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Trip Report on "International Conference on Nonproliferation
Problems," Kazakhstan’, September 1997.

By Emily Ewell

Introduction

From September 8 — 11, 1997, the Kazakhstani Ministry of Science-Academy of Sciences
held an “International Conference on Nonproliferation Problems,” co-sponsored by the
Kazakhstan Atomic Energy Agency, the Ministry of Foreign Affairs, the National
Nuclear Center, and the Security Council. The first day of the conference took place in
Almaty, Kazakhstan and focused on the political aspects of nonproliferation. On
Tuesday, September 9, all conference participants were flown on a chartered plane to the
northeastern city of Semey (Semipalatinsk), where they were greeted by a military band
and a fleet of buses to take them to the city of Kurchatov, about two hours west of Semey
on the territory of the Semijpalatinsk Test Site (Polygon). The conference continued from
September 10-12 in Kurchatov, focusing on the technical aspects of nonproliferation.
Conference participants were also taken on tours to the three nuclear research reactors
and nuclear weapons test fields at the Polygon.

Of the foreign conference participants, the United States sent the largest delegation, with
representatives from the Department of Energy, the National Laboratories, the Defense
Special Weapons Agency, the Department of State, and other agencies.”> In addition,
there were representatives from Russia, Ukraine, Sweden, France, Germany, and
Norway, as well as from the United Nations, and the IAEA. Although there was at least
one representative from the Russian Ministry of Foreign Affairs (Mr. V. L
Rybachenkov), many of the Russians were scientists from the All-Russian Research
Institute of Technical Physics at Chelyabinsk-70. Based on earlier discussions with
scientists from the Institute of Physics Power Engineering in Obninsk, I would guess that
many other scientists from the NIS were invited, but could not afford to attend. There
were also a few representatives from the International Physicians for the Prevention of
Nuclear War. Lastly, there were many scientists and officials from Kazakhstan,
including representatives from the Ministry of Foreign Affairs, the Ministry of Defense,
the Committee for National Security, the Security Council, Academy of Sciences, the
Kazakhstan Atomic Eniergy Agency, the National Nuclear Center, the Ministry of Health,
the Ministry of Power and Natural Resources, as well as representatives from
environmental and activist groups such as "Nevada-Semipalatinsk."

As abstracts for all presentations were made available to conference participants, this
report will not go into any detail on the presentations themselves. However, the report

! According to a Kazakhstani foreign ministry official, the “h” has been official put back into
“Kazakhstan.”

2 fn addition, Harlan Strauss, Joe Tipton, Christina Rocca (a staffer for Senator Sam Brownback), anda
representative from OSIA were in Almaty for the first day of the conference. They were in Almaty for
discussions with Kazakhstani officials regarding follow-up activities under the DOD-FBI program and
were scheduled to go to Bishkek on Wednesday, September 10.
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will include general observations of the proceedings and make note of any particularly
interesting remarks. Because of the large number of presentations, no time for discussion
was allowed and conference participants were instructed to ask their questions directly of
presenters during the coffee breaks.

Almaty: Political Aspects of Nonproliferation ,

Minister of Science and President of the Academy of Sciences Vladimir Shkolnik opened
the conference. Greetings were read from both Kazakhstani President Nursultan
Nazarbayev and UN Secretary General Kofi Annan. In addition to the expected
diplomatic welcome and congratulations, Secretary Annan's greeting made particular
reference to the Almaty Declaration, which called for the creation of a Central Asian
Nuclear-Weapon-Free Zone (NWFZ). He also noted that the Almaty conference could be
seen as "bridge" to the Tashkent Conference the following week, which would
specifically address a Central Asian NWFZ. This early reference to the NWEFZ set a tone
for the rest of day, as no fewer than five subsequent presentations made reference to the
zone. Many of the journalists at the press-conference at the end of the day also focused
on the NWFZ idea, and a local newspaper later reported on "President Nazarbayev's
latest idea" -- the creation of a NWFZ in Central Asia.

Kazakhstani Speakers on Monday, September 8 included: Minister of Science Shkolnik,
Minister of Health Vasiliy Devyatko, First Deputy Foreign Minister Erlan Idrisov,
Director-General of the Kazakhstan Atomic Energy Agency Timur Zhantikin, leader of
the Nevada-Semipalatinsk movement Olzhas Suleymenov, and an impromptu
presentation by a Senator from West Kazakhstan, Senator Gabbasov. International
speakers included US Ambassador to Kazakhstan Elizabeth Jones, the Japanese
Ambassador to Kazakhstan, Ukrainian Deputy Foreign Minister Konstantin Grishenko,
Russian Foreign Ministry official V. Rybachenkov, Hannalore Hoppe from the United
Nations, Islam Nurul from the IAEA, Bill Potter from the Monterey Institute, Arthur
Muh! and Jacques Mongnet from the International Physicians for the Prevention of
Nuclear War, and Dr. A. Weinberg from Baylor College of Medicine in the United
States.

The Kazakhstani presentations were a fairly mixed bag, covering the history of
nonproliferation in Kazakhstan, the current legal aspects of the nonproliferation regime in
Kazakhstan, the Central Asian NWFZ initiative, and the health consequences of nuclear
. testing.  Minister Shkolnik gave a strong lead presentation on Kazakhstan's
nonproliferation policy. In reciting the history of Kazakhstan's involvement in the
international nonproliferation regime, Shkolnik emphasized that although Kazakhstan
inherited an advanced nuclear industry, a highly developed scientific potential, and
nuclear weapons themselves, over the past few years Kazakhstan has repeatedly
demonstrated its commitment to nonproliferation.  Director-General Zhantikin's
presentation examined the legal foundation for the controls exercised by various
government bodies over nuclear activities in Kazakhstan, ensuring adherence to the
nonproliferation regime in Kazakhstan. In particular, he noted the Law on Export
Controls, passed in 1996, and the recent Law on Atomic Energy, passed in April 1997.
He also noted that the Kazakhstan Atomic Energy Agency was developing a state system
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expressed Mongolia's interest, in principle, in such a corridor and said that Mongolia
would be ready to support it should Russia and China decide to create such a corridor.
Dr. Muhl took advantage of his time in Almaty to discuss his idea in side meetings at the
Kazakhstani Forexgn Ministry. He then went on to Bishkek to promote his idea there,
before ending up in Tashkent at the NWFZ conference. It should be noted that the
Uzbeks asked Dr. Muhl not to mention his corridor idea in Tashkent, as they were
concerned that it would not be well received.

Mr. Rybachenkov from the Russian Foreign Ministry also made reference to the Central
Asian NWFZ. He noted that Russia welcomed initiatives for new NWFZs, including
both the Central Asian and the Central and Eastern European initiatives.’

One of the last presentations was made by Senator Gabbasov, a member of Parliament
from Western Kazakhstan. He reminded the conference participants that Semipalatinsk
was not the only region that suffered from Soviet nuclear testing. He reminded the group
that there had been 10 nuclear explosions at the Kasputin-Yar nuclear missile test site,
and 17 underground nuclear explosions at the Azgir test site. He made an appeal for these
two west-Kazakhstani test sites not to be forgotten by the Kazakhstani and international
community.

Kurchatov: Technical Aspects of Nonproliferation

Kurchatov, also known as Semipalatinsk-21, is a small, formerly closed city located i in
the northeast corner of the Semipalatinsk Test Site (Polygon) on the Irtysh River.*
Scientists and military personnel conducting nuclear tests and working at the scientific
reactors located on the test site lived in the city of Kurchatov. Previously, there were
approximately 25,000 inhabitants of Kurchatov. During a tour of city, conference
participants were told that the population has dropped to approximately 15,000. The city
appeared to be little more than a ghost town, however, with many abandoned buildings,
half finished construction projects, and crumbling laboratories filled with outdated
equipment. The streets are mostly quiet and empty. Almost all inhabitants of the city, as
well as the overwhelming majority of Kazakhstani conference participants, appeared to
be ethnic Russians, and most of the cars have Russian license plates.

On Tuesday, September 9, the day of our arrival in Kurchatov, we were taken on a brief
tour of the city. The tour included trips to one of the laboratories at the Institute of
Radiation Safety and Ecology, a small museum dedicated to the history of the test site
(complete with displays of various animal organs that had been exposed to massive
radiation from nuclear explosions), and a new joint-venture "KK Interconnect."

" KK Interconnect represents one of many defense conversion efforts taking place at the
test site. It is a joint venture between the Institute of Atomic Energy and the U.S.

3 A Kazakhstani foreign ministry official had earlier noted that he believed Russia would be "very

supportive" of a Central Asian NWFZ, as they continued to keep in mind the proposal for a Central and
Eastern European NWFZ.

* The total area of the test site is 18,500 km, with a perimeter of roughly 600 km. The test site covers large
portions of the Semipalatinsk, Pavlodar and Karaganda oblasts of Kazakhstan.
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for physical protection, which would standardize coordination between Ministries and
government agencies in the sphere of physical protection.

Minister Devyatko's presentation focused on the responsibilities of his ministry in
addressing the medical and health consequences of nuclear testing at Semipalatinsk. The
Ministry of Health recently opened an Institute of Radiological Medicine and Ecology in
Semipalatinsk and a regional diagnostic center in Kurchatov City. In addition, the
ministry is creating a national register of Kazakhstani citizens suffering from radiation-
induced health problems.

Deputy Minister Idrisov's presentation focused on the idea of a Central Asian NWFZ. He
explained Kazakhstan's interest in the zone by noting that Kazakhstan was looking for
additional ways to contribute to the nonproliferation regime. He called the idea a
"Central Asian initiative" put forth in the Almaty Declaration in February 1997. Prior
interest in the idea on the part of Kazakhstan or other Central Asian states was not
mentioned. Idrisov also claimed that many countries had approved the idea in principle,
including the nuclear powers. Regarding the zone itself, Idrisov had three main points:

1) the zone should be open to eventual participation by additional countries;

2) the exact geographic borders of the zone will have to be defined before any final
agreement is reached on the zone;

3) a protocol on environmental problems should be attached to a Central Asian NWFZ
treaty, focusing the attention of the international community on the severe
environmental consequences of nuclear testing. Such a protocol could include an
invitation to the international community to cooperate with the Central Asian states
oon the conversion of the Semipalatinsk test site, and environmental clean up of the
problems caused by nuclear testing, uranium mining, and storage of radioactive
waste.

One additional presentation in particular is worth mentioning. Dr. Arthur Muhl gave a
presentation on the possible creation of a Nuclear-Weapon-Free Corridor linking the
Central Asian NWFZ with the already self-declared Nuclear-Weapon-Free State of
Mongolia. Dr. Muhl's idea is to create an NWF-corridor along a 40-km, scarcely
populated strip of land high in the mountains between Kazakhstan and Mongolia. The
corridor consists of both Russian and Chinese territories. According to Dr. Muhl, the
advantages of such a corridor are the following:

1) itis alogical way to link Mongolia to the Central Asian NWFZ;

2) it would be a novelty — it would be the first NWFZ on the territory of declared NWS;

3) it would be proof of the proclaimed friendship and mutual confidence between all
countries involved;

4) it would be a strong confidence-building measure in Asia;

5) it would be a symbol of mutual understanding, peace and respect.

Dr. Muhl made available copies of a letter he received from Mr. Surenguin Badral, the
Foreign Policy Advisor to the Prime Minister of Mongolia. In this letter, Mr. Badral
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company "Cross" (sic). The U.S. government, mostly likely under the auspices of either
the IPP program or the Nunn-Lugar defense conversion program provided the initial
funding for the project. The company produces printed circuit boards for universal
remote controls and "World Connect" universal modem adapters. And they even have a
few customers... Apparently, KK Interconnect recently received an order from the
Sharper Image catalog for 10,000 universal remote controls. The equipment in the small
factory is impressive to look at — consisting of very high-tech, state of the art computers
and machinery. The company employs 33 people, all former employees of the Institute
of Atomic Energy. Although it is a very modest operation, even such small conversion
projects, if successful, will help to ensure that the former nuclear scientific elite remain
gainfully employed and help to keep Kurchatov from fading away completely.

(539

Conference presentations continued on Wednesday, September 10, focusing on the
technical aspects of nonproliferation. Most presentations focused on conversion and
dismantlement projects, and current nuclear research activities in Kazakhstan.

Dr. Yuri Cherepnin, Director of the National Nuclear Center, gave the first presentation
on "Conversion of the Semipalatinsk Test-Site" (viewgraphs available upon request).
The presentation was both informative and very well presented, with viewgraphs in
English and in Russian, high-quality photographs of nuclear explosions, and a map
showing the locations of different facilities located on the test site. Between 1949 and
1989, 456 nuclear tests were conducted. Of those, 86 were atmospheric tests, 30 were
above ground tests, and 340 were underground tests. In 1962, there were 40 nuclear
explosions in 20 weeks, the highest number of tests ever conducted in one year.

The Semipalatinsk Polygon was used exclusively as a site for conducting nuclear tests
from 1949 to 1957. In 1958, however, construction began on the IGR reactor, which is
described below. In 1964, construction began on the Baikal-1 reactor complex, also
described below. Both reactor sites were functionally unrelated to the nuclear testing
activities at the Polygon, but were built on its territory because a large, uninhabited area
was needed for these particular reactors. However all activities at the Polygon were
conducted exclusively for the Soviet military complex—there were no civilian activities.

After the Soviet Union broke up in 1991, the Russian military began to pull out of
Kurchatov. Cherepnin explained that, because there were no viable civilian activities at
the Polygon, there was a real danger that the entire scientific-production complex there
would be destroyed. Thus, it was crucial to the fate of the complex that the Kazakhstani
leadership decided to establish a National Nuclear Center (NNC) in Kurchatov on the
basis of the existing nuclear infrastructure. This decision made it possible to retain a
qualified cadre of personnel, maintain and continue to exploit the existing nuclear
facilities, and begin work on the implementation of a full conversion plan. The initial
plans for conversion activities envisioned a continuation of work on the nuclear rocket
engine programs at Baikal-1. However, it very quickly became obvious that such work
could have been continued only in close cooperation with Russia and/or the United
States. As both countries had essentially discontinued active programs in this area, the
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scope of conversion activities at NNC has been continually refined over the past four
years.

Current activities at the NNC include a feasibility study on the construction of thermal
nuclear power plants; research in the area of nuclear reactor safety; research under the
auspices of the International Thermonuclear Energy Reactor (ITER) project; destruction
of the nuclear testing infrastructure; nonproliferation activities, including the
improvement of MPC&A at the reactor complexes and the return of highly-enriched
reactor fuel to Russia; development of technology, equipment and sites for storage of
spent nuclear fuel; opening of a joint-stock company for production of printed circuit
boards; and assessment of the effects of nuclear testing. International projects currently
involve Russia, the United States, Japan, and the European Community.

The next presentation was given by Dr. D. Linger from the U.S. Defense Special
Weapons Agency, who discussed some of the analogous conversion work being done at
the Nevada Test Site in the United States. Dr. Linger is part of the U.S. team that is
helping the Kazakhstanis to seal the nuclear testing tunnels at the Degelen mountain
complex at the Polygon. (Dr. Linger chose to use his own, American interpreter, rather
than use the simultaneous interpretation provided by the Kazakhstani Ministry of
Science.)

The United States conducted roughly 100 atmospheric tests at the Nevada Test Site
between 1951 and 1962. Peaceful Nuclear Explosions (PNEs) were also conducted, to
see if nuclear explosives could be used to construct canals, etc. One PNE created the
"Sedan Crater," which is 1200 feet in diameter and 600 feet deep. In 1962, the United
States began testing nuclear weapons in tunnels to contain the radiation. The name of the
complex of tunnels at the Nevada Test Site is Ranier Mesa, analogous to Kazakhstan's
Degelen mountain complex. But unlike Degelen, where only 1-2 tests were conducted
per tunnel, 15-20 tests were conducted per tunnel at Ranier Mesa. The United States has
had an easier job of closing down its underground test site, because the Ranier Mesa site
has only five tunnel complexes, whereas the Degelen site has roughly 200 tunnels. The
last underground test in the United States was conducted in 1992.

In addition to closing the tunnels, the U.S. is also trying to define the future role of the
Nevada Test Site. Current efforts are focused on site remediation, as well as trying to
redirect the scientific potential of the complex as a National Research Center. There are
three major missions at the Nevada Test Site now, which may help to define what the
future long-term activities of the complex may be:

1) Accident Mitigation Assessment (with a focus on chemical weapons)

2) National Defense Initiatives (such as destroying ICBMs)

3) Nuclear Waste Management. There is currently a low-level waste disposal project to
store medical and other low-level industrial waste at the test site. Another project,
called the Yucca Mountain Project, is examining the suitability of using this site for
storage of high-level waste as well.
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~ parameters of the explosions is lowered into the hole along with the device to be tested,

The next three presentations focused on the destruction of the testing infrastructure at the
Polygon, and particularly on the destruction of the "nuclear device" in Tunnel 108 on
May 1995. The device was destroyed by specialists from Russia's VNIITF under a
special agreement between Russia and Kazakhstan. With the assistance of Kazakhstani
experts from the Ministry of Ecology and Bioresources, all possible measures were taken
to ensure complete ecological safety of the operation. In addition, while preserving the
classified nature of the technical specifications of the device, all possible measures were
taken to ensure transparency and confidence-building.

The scientist who gave the presentation explained that the device was not a bomb and not
a warhead — it was a nuclear device with unique technical characteristics that was
constructed and placed in Tunnel 108 in 1991. It was meant to be used after just a few
month. But then the Soviet Union fell apart and new political realities made it impossible
to explode the device. In 1992, President Nazarbayev closed the Polygon and within the
next year Kazakhstan signed the NPT as a non-nuclear-weapon state. However, as time
passed, experts determined that the unexploded device was causing a number of
ecological problems, and if left in the tunnel indefinitely could eventually contaminate
the water table. As it would be exceedingly dangerous to dismantle the device, it was
decided that the best possible option would be to destroy it using a chemical substance.
One presentation focused on the fact that the measures of transparency employed turned
out to be particularly useful in improving relations with the press and with various A
environmental, non-governmental organizations. .

One of the more interesting aspects of the final presentation on the destruction of the test
site infrastructure was the description of the infrastructure itself. There are two sites at
the Polygon where test infrastructure remains: the Degelen mountain complex is at test
site "G," in the Southem portion of the Polygon, and the technical area "Balapan" is at the
Southeast edge of the Polygon. The test infrastructure at Degelen consists of a series of .
underground tunnels in natural mountain formations. The tunnels were constructed of
sealing concrete and stone. Equipment to monitor the parameters of the explosions was
placed a safe distance from the mouths of the tunnels. The first test was conducted here
on October 11, 1961, the results of which proved that conducting tests in tunnels
significantly reduced the release of radioactive materials into the atmosphere. 223 tests
later, the last nuclear test was conducted at Degelen on October 10, 1989. Underground
tests were also conducted at the technical area, "Balapan," but in vertical holes in the
ground as opposed to tunnels. The depth of most of the holes is 500-600 meters, and the
bottom of the hole is up to 900 meters in diameter. Instrumentation to gauge the

and is connected to measuring equipment located above ground by cables. Collapsed
craters were not generally created by tests at Balapan, as the holes were made in solid
rock, such as granite. On January 15, 1965, a nuclear device was placed in a test hole at
Balapan at a depth of 178 meters and exploded to test the procedures for creating man-
made reservoirs. The resulting 130 kT nuclear blast created an artificial lake with a
diameter of 408 meters -- Lake Balapan, also known to locals as the "Atomic Lake." The
lake remains to this day, and radiation levels on the shore of the lake are still quite high.
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The last nuclear test conducted at the Semipalatinsk Polygon was at the Balapan technical
area in November 1989. T whown Q@ tuca of T caw% Lok k

The next presentation of note related the eight ISTC projects that have been awarded to i

the institutes at the National Nuclear Center. They are as follows:

1) Project K-048, Institute of Atomic Energy. This project provides funding for the
development of a plan to decommission the RA reactor at the Baikal-1 complex, so
that the fuel in the reactor can be returned to Russia. (As was further explained
during a tour of Baikal-1, a formal decision to decommission the RA reactor has not | (e
yet been taken by Kazakhstan.) This project involves 110 people. I e

2) Project K-057, Institute of Atomic Energy. This project provides funding for the | % § 4
creation of storage, control, and physical protection systems for nuclear materials and ? X
radioactive sources at the Baikal-1 complex, using international standards for the ’
control and accounting of radioactive materials. i

3) Projects K-053 and K-054, Institute of Radiation Safety and Ecology/Institute of |
Nuclear Physics. These projects are designed to evaluate the effects of nuclear 1
testing on the flora and fauna of the region and to examine the levels of radiological !
and non-radiological contamination at the Polygon. In addition, scientists are z
working to determine the migration paths of radionuclides from the Polygon. 103
people work on project K-053 and 100 people on project K-054.

4) Project K-056, Institute of Geophysical Research. This project provides funding for
the study of possible contamination of the groundwater with radionuclides as a result
of underground nuclear testing. This project involves 130 people.

5) Project K-063, Institute of Geophysical Research. This project provides funding for
the Institute of Geophysical Research to monitor seismic events as part of the
International Monitoring System for verification of the Comprehensive Test Ban
Treaty. This project involves 120 people.

Other ISTC projects include research on beryllium coating for superconductors, and
ensuring the safety of local populations in areas close to the test site.

There is one final presentation that it is worth noting in some detail — a presentation on

" the "Nuclear Industrial and Power Complex of Kazakhstan." The presentation was given

by Valeriy Shemansky, Vice-President of KATEP. Interestingly, Mr. Shemansky did not Goud/ f

explain the recent creation of the organization "Kazatomprom," nor did he explain the WH{
role that KATEP will play now that it is no longer the parent company of most of the ohy
nuclear industrial facilities in Kazakhstan® Instead he avoided mentioning both —
companies and spoke of the development of Kazakhstan's nuclear industry generally.

According to Shemansky, 120,000 people work in the 37 different organizations that
comprise the nuclear industry in Kazakhstan. Over the past 5 'z years the nuclear

S In a private conversation, Mr. Shemansky indicated that Kazatomprom was responsible for all aspects of
the fuel-cycle through fuel fabrication (i.e., uranium mining and milling and fuel pellet production at Ulba),
and KATEP was responsible for development of nuclear power and dealing with spent fuel. He was unable
to explain why the change had been made, indicating only that it had been a political decision. He also

complained that Kazatomprom had immediately been given levels of authority that KATEP had been
denied for many yeats.
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industry has accomplished much, including the conversion to exclusively peaceful
activities. This conversion has ensured that much of Kazakhstan's scientific potential in
the field has been preserved. Kazakhstan's nuclear industry is comprised of the
following:

)

1) Uranium mining companies: State Holding Company, "Tselinniy Mining and
Chemical Combine;" the Stepnoye Ore Directorate; the Central Ore Directorate; Ore |
Directorate No. 6; and KASKOR, located in the city of Aktau; ,

2) One nuclear reactor fuel pellet fabrication factory, the Ulba Metallurgy Factory; Y wﬂﬁj

3) Two factories which process rare and rare-earth metals, the Ulba Metallurgy Factory ]
and the Irtysh Chemical Metallurgical Factory; ;

4) The Mangyshlak Energy Combine; k

5) The Scientific Complex "National Nuclear Center" under the auspices of tgaj
Ministry of Sciences — Academy of Sciences.

Roughly 25 percent of the world's uranium is located in Kazakhstan. Proven reserves are

approximately 691,000 tons, and unexplored reserves may bring the total up to Tl‘i?)'/"

approximately 1,617,000 tons. Uranium is mined in six oblasts in Kazakhstan, and

milled at the Tselinniy Mining and Chemical Combine, the Prikaspiskiy Mining i;l\d//

Chemical Compa.ny,6 and at the Kara Balta Combine in Kyrgyzstan and .th€

Vostokredmet Combine in Khodzhent, Tajikistan.

Currently there is only one nuclear power plant in Kazakhstan, the BN-350 fast-breeder

reactor in Aktau at the Magyshlak Atomic Energy Combine. The energy produced at this

reactor represents only 0.7% of Kazakhstan's electrical energy production. The reactor,

which uses 21% enriched HEU fuel, is due to be removed from service in the year 2003.

As the demand for energy in Kazakhstan is projected to increase significantly in the next

20 years, the Ministry of Energy, together with the Ministry of Science, has developed a )
plan for the development of the nuclear power and the nuclear industry in Kazakhstan. {
As outlined by Shemansky, the proposed plan has three basic elements: increase W
production of natural uranium, produce nuclear fuel pellets for all types of nuclear et
reactors, and encourage the training of qualified specialists to work in the nuclear field. |

The profit made from increased uranium production can be used to finance the
development of nuclear power in Kazakhstan. Preliminary plans are to build at least one

major new nuclear power plant, as well as possibly a small atomi¢ power reactor at
Kurchatov.

In preparation for Kazakhstan's initiative to develop nuclear power, much of the work
that is currently being done at the IGR, IVG.1M, and RA research reactors is on reactor
safety. There was an interesting technical presentation given by a scientist from the
Institute of Atomic Energy, who explained this work in great detail.

There were also a series of presentations by Russian participants on such subjects as the
role of the Ministry of Atomic Energy in Russian export controls and the physical

¢ I would guess that this is the same outfit as KASKOR.
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protection upgrades that are being implemented at Russian nuclear facilities such as the
Kurchatov Institute in Moscow.

On Thursday, September 11, the moring was devoted to tours of the various facilities
and sites within the Polygon. I chose to go on the tour to Baikal-1 on Thursday morning
and to the IGR reactor and the site of the atmospheric nuclear tests on Friday morning.
Tours were also given of the Degelen mountain complex and of Lake Balapan, the
"atomic lake" described above. At the afiernoon session, where attendance was
considerably diminished, there was a series of rather technical presentations on the
potential for Kazakhstan to play an active role in the seismic monitoring required by the
Comprehensive Test Ban Treaty. There was also a presentation on the possibility of
sending high-level atomic waste to the sun for disposal.

On the morning of Friday, September 12, two sessions were held simultaneously, one
called "Supporting the Nuclear Nonproliferation Regime and Control of Nuclear
Materials," at which many of the U.S. DOE participants gave presentations on U.S.
export control and MPC&A assistance to Kazakhstan, and one called "Radio-ecological
Research on the Effects of Nuclear Testing." I did not attend either session, choosing
instead to go on more tours. According to the DOE representatives, most of the
Kazakhstani participants chose to attend the session on radio-ecological research and -
attendance was rather thin at the first session.

Excursions to Kurchatov Research Reactors’

Baikal-1 Reactor Complex:
Information given here is based primarily on the comments of Dr. Alexander

\ 7 Kolbayenko, Deputy Chief Engineer at Baikal-1, who led a tour of the complex on
September 11, 1997. A fact sheet on the reactor, provided by the conference organizers,
was used to supplement the information here. Additional comments are based on
remarks by Dr. Vyacheslav Ganzha, Chief Engineer at Baikal-1, and personal
observations.

The Baikal-1 Reactor Complex is located near the geographical center of the
Semipalatinsk Polygon. It is the location of two research reactors, the IVG.1M® and the
RA, and the “non-reactor stand” ANGARA. (The IGR reactor is at another location on
the Polygon.) The reactors had no scientific connection to the nuclear weapons tests that
were conducted at the Polygon. They were built on the territory of the test site because
their technological specifications required a location distant from populated areas. The
Baikal-1 Reactor Complex was previously a branch of the Russia-based NPO Luch
Production Facility, and its principle activity was research on the Soviet nuclear rocket
engine program. The program ended in the late 1980s. Baikal-1 no longer has any

7 A version of the portion "Excursion to Kurchatov Research Reactors" of this trip report was sent to
George Anzelon at LLNL by Bill Potter in a memo entitled, "Potter and Ewell Notes from
Kurchatov/Semipalatinsk Conference and Excursion."

® The reference to the IVG.1M as “EWG.1M?” is probably not necessary. It is simply an alternative
transliteration from the Russian.



formal association with Luch, and falls under the auspices of the Institute of Atomic (“\\:
Energy at the Kazakhstani National Nuclear Center. Current projects include researchon |
nuclear safety, and research under the International Thermonuclear Energy Reactor !

(ITER) program.

Funding for Baikal-1 comes primarily from the Kazakhstani government. However, the
facility has some joint projects with other countries (such as Russian and Japan), as well
as four projects funded by the International Science and Technology Center in Moscow
(ISTC). There are currently about 250 people who work at the Baikal-1 facility
(including support personnel), almost all of whom appear to be ethnic Russians. M h
Although there is no longer a major exodus of scientists from the facility, many have M ~
already left and there are currently only enough personnel for 1 % shifts. (One scientist

noted privately that about half the scientists remaining had Russian citizenship, and many

had apartments in Russian cities.) Scientists and all other personnel at Baikal-1 live in

the city of Kurchatov.

Both the IVG.1M and the RA reactors are located in Building 101, which is part of a

cavernous underground structure. The IVG.1M is a pulsed reactor, which means that it is

not continually in operation, but operates only for short periods at a time. Construction

of the IVG.1 reactor was completed in 1972, and in 1975 it first reached criticality with a

power rating of 40 MW.? The design of the reactor made it possible to reach a power

rating of 720 MW, but in fact the maximum power it ever reached was 280 MW. From TvGs 42
1989-1990, after the nuclear rocket engine program had ended, the IVG.1 was modified -
and became known as the IVG.1M. The core of the reactor has 30 cells for fuel

channels,'? one of which is gas-cooled. The remaining channels are water-cooled. The

reactor contains approximately five kg of 90% enriched U-235. Although at one point

fresh fuel containing 14 kg of U-235 was stored at Baikal-1, at present there are only

three fresh fuel channels in storage, each containing 200 grams of 90% U-235, for a total

of 600 grams. With the exception of this 600 g, all fresh fuel has been returned to Russia.

The spent, irradiated fuel is in the process of being returned. The most recent shipment M '
was in July 1997, when 50 kg of irradiated fuel was returned to the Luch facility in
Podolsk, Russia. For the purposes of IAEA safeguards, Russian and Kazakhstani material )

is stored separately. IAEA inspections are conducted at this site on a quarterly basis. The
IVG.1M was last operated in May 1997 in conjunction with the ITER program. Itis
scheduled to be operated next in October 1997. The reactor is in operation only about 2
or 3 times per year.

The RA reactor was converted from a nuclear rocket engine prototype into a research
reactor in 1987, after the nuclear rocket engine project had ended. It reached initial
criticality with a power rating of 500 KW. The reactor has a project capacity of 200
MW, although thus far it has only reached 60 MW. Although the reactor is Kazakhstani,
the approximately 7 kg of 90% enriched U-235 fuel in the reactor is Russian. The :
technological composition of the fuel is highly classified, and it will have to be returned

% This clarifies the two conflicting dates currently given in Profiles.
19 According to Dr. Kolbayenko, the core contains 30 channels. According to the fact sheet distributed,
the core contains 31 channels.
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months of 1997, 20 times. Most experiments now are connected with nuclear reactor
safety, although some work is conducted under the ITER project.

As at the Baikal-1 complex, all new physical protection systems were scheduled to be
formally commissioned on September 13, 1997. The only visible physical protection
equipment in the reactor room were a number of strategically placed infrared sensors
which record all movement within the room and relay the information to a central control
room. Alarms were apparently installed as well, although they were not obviously
visible. There have been no attempted thefts of material from this facility.



KOMIOIEKC I/ICCJIE)IOBATEJIBCKI/IX PEAKTOPOB

4P‘M ) W<BAI71KAJ[—1»

KoMILIEKC HCCeN0BaTeNbCKUX PeaKTOpOoB «baijikan-1» 6511 co3AaH JUIA Ha3eM-
HEIX MCHpITaHHi sJepPHBIX PaKeTHbIX aBurateses, OTpa0oTKH KX TPOTOTHIOB U OT-
JENBHEIX Y3108, CTEHIOBBIA KOMILIEKC pACIOJIONKEH B nenTpanbHoil yactn CeMunana-
THHCKOrO TOJUroHa B 65 KHJIOMETpax X fory oT ropofa Kypuatosa. Mecto ans
CTpOMTENLCTBA OBLIO BEIGPAHO C YHETOM creu QUK TEXHONOTHEIECKOTO IpoKecca Hc-

pitanni SIPJL ¢ OTKPHITBIM BBIXJIOTIOM pa6o4ux ra3os B aTmoctepy u TpeGoBaHuH pa-
[HALMOHHOH 6e30nacHOCTH.

B cOCTaB OCHOBHBIX COOpYXeHHH KOMIIEKCa BXOASAT HCNBITATENBHBIA KOPNYC, B
KOTOpOM pa3MeLleHbl B2 JeHCTBYIOIMX HCCIeN0BaTeNbCKIX peakTopa — VBI'.IM u
PA, 1eHTPANBHEIH MYHKT yIpaBleHHd, cGopa u 06paboTkH MHGOPMALMH, XPAHUIAIIA
TerUIoHOCHTeNeH (BOMBI, BOAOPOAA, a30Ta), 3jJaHue sneprocuabenus. Ha xomiiekce
«Bafikan-1» TakkKe HAXONHTICA XPaHHIHIIC oTpaboTaHHBIX HCTOYHHKOB MOHH3UPYIO-
ero WanydyeHus, NO3BONAIOWEE PEUIMTh npo6neMy cbopa u BPEMEHHOIO XpaHEeHHS
oTpaboTaHHBIX AVIVIU B macmiTabax Beero KasaxcTana. B nacrosluee BpeMs npopada-
TBLIBAETCS BOMPOC O BO3MOXKHOCTH CTPOHTENBCTBA Ha xomnnekce «bafikan-1» aTOMHOH
CTAHIIUY 3NMEKTPOTEMNOCHa0KEHHS Masioif MOLLIHOCTH.

Peaxtop VIBI'.1 BBEfer B dKCILIyaTaLHIo 5 1975 roay. DTO KOpPIYCHOH peakTop ,
AKTHBHAS 30Ha KOTOPOTO COAEPKHT 31 qyefiKy 418 YCTaHOBKH TeXHONOTHHEeCKNX KaHa-
OB ¢ TOMIMBOM. B 3aBMCHMOCTH OT THNA H HA3HAYEHUS TEXHOJIOTHYECKHX KaHAIOB
OHM MOTYT OXJIQXKJAAThECA pozofi uny raom. B 1975...1988 roaax Ha peaKkTope WBI'.1
6oLl BEIIONHEH OCHOBHOH 00BeM WCIBITaTeNBHBIX paboT MO nporpaMme paspaboTku
sIPJ1 8 CCCP. B 1989...1990 romax peaktop OBLI MofepHH3HpoRaH. [locne MOACPHH-
3aLUH PEaKTOp HCHONb3yeTcs Al NpoReeHHs HCCAeA0BaHNA B3aMOZEHCTBHA KOHCT-
PYKLHOHHBIX MaTepHailoB C BOLOPOLOM U ero HW30TOlNaMH. JTH HcchefoBaH s BBITON-
HAIOTCA B paMKax [MpoeKTa COo3[anud Mesk1yHApOLHOrO TEPMOSACPHOTO peaxkTopa

UTOP.

Ha xommiekce «bafixan-1» MpOBOIHIIHCE HCTIBITAHKS TPEX CTEHJOBBIX MPOTOTH-
nos peaxropos SIPJL. Tpetuid U3 HHX 6511 nepeobopyAoBaH B HCCNe0BaTeNbCKUR pe-
akTop PA, KOTOpPEIH BBEACH B AKCIIIyaTaluio B 1987 rony. Ha peakrope PA npoBoaH-
JIMCh HCIBITAHHA JUIUTENBHOH panuaunoaﬂoﬁ CTOHKOCTH TOILIHBA KOCMHUECKOH
anepHo# 3HEProJBUIaTeIbHOH yCTaHOBKH.

TenoTeXHUHECKHH CTEHN «AHTapa» npefHasHa4eH Ml WicclieloBaHuA MoBexe-
MK SNEMEHTOB KOHCTPYKIMH ANEPHBIX HepreTHYecKUX yCTaHOBOK MpH MOJeJIHpoBa-
HHY pa3IuTHBIX aBapHHHBIX cuTyaumii. B 4acTHOCTH, Ha cTeHne CO3aHbl YCTAHOBKH
«JlaBa» u «Crnasa» AJIA HCClEeAOBaHHA TIpOLIECCOB B3aUMOJeCTBHS paclapa MaTepya-
7IOB aKTHBHOH 30HBI ANEPHEIX PEAaKTOPOB C BofOi H GETOHOM.

—
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W «<oMUIJIEKC HCCIEJOBATEJNDLCKAX PEAKTOPOB

4f\m )\ W(BAP‘IKA.H-I»
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KoMIUIeKC HCCNEeNoBaTEbCKUX PEaKTOpOB «bBaiikan-1» 651 co3AaH UId HaleM-
HBIX HCHOBITAHHHA fAJEPHRIX PAaKCTHBIX [BUratese, oTpabOTKH MX NPOTOTHIOB U OT-
JenBHBIX Y310B. CTEHIOBBIH KOMILIEKC pacloNONEH B nenTpaibHoil yacTy CeMumana-
TUHCKOTO IIONHIOHA B 65 KHioMeTpax X rory ot ropona Kypuarosa. Mecto mns
cTpoHTenscTBa GEUI0 BRIGPAHO C yueToM crelH(HUKH TEXHONOTHHECKOro Ipolecca HC-

meiTaguit SIPJ1 ¢ OTKPHITHEIM BEIXJIONOM pabouux ra3oB B atMocdepy ¥ TpebOoBaHUH pa-
nuatuoHHoR 6e301acHOCTH.

B COCTaB OCHOBHBIX COOpYXeHHH KOMIJIEKCa BXOAAT MCIBITATENBHBIH KOpNYC, B
KOTOpPOM pa3MellieHbl B2 JEFCTBYIOIHMX HCCIEL0BATEIBECKUX PEaKTopa — VBI.IM u
PA, ueHTpaNbHbIH MYHKT YIPaBACHH, cGopa u 06paboTky HHOOPMALHY, XPAHHITHILA
rerioHocHTeNei (BOXBI, BOAOPONA, a30Ta), 3AaHHE sHeprocHaGxenus. Ha xomriekce
«Baiikan-1» TaKkKe HaXOAHTCA XpaHHIHIIE oTpaboTaHHBIX MCTOYHHKOB HOHU3IMDYIO-
Hero M3AydYeHHs, No3Bofslollee pelTh npobneMy c6opa U BPEMEHHOr0 XpaHEHHS
orpaboranueix AUV 8 macuitabax cero Kaszaxcrtana. B Hacrodilee BpeMA npopaba-
TBIBAETCS BOIPOC O BO3MOXHOCTH CTPOHTENBCTBA Ha xomnnekce «baiixan-1» aToMHO#H
CTAHLMH 2IeKTPOTeNI0cHabKeH)s Malold MOLIHOCTH.

PeaxTop VIBI'.1 BBEjieH B 3KCITyaTallMIO B 1975 rogy. DTO KOpIYCHOH PEaKTOp ,
AKTHBHAL 30HA KOTOPOro COAepHHT 31 auelKy Asd yCTaHOBKH TeXHOJOrH4eCK1X KaHa-
OB ¢ TOMIMBOM. B 3aBHCHMOCTH OT THIA M Ha3HAHCHHA TEXHOJIOrMYeCKUX KaHAIOB
OHY MO[YT OXJIQXIATECS BOJOH KM Ta30M. B 1975...1988 roaax Ha peakrope VBI'.1
6Ll BHINIONHEH OCHOBHOH OODbEM HCIBITATENBHBIX pa6oT Mo nporpamme pa3paboTku
SIPJ1 8 CCCP. B 1989...1990 ronax peakTop b1 MoAepHu3nposa. [locne MOAEPHHU-
3al(dM PEAKTOp UCMIONB3yeTCs AN [poBeJeH s HCCIeN0BaHUA B3aUMOJieHCTBHA KOHCT-
PYKLHOHHBIX MaTepHaoB ¢ BOAOPOJOM H €ro W30TONaMH. DTH HCCNeJ0BaHus BRINON-

HAIOTCS B paMKax MPOEKTa CO3[aHusA Mes Iy HAPOAHOro TEPMOAJEPHOro peaKTopa
HUTOP.

Ha xommnexce «baiixan-1» npoBOAMINCE HCIHITAHUA Tpex CTeHOBBIX MPOTOTH-
nos peakropoB SPIl. Tpetuii U3 HUX 6511 nepeobOpyAOBaH B HCCIefoBaTebCKUR pe-
aktop PA, KOTOpPEIH BBeJeH B IKCIIYATAIMIO B 1987 rony. Ha peakrope PA npoBofH-
NMCh HMCIBITAHMS JJIMTENbHOH paluMaLHOHHOH CTOHKOCTH TOIIHEA KOCMHYECKOH
sa7epHOl SHEproJIBUraTeIbHON YCTAHOBKH.

TerioTeXHUYecKuil cTeH «AHrapa» NpeAHasHaueH UL yccliefoBaHHA MoBENE-
Wi 3eMEHTOB KOHCTPYKIMHU SIEPHBIX SHEPreTHHECKHUX YCTaHOBOK IpH MOJIENHpOBa-
HHHY pasiNYHBEIX aBapdHHBIX cuTyaumii. B 4acTHOCTH, Ha CTCHIE co3JaHbl YCTAHOBKH
«JIapax» 1 «Cnasay» /i HCCEeNOBaHHUA POLECCOB B3aUMOJeHCTBHA pacliaBa Marepya-
10B aKTHBHOMN 30HBI ANEPHEIX PeakTOpOB ¢ BOAOH H GeTOHOM.






protection upgrades that are being implemented at Russian nuclear facilities such as the
Kurchatov Institute in Moscow.

On Thursday, September 11, the moming was devoted to tours of the various facilities
and sites within the Polygon. I chose to go on the tour to Baikal-1 on Thursday morning
and to the IGR reactor and the site of the atmospheric nuclear tests on Friday moming.
Tours were also given of the Degelen mountain complex and of Lake Balapan, the
"atomic lake" described above. At the afternoon session, where attendance was
considerably diminished, there was a series of rather technical presentations on the
potential for Kazakhstan to play an active role in the seismic monitoring required by the
Comprehensive Test Ban Treaty. There was also a presentation on the possibility of
sending high-level atomic waste to the sun for disposal.

On the moring of Friday, September 12, two sessions were held simultaneously, one
called "Supporting the Nuclear Nonproliferation Regime and Control of Nuclear
Materials," at which many of the U.S. DOE participants gave presentations on U.S.
export control and MPC&A assistance to Kazakhstan, and one called "Radio-ecological
Research on the Effects of Nuclear Testing." I did not attend either session, choosing
instead to go on more tours. According to the DOE representatives, most of the
Kazakhstani participants chose to attend the session on radio-ecological research and
attendance was rather thin at the first session.

Excursions to Kurchatov Research Reactors’

Baikal-1 Reactor Complex:
Information given here is based primarily on the comments of Dr. Alexander

Kolbayenko, Deputy Chief Engineer at Baikal-1, who led a tour of the complex on
September 11, 1997. A fact sheet on the reactor, provided by the conference organizers,
was used to supplement the information here. Additional comments are based on
remarks by Dr. Vyacheslav Ganzha, Chief Engineer at Baikal-1, and personal
observations.

The Baikal-1 Reactor Complex is located near the geographical center of the
Semipalatinsk Polygon. It is the location of two research reactors, the IVG.1M?® and the
RA, and the “non-reactor stand” ANGARA. (The IGR reactor is at another location on
the Polygon.) The reactors had no scientific connection to the nuclear weapons tests that
were conducted at the Polygon. They were built on the territory of the test site because
their technological specifications required a location distant from populated areas. The
Baikal-1 Reactor Complex was previously a branch of the Russia-based NPO Luch
Production Facility, and its principle activity was research on the Soviet nuclear rocket
engine program. The program ended in the late 1980s. Baikal-1 no longer has any

T A version of the portion "Excursion to Kurchatov Research Reactors" of this trip report was sent to
George Anzelon at LLNL by Bill Potter in a memo entitled, “Potter and Ewell Notes from
Kurchatov/Semipalatinsk Conference and Excursion."

¥ The reference to the IVG.1M as “EWG.IM” is probably not necessary. It is simply an alternative
transliteration from the Russian.
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formal association with Luch, and falls under the auspices of the Institute of Atomic
Energy at the Kazakhstani National Nuclear Center. Current projects include research on
nuclear safety, and research under the International Thermonuclear Energy Reactor
(ITER) program.

Funding for Baikal-1 comes primarily from the Kazakhstani government. However, the
facility has some joint projects with other countries (such as Russian and Japan), as well
as four projects funded by the International Science and Technology Center in Moscow
(ISTC). There are currently about 250 people who work at the Baikal-1 facility
(including support personnel), almost all of whom appear to be ethnic Russians.
Although there is no longer a major exodus of scientists from the facility, many have
already left and there are currently only enough personnel for 1 % shifts. (One scientist
noted privately that about half the scientists remaining had Russian citizenship, and many
had apartments in Russian cities.) Scientists and all other personnel at Baikal-1 live in
the city of Kurchatov.

Both the IVG.1M and the RA reactors are located in Building 101, which is part of a
cavernous underground structure. The IVG.1M is a pulsed reactor, which means that it is

" not continually in operation, but operates only for short periods at a time. Construction

of the IVG.1 reactor was completed in 1972, and in 1975 it first reached criticality with a
power rating of 40 MW.? The design of the reactor made it possible to reach a power
rating of 720 MW, but in fact the maximum power it ever reached was 280 MW. From
1989-1990, after the nuclear rocket engine program had ended, the IVG.1 was modified
and became known as the IVG.IM. The core of the reactor has 30 cells for fuel
channels,'® one of which is gas-cooled. The remaining channels are water-cooled. The
reactor contains approximately five kg of 90% enriched U-235. Although at one point
fresh fuel containing 14 kg of U-235 was stored at Baikal-1, at present there are only
three fresh fuel channels in storage, each containing 200 grams of 90% U-235, for a total
of 600 grams. With the exception of this 600 g, all fresh fuel has been returned to Russia.
The spent, irradiated fuel is in the process of being returned. The most recent shipment
was in July 1997, when 50 kg of irradiated fuel was returned to the Luch facility in
Podolsk, Russia. For the purposes of IAEA safeguards, Russian and Kazakhstani material
is stored separately. IAEA inspections are conducted at this site on a quarterly basis. The
IVG.1M was last operated in May 1997 in conjunction with the ITER program. It is
scheduled to be operated next in October 1997. The reactor is in operation only about 2
or 3 times per year.

The RA reactor was converted from a nuclear rocket engine prototype into a research
reactor in 1987, after the nuclear rocket engine project had ended. It reached initial
criticality with a power rating of 500 KW. The reactor has a project capacity of 200
MW, although thus far it has only reached 60 MW. Although the reactor is Kazakhstani,
the approximately 7 kg of 90% enriched U-235 fuel in the reactor is Russian. The
technological composition of the fuel is highly classified, and it will have to be returned

® This clarifies the two conflicting dates currently given in Profiles.
1% According to Dr. Kolbayenko, the core contains 30 channels. According to the fact sheet distributed,
the core contains 31 channels.






to Russia. Although the Baikal facility received an ISTC grant to develop a plan for
removing the fuel and decommissioning the RA reactor, a formal decision to
decommission has not yet been taken by the Kazakhstani government. Dr. Kolbayenko
expressed the hope that eventually Baikal-1 will be able to purchase new fuel, and the
reactor can continue to operate. The RA is still being used, however, and is next
scheduled to be put into operation at the end of September for three days and six hours.

A third research reactor was planned for this facility, and was to have been constructed in
the same room as the RA reactor. It had a projected completion date of 1995, but the
project was halted due to lack of funds.

The ANGARA non-reactor stand was built just last year in 1996, and is located above
ground in a separate building from the rest of the Baikal complex. It consists of two
components, “LAVA” and “SLAVA.” The stand is used to conduct research on nuclear
accidents at water-cooled reactors, by modeling the core of a reactor. A furnace liquefies
up to 60 kg of a metal composed of zirconium oxide, uranium oxide and steel, and forces
it into water. The experiments conducted at the ANGARA stand are done under contract
to a Japanese firm, “Marumel” (name as given). Roughly 10-12 people work at
ANGARA on a regular basis, and 20-25 people when preparing for an experiment. The
stand is put into operation roughly every two weeks. High levels of radiation were
measured in this building.

There is one operational hot cell at Baikal-1, and one that is not yet complete. There are
also large storage facilities for radioactive ampoules. A project is under consideration
that would store spent fuel from the BN-350 reactor in Aktau at the Baikal-1 complex. In
addition, scientists at Baikal-1 have proposed a project to build a 7 MW, water-cooled
reactor prototype of a nuclear power station, in conjunction with Kazakhstan’s plan to
develop its nuclear energy capabilities.

The Baikal-1 facility is in an extremely remote location, on flat treeless steppe, about a
one-hour drive along a dusty, isolated road from the city of Kurchatov. Although the
National Nuclear Center does not have funds to fence and patrol the entire perimeter of
the Polygon, the three kilometer perimeter of the Baikal-1 facility is fenced and patrolled
by a 20-person guard force from the Ministry of Internal Affairs. The facility also has a
contract with Lockheed Martin to build a more substantial perimeter defense. In
addition, under the U.S. DOE MPC&A program, alarms, magnetic locks, and monitoring
equipment have been installed at all critical areas of the facility. Information from this
equipment is automatically sent to computers located at the central alarm station. The
newly installed equipment was scheduled to be formally commissioned at a ceremony on
September 13, 1997.

The IGR Complex:

Information given here is based primarily upon comments by one of the chief scientists
from the IGR (Impuls-grafit reaktor), who led a tour of the complex on September 12,
1997.
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