

Power reactors

Irradiation effects
Treatment and disposal
of radioactive waste
Environmental protection
Reactor metallurgy and Nuclear centers and
materials laboratories
Nuclear chemical engineering Basic and intermediate
level atomic energy
development training

Reactor technology

Nuclear instrumentation;
electronics and reactor
control

Radiation protection

Safety of reactors and
nuclear materials

Application of peaceful
nuclear explosives

Hydrodynamics

NATIONAL LABORATORIES

U.S. national laboratories are Government-owned,
contractor-operated facilities which provide extensive
research opportunities. Because of the large number of
foreign nationals reported by Brookhaven, Oak Ridge, and
Argonne National Laboratories (located in Brookhaven,

New York; Oak Ridge, Tennessee; and Chicago, Illinois,
respectively), we made detailed reviews at these sites.

Oak Ridge and Argonne National Laboratories were also
selected because they were the principal sites of the formal
laboratory training courses in nuclear engineering provided
foreigners in prior years under U.S. Government auspices.

We also visited the Lawrence Livermore Laboratory in
Livermore, California, and obtained personnel data from
Los Alamos Scientific Laboratory in Los Alamos, New Mexico,
on the educational background of personnel involved in
designing U.S. nuclear weapons.

UNIVERSITY PROGRAMS

'To determine the types of nuclear courses available
to foreign nationals at U.S. educational institutions, we
visited the Massachusetts Institute of Technology, Cambridge,
Massachusetts; the University of Illinois, Urbana, Illinois;
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the Univéréity of Californiét Berkeley, California; and the
University of Michigan, Ann Arbor, Michigan. At these uni-
versities we also obtained information on courses related to

nuclear chemistry, nuclear physics, and nuclear metallurgy.

‘!lii‘ ‘

For a broader perspective of university training we met
with and obtained the written views of the Committee of
Nuclear Engineering Department Heads.

PRIVATE INDUSTRY

We surveyed about 40 prominent nuclear companies to
obtain data on the types of arrangements (such as licensing
or as part of an equipment sale) under which these firms
provide training to aliens as well as the extent of the
avrnarianmna thad aliane hava wvamatiwvad Anvring ammlAavmand
CaplLLEllWG LilA bW AL HR HUAVE LUTWLLVEW WUL Ll Cllly-LU_thcll\-
with these firms. We were particularly interested in foreign
participation in the areas related to uranium enrichment,

reprocessing, and heavy water production.
We visited three large nuclear equipment firms to obtain
a fuller understanding of the training provided foreigners
by the nuclear industry.
--General Electric Company, San Jose, California
--General Atomic Company, San Diego, California

--Westinghouse Corporation, Pittsburgh, Pennsylvania

INTERNATIONAL ATOMIC ENERGY AGENCY

To obtain detailed information on IAEA's role in nuclear
training we visited its headquarters in Vienna, Austria, as
well as the U.S. Mission to JAEA. From IAEA documents,
reports, and from discussions with IAEA and Mission officials
we determined the scope and kind of training activities spon-
sored by IAEA, the training available in various countries,
and the worldwide availability of nuclear information. We
obtained additional data on IAEA fellows trained in the
United States from the National Academy of Sciences.

FEDERAL AGENCIES

Information on the role of the Government and past and
current U.S. programs, policies, procedures, and controls
concerning nuclear training was developed from agency records
and discussions with officials at
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--The Department of Energy and its field offices
in Chicago, San Francisco, and Oak Ridge.

--The Department of State.

--The Department of Justice, Immigration and
Naturalization Service.

--The Nuclear Regulatory Commission.

=-The Arms Control and Disarmament Agency.
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MAJORITY MEMBERS MINORITY MEMBERS
GEORGE H. MAHON, TEX., ELFORD A, GEDERBERG, MICH.
CHAIRMAN ROBERT H. MICHEL, ILL,
JAMIE L. WHITTEN, MISS. SILVIO 0. CONTE, MASS.
ROBERT L. F. SIKES, FLA. JOSEPH M. MC DADE, PA.

ERWARD P, BOLAND, MASS, r MARK ANDREWS, N, DAK.
B D Congress of the United States s
DANIEL. J. FLOOD, PA, ROBERT €, MC EWEN, N.Y.
TOM STEED, OKLA. JOHN T. MYERS, IND.
GEORGE E. SHIFLEY, 1L, 2 J. KENNETH ROBINSON, VA,
JOHN , SLACK, . e House of Representatives SuwinGe £ kL, oo
JOHN J. FLYNT, JR., GA+ LAWRENCE COUGHLIN, PA.
NEAL SMITH, 10WA G, W, BILL YOUNG, FLA.

ROBERT N. GIAIMO, CONN. @ﬂmm[’tttz on gpptﬂprl’ﬂtiﬂnﬂ JACK F. KEMP, N.Y.,

JOSEPH P. ADDABBO, N.Y. WILLIAM L, ARMSTRONG, COLD.

s P Washington, B.E. 20515 e B i,
CLARENCE U, LONG, MD. GEORGE M. O'BRIEN, ILL.
SIDNEY R. YATES, ILL. VIRGINIA SMITH, NEER,

FRANK E. EVANS, COLD. PR
DAVID R. OBEY, Wis.
EDWARD R. Ro:ram.. CALIF. March l 5 ’ l 9 7 7 CLE':::: ;_zn:-x:rm 3;:3:1-0:;

‘TELEPHONE:

BILL CHAPPELL, JR., FLA. CAPITOL 33121
BILL D, BURLISON, MO, EXT, ST
BILL, ALEXANDER, ARK, oR
EDWARD 1. KOCH, N.Y. 2821

CHARLES WILSON, TEX.
LINDY (MRS, HALE) BOGGS, LA
ADAM BENJAMIN, JR., IND.
NORMAN D, DICKS, WASH.

Elmer B. Staats, Comptroller General
United States General Accounting Office
441 G Street, NW

Washington, DC 20548

Dear Mr. Staats:

We should appreciate the GAO conducting a comprehensive
study of the extent to which the education and training of
foreign nationals by the United States in nuclear engineering
and related fields contributes to the proliferation of
nuclear explosive capabilities abroad.

Preliminary details of this suggested study have been
discussed with representatives of the International Division
of GAO. Any further qguestions may be directed to Beth
Bloomfield at 225-3061.

NALD M. FRASER,Cha CLARENCE D. LONG, Chairman
Subcommittee on Inter- Subcommittee on Foreign Opera-
national Organizations, tions, HeoweE APpropriations...
House International Rela- w,w't%ﬁmdffee

tions Committee ™
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APPENDIX II

Country

Austria
Brazil
Czechoslovakia
Denmark
Finland
France
Germany, D.R.
Germany, F.R.
India

Italy

Japan

Korea
NMetherlands
Norway
Pakistan
Philippines
Spain

Sweden
Switzerland
Thai land
Turkey
United Kingdom
United States
Yugoslavia

APPENDIX II

SUMMARY OF IAFA'S 1977

INVENTORY OF NUCLEAR TRAINING FACILITIES

Source of Training

Consultant/
Academic Government contractor Reactor vendor

X X
‘X
X X
X X
X
X
X X
X X
X
X
X
X
X X
X
X X
X
X
X X X
X
X
X
X X
X X X
X X
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BRIEF DESCRIPTION OF

EARLY FORMAL TRAINING COURSES

AVAILABLE TO FOREIGNERS AT AEC FACILITIES

OAK RIDGE INSTITUTE OF NUCLEAR STUDIES--ORINS, an associa=-
tion of 37 southern universities under contract with the
United States Atomic Energy Commission, offered specialized
courses of instruction in the uses of radioisotopes which
were designed for scientists and engineers, physicians, in-
dustrial personnel, and college and university science
professors. Students from over 50 countries attended. 1In
1955 a quota of 30 percent of the Institute's trainee capa-
city was made available for aliens.

Depending upon the participant's individual interest
and need, an ORINS training program usually lasted from 2 to
6 weeks, and offered a series of courses that ranged from
basic instruction in fundamentals of radioisotope techniques
to more specialized instruction in radioisotope applications
in various scientific disciplines.

PUERTO RICO NUCLEAR CENTER--The Center was established in
1957 primarily to aid Latin American nations in developing
skills essential to nuclear energy activities by providing
graduate level education and research opportunities espec-
ially oriented toward the needs of the tropics. The
program at the Center included training in the application
of nuclear energy to the fields of agricultural, biological,
medical, nuclear engineering and physical sciences.

This training and research center was operated by the
University of Puerto Rico under contract with AEC, which
provided a research reactor, a laboratory, and a biomedical
research building.

The curriculum in nuclear engineering included courses
in reactor theory and operation. This type of training
was considered necessary for the design, development, test-
ing, and operation of nuclear reactors. Completion of the
training afforded students an opportunity to attain the
degree of Master of Science in Nuclear Technology.

About 700 aliens had been trained at the Center (116
were from Colombia) as of February 15, 1976, in a wide
variety of fields. However, foreign enrollments declined
in the 1970's, and the emphasis of the training at the
Center shifted to non-nuclear energy and ecology. 1In 1976
the Center's research reactor was disassembled for transfer
to another facility.
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RADIOCHEMICAL AND COUNTING PROCEDURES COURSE-~During the
first session of United Nations Scientific Committee on
the Effects of Atomic Radiation, held in New York in March
1956, considerable interest was expressed by representa-
tives of the member States in the procedures followed by
the United States in the collecting and analyzing of
fallout samples. On June 13, 1956, U.S. Ambassador Lodge
offered technical assistance to these countries in the
measurenent of radiocactive fallout.

As a consequence, AEC's Health and Safety Laboratory
in New York developed a 6~week course in the techniques for
radiochemical and instrumental analysis of radiation fallout.
The program consisted of lectures and discussions coordinated
with practical laboratory experience, affording an opportunity
to solve actual problems in measuring of radioactive isotopes
occurring in fallout. A total of 23 foreigners attended the
first five courses. A registration fee of $25 was charged
each participant with the cost of travel and living expenses
borne by the student or his sponsoring government or insti-
tution.,

NS SAVANNAH COURSEE=--In October 1956, President Eisenhower
announced that the United States would construct a nuclear
merchant ship to demonstrate the peaceful application of
atomic energy to commercial ship propulsion. He indicated
that all information developed in the construction of the

NS Savannah would be unclassified and would be made generally
available.

Two training programs, known as the NS Savannah Con-
struction Observation Program at Camden, New Jersey, and
NS Savannah Reactor Engineering Officers' Training Course
at Lynchburg, Vvirginia, were then developed. Under the
Camden course, selected foreign engineers were afforded the
opportunity to observe the construction of the NS Savannah.
Under the second arrangement, a limited number of foreign
nationals were enrolled in the 1l0-month course on how to
operate the reactor, which began in April 1959.

The Camden course covered both engineering and super-
vision of construction. The participants were able to
review in detail pertinent documents relating to such topics
as hull design, collision barrier design, reactor compart-
ment, containment vessel, shielding, and the reactor and
primary system. Over 30 foreign nationals representing
9 countries had attended both the courses as of February
1960.

An estimated expenditure of $900 was made for the 11-
week course. All costs of travel, lodgings, subsistence,
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and miscellaneous expenses during the period were borne
by the participant or his sponsor.

SHIPPINGPORT NUCLEAR POWER STATION TRAINING COURSE-~This 4=~
month training course, which was started in 1959, was
designed to give domestic and foreign supervisory personnel,
engineers, and specialists a practical background in the
particular fields of science and engineering not normally
associated with conventional power stations but essential

to safe and efficient operation of a nuclear power station.
It also provided an opportunity for actual experience in
operation, maintenance, health physics, chemistry, and test-
ing for this type of station. Tuition for the course was
$2,000 for the 4-month term with other expenses borne by the
participant or his sponsor.
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PARTICIPATION OF NON-SOVIET BLOC ALIENS
IN RESEARCH AT AEC/ERDA FACILITIES

1955 to February 1977

Afghanistan 3 Jordan
Argentina 220 Kenya
Australia 221 Korea
Austria 200 Kuwait
Belgium 198 Lebanon
Bolivia 14 Libya

Brazil 155 Liechtenstein
Burma 16 Luxembourg
Cameroon 1 Malaysia
Canada 693 Mexico
Ceylon 12 Monaco

Chile 78 Morocco
China 1,052 The Netherlands
Colombia 104 Norway

Congo 8 Pakistan
Costa Rica 11 Panama

Cuba 28 Paraguay
Cyprus 12 Peru

Denmark 118 Philippines
Dominican Republic 33 Portugal
Ecuador le Saudi Arabia
El salvador 12 Senegal
Ethiopia 13 Sierra Leone
Finland 64 Singapore
France 646 South Africa
Germany 1,098 Spain

Ghana 18 Sweden
Greece 194 Switzerland
Guatemala 16 Tanzania
Guyana 6 Thailand
Haiti 11 Trinidad
Honduras 1 Tunisia

Hong Kong 150 Turkey
Iceland 12 Uganda

India 1,367 United Arab Republic
Indonesia 37 United Kingdom
Iran 162 Uruguay

Iraqg 36 Venezuela
Ireland 34 Viet Nam
Israel 358 Yugoslavia
Italy 756 Zambia
Jamaica 20

Japan 970 Total

Source: Department of Energy
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DESCRIPTION OF SELECTED UNIVERSITY COURSES

IN NUCLEAR-RELATED FIELDS

NUCLEAR CHEMICAL ENGINEERING

Applications of chemical engineering to the processing
of materials for and from nuclear reactors. Fuel cycles for
nuclear reactors; chemistry of uranium, thorium, zirconium,
plutonium and fission products; extraction and purification
of uranium and thorium from their ores; processing of irra-
diated nuclear fuel; solvent extraction and ion exchange as
applied to nuclear materials; management of radiocactive
wastes; and principles of and processes for isotope separa-
tion.

NUCLEAR FUELS

Behavior of nuclear fuels and fuel element cladding
materials in reactor cores. Experimental observations and
theory of radiation damage to metals and ceramnics of prac-
tical interest; processes for fabricating fuel elements and
fuel assemblies; fuel fabrication costs; and recent develop-
ments of advanced reactor core materials.

NUCLEAR ENGINEERING MATERIALS

An introduction to materials for nuclear fuels, nuclear
reactors, and nuclear radiation detection, including radia-
tion effects in these materials due to neutrons, charged
particles, and gamma radiations.

NUCLEAR CERAMICS

Study of the characterization, behavior, and utilization
of ceramic materials for the radiation environment of modern
reactor devices with particular emphasis on the power reac-
tor; discussion of material functions in radiation environ-
ment, the ceramic nuclear fuel cycle, radiation damage in
nonfissile ceramics, and nuclear carbon, graphite, and non-
fuel ceramic isotope utilization.

NUCLEAR METALLURGY

Metallurgical principles applied to materials problems
in nuclear engineering, including topics in production of
uranium, corrosion, radiation damage, fuel element fabrica-
tion, and fuel reprocessing.
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INTRODUCTION TO NUCLEAR POWER TECHNOLOGY

Nuclear reactions in fission and fusion reactors;
nuclear fuels, fuel resources, and fuel cycles; principles
of neutron-multiplying systems; heat removal from reactors;
nuclear reactor designs; isotope separation; fuel reproces-
sing; radiocactive waste management; environmental effects;
and nuclear power economics.

NUCLEAR MATERIALS

Behavior of nuclear materials in a reactor environment;
radiation damage to solids and liquids; chemical effects of
fission products; swelling and structural changes; diffusion
release and chemical control of radionuclides; fuel reproces-
sing and nuclear waste management; and isotope separation.

PROCESS TECHNOLOGY IN THE NUCLEAR FUEL CYCLE

Ex-reactor components of the nuclear fuel cycle; ura-
nium availability; production of uranium and fabrication of
nuclear fuel elements; uranium enrichment; spent fuel repro-
cessing; radioactive effluent management and waste disposal;
and fuel cycle economics.
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Discipline

Nuclear
Engineering

Chemical
Engineering

DISCIPLINES RELEVANT TO PEACEFUL PROGRAMS

(a)
(b)

(c)

(d)
(e)
(£)
(9)

(a)

(b)
(c)

(d)
(e)

AND NUCLEAR WEAPONS

Peaceful Uses

nuclear design ot nuclear reactors.

shielding of nuclear reactors and
all other types of radiation sources——
health physics.

calculations of radiation doses

from radiation facilities during
normal operation and under accident
conditions. .

calculation of fuel burnup and fissile
atom production.

¢riticality calculations——fuel pools,
reprocessing plants, etc.

reactor siting and licensing.

isotope applications.

design of plants, especially gaseous
diffusion, for enriching uranium.
design of reprocessing plants.
design of plants for production of
heavy water, graphite.

design of chemical systems required
in nuclear power plants.

waste disposal systems.

(a)
(b)

(<)

(d)

(e)
(£)

(a)

(b)

(c)

Nuclear Weapons

IA XIANZddy

ditto, dedicated
reactors.

ditto, shielding of
dedicated reactors
and fuel reproces-
sing plants.

ditto

ditto, plutonium
production rate.
ditto

developing and running
weapons design codes.

ditto

ditto
ditto

]
H
Vi

IA XIQNAdAY
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Discipline

Metallurgical
Engineering

Mechanical
Engineering

Electrical
Engineering

(a)
(b)

(c)
(4)

(a)
(b)
(c)

(d)
(e)

(£)

(a)
(b)
(c)

Peaceful Uses

obtaining uranium metal from uranium ore.
preparation of uranium metal from
uranium hexafluoride (from enrichment
plants).

fuel element manufacture.

materials for reactors: stainless
steels, boron carbide, control rod
materials, graphite.

design of reactor structures.
heat transfer calculations for reactors.

design of steam generators, pressurizers,
purmps, heaters, condenser, piping.
centrifuges for isotope separation.
mechanical design of fuel handling
equipment, fuel casks, etc.

heating, ventilating, air conditioning.

reactor instrumentation and control
systems.

electric generation and distribution
systems for nuclear power plants
instrumentation and control of repro-
cessing plants, isotope enrichment
plants.

(a)
(b)

(c)
(d)
(e)
()

(a)
(b)
(c)

(Q)
(e)

(a)
(b)
(c)

Nuclear Weapons

ditto
ditto

ditto
ditto

reduction and puri-
fication of plutonium.
fabrication of plu-
tonium parts of
weapons.

ditto, dedicated
reactors.

ditto, dedicated
reactors.

design of structural
components of weapons.
ditto

ditto

ditto, dedicated
reactors.

ignition systems for
weapons.

ditto

IA XIANdd4ddV¥Y

IA XIANdddv
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Discipline

Physics

Mathematics and
Computer Sciences

Chemistry

(a)

(b)

(a)

(b)
(c)

(a)
(b)

Peaceful Uses

measurement of fundamental nuclear data
for reactor design.

fundamentals of isotope separation,
lasers, centrifuges, etc.

codes for reactor design and operation.

shielding design, radiation dose code.
statistical analysis of reactor compo-

nents, accident probabilities.

design, operation of chemical systems
in nuclear power plants.

provide fundamental chemical data for
design of reprocessing plant.

(a)

(b)

(a)

(a)
(b)

Nuclear Weapons

fundamental design calcu-
lations of weapons—-the
amount and distribution

of uranium or plutonium,
the explosive configura—
tion, the location of the
ignitors, the weapon yield,
and effects of weapon
detonation.

ditto

assist in calculations
used in weapons design—
developing the necessary
codes.

ditto, dedicated reactors.

ditto

IA XIQNAddY

IA XIANZddY



APPENDIX VII APPENDIX VII

INTERNATIONAL ATOMIC ENERGY AGENCY

Classification of Fields of Study
and Fields of Activity Directly
Related to the Technical Assistance
Available from IAEA

GENERAL ATOMIC ENERGY DEVELOPMENT

Overall programming

Nuclear materials management (safeguards)
Legal aspects of atomic energy

Economic aspects of atomic energy
Library and scientific documentation
Administration in nuclear fields

Nuclear centers and laboratories

Basic and intermediate-level training
Data processing by computer

NUCLEAR PHYSICS

Theoretical physics

Atomic physics

Nuclear physics

Neutron physics

Reactor physics

Solid state physics

Plasma physics

High energy physics

Mass spectrometry and mass separators
Radiometry and dosimetry
Analytical nuclear physics

NUCLEAR CHEMISTRY

Nuclear radiochemistry

Analytical chemistry

Radiation chemistry

Physical chemistry

Preparation of labelled compounds

Production and control of radiopharmaceuticals
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APPENDIX VII ‘ APPENDIX VII

PROSPECTING, MINING AND PROCESSING
OF NUCLEAR MATERIALS ‘

Prospecting of nuclear raw material deposits

Evaluation of uranium and thorium ore deposits
and other ores of nuclear interest

Mining of nuclear raw materials

Analysis of nuclear raw materials

Processing of nuclear materials

NUCLEAR ENGINEERING AND TECHNOLOGY

Research reactors

Power reactors

Reactor technology

Reactor metallurgy and materials

Nuclear chemical engineering

Nuclear instrumentation, electronics and
reactor control

Production of isotopes

Fuel element reprocessing

Irradiation effects

Radiation engineering

Quality assurance

APPLICATION OF ISOTOPES AND RADIATION
IN AGRICULTURE

Soil science, irrigation and plant nutrition
Plant breeding and genetics

Entomology

Animal production and fisheries

Animal diseases

Agricultural biochemistry

Food preservation

Plant pathology

'APPLICATION OF ISOTOPES AND RADIATION
IN MEDICINE

Nuclear medicine
Radiotherapy

Fundamental medical research
Radiotoxicology

Medical physics
Radiopharmacy
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APPENDIX VII APPENDIX VII

APPLICATION OF ISOTOPES AND RADIATION
IN BIOLOGY

Somatic effects of radiation

Genetic effects of radiation

Radiation sterilization

Radionuclides and radiation in aquatic biology
Dosimetry in radiation biology

Preparation of vaccines

Environment radiation biology

APPLICATION OF ISOTOPES AND RADIATION
IN INDUSTRY AND HYDROLOGY

General industrial applications

Non-nuclear materials

Civil engineering «

Industrial pollution studies and non-radioactive
effluent disposal

Radiation processing

Multi-purposes irradiation

Tracer techniques for industrial processes

Ground-water hydrology

Surface-water hydrology

Analytical and instrumental techniques

SAFETY IN NUCLEAR ENERGY

Safety standards, regulations and procedures
Radiation protection

Safety of reactors and nuclear materials
Treatment and disposal of radioactive wastes
Safety evaluation

Environmental protection
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