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PROLIFERATION RESISTANCE ASSESSMENT OF THERMAL RECYCLE SYSTEMS 

I. Introduction and Sunmary 

This paper examines the major proliferation considerations of 

thermal recycle systems and the extent to which technical or insti

tutional measures could increase the difficulty or detectability of 

misuse of the system by would-be proliferators, whether nations or 

subnational groups. The paper focuses solely on proliferation aspects, 

recognizing that papers analyzing economic, security of supply and 

environmental and safety aspects will also be necessary for overall 

evaluation of nuclear energy alternatives. 

There are routes to nuclear weapons other than the use of the 

materials, facilities, or knowledge involved in nuclear power systems; 

such routes have, in fact, been dominant to date. However, it is 

important to insure that nuclear power systems do not add significantly 

to the proliferation risks that otherwise exist. Accordingly, INFCE 

has been charged at the organizing conference with examining what 

"effective measures can and should be taken at the national level and 

through international agreements to minimize the danger of the pro

liferation of nuclear weapons without jeopardizing energy supplies 

or the development of nuclear energy for peaceful purposes." 

The conclusions of this paper may be briefly summarized as 

follows: 



-2-

1. Proliferation vulnerabilities specifically related to the 

reference thermal recycle system include: 

(a) The presence of plutonium in national facilities and 

in transit in a form less proliferation-resistant 

than spent fuel or low-enriched uranium, 

(b) Large flows of plutonium-bearing materials, often in 

bulk form, which are difficult to safeguard effectively, 

(c) Reprocessing and MOX fuel fabrication plants, which 

could be diverted to use for non-peaceful purposes. 

2. Thermal recycle proliferation vulnerabilities depend on 

the national context; for example, on whether a country 

has recycled reactors only or also has the other facili

ties used for the complete fuel cycle. The significance 

of these vulnerabilities may also change from one decade 

to another. 

3. Certain combinations of new institutional and technical 

measures could substantially improve the proliferation 

resistance of thermal recycle systems. A key element 

for such improvement appears to be multinational control 

of reprocessing and other sensitive facilities. 

II. Method of Approach 

The proliferation resistance of nuclear, power systems can be 

assessed by examining activities necessary to acquire weapons-usable 
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material via these systems. The significance of these activities 

can be judged in terms of assessment factors such as the following: 

Resources Required — the technological base, skills, manpower, 

and financial resources needed to carry 

out the activities required for the speci

fied proliferation pathway; includes con

sideration of the inherent difficulty of 

these activities. 

Time Required — the approximate time intervals needed to 

carry out the activities required for the 

specified proliferation pathway, including 

preparation, diversion, or conversion.-

Detectability — the risk of detection of activities in 

the proliferation pathway, including 

preparation, diversion, and conversion. 

The assessments will also be affected by other considerations, 

such as: 

Scale — the quantities of fissile material in the 

nuclear power system which are available 

for the specific proliferation activities, 

and the number of places such material can 

be found. 

Value — general qualitative characteristics of 

material which makes it more or less 

usable for weapons. IAEA categories 

may be used as general guidelines. 
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Critical aspects of the fuel cycle change with time as the fuel 

cycle deployment, the materials and facilities evolve. In addition, 

the activities required and the associated assessment factors may 

depend in detail on how the system is deployed. For example, a 

nation may operate an entire fuel cycle internally, or it may 

operate reactor power plants only, obtaining fuel cycle 

services externally through cooperative arrangements. The discussion 

below identifies proliferation activities potentially associated with 

a thermal recycle system, indicates their significance through the 

above assessment factors, and notes how these required activities 

depend on deployment (Section III) and evolve with rime (Section IV). 

Finally, Section V focuses on measures that may be taken to improve 

the proliferation resistance of recycle systems and how effective 

and feasible such measures are likely to be. 

III. Reference LWR Recycle 

The reference uraniuo-plutonium LWR recycle system includes 

enrichment facilities, light water reactors, temporary spent fuel 

storage, reprocessing facilities, fuel fabrication and refabrication 

facilities, waste management facilities, and the transportation links 

between them. The details have been described in a series of papers 

in Working Group 4 concerning reference-case facilities and methods 

and are not repeated here. For the purposes of the assessment which 

follows, it is assumed that the reference thermal recycle system is 

deployed with such currently-conceived, Furex-based reprocessing and 

mixed oxide (MOX) fuel refabrication within the context of the current 

institutional regime. 
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The most apparent proliferation characteristics of LKR recycle 

result from the flow of plutonium-bearing materials that is required. 

The forms have already been described in a paper, WG-4/16 (A.. B). on 

Occurrence of Plutonium in the Fuel Cycle. Separated plutonium may 

be present in storage and in transport in forms that may be used 

directly for weapons or that can be converted readily by chemical 

processes. Similarly, fresh MOX fuel could be converted to weapons-

usable form through chemical processes which require special handling 

but not the massive shielding needed for spent fuel reprocessing. 

Fresh fuel elements have concentrations of plutonium of typically 3 

to 6%, and considerably higher concentrations are typical in 

feedstocks. 

A summary is presented next of the activities necessary to 

acquire weapons-usable material; their significance in various 

national contexts 13 considered subsequently. 

— Conversion of Already Separated Plutonium 

For a subnational group, conversion of plutonium nitrate to 

metal would be a time-consuming and inherently difficult job; conver

sion to solid oxide may be somewhat easier, although the oxide would 

have less value than metal for any but a crude nuclear explosive. 

In contrast, the required procedures would be straightforward for most 

nations, if they had specialized trained personnel. Under these 

circumstances, preparation activities for tens of metal weapons per 

year could be completed within, perhaps, several months at a cost 
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of a few million dollars and could be difficult to detect. Less 

commitment of resources would be needed if only one or two weapons 

were desired. The period from the time material was first removed 

from the fuel cycle until weapons-usable material was available 

could be in the range of days to weeks. 

— Conversion of Fresh MOX Fuel Assemblies or Feedstocks 

If facilities were not already available in the fuel cycle, 

the design, construction, and testing of special purpose facilities 

would be required for extracting plutonium from conventional fresh 

MOX fuel assemblies and converting it to plutonium metal. For a program 

to build tens of metal weapons per year, preparation activities could 

take a body of scientists and engineers several million dollars and 

at least several months, depending on their degree of specialized 

experience. Less commitment of resources would be required if only 

one or two weapons were desired or if high concentration MOX feedstocks 

were used. 

By contrast, given a working conversion facility, the period from 

control of an in-system reprocessing facility, the period from the 

the time material was first diverted until weapons-usable material was 

available could range from days to weeks, and detection could be difficult. 

— Reprocessing of Spent Fuel 

With availability of personnel with specialized experience, 

preparation of new hot reprocessing facilities would require a year 

or more and tens of millions of dollars for a program to build tens 
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of metal weapons per year, with somewhat smaller commitments for a 

few weapons per year. Once the facility became operational, the time 

from removal of spent fuel from the fuel cycle until weapons-usable 

material was available could be several weeks. Dealing with radio

active spent fuel would be more difficult and more detectable than 

with the fresh fuel or feedstock material discussed above, although 

not beyond the resources of most nations. 

— Enrichment 

The production of HEU from an existing enrichment plant 

designed to produce LEU would require modification of the operation 

and layout of the plant. While several methods of enirchment exist, 

commercial enrichment is now performed in gaseous diffusion plants, 

with centrifuge plants just being brought into commercial use. The 

activities required would depend on the plant type. Rearrangement of 

the cascades for continuous production of HEU in a gaseous diffusion 

plant designed to produce LEU would not be practicable; however, 

batch recycle could yield HEU over many months or even years. Batch 

recycle or rearrangement of the cascades of a centrifuge plant could 

yield HEU within a matter of weeks. Other methods of enrichment 

which are under development, such as the chemical enrichment process, 

may be less amenable to modification for the production of HEU. 

Detectability would vary with the process involved. A full dis

cussion of the proliferation risks associated wi -nrichnent 

facilities is anticipated in the Working Group 2 Summary Report 

and therefore is not presented here. 
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National Contexts 

The assessment of the proliferation resistance for any fuel 

cycle would be sensitive to variations in weapons capability aspira

tions. For example, a subnational group might seek only one or two 

"crude" weapons. Alternatively, an arsenal of a few "crude" weapons 

could be the initial objective of a nation as a prelude to a larger, 

more militarily flexible, program that would require substantially 

greater resource commitment. The discussion below focuses only on 

relevant generic features for the reference LWR cycle, since there is 

wide variation in potential proliferation situations. 

— Recycle Reactors Only 

For a country in which the national fuel cycle included only 

LWR's using MOX fuels and their associated fresh fuel and interim 

spent fuel storage facilities, the significant nuclear-power-related 

proliferation pathways would be (1) to build and operate a facility 

to extract plutonium from fresh MOX fuel assemblies, or (2) to build 

and.operate a h>t reprocessing facility to process spent LWR fuel. 

If reprocessing technology were not widely available, then the 

construction and testing of a hot reprocessing facility would represent 

a significant investment of resources as discussed above. The con

version of fresh MOX fuel to weapons-usable form would be technically 

easier. Some familiarity with plutonium handling technology would 

be associated with operation of reactors in a MOX cycle, and could 

aid in the construction of these facilities, but experience with most 

required aspects would have to be gained independently. 
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If IAEA safeguards were in effect, the diversion of fuel 

assemblies would be subject to detection. Prompt detection and 

response should be provided for because of the short time, in the 

range of weeks, from diversion to availability of weapons-usable 

material, particularly from fresh MOX fuel. If IAEA safeguards were 

not in effect, the possibilities for detection would be more limited. 

— Recycle Reactors Plus Other Fuel Cycle Facilities 

For a country in which the fuel cycle included enrichment, fuel 

fabrication, reprocessing, and refabrication facilities in addition 

to the thermal recycle LWR, all of the proliferation pathways and 

activities discussed above would be available. In addition, there 

are pathways involving misuse of the sensitive facilities themselves. 

For most countries, IAEA safeguards would apply throughout the 

thermal recycle system. The time from initial diversion of 

significant quantities of material to having weapons-usable material 

may be only days to weeks, and assuring timely detection would be 

important. Because of the large flow of plutonium through reprocessing 

and fabrication facilities, and the presence of large plutonium 

inventories, often in bulk for., the diversion of a 

relatively small sidestream over long periods of time might be 

difficult to detect. Without IAEA safeguards, the possibilities of 

detection of significant diversion would be extremely limited. 
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Subnational groups would have a potential source of weapons-

usable material through the seizure of the fresh fuel feedstocks in 

bulk form. Effective safeguards and physical security would be 

essential to prevent both covert diversion and overt seizure of 

materials. 

Summary of Reference Thermal Recycle System 

There are three proliferation vulnerabilities of the reference 

thermal recycle system that are specifically related to the plutonium 

recycle. First, plutonium would be present in national facilities} and 

in transit in weapons-usable form or in forms that could be readily 

converted to weapons use. Second, relatively large flows of plutonium-

bearing materials, often in bulk form,' may be difficult to safeguard 

effectively. Finally, sensitive facilities themselves could pose 

targets of opportunity in some circumstances. 

The next section discusses the possible evolution of nuclear 

programs over time, thereby establishing the context in which specific 

systems and possible improvements can be considered. 

IV. Evolving Nuclear Power Programs 

Currently, the world's nuclear power systems use thermal reactors, 

most of which operate without recycle. In some countries it is con

templated that spent fuel will be reprocessed, and that extracted 

plutonium will either be stored for later use, recycled to thermal 

reactors, or used as initial cores for fast breeder reactors. Other 
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countrles plan to hold spent fuel In Intermediate-term storage 

facilities, leaving the final disposition of the spent fuel to be 

determined later as nuclear power requirements develop. 

A. proliferation resistance assessment is complicated by the 

fact that, in reality, choices can rarely be made meaningfully 

between one pure isolated system or another. A given system evolves 

over a substantial period of time. Deployment of systems also may 

change in the course of time from one form to another, e.g., from 

once-through with spent fuel storage to a recycle system. Thus, a 

pure equilibrium fuel cycle is seldom obtained; even when a choice is 

made to turn to a new system, transition periods occur for long time 

periods during which systems coexist. For this reason, an analysis 

of a pure system in equilibrium is not sufficient. Although such 

analyses aight indicate some features of how pure systems compare 

with one another, the question of direct interest is what tht-. choice 

of systems signifies in actuality. 

It is clear that substantial dependence on thermal reactors will 

continue into the next century. Based on present national plans, a 

sizable fraction will be operatr •' at least for a decade or so as 

once-through with spent fuel storage. The proliferation resistance of 

such systems is being studied in Working Groups 6, 7, and 8, where 

the natter of spent fuel storage modes and their vulnerabilities are 

analyzed. To the extent that thermal reactors use fuel containing 

enriched uranium, enrichment capabilities will remain a fundamental 
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part of the nuclear power system; even with plutonium recycle in thermal 

reactors or fast breeders there will be significant world enrichment 

requirements throughout the INFCE time horizon. Therefore, substantial 

attention must be given in any case to controlling the proliferation 

liabilities of enrichment, and this question is being addressed in 

detail by Working Group 2. 

The focus in Working Group 4 is on the proliferation risks from 

plutonium which depend in large part on the amoun';, form, and disposi

tion of plutonium present in a nuclear power system. During the INFCE 

time horizon, the initial decade or so is likely to see limited thermal 

recycle, based on present national plans. Around the turn of the century, 

some nations plan to make major decisions regarding fast breeder deploy

ment and plutonium use. By the latter part of the INFCE time horizon, 

a number of nations might be utilizing plutonium in advanced systems, 

although others with smaller programs will undoubtedly depend on 

thermal systems. Overall, the total amount of plutonium produced under 

any choice of fuel cycle would prcbably vary by less than a factor of 

ten. However, as discussed above, fuel cycles employing reprocessing 

give rise to forms of plutonium which are less proliferation resistant 

than spent fuel. It is clear that the proliferation problems of 

stored spent fuel, especially those which arise as the fuel cools for 

long periods of time, have to be dealt with for any fuel cycle; such 

aspects are the focus of proliferation resistance analysis in Working 

Group 6. By npsrison, the proliferation resistance of recycle 
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systems will depend also on the manner in which they are operated, 

i.e., on the manner in which the separated plutonium is stored, handled, 

and controlled, and on the nature, placement, and institutionalization 

of reprocessing and fuel fabrication facilities. 

The significance of the relative proliferation resistance of 

various fuel cycles can be expected to change from one era to another. 

For example, if at some future time a particular country had deployed 

many fast breeder reactors with all the associated breeder fuel cycle 

facilities under its national control, there might be relatively little 

proliferation risk added by construction of a facility for thermal 

recycle. In* the present era, however, such a facility in the same 

country could be highly significant from the standpoint of proliferation 

vulnerability. 

V. Improvements for Thermal Recycle Systems 

Measures to reduce the vulnerabilities of nuclear power systems 

to proliferation may be technical or institutional in nature. This 

section considers improvement measures that address the specific 

vulnerabilities associated with reprocessing and recycle. 

Institutional Measures 

One possibility for improving the proliferation resistance of 

recycle systems is to place sensitive materials and facilities under 
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multinational or international control. The sensitive facilities of 

particular interest for recycle systems are reprocessing, conversion 

Plutonium storage* and fuel fabrication facilities. IAEA 

safeguards would, of course, apply to any of these facilities, but for 

large scale commercial recycle the difficulties of meeting safeguards 

goals by traditional means warrant consideration of ways to augment the 

safeguards system. Multinational participation in the operation or 

control of such facilities could provide nations with the fuel cycle 

services they need while increasing the assurance that none of the 

nations involved has diverted material without detection. A major 

consideration In the design of a multinationally operated facility 

would be minimizing the degree to which sensitive technologies are 

spread either directly or indirectly. 

For better storage and control of widespread circulation of feed

stocks or fuel that contains plutonium, but which is not protected by 

a substantial radiation barrier, an international regime is under 

study; its potential contribution is not yet evaluated fully enough 

to assess its net practical value. One alternative is to institute a 

system.that minimizes circulation time and assures that fresh MOX fuel 

is inserted directly into a reactor immediately upon receipt. Such an 

approach is contrary to current practice, where substantial stocks of 

fresh fuel are stored at each reactor. Since the fuel is in assembly 

form, diversion would be relatively detectable by rigorously applied 

safeguards, whether in storage or transport, but once diverted, the 
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material could be converted relatively easily to weapons-usable 

form. 

If the fresh MOX fuel were fabricated in a multinationally controlled 

facility, a system could be instituted for transporting the fuel and 

placing it in the reactor under the custody of employees of the multi

national facility or of the IAEA. 

Safeguards Measures 

A basic safeguards goal is the ability to assure timely detection 

(and consequent deterrence) of any diversion of 

significant quantities of material. For the parts of a recycle system 

in which the material is contained in fresh or spent fuel assemblies, 

it can be anticipated that material accountability requirements can in 

principle be met by appropriate, straightforward extensions of the 

safeguards techniques that are currently used or soon to be implemented. 

The situation is not as clear for fuel cycle facilities that handle 

large amounts of plutonium in bulk material. For these facilities, 

safeguards cannot be based mainly on traditional material accountancy 

methods because measurement errors and uncertainties in the material 

balance would be too great. 

Several papers submitted to Working Group 4 analyze prospects for 

improvement. Safeguards would have to rely' more substantially on a 

combination of containment, human and instrumental surveillance and 

in-process monitoring. Such possibilities are likely to be influ

enced by the type of management regime (e.g., multinational) in which 

the facilities are operated. The extent to which the general safeguards 
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objective and specific quantitative and timeliness goals can be met 

will not be known in detail until improved safeguards are studied 

further and evaluated in an actual facility that has been designed to 

be compatible with an increased reliance on containment, surveillance, 

and in-process monitoring. Such an evaluation must be an important 

objective of the post-INFCE time period. 

Technical measures 

Technical alternatives for increasing proliferation resistance 

include (1) measures to dilute plutoniuo oxide in uranium oxide after 

the separation stages at a reprocessing plant or to avoid the separation 

of plutonium altogether by using a co-processing technique, and 

(2) measures to incorporate a substantial radiation barrier in fresh 

fuel, either by partial decontamination, spiking, or pre-irradiation. 

Dilution, whether through co-conversion and/or co-processing, 

could result in a scheme that minimizes the presence of separated 

plutonium without significantly affecting the operation of fuel 

fabrication facilities. The mass of material that has to be diverted 

from the fuel cycle to make a weapon would be increased, and, in 

addition, it would be necessary to chemically separate the plutonium 

from nhe mixture. Increasing the amount of material to be diverted 

does not necessarily improve the relative effectiveness of safe

guards if the measurement or monitoring techniques focus on the 

plutonium content. However, increasing the total amount of material 

required may in other respects pose difficulties for the diverter 

and would not, in any case, appear to decrease the effectiveness of 
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safeguards. The need for chemical separation would increase the 

activities required to obtain weapons-usable material. 

Thus, dilution is a measure that, although limited in its 

proliferation resistance impact, could be applied usefully in the 

near term. It is possible that alterations which result in a 

"master blend" may also have operational advantages at the fabrication 

plant. 

Another possibility is partial decontamination, which would be 

accomplished by designing the process stream so that a portion of the 

radioactive fission products remain with the plutonium (or plutonium 

and uranium) stream. The resulting radiation barrier would also be 

present in materials throughout the reprocessing and fuel fabrication 

plant. Such an approach would be most useful for situations where 

spent fuel is rapidly recycled. It would not be particularly 

useful where spent fuel will be relatively old at the time of 

reprocessing, since most of the radioactivity will have decayed. It 

would add to fuel fabrication costs and would adversely affect 

current material accounting methods. 

Since the majority of the spent fuel to be reprocessed during 

this century would have been in storage for ten years or more, and it 

is probable that even into the next century most thermal reactor fuel 

would be reprocessed only after cooling a number of years, there does 

not appear to be merit in considering partial decontamination for 

thermal recycle fuel. 
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Spiking, the incorporation of some highly radioactive material 

into the fuel material, differs from partial decontamination in several 

significant respects. First, the radiation level of the MOX fuel 

would not depend on the history of spent fuel from which the plutonium 

was -xtracted. Second, the spikant may be added to the MOX or even to 

the fuel rods at any conveniently chosen point in the process. Adding 

it late in the fabrication process would forgo the possibility of 

providing a radiation barrier throughout the reprocessing and fabrica

tion facilities, but it would still provide a barrier to augment other 

means of protection during subsequent transportation and storage. 

Adding it earlier (e.g., during reprocessing) would gain earlier 

protect4.on against diversion, but this benefit must be balanced 

against the increased costs and safeguards measurement difficulties 

at the conversion and fabrication plants, where costs would increase 

because of remote handling and shielding requirements. 

A separate use for spiking, other than providing a substantial 

radiation barrier, would be the incorporation of low levels of 

radioactivity to enhance the detection of plutonium mixtures con

taining the spikant by containment and surveillance systems. At the 

same time, however, the accuracy of most non-destructive assay tech

niques used for material accounting might be impaired .even by such 

low levels of radiation. An analysis of this tradeoff would be needed 

to determine whether the addition of a spikant for detection would be 

desirable in a given situation. 
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Fre-irradiation could be used to provide a radiation barrier 

for fresh fuel by irradiating fabricated fuel that was about to be 

shipped to power plants. Since this type of radiation barrier would 

not be present during reprocessing, conversion or fuel fabrication, 

it would provide neither the protection nor the penalties which would 

arise from spiked material in these facilities. 

Overall, the increase in proliferation resistance that would 

be contributed by technical measures which incorporate a radiation 

barrier in fresh fuel will depend in part upon the institutional 

arrangements in effect. For example, for the case of possible national 

diversion from a reprocessing plant under that nation's control, only 

the partial decontamination scheme might add a measure of deterrence, 

to the extent that modification of the reprocessing plant would be 

required to obtain weapons-usable material. (Further study is needed 

to determine the technical and economic practicality of designing a 

plant for which such modifications would have to take a long time.) 

On the other hand, if a reprocessing and fuel fabrication plant were 

under multinational control, any of the radiation barrier schemes 

would add a measure of deterrence a; ux.-ist national diversion, since 

fresh fuel leaving the multinational plant would be less readily 

convertible to weapons-usable form. Radiation barrier schemes would 

also add a measure of deterrence to subnational diversion. 
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The cost of incorporating radiation barrier schemes into the 

fuel cycle would depend upon the costs of introducing the radio

activity and the cost increments for fuel fabrication and transporta

tion. Preliminary estimates are that these costs could be expected 

to have a relatively small effect on total nuclear power costs. 

In most circumstances, radiation barriers would provide less 

protection against diversion of reactor fuel than isotopic barriers. 



Summary of Prospects for Improving Proliferation Resistance of 
Thermal Recycle Systems 

From the considerations discussed above, the following general 

conclusions can be drawn: 

1. Resistance to proliferation at the national level could 

be improved substantially by collocating reprocessing, conversion, 

and fuel fabrication plants under multinational control, and 

instituting new measures to protect fresh MOX fuel which is 

shipped out of the multinational facility to states which do not 

have national reprocessing facilities. Such measures might include 

adding a radiation barrier to the fuel and/or keeping it under 

multinational or international custody until it is placed in a 

reactor. 

With respect to industrial-scale reprocessing and fuel fabrication 

plants under national control, the proliferation vulnerability 

problems are more formidable. The degree to which it will be 

possible to develop improved safeguards and other measures to reduce 

these proliferation risks cannot be determined conclusively on the 

basis of current knowledge, and should be the subject of further 

intensive study and development beyond INFCE. 

2. Resistance to proliferation at the subnational level could 

be improved significantly by co-processing, by collocation of 

sensitive facilities, by requiring a high level of physical protec

tion and rigorous safeguards for reprocessing plants, conversion 
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plants, fuel fabrication plants, fresh MOX fuel storage, and 

all relevant transportation links, and possibly by adding a 

radiation barrier to MOX fuel prior to shipment. 


