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Russia's HEU Stocks

Oleg BukharinO
-

Production and use of HEU and plutonium are inherently dangerous due to the possibility of their diversion to terrorist groups or rogue nations. Of the two, HEU might be
of greater concern. First, HEU is used in a wide range of applications and is therefore
more readily available. Second, in many cases, HEU might be more vulnerable to
diversion. Unirradiated HEU does not require containment and operating personnel
often have a legitimate and prolonged direct access to the material. It is also less radioactive and therefore is harder to detect by conventional passive radiation-detection
techniques that are employed at personnel and vehicle portals at nuclear facilities.
Third, although the arsenals of the existing nuclear powers are built around plutonium, HEU is likely to be a material of choice for a less sophisticated bombmaker. 1
HEU processing is somewhat easier and it is a relatively minor health hazard.. It also
has a much lower rate of spontaneous fission, a fact that makes the weapon design job
somewhat easier.2
HEU operations require stringent safeguards and security. The risk of diversion
also could be reduced by minimizing (a) the number of locations where HEU is stored
or processed, (b) HEU throughput at processing facilities, and (c) HEU transportation.

OVERVIEW OF HEU OPERATIONS IN RUSSIA

Between1949and 1988the Soviet uranium enrichment complexproducedan
estimated 1,200-1,400t of highly-enricheduranium.3 This material has been
usedin various applications at manyfacilities in different locations (Figure I,
Table1). Overhalf of the producedHEU was manufactured into nuclear weaponsand is controlled by the Ministry of Defense.Large quantities of HEU are
now being removed from the military inventories. These materials are recovered from retired weaponsand are transferred to storage or convertedto LEU
for use in powerreactors. Considerableamounts of HEU are also used to fuel
naval propulsion and nuclear material production reactors as well as for
researchpurposes.
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Figure 1: HEU opefations

in Russia.

Weapons Complex and Warhead Dismantlement
Dismantlement of nuclear weaponspresently is the largest lIEU operationin
Russia. The Ministry of Atomic Energy (Minatom) has been dismantling
nuclear warheads at a rate of 1,000-2,000warheads per year since the late
1980s.Recoveryof fissile materials takes place at the assemblyplants in Arza-
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mas-16 and Sverdlovsk-45, where "physics packages"-subassemblies containing fissile materials-are
taken apart. HEU in the form of weapons
components is packaged in containers and is placed in storage at the dismantlement sites, or shipped for storage or for downblending to Tomsk-7 and Chelyabinsk-65. Assuming the uranium content of 15-25 kg HEU per weapon, 1550 t HEU, much of it of weapons quality, is recovered annually from retired
warheads.4 In 1997, Russia declared that 500 t of 90-percent enriched HEU
will be withdrawn from military use.5
Much smaller HEU streams at the warhead production facilities are associated with warhead remanufacturing activities. Additional quantities of HEU
are used by the weapons complex (primarily by its weapons R&D centers in
Chelyabinsk-70 and Arzamas-16) for research purposes and as fuel for
research and test reactors.

"Weapons to Fuel"
Connected with the arms reductions is a very large flow of weapon-grade HEU
associated with the downblending of uranium from weapons to make fuel for
power reactors. Under the 1993 U.S.-Russia agreement the United States is to
buy LEU derived from at least 500 t HEU from weapons. The initial LEU

?
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deliveries to the United States took place in May 1995 and approximately 6 t
HEU was downblended and delivered by the year-end. The scale of the operation has been increasing since and is expected to reach 30 t/y after 1998. Russia may also elect to blend down additional quantities of HEU to meet its own
power reactor fuel requirements.
The HEU downblending is conducted at four sites. Thermal oxidation of
HEU takes place at the chemical and metallurgical plants in Chelyabinsk-65
and Tomsk-7, the facilities that are also involved in manufacturing HEU and
plutonium components of nuclear warheads. Each site has a capacity to process 15 t or more HEU per year.
The thermal oxidation process involves the following principal steps.6
Warhead components are shredded into chips and shavings and the material
is sampled and analyzed. HEU shaVings are oxidized in special furnaces, and
the oxide is milled and sieved to produce a uniform power. The powder is sampled, and, if the level of impurities is unacceptable, is recycled in a solventextraction process to remove impurities. (More than one solvent-extraction
cycle is sometimes required.) Pure oxide is loaded in transportation containers
(approximately 6 kg per container) and weighed. Transportation containers
are placed in overpacks which are sealed and secured in a special railcar by a
heavy containment device.
HEU oxide powder is shipped to Sverdlovsk-44 and Krasnoyarsk-45
for fluorination and downblending. Some material is also downblended in

Tomsk-7.
At an enrichment site the HEU containers are weighed and material samples are checked for quality. HEU oxide is subsequently fluorinated in flametype reactors and condensed in 6-liter technological vessels. Liquid UF6 is
transferred to 12-liter vessels, weighted, and sampled to determine the concentration of U-235. HEU slugs, which are formed during fluorination, are
sent for HEU recovery back to the oxidation facility.
The 12-liter vessels are transferred to the sublimation facility and gaseous
HEU UF6 is fed to the T-pipe unit for mixing with 1.5-percent enriched UF6 to
achieve a required level of enrichment (4.4- and 4.95-percent U-235 in Sverdlovsk-44 and Krasnoyarsk-45 respectively). The mixture is pumped to the desublimation unit. Finally, the LEU product is sampled, homogenized, and
poured into 30B-type cylinders for shipments to the United States.

I
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Nuclear Material Production

Both the plutonium and tritium production reactors in Russia utilize 90-percent enriched uranium. The plutonium production reactors are fueled with
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natural uranium that is spiked with HEU rods to flatten the radial and axial
distribution of the neutron flux and powergeneration: Each of the three plutonium productionreactors still in operation(two in Tomsk-7and one in Krasnoyarsk-26)contain approximately 80 kg 90-percentHEU fuel and consumes
approximately200 kg HEU per year.8
.
The production of tritium takes placein Chelyabinsk-65in two light-water
reactors.The tritium-production reactorshave a driver-target configuration in
which HEU fuel producesneutrons to irradiate lithium-6 targets. Assuming a
reactorcapacity of 1,000MW,a load factor of 60 percent, and fuel bum-up of 30
percent,the HEU fuel requirements may be estimatedto be 1,5t/y.9 In reality,
the HEU requirement might be significantly lower due to reactor outages for
maintenanceand lower load factors.10
HEU fuel for the material-production reactors is fabricated in Novosibirsk. The reactors use aluminum-clad cermet fuel in which uranium-oxide
particles are dispersedin an aluminum matrix. Fuel is producedin a standard
powdermetallurgy process? The processinvolves the following steps. First,
commercial aluminum powder is blended with U308 powder (which is produced by pulverizing and sieving U308). Second,the mixture is placed in a
mold and is compactedby an isostatic press. Third, fuel element coresare fitted with billet assemblies.And fourth, fuel elementsare outgassed,lubricated,
extruded,drawn, cut, and machined to required specifications.
At present, the production rate in Novosibirsk is approximately 2.1 t/y,
downfrom 3.5 t/y at the time when the nuclear productionprogram was at its
peak. 12It is likely that in the past the HEU feedwas delivered to Novosibirsk
from enrichment facilities. At present, the source of HEU is not known.13
Reportedly,however,at least domeHEU feed material receivedby the plant is
in the form of UF6.14Possibly,someHEU feed material is produced by recovering HEU from irradiated spike fuel of the plutonium production reactors
and reenriching it at Tomsk-7.
In 1997,the United States and Russia signedan agreementto convert the
coresof the three plutonium productionreactors so as to end the production of
weapon-gradeplutonium. Under the current proposal, the reactors would be
loaded with 90-percentenriched HEU fuel identical to the spike fuel. Combined, the three reactorswould be irradiating 6 t HEU per year until they are
shut down some time after the year 2010. The HEU option would
thus increasethe fuel-manufacturing rate in Novosibirskto 7.5 t/y (including
1.5 t/y of HEU for the tritium reactors).
It is expectedthat this HEU would be derived from dismantled weapons.
Some experts assume "transportation of HEU derived from weapons to the
[Novosibirsk] fuel fabrication facility." Presumable, the operation would
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involve conversion ofHEU metal from weapons to HEU oxide powder (or HEU
hexafluoride) in Tomsk-7 and/or Chelyabinsk-65 and its delivery to Novosibirsk for fabrication into reactor fuel. (A report by experts from the Pacific
Northwest Laboratory (PNL) suggests, however, a direct "transportation of
HEU
[metal] derived
from weapons to the
[Novosibirsk]
fuel
fabrication plant."15) It has not yet been decided on what would happen with
irradiated HEU. It is, however, likely that it would be reprocessed some time
in the future to recover residual uranium (containing approximately 80 percent U-235).
A leading alternative proposal is to convert the reactors to denser, 20-percent enriched fuel. Apparently, the technological scheme for this option has
not been defined yet. One possibility would be to convert HEU metal from
weapons to a solution, to dilute HEU solution with natural or depleted uranii.1m to 20-percent enriched uranium, to precipitate uranium from solution,
and to convert it to oxide. All these operations could be carried out in Chelyabinsk-65 and/or Tomsk-7. Oxide powder then would be shipped to Novosibirsk
for fabrication into reactor fuel.
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Naval Fuel Cycle
The Soviet Union has built and operated the world's largest fleets of nuclearpowered naval vessels and civilian icebreakers. Nuclear submarines and
naval surface ships are assigned to the Northern and Pacific fleets. The icebreakers are operated by the Murmansk Shipping Company (MSC) out of the
Atomflot base in Murmansk.16
With the exception of the liquid-metal reactor submarines of the Alphaclass (which currently are in retirement), all Russia's nuclear ships are powered by pressurized-water reactors (PWRs). Submarine PWRs use stainlesssteel or zirconium-clad cermet fuel with medium-enriched uranium (19-45percent U-235).17 (The Alpha-class boats were designed to use uranium-beryllium fuel with 90-percent enriched uranium.) More powerful reactors of the
Navy's cruisers, however, use higher-grade 55-90-percent enriched ura-
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A significant fraction of the icebreaker fuel is believed to be weapongrade uranium. According to the U .S./Russian MPC&A project paper, "The
fuel is U-235 or 20 percent-90 percent enrichment with 600 percent average
enrichment."19 Most fuel is of the cermet type. An exception is approximately
20 cores of 90-percent enriched zirconium-clad uranium-zirconium alloy fuel
produced for the Arctica-class icebreakers. The uranium-zirconium fuel, however, is not produced anymore and the existing stocks are likely to be
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exhausted before the year 2000.
Naval reactor fuel is fabricated in Electrostal (presumably, by extrusion)
and is sent by rail to the Sevmorput shipyard at Murmansk and the Shkotovo
site near Vladivostok in the Far East.20 Fresh HEU fuel for icebreakers is
delivered by rail to the Atomflot base and is stored prior to refueling on board
of the "Imandra" service ship which is moored at the base.21Submarine fuel is
delivered by the manufacturer to the storage facilities in the Northern and
Pacific fleets where it is stored until needed.22The interim storage also takes
place in land-based port facilities, on service ships, and at refueling facilities.
After several years of storage irradiated fuel is transported to Chelyabinsk-65
for reprocessing.
In the past, the Navy and the icebreaker fleet each required five to ten
fresh cores annually. In the recent years, the naval fuel requirement shave
dropped to few reactor cores per year as the MSC and the Navy each presently
conduct one to two refueling per year. Reportedly, the MSC, which procures on
average two reactor cores of fresh fuel per year, has become the principal customer of the Electrostal naval fuel production line. Assuming that one core
contains 200 kg HEU, the flow of weapon-grade uranium associated with the
naval fuel cycle is 400 kg/y.23

HEU Use for Research Purposes
HEU is used extensively in research reactors and for material research. There
are over 60 research and test reactors and critical facilities currently in operation in Russia.24 Of these, 15 to 30 use HEU fueL25 For example, several
tonnes of HEU are contained in large critical zero-power assembly models for
fast-neutron reactors at the Institute of Physics nad Power Engineering in

Obninsk.
Most research reactors use uranium-oxide cermet fuel manufactured by
the Novosibirsk fuel plant.26 (Reportedly, the research reactor fuel line is in
the same building with plant's other HEU operations.) Some large reactor
development centers, such as the Institute of Atomic Reactors in Dimitrovgrad, also manufacture HEU fueL
A number of research institutes also handle HEU for material and nuclear
fuel cycle research purposes. In most cases, the HEU quantities are relatively
small: for example, the Khlopin Radium Institute in St. Petersburg has
approximately 2 kg HEU .27Some facilities, however, have fairly large operations. For example, the inventories and throughputs at the "Luch" institute in
Podolsk, which is involved in research on and small-scale fabrication of space
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reactor and experimental fuels, amount to approximately
enriched to over 80 percent U-235.28

100 kg HEU

Reprocessing of HEU Fuel
Russia's standard fuel cycle practice has been to reprocess irradiated HEU
fuel. The technology to reprocess spent HEU fuel was developed in the 1960s70s in Chelyabinsk-65. The technology was designed to extract residual uranium as well as plutonium and neptunium. The HEU reprocessing line to process uranium-aluminum fuel of naval reactors became operational at the RT-1
radiochemical plant in 1976.29Subsequently, the plant has begun to reprocess
irradiated HEU fuel from research, material-production, and fast-neutron
reactors. (No reprocessing of HEU spike fuel from the Krasnoyarsk-26 and
Tomsk-7 reactors has occurred in Chelyabinsk-65 since 1989-90.3°)
The HEU reprocessing technology is based on a modified PUREX process,
in which fuel rods are cut and dissolved. (Irradiated fuel elements of the production reactors are sent directly to the dissolver unit.) Uranium, plutonium,
and neptunium are separated from fission products by solvent extraction.
Recovered HEU is purified in three solvent extraction cycles and is converted
to uranium oxide (U308), RT-1's final product. Recovered HEU has been recycled to make fresh fuel for naval propulsion and fast reactors.31 Reprocessed
HEU has also been blended with uranium recovered from spent VVER-440
fuel (containing typically 1.3-percent U-235) to make LEU for RBMK and,
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VULNERABILITY OF HEU OPERATIONS
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Unirradiated HEU is vulnerable to a theft or diversion at all phases of its
management cycle. The greatest risk during processing stems from an insider
with a legitimate, hands-on access to the material.33 In a low-security environment, a worker could simply stuff material in a pocket or a work-glove and
walk out from the facility. A knowledgeable insider would minimize the risk of
detection by removing uranium in small portions over a long period of time.
For example, approximately 1.5 kg HEU was successfully diverted by a facility engineer from the "Luch" institute in Podolsk in a series of small (25-30 g) .c
diversions over a period of several months. Such crimes of opportunity could
be prevented by modern MC&A measures including material accounting and
process monitoring, item control and accounting, visual surveillance, portal
monitoring, and waste screening. Even an advanced safeguards system, however, could be defeated by a motivated and resourceful opponent.34The following factors increase the difficulty of safeguarding HEU:
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rial measurementsand accounting(unless the processingline is divided
into small control units).
.Multiplicity
of material streams, including large streams of scrap and
waste, as well as multiplicity of HEU physical forms and chemicalcompositions complicatecontrol and accountingprocedures.
.Implementation of material control proceduresis complicated by a large
size of the workforce,as well as in large, older plants.35
.MC&A effectivenesscould be compromisedby material spills and industrial accidents.
HEU in storageis easier to control. The material is stored in the form of
easy-to-countitems (cans, fuel elements, etc.); the accessto storage areas is
typically limited; and control procedures, such as the two-man rules, are
straightforward and are easyto implement. Personnelcollusion, use of substitute objects and other sophisticated tactics could be employed by insiders to
bypasssuchcontrols,however.
Another risk to an HEU facility is a penetration from outside. Such an
attack could be conductedstealthily or by force and could rely on insider assistance. For example, at least on one occasionkilogram quantities of mediumenricheduranium fuel were stolen by outsiders from a naval storagefacility in
the Murmansk area in 1993.36
Outside threats are addressedby a physical protection system. Standard
physical security measuresfor an HEU facility emphasizelayered, defense-indepth approachand incorporate the following elements: (a) integrated detection, assessment and communication capability, (b) engineered barriers
(fences,locks, vaults), (c) entry control systems(badges,metal detectors),and
(d) guard and responseforces. Some of these are not feasible for transportation systemsand HEU in transit is inherently more difficult to protect than a
fixed site.
Physical protectionrequirements often drive up the overall cost of nuclear
safeguardsand security. Capital expensesassociatedwith designing a physical protection system, installing engineeringbarriers, wiring sensorsand surveillance cameras, and procuring security computers and other hardware
could easily be in the $10-$15 million range for a medium-size site.37(The
capital expensesare larger for a site with a longer perimeter that would
increasethe costs of fencing, CCTV cameras,intrusion detectionsensors,and
wiring.)
The level of safeguardsand security dependson quantities and attractiveness of nuclear materials (Table 2). Category I facilities that contain signifi-
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cant quantities of attractive materials (which are easily convertible to metallic
shapes), are of greatest concern.3SThe Russian nuclear complex has a very
Table 2: Attractiveness levels and safeguards categories from DOEorder 5633.1.39
Type of
material

Attractiveness level

Safeguards category (I = greatest concern) versus
quantity of contained material (kg)
I

II

III

IV

Weaponso

A

Pureproductsb

B

>2

High-grade
materialsc

C

>6

2-6

0.4-2

Low-grade
materialsd

D

NA

>16

3-16

All other
materialse

E

Any reportable quantity
iscategory IV

a.
b.
c.
d.
e.

Any quantity iscategory I
0.4-2 0.2-0.4 <0.2

I

II

III

IV

Any quantity is category I
>5

1-5

0.4-1

<0.4

<0.4

>20

6-20

2-6

<2

<3

NA

>50

8-50

<8

Any reportable quantity
iscategory IV

Assembled weapons and test devices.
Pits. major components. buttons. Ingots, recostable metal. and directly convertible materials.
Carbides, oxides. solufions >25g/L nitrates, etc, fuel elements and assemblies. alloys and mixtures. UF4 or UF6 at 50 percent or more enrichment.
Solufions of 1-25 g/L process resiWes reqlAring extensive processing. moderately Irradiated material. Pu-238 (except In
waste). UF4or UF6at 20-50 percent enrichment.
Highly irradiated forms, solutions <1 g/L uranium in any form and quantity containing greater than 20 percent U-235.
Level E materlas ore cOi1Sdered to be an unlikely theft or diversion torget.

large number of Category I facilities (approximately twice as many as in the
United States). Vulnerability of HEU can vary substantially among the sites
and from one HEU program to another.
The bulk of most attractive materials (weapons, weapons components, and
HEU metal) is handled at the facilities of the weapons production complex and
is believed to be relatively secure. All such facilities are located in closed cities;
HEU is largely handled or stored in the form of items (weapons components);
and the security of classified fissile material operations at weapons facilities
remains strict. HEU from weapons is most vulnerable during its transportation from the dismantlement sites to the long-term storage and downblending
facilities. Most shipments are conducted by rail and the transportation routes
often stretch for thousands of kilometers through sparsely populated areas.
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The HEU-to-LEU operationstake place in closedcities as well. They,however, are inherently more dangerousbecauseof processingof bulk HEU. The
HEU downblendingalsoinvolves massivetransportation of HEU betweenthe
dismantlement,oxide conversion,and downblendingfacilities.
Vulnerability of high-grade HEU materials might be even greater at the
fuel fabrication plants in Electrostal and Novosibirsk. Both facilities are
located in open cities, and, in addition to producing HEU fuel, they manufacture LEU fuel for commercialpowerreactors. The extrusion technologies,utilized to make HEU fuel at Electrostal and Novosibirsk, require very large
scrap recovery and waste processingoperations. According to PNL experts,
"Significant quantities of reject fuel materials are produced at the ends of the
extrusion fuel rods. Along with other fabrication wastes, the amount of fuel
material that needsto be recycledin the fabrication processis about 30 percent"40Extensive processingof scrapand waste could be a complication from
the MC&A standpoint. Additional problems might be associatedwith item
control of thousands of relatively small fuel elements.41
HEU reactor fuel is a less attractive target due to the dilution of uranium
oxide in aluminum.42 (HEU oxide particles, however,could be easily concentrated by melting fuel.) Reactorfuel is at risk in transit and at reactor sites
prior to loading in the reactor.(This is particularly true for researchand naval
reactors for the production reactors are located in the closed cities and are
afforded better protection.)The risk could be somewhatreduced by shipping
fuel to a reactorjust-in-time for refueling. However,for someresearchreactors
the procurementand shipment scheduleis usually dictated by the availability
of funding and/or fuel. Some research reactors also have large HEU fuel
inventories leftover from Soviet times. Generally, research installations are
consideredmore vulnerable becausethey often cannot afford elaborate security.
In the past severalyears, security of nuclear materials in Russiahas been
improved by Russia's internal effort as well as in cooperationwith western
countries, primarily the United States. The United States has been assisting
Russiato improve its fissile material managementinfrastructure by providing
containers to store and ship nuclear materials from weaponsand by supporting the construction of a central storage facility in Chelyabinsk-65.The two
countries have also beenworking togetherto upgrade safeguardsand security
of nuclear materials at individual nuclear facilities and in transit, and to
establish a national-level nuclear safeguardsinfrastructure in Russia.
Nuclear safeguardsand security in Russia, however, remain inadequate.
Russia'sinternal effort has not been sufficient due to budge constraints. The
effectiveness of international cooperationhas been limited because many
large HEU facilities are involved in sensitive operations.As of 1997,for exam-
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pIe, cooperativesafeguardswork was just beginning at the HEU fuel fabrication lines at the Electrostal plant, and the HEU building at the Novosibirsk
plant remained closedto foreigners. Most important problem, however,is the
immense magnitude of the task due to the gigantic size of Russia'snuclear
complex and material inventories, and the scale of necessaryupgrades. In
fact, the problem is unlikely to be eliminated unless a national economic
recoveryis achieved.

CONSOLIDATING HEU INVENTORIES AND ACTIVITIES

In view of the urgency of the security problem and the cost of upgrading
nuclear safeguardsin Russiathe HEU operationsshould be reviewed with the
objective of minimizing (a) the number ofHEU locations, (b) HEU processing,
and (c) HEU transportation.
Minimizing

the number

of HEU Locations

Ideally, HEU processingand storage should take place in a small number of
well-protectedsites, such as Minatom's closedcities, and in a smaller number
of areas within these sites. Consolidation of HEU inventories and activities
would be beneficial in severalways. It would reducethe risk of HEU diversion
from poorly safeguardedsites, and, by eliminating the "weak links" in the
national nuclear infrastructure, it would increase the effectivenessof investments madeto improve security at the closelyguarded locations. It alsowould
savethe Russian governmenthundreds of millions of dollars in avoidedcosts
of upgrading and running nuclear safeguards and security across today's
bloated complex.
Nuclear facilities will also have an incentive to curtail their HEU operations as Russia'snuclear industry movestowards greater economicindependenceand the regulatory oversight becomesmore effective. Indeed, an HEU
facility must have a dedicated security organization and very stringent and
expensivesecurity measures~In contrast, LEU plants (at least in the United
States)are not required to go beyondstandard industrial security. In addition
to the extensive safeguardsrequirements, an HEU facility also must meet
much higher requirements in the areas of nuclear criticality, and radiological,
environmental, and industrial safety. To work with HEU, a facility must go
through a long and laborious licensing process.Additional training of the
workforce, specialand difficult-to-maintain equipment, tight operational controls, and numerous administrative and engineering controls further drive up
the cost ofHEU operations.43
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The U.S.-Russian Reduced Enrichment Research and Test Reactor
(RERTR) program is a promising approachto reducing the number of HEU
locations. The agreement between U.S. RERTR program (managed by the
Argonnenational laboratory) and a number of Russianinstitute to investigate
the possibility of converting Russian-designedresearchreactor, and to design
and manufacture 19.75 percent uranium fuel was signed in 1993.44The program will addressthe conversionissues for approximately a dozenreactors in
Russia as well as Russian-designedreactors in Eastern Europe and former
Sovietrepublics.
Becauseof the large experienceof working with uranium oxide dispersed
fuels, Russian experts electedto develophigher-density uranium oxide fuel.45
However, a significant fraction of experimental fuel elements, which were
loaded in the researchreactors in the Kurchatov Institute in Moscow,Institute of Atomic Reactorsin Dimitrovgrad, and Institute of Nuclear Physics in
St. Petersburg,developedleaks. As of 1998,researcherswere working to identify and correctthe problem. If the problempersists, the proposalis to develop
silicide fuels of the type, which have been extensively tested in the United
States.

In the fall of 1997,the U.S. group also negotiated a contract with Russian
institutes to assessfeasibility of convertingthe existing Soviet-designreactors
to LEU fuels. If the problem with denser fuel is resolved,first reactors, which
probably will be the reactors in Poland, Hungary, and the Czech Republic,
could be convertedin 1999-2000.A transition to silicide fuels is likely to delay
conversionby anothertwo years.
The U.S. and Russian governments should direct the RETR program to
investigate the possibility of converting HEU-fueled reactors of the icebreaker
fleet. If successful,such a conversioncould eventually eliminate storage and
handling of weapon-gradeHEU at MSC'sAtomflot baseand in the Murmansk
area. Conversionof icebreakerreactors also could allow the Electrostal plant
to phase out operationswith weapon-gradeuranium in this location.
Revision of the HEU operations also should focus on researchinstitutes
and other facilities using bulk HEU for researchpurposes.HEU inventories
should be removed from those institutions that no longer conduct HEU
research.In fact, this processis already underway but must be expandedand
accelerated.Reportedly,the "Luch" institute in Podolskhas increased HEU
scrapreprocessing,the fact that "reflects the needto consolidateHEU materials from various facilities to assure their physical security, as well as to facilitate their further reprocessinginto low-enriched uranium for use in the fuel
cycle."47
Increased security and cost saVingscould also be achievedby consolidat-
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ing HEU in a small number of secure locations within sites. Many Russian
facilities are already undertaking such steps. For example, at the research
center in Obninsk there are presently approximately 35 category I material
areas in 22 buildings {reactors, processing labs, hot cells, storage areas).48The
plan is to create a "nuclear island" which would comprise three high-security
areas including a new storage facility. This measure would reduce the number
of material areas to 17 in 14 buildings, and approximately 70 percent of institute's nuclear materials would be inside the "nuclear island." Similarly, at the
"Luch" institute in Podolsk, HEU has been moved from approximately 40 locations to the central storage facility.
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Minimizing HEUProcessing

R,

Reductions in HEU processing would simplify material control and accounting
procedures. HEU throughputs at the fuel fabrication facilities could be somewhat reduced as a result of the RERTR program. In Novosibirsk, however,
these reductions would be more than offset by the proposed use of HEU to fuel
the plutonium-production reactors. The HEU throughput at the Novosibirsk
plant would increase three-fold. The facility would likely add an operation
with higher-grade HEU metal {as opposed to less attractive uranium oxide
and hexafluoride that are currently processed). In addition, an expanded use
of HEU in the production reactors would likely create in a new HEU stream
associated with reprocessing of irradiated HEU fuel.
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Minimizing HEUTransportation
Reductions in a number of HEU shipments could be achieved primarily by
establishing regional cooperation in the HEU-to-LEU processing cycle. In particular, the risk of transportation (which is roughly proportional to the
amounts of transported HEU and to the time of transit) could be cut if all new
HEU from the dismantlement plants were delivered for storage and oxidation
to Chelyabinsk-65 (which is relatively close to the Sverdlovsk-45 dismantlement complex). Chelyabinsk-65 would send HEU oxide powder to Sverdlovsk44 for downblending. In tern, Tomsk-7 could probably work for several years
by digesting the HEU from weapons that had already been accumulated in
Tomsk-7.49 HEU oxide from Tomsk-7 would be sent for downblending to the
enrichment plants in Tomsk-7 and Krasnoyarsk-45. Such cooperation would
create two regional HEU-to-LEU cycles: one in the Urals and another in Siberia. The implementation of the RERTR program would also result in a reduced
number of HEU shipments between the fuel fabrication facilities and reactor
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sites.
Again, the proposed use of HEU in the plutonium production reactors
would considerably increase the volume of HEU transportation by additional
shipments of HEU metal from the dismantlement plants to Novosibirsk and
shipments of reactor fuel from Novosibirsk to Tomsk-7 and Krasnoyarsk-26.
In contrast, if the LEU option is selected, HEU downblending to 20 percent U235 could take place in Tomsk- 7 (where HEU could be drawn from the existing
inventories) and no HEU transportation would occur.

CONCLUSION
Russia has the world's largest stocks of HEU. Weapon-grade uranium is
stored, processed and used in many locations across Russia. These operations
present a considerable risk of HEU theft or diversion. Russia, in cooperation
with Western governments, is working to improve nuclear safeguards
and security. Many vulnerabilities, however, continue to exist. Consolidation
and reduction in HEU operations must accompany MPC&A improvements.
HEU consolidation would reduce the risk of diversion and also would cut the
operation and maintenance cost of nuclear activities in Russia. In particular,
it is important to weigh carefully relative technical and economic benefits
associated with the conversion of the plutonium production reactors to HEU
fuels against increased security costs and HEUvulnerabilities
associated with
this option.
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