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Introduction 

1. This paper 1s in response to the action placed on the Technical 
Secretariat at the second meeting of Sub-Groups A and B in respect of the 
assessment of proliferation resistance. The paper is prepared in a format 
consistent with the framework of the Final Report of Working Group 4 and 
may be regarded as an initial draft of those sections of Chapter 7 dealing 
with the evaluation of proliferation resistance and safeguards. Safeguards 
aspects are being addressed separately and therefore will not be considered 
in this paper although the relevant sections and paragraphs will ultimately 
be Integrated into the final report. 

2. The nature and extent of this assessment needs careful definition. 
I t Is possible to conceive of three routes to the acquisition of nuclear 
weapons. 

(a) a national government makes a deliberate decision to construct 
sophisticated nuclear weapons bv the use of dedicated facilities. 
Such a decision 1s entirely a political matter and proliferation 
by this route cannot be prevented by technological nor institu
tional means. I t 1s not the concern of INFCE and will not be 
addressed further. I t Is, however, noted that all existing 
nuclear weapons states had acquired them via this route. 

(b) a national government makes a deliberate decision to construct 
a small number of crude nuclear weapons bv abuse of its nuclear 
fuel cycle f a c W t l t T T h i s route 1s the concern of INFCE and 
win be termed proliferation. I t should, however, be noted that 
only the technological and institutional aspects (and not the 
political aspects) of proliferation will be evaluated. The 
evaluation should try and establish the extent to which the route 
by abuse of nuclear fuel cycle facilities 1s less attractive than 
that via a dedicated nuclear weapons programme (a). A national 
government may attempt to use its nuclear fuel cycle facilities 
to produce weapons-useable fissile material in either a covert or 
overt manner. The prime responsibilities for the detection of 
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abuse in a covert manner rests with the efficacy of the interna
tional safeguards regime. However, in the overt mode the resistance 
to abuse is primarily a function of the technical and institutional 
features built into the fuel cycle and its facilities to prevent 
such abuse. In both cases the principle deterrent is the likely 
reactions of the international community. 

(c) a sub-national group attempts to acquire one or more crude nuclear 
weapons bv abuse of nuclear fuel cycie tactnties, ims route wnl 
be referred to as theft. Prevention of theft by a sub-national 
group is the responsibility of national governments which must take 
adequate physical protection measures and therefore is not a prime 
concern of INFCE. However, where technical and/or institutional 
measures are introduced for proliferation risk reasons these also 
may make theft more difficult and it is appropriate to identify the 
usefulness of these measures. There is also an area of overlap 
between (b) and (c) in that stolen material could subsequently be 
used by a government for proliferation. 

3. A number of important points have emerged in considering how the 
assessment should be undertaken: 

(i) the assessment of proliferation risk is difficult to quantify 
and must therefore be generally qualitative. 

(II) the assessment must reflect the evolving situation. Account 
must be taken of the relative stages of development of different fuel 
cycles and of the evolutionary nature of technical and institutional 
aspects. 

(III) the assessment should not look at fuel cycles in an abstract 
sense; it must examine particular realizations and comment upon the 
various alternatives in relation to technical and Institutional 
aspects. 

The realization of a particular fuel cycle in a particular'<country 
may involve: 

(a) the deployment of the reactor and spent fuel storage facilities 
alone. 

(b) the deployment of the reactor, spent fuel storage facilities 
together with the fuel fabrication facility whilst making use of 
an external reprocessing service. 

(c) the deployment of all the facilities, I.e. reactor, fuel 
fabrication and reprocessing facilities within the country concerned. 

(1v) the assessment should concentrate upon Identifying the vulnerable 
points of the various fuel cycles and examine, 1n particular, the efficacy 
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from a proliferation risk viewpoint of the technical and institutional 
alternatives proposed. 

Alternative Forms of Plutonium in the Fuel Cycle 

4. In order to evaluate the sensitive points in the fuel cycle i t is 
necessary to have a qualitative scale against which to judge the relative 
sensitivity. Table 1 gives the alternative forms in which plutonium exists 
at different points in the fuel cycle. The various forms are listed in terms 
of their decreasing intrinsic protection. The precise form of the plutonium 
is, however, of much less importance when considering proliferation than in 
respect of theft. Thus, as one goes down the l i s t , the amount of processing 
required to produce a weapons-useable material decreases. Also noted are the 
approximate amounts of source material needed to yield 10kg of plutonium anda 
other inherent difficulties in respect of handling the materials concerned. 
An artlbrary scale from A to 6 is given for increasing levels of inherent 
protection. 

Application to the Base Case for Thermal Reactor Recycle 

5. Figure 1 shows a diagrammatic representation of the reference (base) 
case fuel cycle for thermal reactor recycle described in Chapter 3. Only 
those parts of the fuel cycle directly relevant to this evaluation are shown 
on the diagram. Marked on the diagram are letters indicating the level of 
inherent protection of the material (from Table 1) at the various points In 
the cycle. 

6. The most sensitive parts of this cycle are therefore the transport 
and storage elements where pure plutonium oxide is handled. However these 
same elements may in turn be easier to safeguard and protect than other elements. 
In addition i t Is noted that the elements associated with the reactor Itself 
are relatively highly protected. I t might therefore be concluded that reali
zations of the fuel cycle where a country has only the reactor element and where 
the spent fuel 1s sent for reprocessing promptly are more proliferation resistant 
than realizations which also Involve a national reprocessing and/or a refabri-
cation plant. Vulnerabilities specifically related to the reference thermal 
recycle system Include: 

(a) the presence of plutonium in national facilities and In transit 
in a form more vulnerable than spent fuel or low-enr1ched uranium. 

(b) significant flows of plutonium bearing materials 1n bulk form. 

(c) reprocessing and MOX fuel fabrication facilities which may be 
attractive for use 1n a United weapons programme. 

Application to Alternative Technical Measures for Thermal Reactor Recycle 

7. This same methodology may be applied to the consideration of the 
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alternative technologies given in Chapter 4. 

(a) Co-location 

Co-location of the reprocessing and MOX fabrication plants will 
make the fuel cycle less vulnerable from a theft viewpoint in that 
transport of plutonium oxide from one site to another is avoided. 
Co-location of national plants will have l i t t l e or no beneficial 
effect in respect of proliferation resistance except to the extent 
that safeguards measures may be made more effective on an integrated 
site. 

(b) Co-conversion 

The application of co-conversion by blending of plutonium and 
uranium nitrates prior to the conversion stage to produce mixed oxide 
(MOX) is shown diagrammatically in Figure 2^. It will be seen that 
pure plutoniuin oxide (Level B) no longer exists in the fuel cycle. 
Likewise the level of protection associated with both transport and 
storage (as NOX) 1s considerably enhanced. The most sensitive elements 
still remain in the reprocessing plant but the vulnerability of the 
fabrication plant has been somewhat decreased. 

(c) Co-processing 

The application of co-processing to produce a mixed plutonium/ 
uranium nitrate solution from the separation stage in the reprocessing 
plant (Figure 2B) provides a further reduction 1n the vulnerability of 
the reprocessing plant. Plutonium nitrate (LevelC) no longer exists 
1n the fuel cycle. The extent to which this option increases prolifer
ation resistance depends primarily upon the ease with which 1t would 
be possible to modify the plant to produce a pure plutonium stream. 

(d) Spiking 

This consists of incorporating some highly radioactive material 
into fresh MOX fuel. The radiation level can be controlled by the 
amount of spikant added. The spikant can be added at any desired point 
1n the reprocessing, conversion or fabrication process and can thus 
be present during all or just some of the elements downstream of the 
reprocessing plant (Figure 1). In the schemes discussed 1n Chapter 4 
a radiation level of 1000 rem/hour at one metre from the surface of a 
PWR fuel element Is chosen as the reference level. In this Instance 
the level of protection afforded by the radiation 1s about equivalent 
to that appropriate to spent fuel some 15-20 years after discharge from 
the reactor. Therefore, all elements downstream of where the spikant 
1s added will have an enhanced level of protection approximately 
equivalent to level F. Spiking can only be considered effective as 
a means of reducing proliferation risk, as opposed to the risk of theft, 
under circumstances where the realization of the fuel cycle In the 
country concerned does not Include the reprocessing plant and/or where 
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the international safeguards regime is operating. 

(e) Pre-irradiation 

This consists of irradiating the fabricated MOX fuel element 
prior to shipment to the reactor site. Thus the level of protection 
in respect of this single transportation element may be slightly en
hanced (from level E to level F). This measure may have some limited 
advantages in respect of protection against theft but is not an effective 
measure against proliferation except for realizations of the fuel cycle 
where a country has only the reactor and spent fuel storage elements. 

(f) Partial-processing 

This consists of designing the reprocessing plant in such a way 
that a portion of the fission products always remain associated with the 
plutonium stream. Use is made of relatively short-lived fission products 
in the spent fuel and therefore this measure is only effective for spent 
fuel discharged from the reactor less than 2 years. Under these circum
stances the effectiveness of the measure is equivalent to that given for 
spiking. The extent to which it is effective as a protective measure in 
those realizations where a country has deployed all the nuclear facilities 
depends primarily upon the possibility and extent of the modifications 
to the reprocessing plant necessary to produce a stream of pure plutonium. 
It may be considered more effective than the spiking variant, from this 
viewpoint. Measures which involve a radiation barrier, i.e. spiking, 
pre-Irradiation and partial-processing have significant disadvantages 
in respect of economic, environmental and safeguards aspects which are 
discussed in the relevant sections on these factors. 

Application to Improved Institutional Arrangements for Thermal Reactor Recycle 

8. One route to reduce the risk of abuse of nuclear fuel cycle facilities is 
via the development of internationally agreed institutional measures. Some 
possibilities for Institutional arrangements to be applied to reprocessing and 
plutonium handling have been described in Chapter 5. Basically, the proposals 
relate to putting sensitive materials and facilities under some form of Inter
national control. This section evaluates the various possibilities 1n terms of 
the advantages and disadvantages from a proliferation resistance viewpoint. 

(a) Present situation 

At the present a limited number of countries either have or plan to 
construct reprocessing plants. Other countries plan to have their spent 
fuel reprocessed by using services. The present arrangements allow some 
control over the use and reprocessing of spent fuel by both the supplier 
and, 1n the case of reprocessing services, by the reprocessor. The 
setting up of reliable reprocessing services reduces the need for many 
countries to have their own reprocessing plant. A disadvantage 1s that 
the present reprocessing plants produce ptra plutonium oxide and plutonium 
nitrate as an Intermediate step.(see para^.-aphs 5 and 6 above). 



6. 

(b) Delayed reprocessing 

This proposal has the advantage that production of separated plu
tonium would be delayed. However, apart from the significant disadvan
tages from an energy resource and economic viewpoint, there is a need 
to provide storage for and safeguard increasing quantities of spent fuel 
which becomes inherently less well protected the longer it remains in 
storage. 

(c) National reprocussing facilities with reliance on IAEA safeguards 

This proposal would allow the construction and operation of nationally 
managed reprocessing plants in a number of countries which would be under 
an international safeguards regime to guard against their abuse. The 
acceptability of this proposal depends largely on the efficacy of the 
safeguards regime, and the ability to incorporate design features, advanced 
instrumentation and other techniques to facilitate safeguarding. The 
nationally controlled stocks of separated plutonium represent a proliferati 
risk. The dispersion of reprocessing technology represents a further risk. 

(d) Reprocessing services limited to a few large national facilities 

This proposal would allow the construction and operation of only 
a limited number of large, nationally managed reprocessing plants which 
apart from reprocessing fuel for domestic customers would also provide a 
reliable reprocessing service for customers in other countries This 
proposal has the advantage of limiting the sensitive parts of the fuel 
cycle (see Figures 1 and 2) to a limited number of sites and countries. 
Such plants would incorporate design features, advanced instrumentation 
and other features to facilitate safeguarding. The deployment of the 
fuel cycle in other countries is limited to the more resistant elements 
of the cycle namely the reactor and also the fuel fabrication*facility, 
subject to Introduction of appropriate technical alternatives such as 
co-conversion (see paragraph 7). One disadvantage may be the need for 
increased transport of spent fuel, plutonium oxide or MOX. 

(e) Addition of plutonium management schemes to (b), (c) and (d) 

Such schemes would provide for some form of international control 
over national stocks of separated plutonium. This proposal has the 
advantage that the most sensitive parts of the fuel cycle, storage and 
transport of separated plutonium, will become subject to international 
supervision. 

(f) Multi-national centres 

Various schemes for multi-national participation in nuclear fuel 
cycle facilities have been proposed. Such proposals allow all the 
advantages and disadvantages listed under (d). Depending upon their 
characteristics these may be coupled with stronger "political" barriers 
against the host nation abrogating safeguards, and increased assurances 
that none of the participating nations had diverted material without 
detection. However, such schemes would add to the spread of sensitive 
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technology. 

(g) National facilities under international auspices 

Under this proposal which is mid-way between (d) and ( f ) , the 
facility would be under national control in respect of management and 
operation but there would be some measure of international participation. 
The proliferation resistance advantages and disadvantages would be 
similar to those of (d) or ( f ) , depending on the detailed nature of the 
arrangements. 

(h) International Nuclear Fuel Authority (INFA) 

This proposal is for the entire nuclear fuel cycle from uranium 
mining to waste disposal to be operated and owned by the INFA. This 
would provide controls over abuse of fuel cycle facilities which are 
stronger than (e) but should probably be thought of as a much longer-
term possibility than the other proposals. 

Summary and Conclusions 

9. The Working Group have found i t difficult to consider the proliferation 
risks of thermal reactor recycle in Isolation since i t is then necessary to 
conclude that the activities of reprocessing, plutonium handling and recycle 
do involve a diff1cult-to-quant1fy risk of proliferation which must be balanced 
against economic environmental and strategic advantages. For this reason a 
comparative evaluation of the three main fuel cycles viz the once-through fuel 
cycle, thermal reactor recycle and the fast breeder fuel cycle was undertaken 
using eleven basic assessment factors, viz 

General Factors 

(1) the number of sites with significant quantities of strategic 
nuclear materials; 

(11) the need for transport of those materials; 

(111) the quantity of those materials; 

Form of the Material 

(iv) the accessibility (radiation) of those materials and their 
chemical form; 

(v) the quality (1sotop1c mixture) of the materials; 

Nature of the Facility 

(vi) the resource required for different diversion routes; 

(v1i) the time required for diversion; 
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Protectability 

(viii) the detection of diversion or misuse; 

(ix) the amenability to institutional arrangements; 

(x) the safeguardability of the material; 

Evolution 

(xi) the evolution of programmes with time in countries at 
different stages of development. 

From this comparative assessment it was concluded that, taking into 
account the qualitative nature of the assessment, the different stages of 
development of the various fuel cycles, the various realizations possible in 
respect of the deployment of facilities within individual countries and the 
evolutionary nature of the technical and institutional improvements foreseeable, 
no fuel cycle can be made completely proof against abuse. It does appear 
likely that following progressive Introduction of features that will improve 
proliferation resistance there will not be significant differences between the 
various fuel cycles when compared at the point in time when they are introduced 
into widespread use. Provided such features are developed and implemented there 
is no reason on proliferation resistance grounds to prefer one cycle to another. 

10. In respect of the prospects for improving proliferation resistance of 
thermal reactor recycle schemes, the following conclusions can be drawn: 

Regarding proliferation by national governments: 

(I) realizations of the fuel cycle in which the country concerned 
restricts itself to the deployment of the reactor element alone and 
makes use of reliable reprocessing and/or fabrication services supplied 
from a few large facilities are significantly less vulnerable to the 
risk of proliferation. 

(II) in the case of realizations which involve having all the nuclear 
facilities deployed within a country, none of the technical alternatives 
considered can be fully effective 1n preventing abuse of nuclear fuel 
cycle facilities once safeguards have been abrogated, but they may 
Increase the time and additional facilities required to produce weapons-
useable material so that an international response can be developed. 

(III) Institutional arrangements 1n which reprocessing and/or fabrication 
services are supplied from a few large facilities under some form of 
multi-national arrangement could be helpful in reducing the vulnerability 
to proliferation, depending upon their detailed characteristics. 

(1v) schemes for placing national stocks of separated plutonlum under 
international management or supervision could also serve to reduce the 
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risk of proliferation. 

In respect of resistance to theft of material by sub-national groups 

(i) theft resistance could be improved by the introduction of 
appropriate combinations of co-location of sensitive facilities, 
co-conversion, co-processing, pre-irradiation, spiking and/or partial-
processing. 

( i i) the extent to which radiation barriers will be appropriate in 
this context depends to a large measure on the disadvantages such radiation 
sources introduce in respect of environmental, econonic, safeguards and 
physical protection measures. 

( i i i ) storage and transportation are the most sensitive parts of the 
fuel cycle. The use of mixed oxide (MOX) for these elements would be 
a significant improvement over present practice. 

(iv) the contemplated improvements in International safeguards will 
also make sub-national theft more difficult. 



TABLE 1: AUemative forms of plutonlum at different points In the fuel cycle 

Level of 
Protection 

u 

F 

E 

D 

C 

b 

' 

Materia 1 

Fuel assembly during 
Irradiation 

Discharged Irradiated 
fuel sub-assembly 

Fuel sub-assembly 
(prior to 
Irradiation) 

(Pu+U)02 

Pu(N03)4 

Pu02 

Pu metal 

Location In fuel 
cycle (Including 
transportation 

between faci l i t ies) 

Within reactor core 

Reactor storage ponds 
Interim store, 
reprocessing plant 

Recycle fuel 
fabrication plant, 
reactor site 

Recycle fuel 
fabrication plant 
(possibly 
reprocessing plant) 

Reprocessing plant 

Reprocessing plant, 
plutonlum storage 
s i te , recycle fuel 
fabrication plant 

Does not appear In 
fuel cycle 

Processing Necessary 

-

Mechanical and 
chemical separation 
followed by 
conversion 

Mechanical and 
chemical separation 
followed by 
conversion 

Dissolution and 
separation 
followed by reduction 
to metal 

Conversion to oxide 
followed by reduction 

Reduction to metal 
and fabrication 

Fabrication only 

Approx mass needed 
for 10 kg (arbitrary) 
of Pu 

«\. 1 Te 
(2 PWR sub-assemblies) 

^ 1 Te 
(2 PWR sub-assemblies) 

% 140 kg 
(1 PWR sub-assembly) 

% SO kg 
(1 LMFBR sub-assembly) 

* 140 kg 
(PWR fuel) 

•x. 50 kg 
(LMFBR fuel) 

* 17 kg 

t 12 kg 

10 kg 

Other difficulties 

Intensely 
radioactive 

Intense radio
activity fall ing 
with time after 
discharge 

Toxicity 
Radioactivity* 

Toxicity 
Radioactivity* 

Toxicity 
Radioactivity* 

Toxicity 
Radioactivity* 

Toxicity 
Radioactivity* 

'Depends on the plutonlum 1sotopic composition 
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