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ABSTRACT

This paper summarizes a strategy, logic, and framework for
the development of a capability for immobilizing excess
Russian weapons origin plutonium by the year 2004.  We
describe the initial activities underway in Russia and a
schedule to implement the strategy.  These activities include
engineering feasibility studies of the select facilities at the
Mayak and Krasnoyarsk industrial sites, and research and
development (R&D) studies on plutonium glass and ceramic
immobilization forms at several Russian institutes.

1. INTRODUCTION

In the United States, impure Pu-containing materials, such
as residues and scrapes are in storage, in known quantities,
and in materials of various compositions with known Pu
contents.  However, in Russia, there are no substantial
quantities of accumulated impure Pu-containing materials
awaiting processing either for disposition or for transuranic
(TRU) geologic disposal as there are in the U.S.  During the
Cold War, the Russian approach to Pu processing for
weapons production was different from that of the U.S.  All
impure Pu-containing materials were routinely reprocessed,
and the residual Pu was recovered and purified for reuse
until residual Pu levels of <200 mg/kg (<200 ppm) in any
discharged solid process waste streams were reached.
Wastes containing <200 ppm Pu were routinely discharged
for burial in cement waste forms.

2. BACKGROUND—APPROACH AND STATUS

As part of the Joint American-Russian plutonium
disposition activities initiated in January 1995, a strategy for
the stabilization and immobilization of excess Russian
weapons origin plutonium has been developed.  The
objective is to develop the capability for industrial scale
stabilization and immobilization of Russian impure Pu-
containing materials at one or more of the three plutonium
processing sites in Russia by the year 2004.

The strategy has three distinct types of activities, scheduled
in two separate phases. Phase 1 activities assess the specific
industrial sites and their sources of impure plutonium that
could be immobilized.  Phase 1 ends with recommendations
of specific plutonium immobilization forms and processes,
including the merits of implementing such immobilization
processes at an industrial site compared to the site’s current
processes and practices of recovery of plutonium for reuse.
Phase 2 starts if a decision is made to continue the
development and implementation of a plutonium
immobilization process at a specific site.  Phase 2 ends
when radioactive operations with plutonium for
immobilization processes are started. Figure 1 illustrates the
logic, framework, and a schedule for this strategy.

The scheduled activities are: (1) research and development
(R&D); (2) engineering, design, and construction (EDC);
and (3) large tests and demonstrations. R&D is focused on
supporting plutonium immobilization requirements at the
various industrial sites.  R&D activities include the
development and characterization of plutonium glass and
ceramic immobilization forms and processes.  The EDC
activities are focused on establishing plutonium
immobilization processes and facilities at a plutonium
processing industrial site, such as Mayak, Krasnoyarsk, or
Tomsk.  The initial or Phase 1 EDC activities include
system analyses and engineering feasibility studies required
to identify and select plutonium immobilization processes
based on the site-specific sources of impure plutonium.
Once a specific immobilization process is selected,
determined to be feasible, and approved for implementation,
the various phases of design are conducted so that the
immobilization facilities can be constructed and started up.
Existing technologies, equipment, and facilities are to be
utilized to the maximum extent practical.  The third type of
activity, large tests and demonstrations, are on a scale
beyond that of R&D. They are focused on generating the
engineering data needed by the EDC activities.

Based on this strategy, Russia is studying a change from
recovery of impure Pu for reuse, their current practice, to
immobilization of future impure Pu-containing materials
into solids at Pu concentrations higher than 200 ppm for
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Figure 1. This approach and schedule require Russian assessments of materials, Pu recovery limits, and disposition strategies.

eventual geologic disposal.  The impacts of discarding Pu in
materials at concentrations greater than 200 ppm
(0.02 wt.%) to as high as 1 to 5 wt.% are being assessed.
Impacts are being measured by comparisons of economics,
schedules, worker radiation exposures, and environmental
insults.

Because Russia has no substantial stockpile quantities of
impure Pu-containing materials, sources of impure Pu-
containing materials for immobilization must come from
future Pu-processing operations at sites such as Mayak,
Tomsk, and Krasnoyarsk.  Figure 2 illustrates six functional
operations at Pu facilities that will generate impure Pu-
containing materials as Russia dismantles nuclear weapons
and uses excess Pu from weapons as mixed oxide (MOX)
fuel in nuclear reactors.  Only three operations in Fig. 2 will
generate impure Pu-containing materials in the next decade.
These are: (1) radiochemical and chemical-metallurgical Pu
processing, (2) conversion of Pu metal into oxide, and (3)
fabrication of MOX fuel.  The other operations will not
occur until after the next decade and are not part of the

current studies.  The radiochemical Pu-reprocessing
operations at Tomsk and Krasnoyarsk are limited; the
current plan will shift reprocessing operations from weapons
to non-weapons material Pu in the early 2000s.  However,
the immobilization of existing Pu-containing sludges at
Krasnoyarsk is being studied.

At the Mayak chemical-metallurgical plant, a systems and
engineering feasibility study is being used to assess and
compare the current industrial-scale Pu recovery facilities
with a new industrial-scale immobilization process.  In
addition, the impacts of recovering, extracting, and
purifying the 600 kg of residual weapons Pu in the existing
Krasnoyarsk sludges are being compared with vitrifying the
sludges together with the residual Pu and fission products.

The specific sites in Fig. 2 for the Pu metal-to-oxide
conversion and the MOX fuel fabrication have not been
selected but could be at any of the major industrial sites.
Assumptions are being made to help determine which
specific site(s) to study for these two future Pu-processing
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Figure 2.  Sources of Russian Pu-containing materials being assessed for potential immobilization.

operations.  Immobilization of the Pu at concentrations
significantly above 200 ppm does require that geologic
disposal be used rather than the current Russian practice of
surface burial of cement forms with <200 ppm Pu.  A
different Pu-processing practice could have a major impact
not only on economics but also on public acceptance since
long-term storage of Pu-immobilized forms could be the
only alternative for the next 50 years, or until a geologic
repository is available in Russia.

In support of these Phase 1 EDC activities just summarized,
the U.S. currently is supporting R&D activities at several
Russian institutes that involve the development and
characterization of plutonium glass and ceramic forms, the
assessment of plutonium recoverability from glass and
ceramic forms for nonproliferation analyses, and the
plutonium sorption and transport in rock media to define the
geologic repository immobilization form acceptance
requirements. These R&D activities are currently focused
on the immobilization needs of the Mayak and Krasnoyarsk
sites.



4

In conclusion, over the next year or two, our strategy, R&D
activities, and EDC Phase 1 feasibility studies will define
the site-specific options for immobilizing excess Russian
weapons origin plutonium.
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