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The concepts behind proposals one and two first appeared
in: Matthew Bunn, The Next Wave: Urgently Needed
New Steps to Control Warheads and Fissile Materials,
Op. cit.

The Russian government has not released information
on its total inventory of HEU.

The term weapons-grade equivalent refers to HEU with
the same amount of U-235 that would be in a specified
quantity of 93-percent enriched uranium. In this case, it
represents more than the specified 500 tons of material,
since an unknown portion of it is enriched to less than
93-percent. If, for example, the average enrichment level
is 80-percent U-235, the 500 tons of weapons-grade
equivalent HEU would represent about 580 tons of total
HEU.

An additional 100-200 tons of non-weapons-grade, but
weapons-usable, HEU is contained in naval and other
reactor fuels.

David Albright and Kevin O’Neill, eds., The Challenges
of Fissile Material Control, Institute for Science and
International Security (ISIS), Washington, DC, 1999.

This assumes a nominal figure of 25 kg of weapons-grade
HEU per nuclear weapon.

Matthew Bunn, private communication.

The analysis of operating costs is based on an unpublished
paper prepared by Matthew Bunn of the Harvard Project
on Managing the Atom. The Cost of Rapid Blend-Down
of Russian HEU, July 11, 2001.

Russia should be encouraged to rearrange the contracts
between its facilities to minimize the long-distance trans-
port of HEU required by its blend-down operation.

This addresses the issue of the undesirably high concen-
tration of U-234 in weapons-grade uranium.

If the enrichment were to be carried out now, about 120
tons per year of 1.5-percent enriched LEU would be
needed to downblend 30 tons per year of HEU to 19.9-
percent LEU. It would cost $10-20 million for Russian
enrichment facilities to produce the necessary blendstock,
but they are likely to charge more, since that amount of
enrichment would be valued as high as $40-50 million
for sale on the commercial market. If the addition of the
costly blendstock were pushed back to a later date, the
initial blending to 19.9 percent LEU would only cost $3
million per year. This would cover the costs of the an-
nual supply of 110 tons natural uranium necessary to
blend 30 tons per year of HEU to 19.9 percent LEU. In
the future, blending of the 19.9-percent LEU to fuel grade
LEU would have to be performed with 1.63-percent en-
riched blendstock for the product to meet the specifica-
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blendstock would be more costly to produce than the 1.5-
percent blendstock that Russia uses for its current blend-
ing operations, thereby increasing Russia’s future
blending costs. On the other hand, using 1.63-percent
enriched blendstock would ultimately result in the
production of a larger quantity of 4.4-percent LEU for
sale. Those two effects would roughly cancel each other,
making both options cost the same in the long term.
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Criticality concerns involve making sure that the 19.9-
percent LEU is not stored in such a way that it reaches
critical mass and undergoes a nuclear chain reaction,
thereby triggering a meltdown.
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ing blend-down operations is to alter the uranium so that
rigorous storage requirements are no longer necessary.
USEC, Inc. keeps its LEU storage containers outdoors.

This estimate is based on an approximately 50-percent
mark-up from the $25—43 million in projected operations
costs.

The Nuclear Threat Initiative (NTI) is a charitable orga-
nization that is working to reduce the risk of weapons of
mass destruction use and to prevent their proliferation.
It is funded primarily by Ted Turner and directed by Sam
Nunn.
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facilities in Russia may be slightly lower, potential sav-
ings from consolidating HEU stockpiles would be on the
same order of magnitude. DOE’s expects to spend
$50 million per year on operational and infrastructure as-
sistance to Russian institutes in order to ensure security.
The estimated security savings of millions of dollars per
year will presumably constitute some fraction of these
expenditures.
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Warheads and Fissile Materials,. Arms Control Today,
January/February 1999 <www.armscontrol.org/act/
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Thomas Wander, et al, Material Consolidation and Con-
version: the Model & Pilot Projects”, Presented at the
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als Management, Indian Wells, CA, July 15-19, 2001.

The facilities are the Scientific Industrial Association
“Luch,” in Podolsk, Russia and the Research Institute of
Atomic Reactors (RIAR) in Dimitrovgrad, Russia.

The difference in final LEU ownership under the HEU
deal and the MCC Project is reflected by the cost differ-
ences associated with each program. Under the HEU deal,
the US pays Russia on average twice as much as it does
under MCC for each metric ton of HEU that is
downblended. The HEU deal payments are based on the
value that the material has for use as nuclear fuel, while
the MCC payments are structured to cover downblending
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expenses and provide a financial incentive for Russian
facilities to cooperate with the program.

The lack of site-by-site information makes it difficult to
verify whether the 29 tons in question will be removed
piecemeal from many small facilities or wholesale from a
few larger facilities. The former approach must be taken
if the blend-down of 29 metric tons of HEU is to result
in the removal of all HEU from 55 buildings.

The Next Wave. Op. cit., p. 78.
Matthew Bunn, private communication.
GAO-01-312, Op. cit., p. 27.

A critical assembly is a mock up of a nuclear reactor core.
It is capable of reaching criticality but cannot generate
any power because it does not have the necessary cooling
arrangement to remove fission heat. Researchers use these
reactors to study the physics of reactor cores.

As of 1998, there were 113 research reactors and subcriti-
cal and critical assembly facilities in Russia. Of those, 61
were in operation, 46 were not in operation, and six were
under construction. For a list of research reactor facilities
see: T.Cochran, S.Norris and O.Bukharin, Making the
Russian Bomb: from Stalin to Yeltsin, Westview Press,
Boulder, CO, pp. 198-201.

The higher-power reactors (up to 100 MWt) are prima-
rily used for research on nuclear materials and reactor
equipment and are located in large reactor-technology
development centers. Reactors with power levels of be-
tween 1 and 20 MWt are used for basic research with
neutron beams and for isotope production. Low-power
reactors (below 1 MWt) and critical assemblies are used
for activation analysis, training, and research on reactor
core configurations.

Information on Soviet-built research reactors is derived
from multiple sources, including:

The Radiation Legacy of the Soviet Nuclear Complex: An
Analytical Overview, N.Egorov et al., eds. [ASSA,
Earthscan Publications Ltd, London, 2000, pp. 130-141.

The International Nuclear Safety Center (INSC) web site
<www.insc.anl.gov/index.html>

U-235 requirements are calculated from reactor utiliza-
tion and fuel burn-up data (from INSC). It is assumed
that 1.05 grams of U-235 are required to produce one
megawatt-day (MWd) of power.

Information, Yaderny Kontrol, No. 36, December 1997,
p. 8.

Cermet fuel is made from uranium dioxide power dis-
persed in an aluminum matrix.

The conversion to 36-percent enriched fuel resulted in
an estimated loss of 11-50 percent in thermal neutron
flux and 0.1-7 percent in fast neutron flux. See: Mark
Hibbs, US will Help Russia Develop LEU Fuel for
Research Reactors, Nuclear Fuel, December 6, 1993.

US Will Help Russia Develop LEU Fuel for Research
Reactors, Op. cit.

The fuel released radioactive fission products into the
reactor’s coolant.
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The proposed U-Mo alloy would be seven to nine percent
molybdenum, with the rest being 19.75-percent enriched
uranium.

Argonne National Labs and its international RERTR
partners are working to develop U-Mo alloy fuels with
six to ten percent molybdenum. Initial irradiation tests
of such fuel with uranium densities up to 8-9 gU/em?
were successful. Experts believe that fuel with uranium
densities of 6 gU/cm?® will be qualified by mid-2005.
Denser fuel (8-9 gU/cm?®) is expected to be developed and
qualified by mid-2007. See: A.Travelli, Progress on the
RERTR Program in 2001, International Conference on
Research Reactor Fuel Management, Ghent, Belgium,
March 17-20, 2002.

Armando Travelli, The RERTR Program: A Status Report,
Presented at the International Meeting on Reduced
Enrichment for Research and Test Reactors, October 18—
23,1998, San Paulo, Brazil.

Russia, US Nearing Agreement on Plan for Russian
Takeback of HEU Fuel, Platts NuclearFuel, vol 27, no. 2,
Jan 21, 2002, p.1.

The fuel cores used in most of these reactors contain
steel and copper. Replacement of these materials with
aluminum could obviate the need for higher uranium den-
sities.

The reflected critical mass is the amount of reflective-
metal-encased uranium that is necessary to create a
nuclear fission chain-reaction.

With adequate funding and strong political support, the
RERTR program could be used to phase out the use of
HEU fuel at pulse-power reactors, barge-mounted naval
reactors designed to produce electricity and fresh water,
and other facilities.

For more detailed summaries of existing programs see:
Nuclear Status Report or The Next Wave, Op. cit.
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The Next Wave, Op. cit., p. 20.

DOE and Minatom have recently signed a new access
agreement that broadens DOE’s access to the entire
Minatom Complex. However, it remains to be seen
whether the new access agreement will lead to effective
cooperation at the four nuclear warhead assembly and
dismantlement plants.

The Next Wave, Op. cit., p. 30.
GAO-01-312, Op. cit., p. 20.

A Report Card on the Department of Energy’s Nonpro-
liferation Programs with Russia, Op. cit.

US Department of Energy, FY 2003 Congressional Bud-
get Request, Budget Highlights, p. 29. The DOE figures
have been adjusted to remove funding for that portion of
the Fissile Materials Disposition Program that is for dis-
position of fissile materials that were produced by the
United States.

Its official name is, “The Agreement between the Gov-
ernment of the United States of America and the Gov-
ernment of the Russian Federation Concerning the
Disposition of Highly Enriched Uranium Extracted from
Nuclear Weapons.” It was signed February 18, 1993.

USEC Inc., Megatons to Megawatts fact sheet.
<www.usec.com/v2001_02/HTML/megatons_fact.asp>

The initial implementing contract, signed on January 14,
1994, called for the Russian executive agent to deliver to
the US agent LEU derived from 10 tons of HEU, on an
annual basis from 1995 through 1999. The contract also
called for the Russian agent to deliver LEU derived from
30 tons of HEU on an annual basis from 2000 until the
total of 500 tons was reached. See: GAO-01-312, Op. cit.,
p. 6.



