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Abstract 

In an effort to establish joint activities in the disposition 
of fissile materials fiom nuclear materials, the United 
States and Russia agreed to conduct joint work to 
develop consistent comparisons of various alternatives 
for the disposition of weapons-grade plutonium. Joint 
working groups were established for the analysis of 
alternatives for plutonium management for water 
reactors, fast reactors, storage, geological formations, 
immobilization and stabilization of solutions and other 
forms. In addition cross-cutting working groups were 
established for economic analysis and nonproliferation 
(NP). This paper review s the activities of the NP 
working group in support of these studies. 

The NP working group provided integrated support in - 
the area of nuclear NP to the other U.S./Russian Study 
teams. It involved both domestic safeguards and security 
and international safeguards. The analysis of NP 
involved consideration of the resistance to theft or 
diversion and resistance to retrieval, extraction or reuse. 

1.0 Introduction 

The primary purpose of the materials disposition 
program is to ensure secure storage and timely 
disposition of materials in order to promote NP and 
ensure irreversibility of nuclear arms reductions. The 
importance of NP to this study is summarized in the 
statements from the recent P-8 Summit of 19-20 April 
1996. They include the desire for the highest standards 
of physicaI protection, material accounting and control 
measures, the placement of material under International 
Atomic Energy Agency (IAEA) safeguards “as soon as it 

is practical to do so” and the intention to transform the 
material into spent fuel or other forms equally unusable 
for nuclear explosives. 

The goal of the NP team supporting the U.S./Russian 
plutonium disposition study was to assure that 
nonproliferation and inspectability risks and issues were 
fully considered in this study. This included providing 
the six joint technical working teams with a uniform 
methodology and criteria that could be used to evaluate 
each of the materials disposition options from a 
proliferation resistance perspective. 

2.0 Nonproliferation Criteria 

The following factors were identified for NP: 

of plutonium disposition as quickly as practical, it is 
important to minimize, to the degree practicable, both 
the time before the disposition process begins, and the 
duration of the process once started. Both the schedule 
and the proliferation risk for the various disposition 
activities with respect to time are important. 

Timeliness - In order to achieve the security benefits 

the risk and detectability of theft or diversion is 
evaluated for each step, along with the ability to ensure 
high standards of material accounting, control, and 
physical protection to reduce this risk. This includes the 
possibility of applying bilateral or international 
monitoring, in the event of a political decision to do so. 

Resistance to theft OT diversion - For each option, 



each option, the degree to which that option results in the 
material being difficult, time-consuming, and costly to 
retrieve and re-use in weapons will be evaluated. 

Resistance to retrieval, extraction, and reuse - For 

3.0 Safeguards 

The primary purposes of domestic safeguards and 
security (S&S) is provide an integrated system of 
physical protection, materials accounting and control 
measures designed to deter, prevent, detect and respond 
to unauthorized possession, use, or sabotage of nuclear 
materials. Included with this is also the protection of 
sensitive information, along with instilling public 
confidence in the safekeeping of nuclear material. In the 
U. S., the Department of Energy (DOE) and the Nuclear 
Regulatory Commission (NRC) have established the 
requirements for domestic safeguards and security within 
the DOE and civil arenas. In U.S. facilities, domestic 
safeguards requirements are based on graded safeguards 
which is dependent on the quantity and attractiveness of 
the nuclear material, In the Russian Federation the 
safeguards system currently is being updated. There are 
a number of different organizations involved, including 
the operators (MINATOM, Commercial Fleet using 
nuclear installation, Navy, Academy of Science and 
other organizations in charge of nuclear material) and the 
regulatory agency (Gosatomnadzor). 

The purpose of international safeguards (bi-lateral or 
multi-lateral) is to prevent the host country from 
diverting, retrieving, or converting nuclear material in 
unauthorized ways. In the U.S. and Russia international 
safeguards may be affected by relevant international 
andor bi-lateral agreements. 

4.0 Standards 

The terms “Spent Fuel Standard” (SFS) and the 
“Stored Weapons Standard” (SWS) were used by 
the National Academy of Sciences (NAS) in their 
studies entitled “Management and Disposition of 
Excess Weapons Plutonium“ and have been adapted 
for use in the U.S. plutonium disposition program. 
Neither terms were intended to be “standards” but 
only as general terms of reference. For this study use 
of the term Spent Fuel Standard can be associated 
with the form (intrinsic properties) of the material 
and the materials’ accessibility (extrinsic properties). 
These features combine to meet the criteria of 
making the plutonium roughly as inaccessible and 
unattractive for weapons use as the much larger and 
growing quantity of plutonium that exists in spent 
fuel fiom commercial reactors. For the Stored 

Weapons Standard, the NAS intended that stringent 
protection measures comparable to those used for 
intact nuclear weapons be implemented for the most 
attractive material. The DOE system of graded 
safeguards provides the highest level of measures of 
protection for nuclear material, thereby meeting the 
Stored Weapons Standard. The Russian Federation 
is planning to consider graded safeguards. 

5.0 Confidence Building Measures 

In order to demonstrate that fissile material is being 
adequately protected confidence building measures 
(CBM) must be implemented. The measures may be 
under either bi-lateral or international (MEA) safeguards 
depending in part on the classification of the material. 
No material will be placed under MEA safeguards and 
no data will be given to the MEA if in doing so will 
compromise any nuclear weapons design information at 
any point in the disposition process. Some of this 
classified material may be subject to bilateral inspections 
and/or monitoring under separate agreements between 
the U.S. and Russia or other nuclear states. An important 
area for future U.S. and Russian plutonium disposition 
activities is to clearly define what material and 
information is classified and what is non-classified. 

6.0 Nonproliferation Performance Characteristics 
and Metr ia  

Performance characteristics and metrics have been 
developed to assess the degree of proliferation risk for 
the various disposition options. The approach addresses 
both the difficulty in obtaining the material and also the 
difficulty in converting the fissile material into a nuclear 
device once it has been obtained. The characteristics 
identified to assess the proliferation risk were the 
material form, the environment, and safeguards and 
security (S&S)/international safeguards (ISG). The 
material form determines its attractiveness based on 
physical, chemical, or nuclear (isotopic and radiological) 
makeup of the nuclear material during processing, 
transportation, or storage. The environmental conditions 
includes physical location, bulk throughput, plutonium 
inventory, and the state during processing, 
transportation, or storage. Characteristics for S&S/ISG 
include nuclear measurements and accountability, 
accessibility to the material (for example physical access 
to the material, hands-on or remote access to containers 
and the need for special handling equipment). To assess 
the risk of converting and reusing the material in a 
nuclear device three components are important. They are 
the technical difficulty of extracting the plutonium, the 
time required to process the recovered plutonium to 
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weapons or nuclear explosive usable form and, the 
financial resources and technical infrastructure required. 
In order to evaluate the technical difficulty, the Russian 
team members have taken the lead in developing a 
methodology to assess irreversibility by using a 
representation in the four-dimensional phase space, with 
coordinates of critical mass, heat release, neutron 
background, radiation background. 

7.0 U.S./Russian Plutonium Disposition Options 

For the purposes of this report, our NP analysis was 
limited to the spent fuel standard as the end-state. Thus 
the diagram shown in Figure 1 applies for both the U.S. 
and Russian disposition paths. For the US. dispositions 
it should be noted that if the surplus material is used by 
the U.S. for power production it will pass through the 
reactor once and the spent fuel will be taken to a 
geologic repository. The U.S. reactor options include 
existing light -water reactors (LWRs) and partially 
completed LWRs, evolutionary light-water (ELWRs), 
and existing Canadian deuterium uranium (CANDU) 
reactors. Immobilization includes options in which the 
plutonium is mixed homogeneously with high level 
waste (HLW) and options in which plutonium is 
immobilized without fission products, in cans which are 
then placed within larger waste forms containing HLW. 
Storage may be at existing sites or a new long-term 
storage site. For the Russian dispositions, there are only 
a few differences. For the reactor options, both LWR 
and fast reactors in Russia were considered, along with 
existing CANDU reactors. The possibility of spent fuel 
radiochemical processing was not considered. 

8.0 Proliferation Issues/Risk Assessment of 
U.S./Russian Plutonium Disposition Options 

8.1 Storage 

Storage is not considered as a final solution to the 
plutonium disposition question, but storage is an 
essential component because none of the options can be 
implemented and completed immediately. The storage 
option involves packaging of pits or converted materials 
and submission of the final packages to long term 
storage facilities. The proliferation risk was assessed at 
the stages of transportation and storage. All material is 
subject to graded safeguards. Significant considerations 
include: 

This option does not reduce the attractiveness of the 
material. Existing safeguards technologies of 
material protection, control and accounting 
(MPC&A) can be implemented immediately. 
There are no fundamentally unsolvable questions as 
to how to monitor long term storage. Plutonium and 
other weapons materials in many forms are currently 
being stored and monitored by national, bilateral and 
international agencies. The key issues relate to 
protecting proliferation-sensitive information from 
disclosure. 
If classified materials are involved, modified 
safeguards would be needed to protect classified 
information. 

8.2 Conversion and Stabilization 

Conversion is the process of transforming pits to a more 
acceptable storage form, probably dioxide. Stabilization 
is the process of transforming less stable forms of 
plutonium, including waste to stable forms. 

Conversion of pits tends to reduce attractiveness and 
proliferation risk. 
Stabilization sometimes purifies plutonium &om 
unstable impure forms, which may increase the 
material attractiveness and, hence, proliferation risk. 
Conversion is a process that is unique to the 
weapons industry and has not been accomplished 
under safeguards outside the defense complexes. 
However, measurements and process considerations 
are not significantly different from processes that 
have been under bilateral or international regimes. 
If classified materials are stabilized and/or 
converted, a political decision will be required to 
determine when andor if bilateral or international 
safeguards in the past. 
Conversion and stabilization involves high 
throughput bulk processes potentially increasing the 
proliferation risk. 
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Figure 1. U.S./lRussian Plutonium Disposition Options 

8.3 Fast Reactors 

The fast reactor option involves fabrication of mixed 
oxide (MOX) fuel from depleted (possibly natural) 
uranium and weapons grade plutonium. The fabricated 
fuel is burned in fast reactors producing spent fuel as the 
fmal product. This option involves several steps: 

0 Fabrication of MOX fuel results in a product which 
has reduced attractiveness and proliferation risk 

MOX fabrication facilities are currently 
operating under international safeguards. 
Adequate S&S measures are currently 
being implemented for these facilities. The 
only difference for fast reactor MOX 
production is in the higher ratio of 
plutonium to uranium which may increase 
the material attractiveness. 
MOX fabrication, like conversion and 
stabilization, involves high throughput bulk 
processes that increase the complexity of 
implementing safeguards. 

Transportation of fabricated fuel: For fast reactors, 
the fabrication sites are adjacent to the reactors in 

Russia (existing BN-600 and BN-800 which is under 
construction) and thus transportation risks are 
reduced. 
Fresh Fuel storage. Storage is a straightforward item 
control and surveillance safeguards issue. 
Reactor Operation. Irradiation transforms fresh fuel 
to the spent fuel. In the disposition mode fast 
reactors are operated without the blanket fuel, as 
burners, not breeders. 
LWR operations are routinely under international 
monitoring but monitoring for fast reactors for 
proper operations as a plutonium burner pose a 
slightly different problem. 
International safeguards exist for intermediate 
storage of spent fuel. 

0 

0 

0 

8.4 Water Reactors 

Disposition of weapons grade plutonium in existing and 
advanced LWRs and CANDUs requires fabrication of 
MOX and irradiation to produce spent fuel. Most of the 
issues are the same as discussed for fast reactors, except 
that there are many more operating water reactors 
throughout the world. 



Water reactors generally are not co-located with 
existing or planned fabrication facilities. This 
would require increased safeguards measures for 
transportation. 
Fresh fuel storage safeguards measures would have 
to be enhanced to handle MOX, as well as current 
LWR fuel. 
A variant on the water reactor disposal option uses 
the CANDU reactor. This reactor uses larger 
numbers of smaller fuel elements. Several fuel 
elements have to be combined to provide the same 
radiation barrier as a single LWR fuel element. 

8.5 Immobilization 

The immobilization option produces a vitrified or 
ceramic product fiom weapons grade plutonium and 
agents such as high level waste or Cs-137 to reduce 
attractiveness meet the spent fuel standard. 

The immobilization option requires high throughput, 
bulk processes which increases the risk of 
proliferation. 
The immobilization option reduces the attractiveness 
of the material. When the plutonium is mixed with 
high level waste, the final form meets the spent fuel 
standard 
There are no plutonium immobilization facilities 
currently operating under safeguards. 
Nuclear measurement systems adaptable to the fmal 
forms would require significant development. 

0 

0 

8.6 Geologic Disposal 

Geologic disposal includes underground repositories and 
boreholes. These repositories are intended to receive 
spent fuel from the water and fast reactor options, or 
immobilization products made of material from the 
storage or stabilization options. Boreholes receive an 
immobilized form or possibly direct disposal (U.S. 
option only) from the storage or stabilization options. 

For Geologic disposal, 

0 

The materials received generally meet the spent fuel 
standard. 
The repository remains open while the materials are 
inserted. In this sense, the proliferation risk remains 
somewhat higher while the repository is active. 
No such facilities are currently under safeguards, 
however the MEA has been discussing requirements 
for geologic repositories. 

0 

The likely sub-option for borehole disposal is to receive 
plutonium and convert it to ceramic with about 1% 
plutonium content. In this case, a process facility is 
required. 

The material remains accessible in a relatively 
attractive form during transport and storage at the 
borehole site and hence has an elevated risk. Secure 
facilities for transport and storage will be required. 
The process facility will be a high throughout 
facility to convert the material to the ceramic at low 
concentrations. No such process facilities are 
currently operating under safeguards. 
Measurement methods for the final product ceramic 
to support safeguards do not exist and will require 
development. 
The ceramic final form prior to insertion is of 
relatively low attractiveness and risk. 

0 

0 

0 

In another option for borehole disposal, the plutonium 
could be received in an attractive form such as metal or 
oxide, mixed with the matrix (grout) and inserted 
directly to the borehole. In this case, 

0 

0 

For this sub-option, the material is highly attractive, 
and has an elevated risk during insertion. 
As in the previous case, each borehole is closed after 
filling which limits the time of vulnerability. 
Nuclear measurement methods exist for receipt and 
monitoring of the material in this option prior to 
insertion in the borehole. 

9.0 Conclusions 

The plutonium disposition options (fast and water 
reactors, immobilization, and geologic disposal) meet the 
Spent Fuel Standard. The proliferation risk generally 
decreases as material goes through the disposition 
process. The process of pit conversion, when the 
material is still in an extremely attractive form for 
weapons use, requires particular attention to security and 
accounting, but is common to all the options. Options 
involving MOX use in reactors involve a substantial 
number of steps that must be monitored. There is a base 
of experience for this in existing commercial MOX 
fabrication plants. Options involving immobilization 
also involve a number of processing steps that must be 
monitored. An additional difficulty is assaying the 
precise amount of plutonium in the final product because 
currently available measurements do not exist. Disposal 
in deep boreholes offers a small number of processing 
steps. Accurate material accounting measurements are 
also a problem for this option. With sufficient resources 



devoted to material protection, control, and accounting, 
all of the options considered in this paper can meet high 
standards of resistance to theft and diversion. 

A detailed analysis of the retrieval and reuse risks has 
not been done. A preliminary approach has been 
developed to help evaluate the various materials. 
Safeguards measures for geologic disposal of spent fuel 
and immobilized forms continue to be discussed by the 
international community. 

10.0 Future Nonproliferation Activities 

Further work continues to be needed in several areas 
concerning NP. Analysis of the resistance to theft or 
diversion and the analysis of the resistance to retrieval, 
extraction, and reuse should be continued based on more 
extensive data. The development of methodology to 
assess proliferation risk should be continued and applied 
to the disposition options. In addition, it is necessary to 
continue the development of quantitative techniques for 
proliferation and reversibility risk to ensure an objective 
comparison of the various options for plutonium 
management. Timeliness, as a NP factor, should be 
examined in more detail, taking into consideration the 
schedule and duration of each of the activities, and their 
proliferation risk. A future activity would be to develop 
mitigating factors to proliferation risk. 

During some disposition processes a number of material 
forms axe present where there is currently no 
nondestructive assay (NDA) methods for these matrices. 
There is a critical need to develop appropriate 
measurement methods and standards to assay difficult to 
measure materials such as immobilized fissile material, 
MOX fuel assemblies, and spent reactor fuel. 
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