
actually produced nine years after construction started.2J1 Valeriy Lebedev,
director ofK.rasnoyarsk-26 said in 1990that the Minister of Atomic Power and
Industry ordered the construction of RT-2 stopped for a five year peIi9d due
to lack of funding.282 Two hundred million rubles were spent on the project.
Just preserving the construction would require 30 million rubles, but in 1991
only 1.5 million rubles was allocated.283

Waste Management Activities: Little is known about the management
of radioactive effluents and waste manage practices associated with the
production reactors. Combine officialsclaim that the gas purification efficiency
is 99.9 percent, but this must apply to iodine and other particulates, and not
to noble gases. The underground ventilation system reportedly changes the air
volume every ten hours. Liquid radioactive waste is injected into the ground
at the depth of 270 m at the "Sevemy"(Northem) testing ground, which is to
be closed down in 2000, which is also when the last reactor is scheduled to
halt operations.

Due to the discharge of coolant water {Jom the production reactors
(and presumably from laboratory operations and the chemical separation plant
within the same underground tunnel complex), radioactivity is discharged into
the Yenisey River. An investigation in 1990 of the radioactive contamination
in the Yenisey showed that:284

• The contamination of the river could be traced for a distance of more
than 800 kIn, and the contamination of the floodland for a distance of 1500
kIn, down the river from the discharge site.

281 "Regular Daily Spot: Commission is Here for 1 Hour But We...••, Komsomolskaya Pravda, June 15,
1989.

2112 "Nuclear Storage and weapon Plutonium Facilities at Krasnoyarsk," 1991 The British Broodcasting
Corporation; Summary of World BroDdCOSlS, December 20, 1991, Postfactum in English 2147 GMT
December 9, 1991.

ZII3 AlekseyTarasov and Dmitriy Khrupov, "Spy Satellitesare Made Here: Report from a Oosed Military
City," Moscow Izvutiya, Union Edition, in Russian, January 11, 1992, p. 1,8 (traDSlated into Englisb).

214 In August-September, 1990 specialists of the Institute of Applied Physics of the State Committee for
Hydrometeorology together with scientists of the Krasnoyarst Research Centre of 1hc Siberian Brancb
of the Russia Academy of Sciences investigated into the current state of the radiatioD situation of the
Yenisey RiYer from ICrasnoyarst to 19arka. Some chapters of the report made by the expedition were
published in "EkologicbcsltyVestnik", a newspaper of Krasooyarst ecologists, No 3, 1991. A summary of
these results were reported by Ale:I8DderBoIsunovsky, "Russian Nuclear WeBpODSProduction and
Environmental Pollution," paper presented at the Conference on "lbe Nonproliferation Predicament in
the Former Soviet UDioD," MODtereyInstitute of International Studies, Monterey, California, April 8,
1992, from which the following is taken. BoIsuDOYSkyalso reported that the results of the ilwestigation
carried out by the scientists of the Institute of Applied Geopbysics, as well as I?Y the North Ycnisey
geopbysicalc:xpcdition,and by the Krasooyarsk c:omplcltpopbysicaJ expedition in 1991, confirmed the fact
the ycnisey bas been c:ootaminated by the cbemical combine.



• Discharge at the right bank causes a higher rate of contamination
along the right side of the river for a distance of 250 km, and along the right
bank for a distance of 50 km from the discharge site. -

• The gamma dose in the water along the axis of a radioactive jet at
the discharge site was 3000 #LRIh.

• The density of bottom deposits contamination along the right bank
at Atamanovo Village was: 35 Ci/km2of chromium-51, 3.3 Ci/km2 of cobalt-
60,2.5 Ci/km2 of zinc-65, 2.2 CiJkm2of cesium-136. An uniform distnbution
of cobalt-60 and cesium-137 was obseIVed to the depth of 15 ClD.

• Contaminated algae can be a secondary source of radioactive
contamination of bottom deposits in the Yenisey River and the river-side. The
coefficient of accumulation of long-lived nuclides by the algae was (1-6)-1()3.
The body of the fish caught at 700 kIn from the discharge site downstream
contained (3_9)·1O-JOCi/kg of cesium-137 and (5-6)-10-9Ci/kg of zinc-65.
Migrating fish can carry radioactivity for long distances both downstream and
upstream from the source of contamination. ,';,

• Radioactive contamination of the floodland of the Yenisey River is
extremely uneven. Along the first 25 kIn from the sources the contamination
density drops from 41 to 7 Ci/km2.After that, for a distance of 500 kIn the
contamination density does not d~pend on the distance from the source and
fluctuates within the range of 3-10 Ci/kJn2,this due to hydrological peculiarities
of the river. For a distance from 500 to 1500 kIn from the source the
contamination density of the floodland is up to 0.1 CiJkm2of cesium-137 and
cobalt-60. The zone of radioactive contamination of the floodland of the
Yenisey River is a narrow, 5-50 m wide, strip of land along the river_

• Of the nuclides contained in the soil the most important in terms of
sanitation were plutonium-238, -239, -240; cobalt-6O; cesium-137, -134;
manganese-54, zinc-65,europium-152, -154,-155;cerium-l44 and strontium-90.

• At some plots the contamination density of plutonium-239/240 is 47
mICilkm2.

Others report that the level of gamma activity in the river exceeds
background by a factor of five or six.2SS More than 400 kIn down the
Yenisey, radiation levels up to 100 IJRIh have been obseIVed (the natural
background level is 10 to 15 IJRIh).286In the region of Lesosibirsk and
Yeniseisk, the radiation level exceeds background by a factor of 10 to 14. In

2IS V. YarosIavtsev, "lbe Ycnisey's X-Rays" from "Wbat Troubles our CooscicD=: A Polar Cbcrnobyl
Syndrome," Vozdushn»' Trtl7ISJX1I1, October 4, 1990, P. 3. Tbc artic:Ie stated tbat the activity levels were
cstabIisbcd by two rC&C81'Cbexpeditions by sptdaJiMs from the Krasooyarst SCientific center and the State
Committee for the Protection of Nature.

286 Ibid.



these same regions, and lower down the river, crumbly silty radioactive
deposits are being discovered in many 10cations.2B7

A key feature of the RT-2 reprocessing plant was the method of
handling radioactive waste. According to Moscow Trud, liquid waste was to be
injected between layers of clay at a depth of 700 meters.- The waste was
to be piped to the injection location, called Site 27, some 10 km from the site
of the reprocessing plant on the opposite side of the Yenisey River.289

Before construction was halted a two km long tunnel had been dug some 50
meters under the river. The tunnel and the decision to inject liquid waste into
the ground generated substantial controversy and undoubtedly was partially
responsible for the controversy leading to cancellation of construction. Work
on the tunnel has been halted. It has been damaged and water is spraying into
the tunnel from the concrete arch.290

Military Conversion Activities: With the shutdown of the two
production reactors in 1992, the combine plans to build a plant for the
production of polycrystaline silicon for semiconductor technology, producing
20 tons within two or three years. The combine is also examining the
production of especially pure materials such as gallium arsenide, germanium
and tellurium.291

Plutonium and Tritium Production
The sizes and startup dates of some of the Soviet production reactors

are unknown; and none of the operating power levels and capacity factors are
known. Consequently, there are large uncertainties associated with estimates
of the total plutonium-equivalent production292 based on the reactor
operating histories alone. However, plutonium and tritium inventory data from
several independent sources are consistent with what we know about the sizes
and operating periods of the reactors, and permit us to derive reasonable
estimates of the missing parameters. First, the sizes of most of the graphite

- "SC:crctSite," Moscow Tnui, July 11, 1989.

- "Cbeckiog for Stability," S~ Industriya,July 23, 1989. The distaDc:eto the injectioo
location was reported to be 20 km, but other sources say 10 Ian is more appropriate.

- Aletsey Tarasov aDd Dmitriy Kbrupav, "Spy Satellites are Made Here: Report from a CIoIcd Military
Oty," Moscow 1:zvutiya, UDioDEdition, in Russian, January 11, 1992, P. 1,8 (translated into EogIisb).

191 Yuriy Kbots, "Plutonium-Producing Reactors in Krasooyarsk to be Shut Down," Moscow ITAR-TIISS
World Service, in Russian, May 19, 1992, 1352 GMT.

291 Plutooium-equivalent production is a measure of the total produetioD of plutonium aDd other isotopes
(usually tritium), wbcre the unit of measure is the amount of plutonium alone that could have been
produced. The production of one kg of tritium is equivalent to the production of 72 kg of weapoo-grade
plutonium.



reactors were estimated by comparing the respective number of channels to
the number of channels in the original eight U.S. graphite production reactors
at Hanford. The capacity factors (i.e., the average power level divided:-bythe
full power level) were then chosen so that the cumulative plutonium and
tritium production was consistent with what we know from other sources.

At Chelyabinsk-65 we know the A-Reactor was upgraded from 100 to
500 Mw" and the IR-Reactor was 65 MWrThe last three reactors had 2001
channels and are assumed, therefore, to be comparable in size to the C-
Reactor at Hanford. We have assumed that the AV-l and AV-2 Reactors
began operating on January 1, 1952and April 15, 1951,respectively. The AV-
3 Reactor startup was on September 15, 1952.We assume each of these three
reactors began operation at a power level of 650 Mw., and each was upgraded
over a six year period to 2000 MWr293 We further assumed that each reactor
operated at an average capacity factor of 0.4 in the first year, and 0.5
thereafter. Under these assumptions, as seen in Table 10, the total production
by the five graphite production reactors at Chelyabinsk-65 between 1948 and
1990 inclusive is estimated to be approximately 36 MT of weapon-grade
plutonium-equivalent (6 percent Pu-240).

The heavy water reactor at Chelyabinsk was assumed to have begun
operating at 250 Mw" and upgraded over a ten year period to 1000 MYr It
was shut down circa 1980,by which time it could have produced about 4 Mf
of plutonium-equivalent (See Table 11).

The five graphite reactors that make up the Siberian Atomic Power
Station at Tomsk-7 are believed to have come on line about a year apart
beginning in 1958. We assume the first two were upgraded from 650 Mw, to
about 2300 Mw, (about the size of the C-Reactor at Hanford, which has about
the same number of channels, after i~was upgraded) over 6 years; the next
two from 1300 Mw, to 2300 Mwp and the last from 1950 Mw, to 2300 MWr
Under these assumptions the Siberian plant would have produced some 55
MT of plutonium-equivalent (See Table 12).

The three graphite reactors at Krasnoyarsk-26 are assumed to be
comparable in size to the AV-1, AV-2, and AV-3 reactors at Chelyabinsk-65.
We assume each was about 2000 MWrThey came on line in 1957, 1961, and
1964.Together these three reactors are estimated to have produced about 30
MT of plutonium-equivalent (See Table 13).

The combined production at Chelyabinsk-65, Tomsk-7, and Krasnoy-
arsk-26 is estimated to be about 124Mf plutonium-equivaient. As shown in
Table 14 assuming the tritium inventory gradually increased to about 37 kg

ZI3 We use the Hanford C-Rcaetor as a model C-Rcaetor bad an orisiDal design power of 6SOMWt> and
was upgraded to 1740 MWt after 7.5 ~ and to 2310 MWt 0YCt the nc:xt three years; ace 1bomas B.
Cocbran, Cl aL, Nuclear Weapons DaIabook, Vol. n. p. 61.



over a 42 year period would have required some 6 Mf of plutonium-
equivalent production; leaving a stockpile of 118Mf. Assuming a few percent
of the plutonium was lost as a consequence of weapons testing and rC1G}'cling,
the remaining plutonium inventory in weapons and available for weapons
would be on the order of 115 MT. Of course we have selected a constant
capacity factor of 0.5 over the lifetime of the reactors after the first year. We
could just as easily selected an average capacity factor of 0.6, resulting in a
plutonium inventory that is 20 percent higher, or about 140 Mr. We have
selected the lower figure to give results consistent with what we have been
told by Russian sources. According to Evgeniy V. Mikerin, responsible for
nuclear materials production at the Ministry of Atomic Energy, the Soviet
Union, as of 1989, had produced "a little more" plutonium than the United
States.294 Another Russian source estimated the plutonium inventory in
warheads at 100-120Mr.

An upper-bound estimate of plutonium-equivalent production can be
made from the contnbution to the buildup ofkIy.pton-85 (Kr-85) in the earth's
atmosphere. Kr-85 is a gaseous fission product produced when U-235 or Pu-
239 is fissioned. It is ordinarily released to the atmosphere when spent nuclear
fuel is chemically processed. Chemically inert and with a radioactive half-life
of 10.76years, Kr-85 accumulates in the atmosphere. The Soviet contnbution
to the atmosphere's Kr-85 is estimated by subtracting the contrIbutions from
known sources outside the Soviet Union from the estimated total releases. The
U.S. intelligence community monitors the atmospheric concentrations of Kr-85
and uses these data to estimate the cumulative plutonium-equivalent
production over time and from that, the annual production rate. Using a
similar approach, and the data on atmospheric concentrations of Kr-85
published in the open literature, von Hippel, et al. have estimated that the
Soviets had released some 60± 10 megacuries of Kr-85 as of the end of
1983.29S By our estimates the Soviet Union would have produced an estimat-
ed 26 Mr of plutonium during the period 1983-1991, increasing the upper
limit estimate to about 14O±20 MT.

Russia is currently producing plutonium at a rate of about 2 MT per
year, and production is planned to continue for several more years.

294 During 8 1989 visit to Cbclyabinst-40 by an NRDC/SoYiet Academy of ScicDces delegation, Mikcrin
was asked bow much plutooium bad the Soviet Union produced for weapons. His reply was "8 little bit
more than you."

195 Frank \'OIl Hippel, David H. Albright and Barbara G. Levi, "Quantities of FISSile Materials in the U.s.
and Soviet Nuclear Weapoos ArscD8ls," Princeton University, March 27, 1986.



Uranium Enrichment
Early History

Upon entering Berlin in April 1945, the Soviets immediately began to
dismantle and ship German industrial equipment to the Soviet Union. They
also began to conscript leading German scientists for nuclear research.296
German nuclear research groups were established in the Soviet Union around
mid-1946, in parallel to existing Soviet research groups, to pursue uranium
isotope separation. Competing German and Soviet research teams investigated
each of the three enrichment technologies pursued by the United States
during the Manhattan Project, namely, gaseous diffusion, electromagnetic
separation, and gas centrifuge.2!17

By 1948 one of the German researchers, Professor Adolf Tliiessen, had
developed a laboratory-model gaseous diffusion barrier.29&In early 1948
Thiessen's model barrier was selected by the Soviets for mass production at
the ElektrostaI plant south of Noginsk near Moscow.299Procurement of
barrier material was underway by mid-1949, and by the end of the year small
quantities had been delivered.300 Though delivery of barrier material for
1949did not meet schedules, no great concern over this was apparent until the
fall of that year, at which time there was a definite increase in the priority for
barrier material, together with a demand for more than double the annual

296 CIA, 'I'he Problem of UTrlI'Iiwn Isotope Separation by Means of Uhracenirifuge, Report No. DB4~33-
414, October 8, 1957, p. 6. The Soviets apparently stopped sbort of using German scientists to assist in
construction of the atomic bomb itself.

2'T7 Ibid., p. 8. Two groups of German scientists were located at Sinop and Agudzcri, respectively. 1bese
research centers were Dear Sukhumi on the Cauc:asiaDcoast of the Black Sea, one about 5 kIn southeast
of Sukhumi. A German researcb group also worked OIl the TroepfcbeD Method, a countercurrent
diffusion tec1miquewhereby a thin vertic:alliquid stream enters a tube in wbich it breaks up into drops.
These drops evaporate, and the bcaYyand ligbt fractioos of the fluid evaporate at different rates. The
model gases that were used for this method were either c:bIorineor bromine; Ibid, p. 15. The competition
between the Soviet and German research groups was ooe-aided WbiJe the Soviets received the teeboicaI
reports of their German counterparts, the Germans, with rare exceptions, received no reports from their
Soviet counterparts, and no information as to their actual progress and accomplisbments; Ibid, pp. 8, 9,
12

-Ibid., p. 9. 1biessen's research group was working at the German research institute set up at Sinop in
the Soviet UoiOD;Ibid, p. 7.

2J9 Ibid., pp. 9, 12. The location of the E1cttrostaI plant south of Noginst is giYcn in USAF, Air
Intelligence Division,A Strrllegk VulnerobiJily Study of 1M Soviet .AtomicEnergy Program, Study No. 218,
I FebruaJy 1949. In separate tables, tODf1ictingcoordinates are given: Sso47'N 38"27'E and S4°47'2S"N
:J8027'37"E.Tbe latitude of the latter is a typograpbical error and should read Sso4-ns-N. E1ektro&ta1is
described as a ~ uranium-.melting plant that produces uranium metal; Ibid., p. 4. "In or near the
E1ektrostaISteel Plant, the first large scale smeltinl of uranium toot place in the spring of 1947 under
the direction of German scientists sperlalizing in the metallurgy of uranium"; Ibid, Aonc::xm.
300 CIA, Joint Atomic Boer&)' Intelligeoce Committee, op. cit., p. 3 of accompanying "'Facts and
Discussion." About 300,000 square feet of barrier material were ordered for 1949.



production.30l

Thiessen's barrier was completed sometime around 1949.It was the first
of the various isotope separation methods in the Soviet Union to yield
satisfactory results.302The Soviets, who had previously regarded the isotope
separation race as an open one, decided henceforth to put all available
resources into the gaseous diffusion method.303In 1949 the Soviet's first gas-
eous diffusion cascade was constructed in Kefirstadt (now called Verkh-
Neyvinsk).304Corrosion problems were encountered in the barrier, rendering
the plant incapable of producing weapon-grade uranium, that is, a U-235
concentration above 90 percent. 30S

Dr. Max Steenbeck, a former Siemens Company official in Germany,
was conscripted by the Soviets to lead the German gas centrifuge research
effort at Sinop (a suburb of Sukhumi on the Black Sea coast). In 1949 he
proposed and received permission to begin construction of a centrifuge
topping plant to enrich the output of the diffusion cascade from 50 percent
to 90 percent U-235.306 During this same period· Thiessen began investigating
means to correct the corrosion problem in the diffusion barrier.307By late
1950 or early 1951 the Soviets had solved the diffusion plant corrosion
problem, and the centrifuge research project ceased to be of great impor-
tance.3GBOn 18 October 1951 the Soviets tested their first nuclear device
utilizing highly enriched uranium (BEU). Thus, the gaseous diffusion plant at
Kefirstadt was presumably producing kilogram quantities per day of HEU by
early 1951.309

Despite the success of the gaseous diffusion technology, the Soviets
continued research on the gas centrifuge method. The centrifuge topping plant
project under Steenbeck was redirected to pursue development of a centrifuge

301 Ibid. Some 750,000 square feet of barrier material were ordered for 1950.

:lO2 CIA, "Isotope SeporutWn by U1IrtJcentrifuge," cp. c:iL, p. 12-

3CO Ibid. The Smyth Report, published 12 August 1945, bad confirmed that this was the method used by
the United States.

304 Ibid., pp. 12, 26. The compressors for the gaseous diffusion plant were constructed in the Kirov pIaot
in Leningrad; Ibid., p. 36.

30S Ibid., pp. 12, 7b-27.

- Ibid., pp.7b-Z7. Steeobeck's group was formed during JUDe 1946, wbeD its prindpaI members
(iDcJuding Steeobcck) were separated from SOviet prisooers of war.

3111 Ibid., p. 12-

308 Ibid., p. 32-

309 CIA, Joint A10mic Energy Intelligeoce Committee, StaIUS oltlw SovietAlomic EnergyProgram, NSIE-l,
CIAJSI 13-52, 8 January 1953, p. 11. Joe 3 utilized a lXlD1pO&itecore design; in other words, the fissile
material was a composite of plutoDium and bigbly eoricbed uranium.



plant capable of taking natural uranium to 96 percent U~235,with an output
of one kilogram of metal a day.3lDThis research effort was shifted from
SUlOpto the Kirov plant in Leningrad on 15 September 1951.311Between
1951 and mid~1953, the Germans were gradually being eased out of the
project, and by September 1953 the Soviets had assumed total contro1.312It
is not known whether a centrifuge plant was ever constructed during this early
period.

Enrichment Plant Sites
There are four Russian uranium enrichment plant sites: the Urals'

Electromechanical Plant (ElectrOChemistry Combine) at Sverdlovsk-44 at
Verkh~Neyvinsk (formerly Kefirstadt), near Yekaterinberg (formerly Sverd~
lovsk); the Siberian Chemical Combine, collocated with a production reactor
site at Tomsk~7 just outside of Tomsk; the Electrochemistry Plant at
Krasnoyarsk-45 on the Kan River, 90 km east ofKrasnoyarsk and 75 km west
of Kansk in Siberia; and the Electrolyzing Che~cal Combine at Angarsk, 30
Ian northwest of Irkutsk, near Lake Baikal.313Each of these sites is near
large sources of electricity, which would be needed to operate the gaseous
diffusion plants that were previously used at these sites.314There are said to
be 10 separate gas centrifuge plants (processing lines or cascades), replacing
five gaseous diffusion plants, at these four sites.3lsTomsk~7 and Angarsk are
the only sites capable of converting U30.(yellowcake) to UF" the enrichment
plant feed material. Krasnoyarsk-45 began operations in 1964. Angarsk was
the last of the enrichment sites to be built.

Enrichment Technology and Production
Initially, the Soviets relied on gaseous diffusion technology, and most if

not essentially all of their weapon~grade uranium production to date has been

)]0 CIA, "Isotope Separation by Ultracentrifuge," pp. 34, 44.

311 Ibid., p. 34.

312 Ibid., pp. 44, 46.

3D 1bcsc sites are idcotificd in Table 1. Vertb-NeyviDsk is at sr lS'N S~ 48'E; Tomst·7 is at SfJO 37'N
84° 47'E; the EIectrocbemistr Plant at Krasnoyarat-4S is at 56° OB'N 94° 29'E; and the city of ADprst
is at 52" 31'N 103° SSE. KrasDoyarst:-4Sis 90 laD east of the city of Krasooyarsk (at 56" Ol'N 92" SO'E)
and 7S laD west of Kansk (at 56° 12'N 9S" 43'E).

314 CIA, USSR EnertJ Atlas, January 1985, pp. S6-S7.

31.5Ouistopber Paine, "Military Reactors Go 00 Sbow to American VISitors. ••New Scimti.rt. July 22, 1989,
p. 22 {coodePsed from "Soviets Reveal Nuc:Iear ProductioD Complcl to visiting AmcricaDs," (UDpub-
lisbed»).



produced using this technology.316More recently, however, the Soviets have
shifted to the more efficient gas centrifuge technology. Currently (early-l992)
the Russians have a total of just over 14 million kilograms separativ.e work
units per year (kg SWU/y, often shortened to SWU/y) of centrifuge capacity
at the four plants. The plants are currently operating at one-half capacity
(about 7 m SWU/y), producing primarily low enriched product for power
reactor fuel, and using as feed material, enrichment tailings (0.24-0.4 % U-
235), rather than natural uranium.317There is still some gaseous diffusion
capacity (about five percent of the total) still operating, although this is to be
shut down by the end of 1992.

As noted previously the Soviet Union stopped production of highly
enriched uranium for weapons in 1989. The four enrichment plant sites use
to be operated as an integrated complex to provide the best use of the
facilities. The Urals' Electromechanical Plant (Sverdlovsk-44) at Verkh-
Neyvinsk served as the top stages to provide high enriched product for
weapons. Sverdlovsk-44 has three centrifuge pr~ lines with a total capacity
of three million SWU/y. Today the four sites operate independently, all
producing low enriched product.

When enriching uranium to weapon-grade, recycled uranium was
sometimes used as enrichment plant feed stock. As a consequence weapon-
grade uranium contains as impurities, reactor-produced uranium-236 and
uranium-232 (and thallium-2OS,a daughter product of the radioactive decay
of U-232). Only at Tomsk-7 have the gas centrifuge cascades been contamjnat-
ed with U-232 and U-234 from recycled uranium.

Russian centrifuge stages are shorter and have smaller capacity than
their European counterparts. The Russian machines use one-half the energy
and the enrichment cost is less. Some of the centrifuge stages are now being
used to provide high purity isotopes of elements other than uranium for
research purposes.

316 See B. A Semenov, "Nuclear Power in the Soviet Union," IAEA BuDetin, 25, June 1983, p. 55; House
Committee CD Energy and Commerce, Uranium EmicbmeDt Policy, 98 CoDg. 1st lICSS., 21 OCtober 1983,
p. 120. The Soviets assisted Cbina in the COIJSUUCtioD of a gaseous diffusioD plant in the mid-19SO&.The
Soviets suspended atomic aid and stopped work CD the plant sometime between the summer of 1958 and
August 1959; Gloria DuJfy, "Soviet Nuclear Energy: Domestic and International Policies," RAND
Corporation, R·2362-DOE, December 1979, p. 3.

317Aa:ording to Russian sources, if the centrifuge c:ascade.sare forced to shut down, there are cm::ssiYe
centrifuge breakdowDs when the cascade is placed bact into operation. By using enrichment tails, rather
than using natural uranium, as the cascade feed material, more separatiYe work is required to acbie\'e the
same amount of product.. By mining the tails wbicb arc free, the CnricbmCDt cnterPrisc is able to operate
at a higber capacity, prcserviDg equipmeDt and jobs in periods of reduced product demand.



Several alternatives to the gaseous diffusion and centrifuge methods of
uranium enrichment have received attention in Russia, including experimenta-
tion with photochemical technology using lasers;31&but these have not
advanced beyond paper studies. Given the heavy reliance on low cost
centrifuge technology there is no perceived need for a large laser isotope
separation research and development effort.

At 0.2 percent tails assay, 235.55 SWU are required to produce one kg
of HEU enriched to 93 percent U-23S. Consequently, the Soviet stockpile of
HEU for weapons could be comparable to, or even significantly larger than
the U.S. stockpile of SOOMT.319The uncertainty in the estimate is large - at
least SOpercent.

Civil Reactor Fuel Cycle (the Back End)
Minatom policy, at least since the mid-1970, has been to close the back

end of the civil power reactor fuel cycle, that is, to reprocess the spent fuel
from the power reactors, recycle the recovered.plutonium and uranium, and
vitrify the high level nuclear waste. The recovered plutonium was intended
primarily for LMFBR reactors, although an R&D program also existed for use
of MOX in VVERs. To date the overall objective has not been realized An
overview of the principal activities related to the back end of the fuel cycle is
provided below. More detailed descriptions of the specific facilities are found
under the site descriptions, Chelyabinsk-6S, Tomsk-7, and Krasnoyarsk-26,
above.

Reprocessing: In 1976 the RT-1 chemical separation plant at Chelya-
binsk-65 was modified to process spent fuel from naval reactors, and in 1978,
it shifted from processing military production reactor fuel, to processing spent
fuel from naval (both submarine and civil icebreaker) reactors (which
apparently occurred first), test reactors, and 210 MWeand 440 MWelight-water
moderated and cooled power reactors (VVER-210s and VVER-44Os). About
2S MT of reactor-grade plutonium have been separated and stockpiled at
Chelyabinsk-65.

Construction of the RT-2 chemical separation plant at Krasnoyarsk-26
was begun in 1976 or 1978. It was designed to process VVER-1000 fuel. The
spent fuel storage facility with auxiliary and service buildings was put into
service in 1985, but construction of the 1500 MTHM/y chemical separation
facility was halted in 1989 as a result of public opposition.

311 CIA, USSR Energy AtlAs, January 1985, p. 43.

319 Assuming the enricbment capacity devoted to weapon-grade uranium production increased linearly to
7 million SWU OYer 30 years, and operated at that ~ for an additional 9 years, the total HEU
production would be: (7xlo'swuJy)[(3Oy12)+9y]l(23s,sSOSWUIMT) = 700MT.



Mixed-Oxide (MOX) Fuel Fabrication: Russia has developed a MOX
fuel technology, bur has no commercial size MOX fuel fabrication plant in
operation. Construction of a MOX fuel fabrication plant, sized to ~ three
cores for BN-800 LMFBRs per year (about 10 MT of plutonium annually),
was 65-70percent complete before construction was suspended Construction
has not resumed for lack of funding.



Table 1:
Principal Nuclear Weapon Research, Test and Production Facilities

DESIGN LABORATORIES -
All-RUNian Scientific AeMarch IMtitute of Experimental Phyelca (VNIIEF)

Arzamu-1.
at Sarova, Nizhegorod Oblut

AlI-RUNian Scientllic AeMarch lnetitute of Technical Phy.a (VN1rTF)
ChelyabfMk-70

20 km north of KuI~ Ural. region

TEST SITES
NovllYa Zemlya:

Northltm and Southem Teat Ar•••
two ilJande north of the Arctic CIrcle

Sernlplldlnlk (or Kazakh) Teat SIte (permanently cloHd In 1liMn):
SemIpIIdInak-21
Sha;.n River. OegeIen Mountain. and Konyuwn teat ar_

IOUIh of Semipilltinek. KRakhatan

WARHEAD PRODUCTION (ASSEMBLY) FACILITIES

Sverdlowk-ts
at NlzhnyllY. Tura, Urall region

Eilher lIatowt-31 or Pena-1.
near ZI8louat, Urall region n•••. penza

BAWSTIC MISSILE REENTRY VEHICLE ASSEMBLY PLANT

ZIlItowt-3I
near Zl8kIuat. Urate region

PLUTONIUM AND TFUTlUM PRODUCTION REACTORS
Mayak Chemical Combine

ChelpbfMk-e5 (formerly ChefyabIMk-40)
at Lake KyzyIMh, near Kalil and Kylhtym. Chelyabinek Oblut, U,. region

Siberian Chemical Combine
Tomek-7

Mining and Chemical Combine
KreanoprU-a

on 1M Yenllll)' River 10 km nor1h of Dodonovo near Krainoyarak in SIberia

URANIUM ENRICHMENT FACILITIES
Ur••• • Electromechanical Plant (UraII' Electrochemical Combine)

SYerdIowk •••
at Verkh-Neyvinak. near Yakaterinburg (formerly Sverdkwak), Urall region

Siberian Chemical Combine
Tomek-7

Electrochemiltry Plant
Kr~-ts

on 1M Kan River bIItwMn Krunoy-.k and KanlIe, SIberia

Electrolyzing Chemical Combine
at Angarele, 30 km northwNt of "tUllIk in SIberia



Table 2
Organizational Chart of the Ministry of Atomic Energy

(overleaf)
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Table 3
Facilities at the Mayak Chemical Combine (Chelyablnsk-65)

REACTORS
Graphite Moderated (all shut down)

A-Reactor
IR-Reactor
AV-l Reactor
AV-2 Reactor
AV-3 Reactor

Heavy Water Moderated (shut down)
Apparently, a reactor of unknown type used for iso1ope production (e.g.,
Pu-238)

CHEMICAL SEPARAnON PLANTS
RT-1 (400-600 Mf/y capacity used for reproc(;sslng naval and power

reactor fuel»

Isotope separation facility (''The Vatican") used for special isotope
production

Plutonium Storage Facility (contains about 25 Mf of plutonium from naval and
power reactors)

"Tech 300" Mixed-Oxide (MOX) Fuel Fabrication Plant (construction
suspended after 70 percent complete)

South Urals AES (site for three BN-8oo LMFBR Reactors)
Construction of all three units halted; two units abandoned; construction of the
third unit, still in an early construction stage. may be resumed.

Nuclear Waste Facilities
Waste Storage Tanks (for High and Intermediate Level Waste)
Pilot Waste Vitrification Plant (500 Vh)
Installation for "cleaning Iow-level waste

Facilities for manufacturing manipulators and other equipment

Facilities for manufacturing defense Industry equipment
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Table 4
Occupational Radiation Exposures at Chelyabinsk-65(-40)

(Distribution of Employees According to Their Dose) 1
--

Installation A Installation 8

Percent of Employees Average Percent of Employees Average
25- 100- dose 25- 100- doses

<25 100 400 >400 (rem) <25 100 400 >400 (rem)

1948 84.1 11.1 4.8 19.6
1949 10.7 57.7 31.1 0.5 93.6 26.9 66.2 6.9 48.0
1950 52.2 47.2 0.6 30.7 21.5 42.0 36.0 0.5 94.0
1951 74.9 25.1 18.1 13.8 41.6 42.8 1.8 113.3
1952 83.9 16.1 14.9 21.8 57.0 21.2 66.0

Percent of Employees Average Percent of Employees Average
10- 25- dose 10- 25- dose

<10 25 100 >100 (rem) <10 25 100 >100 (rem)

1953 37.8 41.5 18.4 2.3 19.6 25.3 25.4 47.3 2.0 30.7
1954 64.0 33.0 3.0 8.9 34.7 36.1 29.1 0.1 20.0
1955 61.8 33.7 4.5 9.5 29.8 36.7 33.2 0.3 21.3
1956 92.3 6.4 0.6 0.7 5.1 45.0 31.9 23.1 16.2
1957 98.1 1.9 4.2 37.5 36.9 25.5 0.1 17.5
1958 95.3 4.7 4.4 59.6 31.3 9.1 10.8
1959 99.7 0.3 3.3 75.7 21.1 3.2 14.7

Percent of Employees Average Percent of Employees Average
2.5- dose 2.5- dose

<2.5 5.0 >5.0 (rem) <2.5 5.0 >5.0 (rem)

1960 57.5 29.3 13.2 2.7 14.2 25.8 60.0 15.2
1961 73.9 22.4 3.7 2.0 13.8 49.1 37.1 11.0
1962 65.0 31.4 4.0 2.3 16.6 32.5 50.9 7.6
1963 64.3 29.8 5.9 2.4 41.4 37.3 21.3 3.8
1964 55.7 27.8 16.5 3.0 66.4 29.3 4.3 4.1
1965 24.5 49.1 26.4 4.0 67.0 31.4 1.6 2.1
1966 25.5 52.4 22.1 1.7 56.7 41.3 2.0 2.4
1967 45.5 41.4 13.1 1.3 76.7 23.2 0.1 1.8
1968 55.0 38.7 6.3 1.1 76.3 23.7 1.8
1969 56.2 39.5 4.3 1.0 91.9 8.1 1.4
1970 36.9 49.7 13.4 1.4 85.6 14.4 1.6
1971 25.7 36.5 37.8 1.3 95.1 4.9 1.4
1972 69.7 26.8 3.5 1.1 97.9 2.1 1.3
1973 45.5 44.8 9.7 1.0 97.4 2.6 1.3
1974 95.1 4.9 1.0 98.9 1.1 0.6

1 110M V. NlIdpeiov. AndrI F. L.IIIaot. Md. NIna A. ~ ~ wIlh tile lINt 80MIIt NucIew~"" "1'IiIldI, FebNIuy 1180 (EngIlIh
lIWlIIIIIIon by AIa8nder ~.



Table 5
Organ Dose Estimates (External and Internal) for

Inhabitants in Some Villages Along the Techa River'

Distance Mean doses, Gy
from point
of release,

red bonekm
Villages marrow bone large other

surfaces intestine tissues

Metlino 7 1.64 2.28 1.40 1.27

Muslyumovo 78 0.61 1.43 0.29 0.12

Russkaya
Techa 138 0.22 0.53 0.10 0.04

Zatecha 237 0.17 0.40 0.08 0.03

1 ••.••. ~. "'0. Oepwl. IlIId "A PWuIhcJva,•.,•••••••••• RIIk EIIIIJn.- 011•• a- f6 ••••• IncIcIenIa In eoo-n IJJU, ••QIeIpblrIIk
8JMc:Il 0IIIcI or ••• IIlIlllI* f6111cp1.,.a f6 ••• USSFI MI.-y f6 HNIIh, ~ USSFI ~ •••. '111). ~ eo I'SR Q..-ry1Dr
~



Table 6
Radioactive Contamination In the Chelyabinsk-65 Reservoirs 1

Composition of Radlonuclldes Accumulation, CI
.

Capacity
Area c:A of the

Reservoir the Res- Reservoir Concentr8llon In Water, cm Ground Deposits,
Number ervolr (sq (million CVkg In the In

km) cubic m)
Sr-90 Cs-137

ReservoIr Ground OverallHTO Ia IP Sr-90 Cs-137 Deposits

9 0.25 0.4 1.7x10-3 1.2x10·2 5.3x10-5 57x10" 1.9x10·2 0.3 1.4 8.4x1d' 11OX108 12Ox108

3 0.5 0.75 1.6x10" 2.OXH)'7 1.4x1Q-5 3x10"O - 1.4x10'" 1x1~ 2.6x103 15.4x103 18x103

4 1.3 4.1 1.7x10·7 7.3x10" 5.2x10·7 4.5x1O" - 4x1o-e 6x10-5 1.7x1~ 4.2x103 6x1~

10 19 76 3.5x10·7 8.6x10" 3.2x1U7 1x10·11 - 3.5x10" 1.5x1~ 5OX1~ 6Ox1~ 11OX1~

11 44 230 5.1x10" 2x10·2 4.5x10" 2x1U'2 -- 1.3x10" 1.3x10·7 24x1~ 15x1~ 39x1~

2 19 83 1.1x10" 4.5x10" 2.5x10.7 ? - 1.3x1O" 3x1crD 2x1~ 18x1~ 2Ox1~

17 0.17 0.43 1x10'" 4x1Q-5 1x10'" 1.2x10-3·- - 0.12 3.3x1CT2 45x1~ 2x1d' 2x1o'

6 3.6 17.5 3.7x10·1O 2x10'" 1x10" 39x10" .. 3.3x1CT7 - 2 300 300

1 I.V. NIdpeIcw. A,1. NIldIaftw.O.I.~. M.V.8lIWcIlw. Md E.G. DroIhIco,'PlIoI:Ik:aIAIMillUldan alT~ConIMlIl'*d. aRMultallmplemenIIdIonalNuclMtMlIllIrIeI Ploduc1lon [)eIence Prog ••••••••••••
(undaIMI EngIlIII ••••••••••• _ I.; Teble given III1'- e. CocInn bVVlclIlrN. Q1uar-. Ull8R Academy aI ecw-. UniIo.putrMnl, Ecaloglcal8ecurllY e.-. !lveldloIk, ptva18 communlcallon. April
13, ,.,. ThllIIIble gl¥Mlhe~ aI..-volr 11.217 mcublc m.



Table 7
Characteristics of the Radioactivity Released

in the 1957 Accldent'

Contribution to
total activity of Type of radiation

Radionuclide the mixture, % Half-life emitted
aeSr traces 51 d P.y
IlOSr+ 'JOy 5.4 28.6y {J

85zr + 85Nb 24.9 65d . p,y
106Ru+ 106Rh 3.7 1 Y P, Y
137CS 0.036 30y p,y
144Ce+ 144Pr 66 284d p,y
147Pm traces 2.6 y p,y
155Eu traces 5y {J.y
238·240pU traces - a

1B.v. ~,aN. "",-,-, LA..---. N.8.-.-. YU.B.1ChaIIna, Md E.L ......" ~AccIdMlt In" 8DulIIem UrM ••• 211SepIiIont.f '1157'-
.......-- AIamlc e-gy "-"" IoIfIlnMIIan OK:uIIIr, May a, ,••.



Table 8
Land Contaminated by the 1957 Accident at Chelyabinsk-651

Contamination Level (Ci/km~

0.1 - 2
2 - 20
20 - 100
100 - 1000
1000 - 4000

Area (km~

15.000 - 23.000
600
280
100
17

Table 9
Solid Waste Burial Sites at Chelyablnsk-6522

NUMBER VOLUME WASTE TOTAL
OF BURIAL OF WASTE ACTIVITY AREA

KIND OF WASTE SITES (1000 m3
) (Ci) (ha)

Low- and
Medium-level 203 685.1 31.6x1ri 20.2
Waste

High-level Waste 24 41.3 12 x106 ...1:1

Total 227 726.4 12 x1(f 21.3

1 aN. ~ Me! ••••s. v..-, "The Aod..on SlbMIIon NIar •• ExpIoeIan, " A1Iodt, May 1ll8O,p. eo.

21lo1ou~, AleMndef, """-Ian Nuclew w.pon. Praduc:tion WId Emir-*! PllIIulion," PlII* ~ Ill •• ~ on "The
NonproI~ ~ In" FonnerScwlMUnion," ~ II-. ~ ~ SludieI, 1tIonliIley,CdIcmIa,AprtII, 1llll2.
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Table 10
estimated Plutonium-Equivalent Production

by the Five Graphite Reactors at Chelyablnsk-65 --
YEAR CAP.aIY l1IDlIW.laZY PUmlNIIJM IIlUI'AIIHr

ANNUAL CllIIlWM ANNUAL CUIItU'11YI
(MIl) UooON Uooo N (!eel (MJ)

1948 100 8 8 7 0.0
1941 100 17 24 14 O.D
1150 100 18 43 11 0.0
1151 IS6 100 143 8S D.1
1152 2281 281 432 24' 0.4
1153 2281 317 8211 341 0.7
1154 3186 522 1350 441 1.2
1155 4486 731 2011 121 1.8
1151 4415 815 28" 701 205
1157 5186 906 3101 71t 3.3
1158 1515 lIOB 4", 153 42
It5t 1515 1111 1107 1030 5.3
1"0 15155 1118 7305 1030 U
1"1 155S5 11" 8503 1030 7.3
1HZ 8585 11111 1701 1030 1.3
11113 15S5 11" 10800 1030 U
1"4 S5S5 1111 120tI 1030 10.4
1"5 15S5 lUll 13211 1030 lU
1_ 15515 1111 14t" 1030 1205
11S7 155S5 11" 15st2 1030 13.5
1_ S5S5 11" 11880 1030 14.5
list 55S5 11" 18081 1030 15.1
1170 15S5 11111 It_ 1030 lU
1971 8585 11111 20484 1030 17.1
ur72 55S5 11111 21183 1030 18.1
1973 S5S5 11" 221181 1030 It.7
11174 1515 1111 2407t 1030 20.7
11175 85lli 11111 25277 1030 21.7
1971 8585 1111 28475 1030 2U
1Ir77 85S5 1111 27173 1030 23.1
1971 1586 11111 2111171 1030 24.1
1171 I_ 1111 300St 1030 25.1
11110 85S5 11111 312118 1030 2U
11111 1585 11111 32_ 1030 27.1
1_ 85S5 1111 33SS4 1030 21.0
1_ - 11" 3t812 1030 30.0
11114 85S5 11111 3I0IO 1030 3U
1_ 85S5 11" 3725S 1030 32.0
1_ 85S5 1111 31451 1030 33.1
lIlT lOGO llt! 31S01 985 34.1
1l1li sooo lotS 4011" 942 35.0
11118 4000 154 41850 820 35.1
1•• 0 484 42134 411 31.2
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Table 11
Estimated Plutonium-Equivalent Production

by the Heavy Water Reactor at Chelyablnsk-65 --

YEAR CAPACn'Y 'DfDIW.ENIXY PW'l1JfIUIIIMYAlIHI'
ANNUAl. ctJIItIIAlIY! ANNUAl. t1JIIW11VIrOt) Clooo IIwd) 11000 M!d) (K) /1m1950 250 37 37 35 0.01951 250 48 82 43 0.11952 250 46 128 43 0.11953 250 48 173 . 43 0.:21954 250 46 211 43 021955 500 91 310 87 0.31958 500 91 402 87 0.41957 500 91 413 . 87 0.51958 500 91 584 87 D.81959 500 III 875 87 D.81980 1000 183 858 173 0.81981 1000 183 1040 173 1.01962 1000 183 1223 173 1.21983 1000 183 140$ 173 1.31964 1000 183 1588' 173 1.51985 1000 183 1770 173 1.71986 1000 183 1153 173 1.91967 1000 183 2135 173 2.01968 1000 183 2318 173 2219611 1000 183 2500 173 U1970 1000 183 2883 173 2.51971 1000 183 2855 173 2.71972 1000 183 3041 173 U11173 1000 183 3230 173 3.11974 1000 183 3413 173 321975 1000 183 3515 173 3.41978 1000 183 3778 173 3.81977 1000 183 3980 173 3.81178 1000 183 4143 173 3.811179 1000 183 4325 173 4.11980 1000 183 4508 173 4.3



Pag.SO RUNienlSaMt Nuc/fW W.m-t Production, NWO92~

Table 12
Estimated Plutonium-Equivalent Production
by the Five Graphite Reactors at Tornsk-7 --

Y£AR CAPACI'Y l1IDlMAL F.M:R:Y PU.mlNRJI( flll!VAII.Pll'
ANMW. ctJMlILo\l1VI ANNUAL aJIMA'lM

()(Il) 11000 bQ !l 000 II!!!Q Ow urn
1958 650 20 20 17 0.0
19511 1300 104 124 ISII 0.1
llISO 3250 31S5 50. 331 0.4
11181 4550 783 1291 873 1.1
11182 8450 1377 2888 111S4 2.3
1963 DI00 1661 4328 1428 3.7
1964 10800 1920 82411 1652 5.4
1965 11150 1971 8220 18H 7.1
IHS 11500 2035 10255 1750 8.8
ID87 11500 20911 12354 11105 10.1
1968 11500 20" lUs:t 11S05 12.4
111811 11500 201111 16551 11S05 14.2
1970 11500 2099 18650 1805 18.0
1971 11500 2099 20741' 1805 17.1
11172 11500 20111 2284. 1805 19.1
1973 11500 2091 24948 1105 21.5
1974 11500 20111 21045 1805 213
1975 11500 2091 29144 1805 25.1
1978 11500 20" 31243 1805 2U
1977 11500 2099 33341 1805 28.7
1978 11500 2091 35440 1805 30.5
IImJ 11500 2019 37539 1805 32.3
1910 11500 2091 3863lS 11105 34.1
19151 11500 2091 4173lS 11S05 35.1
1982 11500 2091 431S35 11S05 37.7
19153 11500 2_ 45934 11105 39.5
1984 11500 2091 41033 1105 41.3
1985 11500 2_ 50131 1105 43.1
1988 11500 2099 52230 1805 44.1
1987 11500 2019 54321 11S05 48.7
1981S 11500 2091 58428 1805 48.5
1989 11500 2091 58528 11S05 50.3
1990 6900 1931 80457 1881 52.0
1911 6900 1489 81928 1213 53.3
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Table 13
Estimated Plutonium-Equivalent Production

by the Three Graphite Reactors at Krasnoyarsk-26 --
YEAR CAPACrlY 11IERIW. EN!RiY PU1ltlNlUM DMVAIlNT

ANNUAL CUMUlATIVI ANNUAL CUII1JI.A11VE
1ft) !l000 M1!d) 11000 Mwd) (te) om

1957 2000 146 146 126 0.1
1958 2000 329 475 283 U
1959 2000 365 840 314 0.7
1960 2000 365 1205 314 1.0
1961 4000 511 1716 439 1.5
1962 4000 694 2409 598 2.1
1963 4000 730 3139 628 2.7
1964 6000 876 4015 753 3.5
1965 6000 1059 5074 910 U
1966 6000 1095 6169 942· 5.3
1967 6000 1095 7264 942 6.2
1968 6000 1095 8359 942 7.2
1969 6000 1095 9454 942 8.1
1970 6000 1095 10549 942 9.l
1971 6000 1095 11644 942 10.0
1972 6000 1095 12739 ;'., 942 11.0
1973 6000 1095 13834 ' 942 11.8
1974 6000 1095 14929 942 12.8
1975 6000 1095 16024 942 13.8
1976 6000 1095 17119 942 14.7
1977 6000 1095 18214 942 15.7
1978 6000 1095 19309 942 18.8
1979 6000 1095 20404 942 17.5
1980 6000 10115 21499 942 18.5
1981 6000 10115 22594 942 19,4
1982 6000 1095 23689 942 20.4
1983 6080 1095 24784 942 21.3
1984 6000 1095 25879 942 22.3
1985 6000 1095 26974 942 23.2
1986 6000 1095 280611 942 24.1
1987 6000 10115 29164 942 25.1
1988 6000 1095 30259 942 26.0
1989 6000 1095 31354 942 27.0
1990 6000 1095 32449 942 27.9
1991 4800 876 33325 753 28.7
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Table 14
Estimated Tritium Production

--
YEAR TRI'l1llU PUTroNMI ~AUM

ImImlIr lEAf I'IIIIJCIII( InIIlRlII fIIIIDIIl lIlIUA1I'II
(kc! lice! lice! (kc! (kc! nrn

1950 0.0 0.0 0.1 0 7 0.0
1951 0.1 0.0 0.2 7 10& 0.0
1952 0.3 0.0 0.3 21 22 0.0
1953 0.8 0.0 0.4 42 29 0.1
1954 0.9 0.1 0.5 88 36 0.1
1955 1.4 0.1 0.7 100 50 0.2
1958 2.0 0.1 0.9 145 85 0.2
1957 2.8 0.2 1.1 202 7i 0.3
1958 3.8 0.2 1.3 270 94 0.4
1959 4.8 0.3 1.5 349 1011 0.5
1960 6.1 0.3 U 4311 137 0.6
1961 7.7 0.4 2.3 551 166 0.11
1962 9.5 0.5 2.3 6116 166 1.0
1963 11.3 0.6 2.3 1114 168 1.1
1964 13.0 0.7 2.3 938 1611 1.3
1985 14.l1 0.8 2.3 1050 1611 1.5
1968 IB.l 0.9 2.3 1158 168 1.8
1987 17.5 1.0 2.3 1261 IBB 1.8
196B 18.9 1.0 2.3 1357 166 2.0
1969 20.1 1.1 2.3 1449 166 2.1
1970 21.3 1.2 2.3 1535 166 2.3
1971 22.5 1.2 2.3 1617 168 2.5
1972 23.5 1.3 2.3 1694 166 2.6
1973 24.5 1.3 2.3 1767 16B 2.8
1974 25.5 1.4 2.3 IB3& 186 3.0
1975 26.4 l.4 2.3 19o1 186 3.1
1976 27.3 1.5 2.3 1963 1118 3.3
1977 28.1 1.5 2.3 2021 1118 3.5
1978 28.11 1.6 2.3 2076 1116 3.8
1979 29.6 1.6 2.3 2128 1116 3.8
19110 30.2 1.7 2.3 2178 1611 4.0
1981 30.9 1.7 2.3 2224 188 4.1
1982 31.5 1.7 2.3 2288 186 U
1983 32.1 1.8 2.3 2310 166 U
1984 32.& 1.8 2.3 2349 166 4.lI
1985 33.1 1.8 2.3 2388 166 4.8
19116 33.6 1.8 2.3 2421 168 U
1987 34.1 1.9 2.3 2455 1116 5.1
1988 34.5 1.9 2.3 2486 166 5.3
1989 3409 1.9 2.3 2518 166 5.4
1990 35.3 1.9 2.3 2544 188 5.B
1991 35.7 2.0 2.3 2570 166 5.8



Figure 1
Reservoirs and Lakes at Chelyabinsk-65

(overleaf)

Legend
1. Lake Irtyash (Reservoir Number 1)
2. Lake Kyzyltash (Reservoir Number 2)
3. Reservoir Number 3
4. Reservoir Number 4
5. South Urals Project (Construction of 3 BN-800 reactors)
6. Lake Number 6
7. Chelyabinsk-65 Reactor Area
8. Ozhorsk (Chelyabinsk-65 Residential Area)
9. Lake Karachay (Reservoir Number 9)

10. Reservoir Number 10
11. Reservoir Number 11
12. Techa River
13. Kyshtym
14. Lake Bol'shaya Akulya
15. Lake Akakul'
16. Lake Ulagach
17. Lake Staroe Boloto (Old Swamp)
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Figure 2
Radioactivity Discharged Into the Techa River, 1949-1956'
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Figure 3
Radioactive Fallout from the 1957 Accident at Chelyablnsk-6S1
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Appendix 1. Glossary of Key Figures in the Soviet Nuclear
Program
Adamsky, Viktor - Born c. 1920. A senior member of the theoretical-
department at the All-Russian (formerly All-Union) Scientific Research
Institute of Experimental Physics (Arzamas-16). Was in charge of what
Sakharov calls the "Big Bomb," presumably the 58 megaton device explod-
ed on October 28, 1961.

Aleksandrov, Anatoliy Petrovich - Born February 13, 1903 in Tarashchi.
From 1946-1955 directed the Institute of Physical Problems. Part of the
Tamm group. Worked with Kurchatov on development of the first produc-
tion reactors (see Pravda, March 4, 1989). ReSpOnsiblefor isotope separa-
tion using thermal diffusion. Designer of early graphite production reactors
and the later Chernobyl type RBMK reactors. On May 15, 1960 he became
director of the I.V. Kurchatov Institute of Atomic Energy. Academician;
elected a member of the Academy of Sciences';on October 23, 1953; elected
President of the Academy on November 25, 1975, and served in that
capacity until he was replaced by Guriy Marchuk on October 16, 1986.

Alikhanov, Abram lsaakovich - Born March 5, 1904 in Tbilisi; died Decem-
ber 8, 1970 in Moscow. Appointed to the weapOns program at the sugges-
tion of A. F. Joffe. In 1949 Alikhanov and his colleagues put into operation
the first nuclear reactor with a heavy-water moderator in the USSR.
Director of the Thermodynamic Laboratory, 1945-1968.Principal construc-
tor of the Serpukhov high energy accelerator. Academician; elected full
member of the Academy of Sciences in 1943 (won over Kurchatov).

Anuchina, Nina Nikolayevna - Anuchina was born in 1930 and was graduat-
ed from Gorky State University in 1953. She worked at Keldysh Applied
Mathematics Research Institute from 1953-55 and at Steldov Mathematical
Institute from 1955-57.She joined the Institute in 1957 and is now Head of
the Mathematics Division. Her fields of expertise include: finite difference
schemes theory, numerical simulation of nonstationary hydrodynamic
processes, high-speed impacts, hydrodynamic instabilities, turbulent mixing,
and cumulative jets.

Artsimovich, Lev Andreyevich - Born February 25, 1909 in Moscow; died
March 1, 1973. From 1930-1944worked at the Physicotechnical Institute.
From 1944 worked at the Institute of Atomic Energy. ReSpOnsible for
isotope separation using electromagnetic separation. Leader· of pioneering
work on thermonuclear physics. Academician; elected a member of the



Academy of Sciences on October 23, 1953. Awarded Hero of Socialist
Labor, 1969; Lenin Prize 1958; State Prizes 1953 and 1971.

-
Averin, Alexander Nikitovich - Born in 1946,Averin was graduated from
the Moscow Physical-Technical Institute in 1970, and has worked at the All-
Russian Scientific Research Institute of Technical Physics for the last 22
years. He holds a doctorate in Science and is deputy head of the Explosion
Physics Department. His fields of expertise include: the properties of
matter under high pressure and high-speed dynamic processes, such as
impacts, phase transitions, cumulation, explosive techniques and technolo-
gies.

Avrorin, Evgeniy Nikolaevich - Born July 11, 1932; graduated from Moscow
State university in 1954;worked at the All-Union Scientific Research
Institute of Experimental Physics (Arzamas-16) from March-August 1955.
Since its establishment in 1955, Avrorin worked at the All-Union (now All-
Russian) Scientific Research Institute for Techhical Physics (Chelyabinsk-
'70), where he is currently the Scientific Leader. Elected corresponding
member of the General Physics and Astronomy Department, Academy of
Sciences, December 23, 1987. Theoretical physics with interests in the fields
of physical processes under high pressures and temperatures, nuclear and
neutron physics, inertial confinement fusion, and disarmament.

Babayev, Yuri Nikolayevich - Born May 21, 1928; died October 6, 1986.
Graduated from Moscow University in 1950 at the age of 22, went to work
for an unidentified research institute in 1951. Is believed to have worked on
the nuclear weapons program. Was a junior member of a team that was
secretly awarded the Stalin Prize in 1953. In 1959was given Lenin Prize, in
1962 Hero of Socialist Labor. In 1962 was given rank of senior research
worker at an unidentified institute; see New York Times, October 29, 1986,
p.B8.

Barulin, Anatoly Yegorovich - Born in 1936 and graduated from the
Moscow Physical Engineering Institute in 1960,Barulin has a doctorate in
Science. He has worked at the All-Russian Scientific Research Institute of
Technical Physics since 1960 and is the Chief Designer of the Institute (for
fiber optics). His experience includes work in the fields of fiber-optic
networks, technology and equipment for fiber production, control systems,
cyrogenic machines, and laser thermonuclear experiments.

Belugin, Vladimir Aleksandrovich - Born March 30, 1931 in Leningrad
(now St. Petersburg). Current (1990-1992) director of the All-Russian



(formerly All-Union) Scientific Research Institute of Experimental Physics
(Arzamas-16).

-
Beria, Lavrenti Pavlovich - Born March 29, 1899, Merkheuli, Russia; died
December 23, 1953, Moscow. Brought to Moscow as deputy to Nikolay
Yezov, the head of the People's Commissariat for Internal Affairs (NKVD;
Soviet secret police). Yezov was shot andBeria became head of the secret
police, retaining the position from 1938 to 1953. In 1941 he became deputy
prime minister of the USSR, and during World War II, he was a member
of the State Defense Committee. He was made a marshall of the USSR in
1945. He was also a member of the Central Committee of the Communist
Party from 1934, and of the executive policy-making committee, the Polit-
buro from 1946. Beria was director of atomic bomb program from 1943 to
1953.

Bochvar, A - Headed a department at Cbelyabinsk-40 (now Cbelyabinsk-
65), responsible for processing plutonium and fabricating the sub-critical
fissile masses for a bomb.

Bogolyubov, Nikoay Nikolayevich - Born August 21, 1909. Mathematician
and theoretical physicist. Part of the Tamm group. Leading scientist at the
All-Union Scientific Research Institute for Experimental Physics (Arzamas-
16). Former Academician Secretary of the Mathematics Department, from
July 1963. Academician; elected to the Physical Mathematical Sciences
Department (now Nuclear Physics Department) of the Academy of Scienc-
es on October 23, 1953. Former Director of the Joint Institute for Nuclear
Research in Dubna, from 1965.

Brokhovicb, Boris V. - Among the first 300 people to arrive at Cbelyabinsk-
40 (now Cbelyabinsk-65) in 1946. Electrical Engineer; Chief Engineer at
the 501-Reactor, May 24, 1952 - July 1, 1954; Director of Plant 156 (three
reactor complex) July 12, 1963 - May 18, 1971; Director of Cbelyabinsk-65
(formerly Cbelyabinsk-40) 1971 - ca. 1991. Hero of Socialist Labor; Lenin
Prize, 1960; State Prize laureate, 1954.

Davidenko, V. - Part of the design team at KB-ll (Arzamas-16), responsi-
ble for the development of the neutron generator.

Dmitriev, Nikolai - Born c. 1925. Mathematician. Colleague of Sakharov's
at the All-Russian (formerly All-Union) Scientific Research Institute of
Experimental Physics (Arzamas-16). Did calculations on the "Third Idea."
Child prodigy.



Dodochkin, Evgeniy K. - Born June 8, 1940. Currently (1992) responsible
for nuclear warhead production facilities (warhead assembly, fissile material
storage, etc.) within the Department of Defense Industry, Ministry of
Atomic Energy.

Dollezhal', Nikolai Antonovich - Born October 27, 1899. Head designer of
the first atomic reactor. A chief designer of naval reactors. Academician.
Member of the Physical Technical Problems of Power Engineering Depart-
ment, and the Mechanics and Control Processes Department.

Drozhko, Evgeny Gordeevich - Candidate of Technical Sciences and Chief
Engineer at Chelyabinsk-40 (now Chelyabinsk-65) in 1989.

Dukhov, Lt. Gen. Nikolai Leonidovich - Born October 26, 1904; died May
1, 1964. Was drafted in July 1948 into the atom bomb program and was the
right hand man on the engineering side to Km:chatov. Deputy head of the
scientific effort at KB-11 (Arzamas-16). In 1932-1948he was chief designer
at the Kirov plant in Leningrad (now St. Petersburg), where during World
War II he designed the Stalin tank. In early 1954 he was moved to the
ICBM program where he headed a design bureau. Three times a Hero of
Socialist Labor in 1945, 1949 and 1954; Lenin Prize in 1960; see New York
Times, November 11, 1984, p. 14.

Dzekun, Evgeniy G. - Chief Engineer of the Radiochemical Plant, "Mayak"
Production Association (Chelyabinsk-65) in 1991.

Fedorov, Ye - Born 1910; died? According to May 3, 1990 Izvestiya he
once worked at the test site in Novaya Zemlya. Academician; Chief Scien-
tific Secretary of the Academy of Sciences.

Feoktistova, Ekaterina - Born c. 1920. A colleague of Sakharov's. Sent to
work at the All-Russian (formerly All-Union) Institute Technical Physics
(Chelyabinsk-70) in the mid-1950s.

Fetisov, Victor llich - Currently (1990) Director of the Mayak Production
Association (Chelyabinsk-65).

Flerov, Georgii Nikolaevich - Born March 2, 1913 in Rostov-on-Don. From
1938-1941was on the staff of the Physicotechnical Institute. From 1941-
1943 was in Soviet Army. From 1943-1960on staff of Institute of Atomic
Energy. Worked at the All-Union Scientific Research Institute of Experi-
mental Physics (Arzamas-16). In 1960 made director of Nuclear Reactions
Laboratory of the Joint Institute for Nuclear Research in Dubna. In 1940



F1erov together with LI. Rusinov showed that more than two neutrons are
emitted during the fission of a uranium nucleus. In the same year together
with K.A Petrzhak, Flerov discovered the spontaneous fission of h~.
nuclei. Noticed articles on nuclear energy had disappeared from American,
British, and German publications in the early 19408.As a consequence he
wrote letter to Stalin in April 1942 alerting him to the urgency of solving
the "uranium problem." This prompted renewed interest by the Soviets in
developing an atomic bomb.

Frank-Kamenetskiy, D.A. - A leading theoretical physicist at the All-Rus-
sian (formerly All-Union) Scientific Research Institute of Experimental
Physics (Arzamas-16), arriving there in 1946.

Fuchs, Klaus - (December 29, 1911 - January 28, 1988) A German-born
physicist in the U.S. fission and fusion weapons program at Los Alamos
who was convicted of being a Soviet spy. E~ated first to Britain and
then went to Los Alamos during World War II. After the war he returned
to Britain and worked at Harwell, a nuclear research center near Oxford.
From 1941 on he carried out espionage for the Soviet Union until his arrest
in February 1950. He served nine years of a 14-year sentence and returned
to East Germany where he resumed a scientific career.

Fursov, V. - Assistant to Kurchatov who helped with the design of the F-l
pile and who helped oversee the construction of Chelyabinsk-40 as Kurcha-
tov's main representative.

Gavrilov, Viktor Yulianovich - Born c. 1920; died early 19708.Colleague of
Sakharov's at the All-Union Scientific Research Institute of Experimental
Physics (Arzamas-16). Later became a molecular biologist. Headed radiobi-
ological department.

Ginzburg, Vitaly Lazarevich - Born October 4, 1916. First to propose the
use of lithium deuteride in thermonuclear weapons; Sakharov said that
"The first two ideas [about the H-bomb] were those proposed by Vitaly
Ginzburg and myself in 1948." Member of the Physics Institute of the
Soviet Academy of Sciences (FIAN). Part of the Tamm group. Academi-
cian; elected to General Physics and Astronomy Department of the Acade-
my of Sciences on July 1, 1966. Also a member of the Nuclear Physics
Department.

Gorbets, Boris V. - Currently (1991-1992) Deputy Head of Department for
Nuclear Weapons Production, Department of Defense Industries, Ministry
of Atomic Energy. .



Gurevich, Isai Izrailevich - Born July 13, 1912 in Riga. Graduated from
Leningrad University in 1934. From 1934-1945worked at the Radium
Institute. Since 1945 at the LV. Kurchatov Institute of Atomic Energy.
Corresponding Member of the Academy of Sciences, 1968. Main work in
neutron physics, reactor theory and the properties of muonium.

Ioffe, AF. - Head of the Physics Institute of the Soviet Academy of Scienc-
es (FIAN) who recommended LV. Kurchatov as the man to head the
Soviet Union's atomic bomb development program.

Ivanov, Victor - Currently (1991-1992) Deputy Head of Department,
Nuclear Weapons Development and Testing, Department of Defense
IndUStry,Ministry of Atomic Energy.

Izrael, Yuriy Antoniyevich - Born May 15, 1930. According to May 3, 1990
Izvestiya, he once worked at the test site in Nqvaya Zemlya. Elected
corresponding member of the Oceanology, AtIriospheric Physics and
Geography Department, Academy of Sciences on November 26, 1974.

Izraileva, Revekka - Born c. 1920. Mathematician. Colleague of Sakharov's
at the All-Union Scientific Research Institute of Experimental Physics
(Arzamas-16).

Keldysh, Mstislav Vsevolodovich - Born February 10, 1911; died 1978.
Academician; President of the Academy of Sciences, 1961-1975.

Khandorin, G. - Director of the Siberian Chemical Combine (Tomsk-7) in
1991.

Khariton, Yuliy Borisovich - Born February 27, 1904 in St. Petersburg.
Graduated from the Leningrad Polytechnic Institute in 1925. From 1926-28
studied at the Cavendish Laboratory in England under Rutherford and
received a PhD. In 1939,with Y. B. Zeldovich, was the first to calculate the
chain reaction of uranium fission. Part of the Tamm group. Scientific
director of the All-Union Scientific Research Institute of Experimental
Physics (Arzamas-16) from its beginning in 1946, until the present. With
Sakharov and Zeldovich one of the three principal developers of the Soviet
hydrogen bomb. Academician; elected a member of the Nuclear Physics
Department, Academy of Sciences on October 23, 1953. Awarded the title
of Hero of Socialist Labor three times, in 1949, 1953, and 1956.

Khlopin, V.G. - Director of the Radium Institute in Leningl:ad from 1939.
First scientific director of Chelyabinsk-40 (now Chelyabinsk-65)~



Kikoin, Isaak Konstantinovich - Born March 28, 1908 in Malye Zhagory;
died December 1984. In 1943 worked at the Kurchatov Institute of Atomic
Energy. Responsible for isotope separation using gaseous diffusion. :[:Jewas
head of the isotope enrichment department and involved in uranium
enrichment in the Urals. Hero of Socialist Labor 1951. Academician;
elected a member of the Academy of Sciences, October 23, 1953.

Koblov, Petr Ivanovich - Currently (1991) deputy chief designer at the All-
Russian (formerly All-Union) Scientific Research Institute of Technical
Physics (Chelyabinsk-70).

Komelkov, V. - Head of the department at KB-ll (Arzamas-16) responsi-
ble for producing layton triggering devices. -

Konovalov,.Vitaliy Fedorovich - Born 1932. Minister of the Ministry of
Atomic Power and Industry (now the Ministry ,of Atomic Energy (formerly
the Ministry of Medium Machine Building) until August 1991; First Deputy
Minister of Atomic Energy, March 1992-present.

Kozlov, Boris Isakovich - A colleague of Sakharov's at the All-Union
Scientific Research Institute of Experimental Physics (Arzamas-16). De-
signed the device exploded on September 27, 1962. Acting Director of
Caspian Mining and Metallurgical Complex (PGMK) ore administration,
responsible for mining and refining of uranium ore; a defense plant under
the MMB, 1989- .

Kryuchenkov, Vladimir Borisovich - Kryuchenkov was born in 1948 and was
graduated from the Moscow Physical Engineering Institute in 1972 with a
doctorate in Science. In 1972, Kryuchenkov joined the All-Russian Scientific
Research Institute of Technical Physics and is currently head of the Experi-
mental Physics Department. Kryuchenkov is an expert in diagnostics of
dense high-temperature plasma, laser-plasma soft x-ray sources, plasma
spectroscopy, and laser fusion.

Kurchatov, Igor Vasilyevich - Born January 12, 1903 in Sim (now in Asha
Region, Chelyabinsk Oblast); died February 7, 1960 in Moscow. The son of
a surveyor Kurchatov graduated in 1923 from Crimean University in physics
and math. In 1925 he began at the Pbysicotecbnicallnstitute under A F.
Joffe. He was head of the Soviet nuclear weapons program. In 1943 he
founded and was head of what later became known as the Institute of
Atomic Energy. Since 1960 it has been known as the Kurchatov Institute of
Atomic Energy. He is buried at the Kremlin Wall. The 104th element,
Kurchatovium is named for him, though there is a competing claim that the



element should be called Rutherfordium. Awarded the title of Hero of
Socialist Labor three times, in 1949, 1953, and 1954.

Lavrentyev, M.A. - A leading theoretical physicist at the All-Union Scientif-
ic Research Institute of Experimental Physics (Arzamas-16), arriving there
in 1946.

Lebedev, Valeriy - Director of the Mining and Chemical Combine (Krasno-
yarsk-26) in 1991.

Ledenyov, Boris N. - Director of the at All-Union Scientific Research
Institute of Technical Physics (Chelyabinsk-70) from 1961 to 1963.

Litvinov, Boris Vasilyevich - Born November 12, 1929 in Voroshilovgrad,
Ukraine. The current (1992) first deputy scientific leader of the All-Russian
(formerly All-Union) Scientific Research Instit,ute of Technical Physics
(Chelyabinsk-70). Chief designer of the institut-e;professor; member of the
Russian Academy of Sciences; graduated in 1953 from the Moscow Insti-
tute of Engineering and Physics.

Lominskiy, Georgii P. - Director of the All-Union Scientific Research
Institute of Technical Physics (Chelyabinsk-70) from 1963 to 1986.

Malyshev, Vyacheslav Aleksandrovich - Born December 16, 1902 in Ust'-
Sysol'sk, now Syktykar; died February 20, 1957 in Moscow. Warhead head
of Soviet tank production program. Vice-chairman of the Council of
People's Commissars, 1940-1944.As MiniSter of Ministry of Medium
Machine Building from June 1953-1955,assumed responsibility for the
nuclear weapons program from Beria following Stalin's death. Buried at the
Kremlin Wall.

Mikhailov, Victor Nikitovich - Born 1934. Graduated with distinction from
the Moscow Engineering Physics Institute. Graduate student in theoretical
physics under Academician Ya. B. Zeldovich at the All-Union Scientific
Research Institute of Experimental Physics (Arzamas-16). Director of the
Institute of Impulse Technology. Deputy Director, Ministry of Atomic
Power and Industry (formerly the Ministry of Medium Machine Building)
until March 1992, when he was promoted to Minister of Atomic Energy.

Mikerin, Evgeniy I. - Deputy Minister and Head of Directorate in charge of
fuel cycle activities, Ministry of atomic Energy, March 1992 to present.
Head of Department of Isotope Separation, Reprocessing, and Production
Technology, Ministry of Atomic Power and Industry until 1992; in charge of



isotope production, i.e., production reactors and uranium enrichment.
program.

Molotov, V.M. - Supervised the early stages of the atomic bomb program,
but lost control of the program to Beria in 1945.

Morozov, Igor Pavlovich - Born in 1939 and graduated from Kharkov
Polytechnic Institute in 1961 with a degree in mechanical engineering,
Morozov is the Deputy Chief Engineer of the Institute. He holds a doctor-
ate in Science and his fields of expertise include: development of test
systems, automatization of production processes, management of develop-
ments.

Muzrukov, Boris Glebovich - Born 1904; died 1979. Defense official,
Combine (Chelyabinsk-40) director during its construction in 1946 and until
1955; director of the All-Union Scientific Res~~ch Institute of Experimen-
tal Physics (Arzamas-16) from 1955 to 1974. AWarded the title of Hero of
Soci8Iist labor twice, in 1943 and 1949; Lenin Prize in 1962.

Nechai, Vladimir Zinovyevich - Born May 5, 1936 in Alma Ata, Kazakh.
Director of the AIl-Russian Scientific Research Institute of Technical
Physics (Chelyabinsk-70) since 1986.

Negin, Yevgeniy Arkad'yevich - Born 1921. General and Academician with
the Mechanics and Control Processes Department, since March 15, 1979.
Worked at the All-Russian Scientific Research Institute of Experimental
Physics (Arzamas-16) He witnessed his first nuclear test in 1953, and
attended virtually all subsequent nuclear test by Arzamas-16 since then, and
was scientific leader at about half of them (Pravda, April 16,1992, p. 4).
According to May 3, 1990 Izvestiya, he once worked at the test site in
Novaya Zemlya.

Nikipelov, Boris V. - Born August 2, 1931. Worked at Mayak Chemical
Combine (Chelyabinsk-65; formerly Chelyabinsk-40) from 1955 to about
1985; Chief Engineer. First Deputy Director, Ministry of Atomic Energy
and Industry (formerly Ministry of Medium Machine Building, and now
Ministry of Atomic Energy) until March 1992. Advisor to the Minister of
Atomic Energy for international relations, chemical separation, and nuclear
waste management March 1992 to present.

Nikitin, Boris Alekandrovich - Worked with Kurchatov during the early
weapon development period (see Pravda, March 4, 1989). Engineer respon-



sible for developing the technology to extract plutonium from the F-l pile.
Corresponding member of the Academy of Sciences.

-

Nikitin, Vladislav I., - Currently (1991-1992) the deputy director of the All-
Russian Scientific Institute of Technical Physics (Chelyabinsk-70).

Nikolskii, Boris Petrovich - Born 1900; died 1990.Worked with Kurchatov
during the early weapon development period (see Pravda, March 4, 1989).
Academician, full member of the Academy of Sciences.

Ovsyannikov, L.V. - Leading scientist at the All-Union Scientific Research
Institute of Experimental Physics (Arzamas-16)..·

Pavolovsky, Aleksandr Ivanovich - Born June 27, 1927. Currently (1992)
head of the Department of Fundamental and Applied Research at the All-
Russian Scientific Research Institute of Experit;nental Physics (Arzamas-16).

Pavlov, Nikolai - Born c. 1917; died ? Appointed in 1943 representative of
the Central Committee and Council of Ministers at Laboratory No.2
(subsequently the Kurchatov Institute of Atomic Energy).

Pervukhin, Mikhail Georgiyevich - Born 1904.Minister of Medium Machine
Building, May-July 24, 1957. Ambassador to GDR, 1958-1962.

Pishchepov, Aleksandr Ivanovich - Current (1990) Deputy Director for
Procedures at the Mayak Production Association (Chelyabinsk-65).

Pomeranchuk, Isaak Iakovlevich - Born May 20, 1913 in Warsaw, died
December 14, 1966 in Moscow. Graduated from the Leningrad Polytechnic
Institute in 1936. From 1940-1943worked at the Institute of Physics and
from 1943-1946at the Institute of Atomic Energy. In 1946 he joined the
staff of the Institute of Theoretical and Experimental Physics and also
became a professor at the Moscow Physical Engineering Institute. Made an
important contnbution to the theory and development of the first nuclear
reactors in the USSR. Corresponding Member of the Academy of Sciences,
1953; Academician, 1964. Awarded: State Prize, 1950, 1952; Order of
Lenin; Lenin Prize

Romanov, Gennady N. - Chief of Experimental Research Station, "Mayak"
Production Association (Chelyabinsk-65) in 1991.



Romanov, Yuri - Born c. 1920.A colleague of Sakharov's from 1948 to
1955. Sent to work at the AIl-Russian (formerly AIl-Union) Scientific
Research Institute of Technical Physics (Cbelyabinsk-70) in the mid-1-950s.

Ryabev, Lev Dmitriyevich - Born 1928. In 1957 he graduated from the
Moscow Engineering and Physics Institute. Was deputy chief engineer,
deputy director, and director of the Scientific and Research Institute of the
Ministry of Medium Machine Building. From 1984 he was deputy and from
June 1986 first deputy of the Ministry. At the end of 1986 he was appoint-
ed Minister of Medium Machine Building.

Sadovskiy, Mikhail Aleksandrovich - Born November 6, 1904. In J949 he
was deputy director of the Institute of Chemical Physics and responsible for
the nuclear test site at Semipalatinsk. According to May 3, 1990 Izvestiya,
he once worked at the test site in Novaya Zemlya. Director of the Institute
of Physics of the Earth until he retired about 1988. Academician; elected
member of the Geology, Geophysics, GeocheDiistry, and Mining Sciences
Department of the Academy of Sciences in July 1, 1966.

Sakbarov, Andrei Dmitriyevich - Born May 21, 1921; died December 15,
1989. Lived and worked at the AIl-Russian (formerly AIl-Union) Scientific
Research Institute of Experimental Physics (Arzamas-l6) from 1950 to
1968. With Khariton and Zeldovich one of the three principal developers of
the Soviet hydrogen bomb, responsible for the "First" and "Third Idea."
Became Academician in the Physical and Mathematical Sciences Depart-
ment on October 23, 1953. Awarded the title of Hero of Socialist Labor
three times (1953, 1956, and 1962), and won the Lenin Prize, the USSR
State Prize, and the 1975 Nobel Prize for Peace.

Sazhnov, Vladimir K. - Director of Radiochemical Plant, "Mayak" Produc-
tion Association (Cbelyabinsk-65) in 1991.

Semenov, Nikolai Nikolayevich - Born April 15, 1896; died 1986. Born in
Saratov, graduated from Petrograd University in 1917. From 1920-1931
worked at Leningrad Physicotechnical Institute. Corresponding Member of
the Academy of Sciences, 1929; Academician, 1932. In 1931 became
Director of the Institute of Chemical Physics. Was responsible for the
"polygon" (the nuclear test site) at Semipalatinskin 1949, when the Soviets
tested their first atomic device. Vice President of the Academy of Sciences
1963-1971.Shared Nobel Prize in Chemistry (1956) with Sir Cyril Hinsel-
wood for parallel research on chemical reaction kinetics. Awarded: Hero of
Socialist Labor, 1966; seven Orders of Lenin; State Prize, 1941, 1949;
Order of the Red Banner of Labor.



Semyonov, Nikolai Anatol'evich - Born 1918; died January 28, 1982. First
Deputy Minister of Medium Machine Building from 1971 to his death. He
joined the nuclear weapon program in 1948 and rose to become direstor of
a secret warhead manufacturing plant before his transfer to MMB in 1971.
Received Hero of Socialist Labor.

Shchelkin, Kirill Ivanovich - Born May 17, 1911; died November 8, 1968.
Graduated from the Crimean Pedagogical Institute in Simferopol in 1932.
Main works were devoted to the physics of combustion and explosion. Was
Khariton's deputy at the All-Russian (formerly All-Union) Scientific Re-
search Institute of Experimental Physics (Arzamas-16). Head of a depart-
ment at KB-ll (the earlier name for Arzamas-16) responsible for the
development of explosive shaped charges. Previously at the Institute of
Chemical Physics. Served as the first scientific director of the All-Union
Scientific Research Institute of Technical Physics (Chelyabinsk-70) from
1955 until 1960. Corresponding member of the, Academy of Sciences. Three
tUnes a Hero of Socialist Labor, in 1949, 1953~:and1956.

Simonenko, Vadim Aleksandrovich - Born November 8, 1939. Graduated in
1962 from Moscow Engineering Physical Institute; Head of Theoretical
physics department, All-Russian (formerly All-Union) Scientific Research
Institute of Technical Physics (Chelyabinsk-70) where he has worked since
1961.

Slavsky, Yefim Pavlovich - Born November 7, 1898 in Makeevka, Ukraine.
Trained as a metallurgical engineer. The first Chief Engineer at Chelya-
binsk-40 (now Chelyabinsk-65) - 1946. In charge of metallurgical extraction
and processing aspects of the early bomb program. Deputy, then First
Deputy Minister of Medium Machine Building, 1953-1957.Replaced
Pervukhin as Minister of MMB, 1957-1963.Chairman, State Production
Committee for MMB, 1963-1965.Minister of MMB, 1965-1986. Received
Hero of Socialist Labor, 1949, 1954 and 1962; Lenin prize 1980; State
Prizes 1949 and 1951.

Tamm, Igor Evgen'evich - Born July 8, 1895 in Vladivostok; died April 12,
1971 in Moscow. Created a school of theoretical physics to which many
well-known Soviet scientists belonged. In June 1948 appointed head of a
special nuclear bomb research group at the Physics Institute of the Soviet
Academy of Sciences (FIAN). He and Sakharov proposed in 1950 that a
hot plasma in a magnetic field be used to obtain a controlled thermonucle-
ar reaction. Left the All-Union Scientific Research Institute of Experimen-
tal Physics (Arzamas-16) after the August 1953 test to return to Moscow.



Won the Nobel Prize in Physics in 1958. Elected a 'member of the Academy
of Sciences on October 23, 1953.

-
Tchernyshev, Alexander K. - Born October 23, 1945. Currently (1992)
Deputy scientific director AIl-Russian Scientific Research Institute of
Experimental Physics (Arzamas-16).

Thiessen, A - German scientist captured by the Russians at the end of the
war who succeeded in producing a suitable barrier for isotope enrichment
by gaseous diffusion.

Tolstikhin, Oleg T. - Deputy Director, "Mayak'tPrOduction Association
(Chelyabinsk-65) in 1991.

Trutnev, Yuri Alekseyevich - Born November 2, 1927. Sakharov says that
he made "significant contnbutions" to understanding "the Third Idea." He
is currently first scientific deputy director of the AIl-Russian Scientific
Research Institute of Experimental Physics (Arzamas-16). Elected as a
corresponding member of the Nuclear Physics Department of the Academy
of Sciences on June 26, 1964 (now a full member), and became a full
member of the Russian Academy of Sciences in 1991. A Hero of Socialist
Labor.

Tsyrkov, Georgi Pavlovich - Head of the department defense industry
within the Ministry of Atomic Power and Industry (formerly the Ministry of
Medium Machine Building). This department is responsible for the design
laboratories, including the AIl-Russian Scientific Research Institute of
Experimental Physics (Arzamas-16), the AIl-Russian Scientific Research
Institute of Technical Physics (Chelyabinsk-70), the test sites, and the
warhead fabrication plants. In March 1992 appointed Head of the Depart-
ment responsible for nuclear weapons research (at Arzamas-16 and Chelya-
binsk-70), and nuclear weapons testing (at the Central Test Site) in the
newly created Ministry of Atomic Energy. According to May 3, 1990
Izvestiya. he once worked at the test site in Novaya Zemlya.

Vannikov, Boris Vvovich· Born September 7, 1897 in Baku; died February
22, 1962 in Moscow. From 1942-1946was People's Commissar of Muni-
tions. In 1949 he was head of the First Main Directorate of the Soviet
Council of Ministers, the provisional designation given the agency responsi-
ble for the entire atomic program. It was subsequently renamed the Minis-
try of Medium Machine Building, and Vannikov was First Deputy Minister
from 1953-1958.Three times Hero of Socialist Labor, 1942, 1949, 1954;
State Prize 1951, 1953.
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Vasfiyev, Dmitri Ch. - Died early-1961. First director of the All-Union
Scientific Research Institute of Tec~cal Physics (Chelyabinsk-70) from
1955 until his death in early-1961. -

Velikhov, Evgeniy Pavlovich - Born February 2, 1935. Currently (1992) Vice
President (for Physical and Mathematical Sciences Section since November
1977) of the Russian (formerly Soviet) Academy of Science; and Director
of Kurchatov Institute of Atomic Energy since 1988. The first President of
the Soviet Nuclear Society. Formerly Chairman of the Armed Services
Subcommittee of the Defense and State Security Committee of the USSR
Supreme Soviet.

van Ardenne, M. - German nuclear scientist who went to work for the
Russians after the end of the war. Headed up a team of German scientists
who were working on the problem of isotope separation.

.'

Yangel, M. - Worked at All-Union Scientific Research Institute of Techni-
cal Physics (Chelyabinsk-70).

Yegorov, Nikolay Nikolaevich - Physicist, Deputy Minister of Atomic
Energy (Minatom) responsible for uranium enrichment, production reac-
tors, plutonium and other isotope production, chemical separation, and
radioactive waste management, March 1992- present. From 1965-1992,
worked at Krasnoyarsk-45.

Yemelyanov, Vasiliy Semenovich - Born 1901. Joined nuclear project in
September 1945, as deputy to Boris 1.. Vannikov. Various unknown posts
between 1946 to 1957. From 1957-1960,Head, Main Board on the Use of
Atomic Energy, USSR Council of Ministers. From 1957-1959 was perma-
nent USSR representative at the International Atomic Energy Administra-
tion. 1960-1962was Chairman, State Committee on the Use of Atomic
Energy. Accompanied Khruschev to U.S. in 1959. Awarded: Stalin Prize,
1942, 1950; Order of Lenin; Hero of Socialist Labor, 1954.

Zababakhin, Yevgeny Ivanovich - Born January 16, 1917; died December
1984. Director of the All-Russian (formerly All-Union) Scientific Research
Institute of Technical Physics (Chelyabinsk-70) from 1960 until his death
about 1984. A colleagues of Sakharov's. Main works are on hydrodynamics
and explosions. Corresponding Member of the Academy of Sciences, 1958;
Academician, 1968. Hero of Socialist Labor, 1953; Lenin Prize, 1958, State
Prize, 1949, 1951, 1953.



Zavenyagin, Avraamii Pavlovich - Born April 14, 1901 in Uzlovaia; died
December 31, 1956 in Moscow. Colonel general in the army and main aide
to Beria in supervising the postwar nuclear weapons program. Worked with
Kurchatov during the early weapon development period (see Pravda,
March 4, 1989). Worked at the All-Union Scientific Research Institute of
Experimental Physics (Arzamas-16), arriving there in 1946. Deputy Minister
of Medium Machine Building 1953-1954.Minister of Medium Machine
Building 1955 replacing Malyshev. In 1955-56 organized the All-Union
Scientific Research Institute of Technical Physics (Chelyabinsk-70). Twice
Hero of Socialist labor, 1949 and 1954.Buried at the Kremlin Wall. Was
project director for the research team of German scientists immediately
after the war, that were located near Sukhumi on the Black Sea.

Zeldovich, Yakov Borisovich - Born March 8, 1914 in Minsk; died Decem-
ber 2, 1987. One of the founders of the modem theory of combustion,
detonation, and shockwaves. His work with ~¢ton (1939-1941) were of
great importance in solving the problem of the'use of nuclear energy. An
important paper with Khariton was delivered at the Conference on Ques-
tions of the Physics of the Atomic Nucleus held in Kharkov, November 15-
20, 1939 and published later that year. In his Memoirs Sakharov said that h
is task, with the Tamm group, was initially to verify and refine the calcula-
tions produced by Zeldovitch's group at the Institute of Chemical Physics.
Sakharov said that he now believes that the design developed by the
Zeldovich group for the hydrogen bomb was directly inspired by informa-
tion acquired through espionage, though he has no proof. Zeldovich was
initially responsible for theoretical research at the All-Union Scientific
Research Institute of Experimental Physics (Arzamas-16), arriving there in
1946. With Khariton and Sakharov one of the three principal developers of
the Soviet hydrogen bomb. Academician; elected full member of the
Academy of Sciences in 1958. Awarded the title of Hero of Socialist Labor
three times, in 1949, 1953, and 1956.

Zubarev, Dmitri - Theoretical physicist who worked with Zavenyagin and
with German scientists near Black Sea. Was transferred to the All-Union
Scientific Research Institute of Experimental Physics (Anamas-16) where
he remained until 1953.

Zysin, Yuri - Born c. 1920; died 1987. A colleague of Sakharov's. Sent to
work at the All-Union Scientific Research Institute of Technical Physics
(Chelyabinsk-70) in the mid-1950s.



Appendix 2. Flerov Letter to Stalin, April 1942
Dear Iosif Vassarionovich: _

Ten months have already elapsed since the beginning of the war,
and all the time I have felt like a man trying to break through a stone wall
with his head.

Where did I go wrong?
Am I overestimating the significance of the "uranium problem"? No

I am not. What makes the uranium projects fantastic are the enormous
prospects that will open up if a successful solution to the problem is found.
I have to make a reservation from the very beginning. Perhaps I am not
right-in research there is always as element of risk, more so with uranium
that anything else. Let us imagine for a minute, however, that we have
"succeeded" with uranium. True this will not bring about a revolution in
technology, as the projects of the prewar months showed but then a
veritable revolution will occur in military hardware. It may take place
without our participation-due simply to the fact that now, as before, the
scientific world is governed by sluggishness.

Do you know, Iosif Vassarionovich, what main argument has been
advanced against uranium? "It would be too good if the problem could be
solved. Nature seldom proves favorable to man."

Perhaps being at the front, I have lost all perspective of what
science should deal with at present, and the long term problems, like that
of uranium, must be postponed until the after the war. I think we are
making a big mistake. The greatest follies are made with the best inten-
tions.

All of us want to do all we can to rout the nazis, but there is no
need for such hurry-scurry, no need to deal only with problems that come
under the term "pressing" military objectives.

Well and, finally, maybe I am taking too much upon myself. All
letters which you, Iosif Vassarionovich, receive may be divided into two
groups. In the first there are letters with proposals which can, in their
authors' view, help the struggle against the nazis. In the second there are
the same proposals, but the implementation of these proposals is linked to
some changes in the position of the author himself. .

Now, I find it very difficult to write, knowing that the "sober"
approach can be rightfully applied to me. What is Flyorov raging about
over there? He dealt with science, was called up to the army, wants to get
out of it and, using uranium as a pretext, has been showering letters upon
all and sundry with disapproving comments on Academicians.



Now, for the solution of the question I consider it necessary to call a
conference, which should be attended by Academicians Ioffe, Fersman,
Vavilov, Khlopin and Kapitsa, Academician of the Ukrainian AcadeBlYof
Sciences [Alexsandr D'ich] Leipunsky, Professors Landau, Alikhanov,
Artsimovich, Frenkel, Kurchatov, Khariton and Zeldovich, Doctors Migdal
and Gurevich. It is also desirable to invite K. A Petrzhak:.

I ask an hour and a half for the report, and your presence, Iosif
Vissarionovich, either in person or by default, is most desirable.

Generally speaking, now is not the time to arrange such scientific
tournaments but personally, I see this as the only means to prove that I am
right and have the right to deal with uranium-because other
means-personal talks with A F. Ioffe, letters to Comrade Kaftanov have
brought about no results and are simply being passed over in silence. I have
received no reply to my letter and five telegrams to Comrade Kaftanov.
When discussing the plan of the Academy of Sciences, they probably spoke
about everything but uranium.

This is that wall of silence which I hope you will help me break:
through, because this is my last letter, whereupon I lay down arms and wait
till the problem has become solved in Germany, Britain or the USA The
results will be so overriding it won't be necessary to determine who is to
blame for the fact that this work has been neglected in our country, the
Soviet Union.

All of this is being done in such a skilful manner that we shall not
even have formal grounds against anyone. No one anywhere has ever said
that the nuclear bomb is unfeasible and yet there is the opinion that this
task belongs to the realm of science fiction.

Therefore my first request, on whose fulfillment I insist, is to receive
from all candidates to the future conference written .considerations concern-
ing the feasibility of the uranium problem. The conclusion should include a
reply concerning the figure which should be used to assess the probability
of solving the problem. For those conference participants who will consider
their erudition insufficient for a written conclusion, this question may be
ignored, but they are not relieved of the duty of attending the conference.
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