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AUSTRALIAN SUBMISSION TO INFCE WORKING GROUP SIX 

AUSTRALIAN URANIUM POLICIES AND SPENT FUEL MANAGEMENT 

Introduction 

Spent fuel derived from Australian uranium needs to be 
managed in a fashion consistent with the Australian Government's 
announced safeguards requirements. For a full description of 
those requirements attention is drawn to the statement made by 
the Australian Prime Minister on 24 May 1977 and also his 
statement, and that of the Acting Minister fox Foreign Affairs, 
of 25 August 1977. The purpose of the requirements is to 
provide assurance that Australian uranium supplied for peaceful 
purposes, and nuclear material derived from it (including spent 
fuel), is not diverted to non-peaceful or explosive purposes. 

In addition to the need for the recipient country to 
accept IAEA safeguards, the requirements most likely to impinge 
upon spent fuel management by countries importing Australian 
uranium are as follows: 

(i) the need for prior Australian consent to retransfer 
to a third party; 

(ii) the need for prior Australian consent to reprocessing 
of the spent fuel; and 

(iii) the need for adequate measures of physical protection. 

A country importing Australian uranium will have con
cluded a bilateral agreement with Australia on safeguards, 
incorporating the above requirements.. This, of course, -will be 
the authoritative document establishing the precise obligations 
of the recipient country in respect of those and other matters. 
The present paper is informal and explanatory. 

The following points elaborate the probable practical 
implications of th? above basic requirements so far as spent 
fuel management is concerned. 

Retransfer 

A recipient country may wish to retransfer spent fuel 
to a third country, for example for storage, permanent disposal 
or reprocessing. The last case (reprocessing) introduces 
additional considerations which are dealt with later. 

The retransfer would be subject to prior Australian 
consent. The essential considerations in the Australian decision 
to give or withhold its consent would be that the retransfer 
should not be to a country to which Australia would not itself 
have been prepared to export nuclear material directly, and 
that the material should continue to be subject to Australian 
safeguards requirements. 
In most cases, the practical test would be whether 
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the third party is a country with which Australia has concluded 
a bilateral nuclear safeguards agreement to which the material, 
when being stored or disposed of, would be subject. Though a 
necessary condition -for the retransfer, this may not be a 
sufficient condition; a principle of Australian uranium export 
policy, which would apply to both direct transfers and retrans-
fers, is that Australia reserves the right to be selective 
in the countries to which nuclear material of Australian origin 
is supplied. Also, for example, the Australian Government may 
wish to take into account such factors as the quantity of 
material involved. 

In connection with retransfer, attention should also 
be drawn to the minimum criteria which the Australian Government 
has adopted for determining countries eligible to receive 
Australian uranium. These countries are only non-nuclear weapon 
states party to the NPT and nuclear weapon states which provide 
Australia with an assurance that nuclear material supplied for 
peaceful purposes will not be diverted to military or explosive 
purposes and accept that it be covered by IAEA safeguards. 

Reprocessing 

Storage time could be influenced by the requirement 
for prior Australian consent to reprocessing. The Australian 
Government is aware of the interest of some countries in 
reprocessing of spent nuclear fuel for energy reasons and the 
management of nuclear material following its use in reactors. 
However, in relation to nuclear material supplied by Australia, 
the Government will need to be satisfied that the potential 
problems associated with reprocessing are dealt with, for example: 

(i) that there is a need to reprocess for legitimate 
energy purposes; 

(ii) that international controls and safeguards are 
intensified to ensure an adequate and effective 
defence against diversion of plutonium to non-
peaceful purposes; 

(iii) that there is not excessive stock-piling of plutonium 
in a way that could pose future proliferation dangers. 

Australia will be seeking constructive answers on 
these questions in INFCE and in discussions with other countries. 
The Government has noted that ideas under examination will 
include, for instance, schemes for multinational control of 
reprocessing facilities and for the management of spent fuel 
and plutonium. 

The Government's position is that, prior to a clear 
outcome emerging fror this current international activity, it 
has reserved Australia's position on the detailed conditions 
under which Australia may be prepared to agree to reprocessing, 
if any, of nuclear material supplied by Australia. It is for 
this purpose, to effectively reserve Australia's position for 
the time being, that the Government has adopted the requirement 
for prior Australian consent to reprocessing. 
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Physical Protection 

The recipient country will be required to apply 
measures of physical protection satisfying, at a minimum, 
the recommendations of IAEA document INFCIRC/22S as it may 
be updated from time to time. Adequate physical protection 
measures should cover spent fuel both in domestic use or 
storage in the recipient country and in international transit. 

Further Considerations 

There are three additional points of a general kind 
which should be noted: 

(i) The requirements for prior Australian consent to 
retransfer and reprocessing do not rule out that 
consent may be given on a generic basis. The 
Australian Government recognises that, from the 
viewpoint of the most orderly and efficient 
operation of the nuclear industry in recipient 
countries, this procedure for the implementation 
of the consent rights has considerable attractions 
compared with ad hoc, batch by batch consent. 

(ii) The Australian authorities do not require that, for 
the purpose, of identifying Australian origin 
material to which those and other provisions of 
bilateral agreements would be subject, it is 
necessary for the recipient country to track actual 
Australian atoms. Accounting can be on the basis 
of the so called principle of equivalence with 
equivalent quantities of nuclear material identified. 

(iii) There is no intention of Australia storing other 
countries radioactive wastes. This would preclude even 
the interim storage on Australian 'territory of 
spent fuel generated in other countries, whether 
or not the uranium is of Australian origin. 
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8 August 1978 

KST QPEsncers - BACK-BID CP THE FOBL CTCIB 

TASK FORCE E 

Consistent with the general purposes and objectives of IHFCE, it •» 

understood that the following key questions concerning services and their 

related equipment and technology are to be treated in the context of 

natioual needs consistent with non-proliferation. 

UKHKKaL gPESTICBS 

1. What aspects of the present situation contribute to or detract fron - ' 

assurance of access to available services related to the back-end of the 

fuel cycle? 

2. ' (Depending on the input from other Working Groups) Nhat is the likely 

impact on assurance of fuel supplyr having regard to changing desands for 

fuel arising from the adoption of one or another of the following alternatives i 

- spent fuel is being interio. stored, 

• spent fuel is disposed of, • 

- spent fuel is being reprocessed? 

3- What technical, economical, legal and political guarantees might be 

offered that cculd improve assurance of supply of the following services! 

- take away of spent fuel with credit for contained uranium and 

Plutonium, 

- timely access to central .torage facilities for spent fuel, 

- reprocessing services, 

- access to uranium and plutonium recovered from reprocessing, 

- interim waste storage services, 

- final waste storage services? 

4* In what way et.n multinationally controlled fuel cycle centres or other 

Institutional arrangements contribute to assurance of access to services 

related to the back-end of the fuel cycle? 

5. What other measures, such as investments in national or multinational 

projects, sight be taken to enhance security of supply of back-end services, 

taking into account the reluctance of many countries to depend on third 

parties? 
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STORAGE OP SPEHT FCTSL 

6. What measures sight be taken to guarantee access to spent fuel 

transport and storage services? 

HBPBOCESSIHC 

7. Are external factors adversely affecting the iapleaentation of 

bilateral agreements bearing' on reprocessing; or the iapleaentation of 

commercial reprocessing contracts? If so, what measures might be taken 

to improve the situation? 

8. Are current bilateral agreements bearing on reprocessing or are 

cocmercial reprocessing contracts giving suffic snt guarantees of supply 

or should they be complemented by other guarantees? 

RECOVERY OP FUEL 

9* What arrangements exist in bilateral agreements bearing on reprocessing' 

or what arrangements exist in commercial reprocessing contracts to assure 

availability of the fuel contained in spent fuel for further use, and do 

such arrangements suffice to give appropriate assurance of fuel supply? 

10. Which mechanisms could be established in order to give to the owners 

of nuclear material either contained in their spent fuel or resulting'from 

reprocessing of their spent fuel and which is stored or reprocessed at a site 

outside their national jurisdiction or territory, the technico-economic, legal 

and political assurances that they will be able to recover their nuclear 

material or spent fuel if they want it? 

DISPOSAL 0? WASTE AED/OB SPEKT FUEL 

11. What steps might be taken to assure access to waste or spent fuel 

disposal sites once they become available and what steps are needed to 

ensure the timely availability of such sites? 
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INFCE: WG3: ANSWERS TO KEY QUESTIONS; 

BACK END OF THE FUEL CYCLE 

(Reference: Co-Chairmen/WG.3/72/Rev.2) 

AUSTRALIAN REPLIES 

Please refer also to the paper "Australian uranium 
policies and spent fuel management", submitted to WG6 by 
Australia. 

Question 1: There is as yet no international consensus on 
the relative advantages and disadvantages from the point of 
view of nuclear non-proliferation, energy needs and 
environmental protection, of the various possible approaches 
to the management of spent nuclear fuel. This detracts from 
assurances of access to the relevant services, including 
reprocessing and/or storage services. The early development 
of such a consensus is therefore desirable. 

Question 2; There is unlikely to be any significant impact 
in the foreseeable future on assurance of fuel supply resulting 
from arrangements to deal with spent fuel. Assurance of fuel 
supply relates to the availability of uranium and services 
for conversion, enrichment and fuel fabrication, which would 
not be affected much, if at all, by arrangements to deal with 
spent fuel. However, if spent fuel reprocessing were to be 
adopted and if this were to lead to reprocessing being conducted • 
under conditions which presented a proliferation risk, then 
the availability of uranium and services could be adversely 

* affected. 

Question 3 (ii): Australia, in responding to the paper 
circulated by the IAEA in July on international management 
and storage of plutonium and spent fuel, has commended 
international study of such schemes. It considers it important 
that their non-proliferation advantages should be fully assessed. 
A fundamental question is whether any country that meets 
suitable non-proliferation criteria will be willing to offer 
a site for central storage facilities for spent fuel. 

.../2 
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Questions 3 (iii) and (iv): Some suppliers of nuclear 
material, including Australia, require that spent fuel derived 
from nuclear material they have supplied only be reprocessed 
under agreed conditions and arrangements: i.e. they require 
a right of prior consent over reprocessing such material and 
over the disposition of the resultant nuclear material. Thus, 
as far as Australian-supplied material is concerned, assurances 
of access to reprocessing and to the nuclear material produced 
thereby would be dependent on resolution of the potential 
problems associated with reprocessing. For example, Australia 
would need to be satisfied: 

that there is a need to reprocess for legitimate 
energy purposes; 

that international controls and safeguards are 
intensified to ensure an adequate and effective 
defence against diversion of plutonium to non-
peaceful purposes; and 

that there is not excessive stockpiling of plutonium 
in a way that could pose future proliferation dangers. 

An international consensus on the need for reprocessing and 
the conditions under which it might take place would be 
desirable. Australia is looking to current international 
studies, including INFCE, in this regard. 

Questions 4 an*. 5: As pointed out in the 1977 IAEA study 
"Regional Nuclear Fuel Cycle Centres", multinationally 
controlled fuel cycle centres may offer a possible solution 
to management of the back end of the nuclear fuel cycle 
consistent with non-proliferation objectives. Other 
possibilities identified by the 1977 study were use of commercial 
services offered by nuclear supplier states and the taking of 
equity shares in national facilities. Consumer countries might 
feel greater confidence regarding assurance of access to 
services related to the back end of the fuel cycle provided 
by plants in the management of which they were involved. 
There is, however, no a priori reason to suppose that such 
involvement would give greater security of access to services 
than that provided by normal contracts. In assessing the 
relative merits of multinationally controlled fuel cycle 
centres, or investments in national or multinational projects, 
in order to enhance security of supply of back end services, 
close attention will need to be given to the details 
(including institutional arrangements) of such schemes. A 
judgement would then be possible about how particular schemes 

,../3 
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would conform to the objectives which they were designed to 
meet: namely to provide reliable, economic, safe and 
environmentally responsible solutions to management of the 
back end of the fuel cycle so that nuclear power can make an 
optimal contribution to meeting the world's energy needs, 
while at the same time providing the necessary guarantees 
against diversion of nuclear material and technology to non-
peaceful or explosive purposes. 

Questions 8, 9 and 10: As a first step in answering these 
questions, it would need to be established that such 
guarantees and assurances are desirable in terms of energy 
needs consistent with non-proliferation objectives. 



WORKING PAPER FOR 

THE TECHNICAL COORDINATING COHMITTE 

(presented by the french delegation). 

SUBJECT ; ROLE OF "SAFEGUARDS" IN THE ASSESSMENT OF ECONOMIC, 
ENVIRONMENTAL AND NON-PROLIFERATION ASPECTS. 

In the english language, the word "safeguards" 
covers two quite different realities : 

- International safeguards, being bilateral or 
multilateral like the I.A.E.A.'s system, the aim of which is 
the early detection of possible diversions by Governments of 
peaceful nuclear materials for the manufacture of explosives 
or nuclear weapons ; 

- "national" safeguards, which we prefer, in french, 
to call national controls,the aim of which is to prevent and detect 
inter alia unauthorized removal of such materials by individuals or 
subnational groups and which also contribute to the implementation 
of international safeguards. 

Although .these two categories of "safeguards" 
partially use sxmilar or identical techniques, the essential 
difference in their respective aims, as well as the great 
differences in the means thoy need, make it necessary to always 
avoid any confusion about which of them one has in mind when 
using the word "safeguards". That is the reason why, in this 
paper, the words "international safeguards" will be used for 
the first, and the words "national controls" for the second. 

The extent to which nuclear materials can be 
effectively protected from possible theft or diversion by 
individuals in the various fuel cycles, through national con
trols, is not a matter to be considered by INFCE in the fra
mework of the non-proliferation aspects, but only in the fra
mework of economic and environmental aspects. The impossibility, 
or to great difficulty, of efficiently protecting materials 
against theft and sabotage in a given fuel cycle, could create 
an impossibility from the environmental point of view, or an 
excessive burden from the economic point of view, which, if 
existing, should be appreciated by each working group as a 
specific item under those headings. 
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As far as international safeguards are concerned, 

they have to be considered under the heading of non-prolife
ration. In this respect, the task of the various groups is 
to identify which specific safeguarding problem, if any, 
would arise in connection with a given fuel cycle, in order 
to enable the international safeguarding authorities to 
efficiently perform their task. It could be also, if consi
dered necessary to assess the risks of possible clandestine 
protracted diversion by the Government adopting a given fuel 
cycle, as compared to the same with another fuel cycle, or 
to other possible proliferation routes. 

Such a task is to be considered quite separately 
from another one, which is, for the groups, to assess roughly 
the proliferation risks of the different fuel cycles in case of 
a breach of safeguard commitments by the governments 
developing them. That task mtu;t be completed by another, i.e, 
to determine the best way of making such a broach rr.ore 
diff.icu.ll and less profitable through a proper international 
organization of the most sensitive parts of these fuel cycles. 

http://diff.icu.ll


TASK FORCE D. 

ADDITIONAL 

FRENCH CONTRIBUTION 
i'O THE ANSWERS TO THE KEY QUESTIONS ON 
NON-PROLIFERATION ASPECTS OF LONG TERM 

ASSURANCES OF SUPPLY 

1. - The ncn proliferation objective of lon<j term assurances of 
supply is to give to all countries sufficient confidence in the 
reliability of their supplies in nuclear materials , equipments 
and services, in order to enable them avoiding the development 
of proliferation-sensitive technologies, for the sole sake of 
security of supplies. 

2. - The basic element of security of supply for an impor-ting State 
is the assurance that exporting State will provide all supplies 
submitted to reasonable conditions on non proliferation matt rs. 
Similarly, for exporting States, the security of the market for 
their industries, lies in the assurance that importing States will 
not intend to obtain changes in non-proliferation conditions attached 
to these supplies. It seems unlikely that the adverse effects which 
would result from the lack of such assurances, especially in terms 
of non-proliferation, could be ameliorated. 

3. - Adjustments in non-proliferation arrangements to meet changed 
circumstances should be negotiated bilaterally. The interest of 
both suppliers anri consumers in continuous and confident trade 
will normally be strong enough to lead them to reasonable amendments. 
It will be up to them to decide, according to all circumstances , 
whether or not they agree to apply part or all of such amendments 
to part or all deliveries to be made under previously concluded 
contracts. The multilateral approach would, of course, have to be 
adopted for the amendment of any multilateral agreement. 

4. - For the time being/ some non-proliferation conditions are-
agreed upon in multilateral agreements, and some in bilateral 
agreement. It could, of course, be considered wishful that a 
unique set of non proliferation conditions be agreed upon by all 
countries. But this seems for the time being difficult. A common 
set of internationally agreed non-proliferation conditions should 
therefore not be considered as a prerequisite for a broad-based 
international supply assurance arrangement, such an pgreement 
being based on the various non-proliferation conditions agreed 
between particular parties. 
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5.- Some advantages can be contemplated from a non-proliferation 
viewpoint, in subparagraphs (a) (b) (c) (d) and (g). The meaning 
of the word "preference" in subparagraphs (e) and (f) is unclear. 

6. and 7. There seems to be vary little link between the economic 
aspects covered by these paragraphs, and non-proliferation. 

8.- Reasonable guarantees of supply should exist for all countr^e: 
adhering to their non-proliferation commitments. 

9.- see answeto question 4. 

10.- Yes. And th^ fundamental element of s'jch assurances of sup
ply is the one analysed in the answer to question 2. 

II.- The procedure to recognize that a country has breached its safeguards 
undertakings towards the I.A.E.A. results from the I.A.E.A. Statute and 
Safeguards Agreements. As far as undertakings towards a State 
are concerned, it is up to this State to declare that such a 
breach has occured, and, if such declaration is contested, it 
is up to other States to make their own opinion about the 
contest. 

12.- Non-proliferation conditions should normally avoid creating 
abnormal economic burden. The basic guarantee of supply mentioned 
in answer to question 2 creates no economic burden for any 
country. As far as other guarantees cou.ld be concerned, the 
burden should be borne by those who would get the possible 
benefits of such guarantees. 
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GROUP 3 

TASK FORCE E. 

FRENCH CONTRIBUTION TO THE 
ANSWERS TO THE KEY QUESTIONS CONCERNING THE GUARANTEES 
OF SUPPLY FOR THE BACK - END OF THE FUEL CYCLE. 

.i 

{ 

I.- The development of reprocessing plants on an industrial 
scale in La Hague and Windscale, as well as the development 
of the vitrification process for the fission products, are 
a positive contribution to assurances of services for the 
back-end of the fuel cycle. This assurance could be increased 
in the future by additional reprocessing plants, preferably 
multinational. But, the possible request, from countries 
having supplied the fuel, to have a discretionary veto on 
such reprocessing could detract from such assurance. 

2.- answer deferred. 

3.- Any additional offer of the services mentioned would improve 
the assurance of supply through the diversification of suppliers. 
In addition, the renonciat-i ^n by the suppliers of fresh fuel, 
to any veto concerning the choice of such services by the 
customer (provided proper international safeguards are applied) 
is a necessary element of such assurance. 

4.- 5.- Multinationnally controlled reprocessing plants would 
be an important contribution to assurance of access to services 
related to the back end of the fuel cycle. 

6.- There seems to be no major difficulty for the time being 
to have access to irradiated fuel transportation services. 
Storage services should normally be provided in the ponds of 
reactors or reprocessing plants. 

7.- 8.- See answers to questions I, 3 and 4. 

9.- 10.- Usually reprocessing contracts include provisions 
according to which the fuel will be returned to the customer 
subject to the authorization of competent governmental autho
rities. There is no reason to believe that such authorizations 
would bo difficult to obtain for fuelirig nuclear reactors under 
proper safeguards and physical protection measures. 
Some form oi internationaJ storage could provide, a 
good solution for the storage of reprocessed plutonium as long 
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as it is not needed for power generation. 

II.- The easiest way to dispose of nuclear wastes seems to be 
in the form of glassification after reprocessing. Once such 
wastes are glassified at the reprocessing plant, their trans
portation and their disposal in national repositories would 
probably encounter no major difficulty. 



TASK FORCE F 

FRENCH CONTRIBUTION 

TO THE ANSWERS TO KEY QUESTIONS 

RELATED TO SPECIAL NEEDS OF DEVELOPING COUNTRIES 

Power reactors i n the small and medium range s ize are row available 
on the market. 

As far as questions concerning the responsivity of existing b i l a t e r a l 
or m u l t i l a t e r a l agreements to the needs of the developing count r ies 
i t seems d i f f i c u l t t o answer them in general terms, such agreements 
being of very d i f f e r e n t types and na tu re . I t seems t h a t many of 
them have been considered as s a t i s f a c t o r y by the S ta te s concerned. 

I t seems however, t h a t the problems of the t r a i n i n g of 
the s t a f f and the maintenance of the equipments could a r i s e s t e c i a l 
ques t ions . 

For most of the other quest ions the answers would not be 
s i g n i f i c a n t l y d i f f e r e n t from those appl icable t o the same quest ions 
concerning developed c o u n t r i e s . 
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Institutional Hatters and Lege! Framework 

for Spent Fuel Storage 

in the Federal Republic of Germany 

Licensing, operation and supervision 

1. Introduction 

2. Licensing procedures 

2.1 Licensing of storage at reactor sites 

2.2 Licensing of storage facility at a fuel cycle center 

2.3 Licensing of an independent interim spent fuel storage 

facility 

2.4 International applicable legal framework for safeguards 

and physical protection 

3. Design requirements 

4. Operational requirements 

5. Annexes 
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Introduction 

An institutional analysis of the storage of spent fuel 

elements is not possible in our view b-rfore the existing 

national and international legal and institutional frame

works are made available. 

We therefore consider it necessary that INPCE member 

States first of all present a detailed description cf 

their national legal and institutional situation, also 

in relation to international rules and regulations, 

vis-a-vis the storage of spent fuel elements. 

Without such an approach, any subsequent analysis would" 

be an unrelated one. 

In the Federal Republic of Germany, construction and 

operation license for nuclear power stations will only 

be granted if adequate provision of back end fuel cycle 

services has been proved. Such proof must, among other 

things, be furnished in practice by the adjustment of 

such facilities to the progress made in the realization 

of the planned fuel cycle center (including reprocessing). 

Until this objective is reached, three types of storage 

of spent fuel elements, as interim solutions, will exist: 

- the storage of spent fuel elements at reactor sites; 

- the storage of spent fuel elements in the entrance 

storage facility of the planned fuel cycle center; 

- interim storage in the planned central interim 

storage facility. 



Concerning storage at reactor sites, we can look back on 

several decades of experience in the Federal Republic of 

Germany in the fields of engineering, safety, environ

mental protection and licensing. This experience has gone 

into the making of a comprehensive network of laws, 

regulations and guidelines for the construction and 

operation of all three types of storage mentioned above. 

In the area of safeguards, incidentally, the storage 

provisions, both existing and planned, are embodied in 

the international safeguards system of EURATOM and IAEA 

under the EURATOM Treaty and the Verification Agreement 

with IAEA respectively. 

In the area of physical protection, the internationally 

recommended standards and measures are being developed 

further and implemented for all types of storage. 

Licensing procedures 

The licensing procedures for nuclear installations in 

the Federal Republic of Germany are carried out on 

behalf of the Federal Government under the Atomic Energy 

Act (Atomgesetz). A license may be granted only if it is 

assured, among other things, that 1) the necessary 

precautions have been taken in the light of the scientific 

and technical state of the art to prevent damages resulting 

from the construction and the operation of the installation, 

2) the necessary protection has been provided against 

disturbance or other interference by third persons, and 3) 

the selection of the site of the installation in particular 

with respect to non-conta-.nination of water, air and soil, 

is not contrary to public interests. The applicant must 

submit a safety analysis report to prove that these 

criteria have in fact been mat. Applicants for licenses 
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for the construction of nuclear power stations are as a 

rule utilities, which are organized under private law, 

although they are overwhelmingly owned by local 

authorities and the Federal States. 

2.1 Licensing for storage at reactor sites 

The construction of fuel element storage facilities in 

nuclear power stations is applied for and licensed in 

direct connection with the licensing of power stations 

itself (section 7 of the Atomgesetz). All licenses are 

granted by the respective supreme authority of the 

Federal State concerned (cf. Annex 2). The licensing 

authorities are subject to competent supervision of the 

Federal Ministry of the Interior, which at present 

actively takes part in all licensing procedures for 

nuclear power stations. The State authority requests 

independent experts to submit their opinion on all 

safety aspects on the project envisaged. For the same 

purpose, the Federal Ministry of the Interior asks its 

permanent advisory commissions, the Reactor Safety 

Commission (Reaktorsicherheitskommission) and the 

Radiological Protection Commission (Strahlenschutz-

kommission) for judgement. 

In accordance with the procedures governed by nuclear 

statutory ordinance, the State authority informs the 

public with respect to the project applied for, 

convenes a hearing and includes in its decision on the 

application any objections raised by third parties. 

Before issuing a license a judgement by the Federal 

Ministry of the Interior on the respective project 

must be available for the State authority to be 

considered in the license. 
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After issuance of the license, every citizen concerned 

has the opportunity to file a suit against the license 

before the competent Administrative Court. 

Licensing of a storage facility at a fuel cycle center 

Construction of a storage facility for spent fuel elements 

within the framework of the planned nuclear fuel cycle 

center is subject to the same licensing criteria that 

apply to storage at reactor sites (cf. 2.1). The fuel 

element storage facility may be constructed and operated 

as a partial project of the overall center after the 

corresponding construction and operation licenses have 

been granted and independently of any further progress 

made by the other partial projects. However, the 

application documents submitted must allow a positive 

judgement concerning the overall facility and its 

operation before construction work on this single part of 

the project may start. The applicant is The Deutsche 

Gesellschaft for Wiederaufarbeitung von Kernbrennstoffen 

DWK (German Society for the Reprocessing of Nuclear Fuels), 

a company under private law which was founded by thirteen 

German utilities. 

Licensing of an interim independent spent fuel storage 

facility 

The schedule for the construction of the planned fuel 

cycle center is based on the assumption that the plant 

section for "reprocessing" will be ready to take up 

operation by about 1989. The plant section for "fuel 

element storage" will be ready for use by 1985/86 

according to present planning. 



For the fuel elements, which must be removed from the 

power station's own storage basins in the meantime 

because they are filled up, the DWK is preparing 

consequently an interim solution. Accordingly, the 

DWK has filed an amplication for the construction of 

a spent fuel interim storage facility in cooperation 

with a German engineering firm. The application is 

made under section 6 of the Atomgesetz, which, in the 

case of essentially similar licensing conditions, 

provides for a simplified licensing procedure since 

the storage of spent fuel is in this case temporary 

and the spent fuel is not being altered. Although 

section 6 does not provide for public participation, 

the competent government agencies have decided, that 

also in this case the public will be allowed to 

participate. 

In addition to a license according to section 6 of 

the Atomgesetz for the operation of an interim storage 

facility (which license is to be granted by the 

Physikalisch-Technische Bundesanstalt of the Federal 

Ministry of Economics), a construction license is 

simultaneously required from the local building 

authorities of the State concerned for the construction 

of the scorage facility. With regard to the decision on 

the construction and operation of the interim storage 

facility, too, the authorities call upon independent 

experts to examine nuclear safety. Any citizens 

concerned may take legal action against the construction 

and operation license. 



International applicable legal framework for safegu; rds 

and physical protection 

The Federal Republic of Germany as a party to the Non-

Proliferation-Treaty (NPT) signed on April 5, 1973, 

together with the other non-weapon-states of the 

European Community and the European Atomic Energy 

Community, an Agreement with the International Atomic 

Energy Agency in implementation of Art. Ill (1) and 

(4) of the NPT. 

The Agreement, based upon the model agreement INFCIRC 

153, was made German Law in 1973 and entered into 

force on February 21, 1977. In the course of implement

ation of the Agreement, Facility Attachments for 

specific nuclear installations are negotiated between 

the International Atomic Energy Agency and the 

European Atomic Energy Community with the consultance 

of the State and the respective operator. Under EURATOM-

Regulation No. 3227/76 of October 19, 1976, operators 

of nuclear facilities are obliged to provide their 

design information to EURATOM and the actual inspection 

provisions are set into force for each nuclear 

installation through "Besondere Kontrollbestimmungen", 

issued by EURATOM. 

Inspection activities are carried out jointly by IAEO 

and EURATOM in accordance with the Agreement. 

In the Federal Republic of Germany nuclear installations, 

storage facilities included, are being protected 

physically by national classified rules and regulations, 

which correspond to INFCIRC 225 Rev. 1. 



Design requirements 

In connection with the licensing procedures a whole 

set of rules and regulations with far-reaching effects 

on construction and design of the facility is applied 

to assure safety. Thus for example all parts of the 

installation which are important from a safety point 

of view are shielded against crash of fast-flying 

military aircraft including subsequent strains such as 

induced vibrations or fuel fires. The following 

measures are, for example, to be envisaged: 

- the bunkering of those parts of the installation 

which must not suffer damage 

- the physical separation and structural protection 

of safety-relevant redundant systems including 

the pertinent energy supply systems. 

All safety-relevant installations in fuel element 

storage facilities must be protected 

- against schock waves from chemical explosions, 

- against third party action. 

For the control of incidents and their effects, 

comprehensive measures which include activity 

barriers are, in addition, called for. For the planned 

interim storage facility for example these measures 

comprise three identical cooling systems with a 

cooling capacity of 100 % each, in relation to a 

basin temperature of 60°C. Each system consists of a 

basin cooling cycle, intermediate loop and main 

cooling cycle. These installations are also to be 

protected against earthquakes, shock waves and 

aircraft crash. 



In nuclear facility construction, quality assurance 

measures are carried out to a much greater extent than 

in other industrial areas. All systems, components and 

structural elements with a safety function are subject 

to evaulation, supervision or examination by independent 

experts, e.g. Technischer Uberwachungsverein (Technical 

Safety Inspection Service), or examining engineers, who 

are under contract to the licensing authority. 

For safety-relevant components, a complete documentation 

concerning all quality assurance papers is compiled and 

archived. 

Operational requirements 

In issuing the operation permit, the authority in charge 

states the safety requirements to be met by the operator 

and to be supervised at regular intervals during 

operation by the competent authorities. Thus for example, 

the license states the maximum amounts of radioavtive 

substances which may be released within a given period 

of time. Also, the maximum amount of spent fuel elements 

to be stored is fixed on the basis of their burnup and 

the afterheat released. In addition, the fundamental 

principle of the Radiological Protection Ordinance is 

applicable according to which both the radioactivity 

released into the environment of a nuclear installation 

and the radiation dose to which the installation's staff 

is exposed are to be reduced to a minimum. Observation 

of this rule must be proved not only during the 

construction of the installation bur also during its 

operation. All the installation's staff members are 

subject to permanent radiological control and medical 

supervision. 
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One of the essential points required by the authorities 

is that exposure to radiation must be reduced to a 

minimum during maintenance and repair work. In 

particular the recurrent inspection of all safety-

relevant installations of the facility mus* be provided 

for by the pertinent requirements. 

Over and above the control of normal operation, 

potential incidents must be anticipated by measures 

calculated to keep the radioactive immission of the 

installation within the limits fixed by the authority. 

There are a series of installations (i.e. aerosol-

filters, charcoalbeds, stacks) aimed at limiting the 

emissions of radioactivity (during normal operation 

and the cnaracteristic maximum credible accident (mca) 

of the nuclear installation concerned), thus reducing 

the dose commitment to control t^e emissions. Means 

will be provided to cut off the emissions in case 

calculations and/or experience shows that immissions 

might exceed the limits fixed in the safety report. 

These limits are governed by the German Radiological 

Protection Regulation, where the maximum values are 

limited to 30 mrem/a for whole body dose and 90 mrem/a 

for the thyroid dose during normal operation and 5 rem. 

15 rem for the mca. 

Measurements in the environments will be cart led out 

along n pre-established schedule to ensure that the 

immission values stay below these limits.. 

If the nuclear installation is built in an area 

bordering on another country in the CoFtmn:ity, EURATOM 

- under the provision of article 37 cf the EURATOM 

Treaty - has to be informed and hearings will be 

staged to make sure that the emissions will not lead 

to unacceptable immission in the neighboring country. 
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For physical and radiation protection purposes any and 

every person granted access to the facilities will be 

screened beforehand, and chose allowed to enter the 

control areas will be issued personal radiation dosi

meters to record their, dose commitments. All persons 

entering and leaving the controlled areas will be 

registered by name and time, and all items carried 

will be controlled. 

Safeguards measures applied are the same for storage 

facilities at a reactor site, in a fuel cycle center 

or in an independent interim fuel storage facility: 

counting and identifying the items; cameras and seals 

may serve as supplementary measures. 

The implementation of international safeguards is 

governed by EURATOM-regulation no. 3227/76 of October 

19, 1i<76 and domestic law. 



1 
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Annex_2 

Most important laws, ordinances and regulations/guidelines 

In addition to the experience gained during the storage 

of fuel elements in nuclear power stations, the standard 

for fuel element basins (DIN 25428) and the laws, 

ordinances, regulations, standards and guidelines 

applicable in the Federal Republic of Germany plus the 

requirements made by authorities are essentially 

applicable; they include 

A. ££*?§: 

1. Atomgesetz (AtG) as amended on Oct. 31, 1976, sections 6 

and 23 (German Atomic Energy Act) 

2. Bundesicmissionsschutzgesetz (BImSchG) of March 15, 1974 

(Federal Act on Protection Against Immissions) 

3. Non-proliferation Treaty 

4. Verification Agreement 

1. Atomrechtliche Verfahrensverordnung as amended on Oct. 

13, 1976 (Ordinance on Procedures under Nuclear Legis

lation) 

2. Landesbauverordnung (State Building Ordinance) 
i 

3. Strahlenschutzverordnung (StrlSchV) as amended on Oct. 

13, 1976 (Radiological Protection Ordinance) 

4. Gewerbeordnung (Trading and Industrial Code) 

5. ArbeitsstMttenverordnung (Workplace Ordinance) of March 

20, 1975. 
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C • 5i9Hi2£i22§Z§iJi£Sii2§§ : 

1. Sicherheitskriterien fttr Kernkraftwerke (BMI) 

(Safety criteria for nuclear power stations (Federal 

Ministry of the Interior) of Oct. 12, 1977 (as 

applicable) 

2. Guidelines issued by the Federal Ministry of the 

Interior (BMI) for the "Schutz von Kernkraftwerken 

gegen Druckwellen..." 

("Protection of nuclear power stations against 

shock-waves...") of Sept. 13, 1976 (as applicable) 

3. RSK-Leitlinien fiir Druckwasserreaktoren of April 24, 

1974 (as applicable) (Guidelines issued by the Reactor -

Safety Commission for Pressurized Water Reactors) 

4 . Unfallverhtitungsvorschriften (UW) (Accident 

Prevention Regulations) 

5. Regeln des Kerntechnischen Ausschusses (KTA) 

6. Technische Anleitung zum Schutz gegen Larm (TA-Larm) 

of July 7, 1968 (Technical Regulation for Noise 

Protection) 

7. Technische Anleitung zur Reinhaltung der Luft (TA-Luft) 

of August 28, 1974 (Technical Regulation for Clean Air) 

8. Richtlinien des BMI fiir MaBnahmen zur Uberwachung dec 

Umgebung IRS-C 20 1974 (Guidelines issued by the 

Federal Ministry of the Interior concerning Measures? 

for Environmental Control) 



J=!c^s»ngi>jLQee<4yLes_iaihfi. 
J[e^eral.R§Bublic_pI .QgnnQny. 



PRESENT SPENT FUEL STORAGE LICENSING PROCEDURES IN ITALY 

According to article 53 of the Italian Presidential Decree No. 185 a Spent 
Fuel Storage installation can be built without a specific authorization. 
However, in order to operate the facility an operating licence i s necessa
ry, which shall be granted by the Ministry of Industry, in agreement with 
the Ministries of Internal Affairs, Labor and Health, following CNEN's ad_ 
vice (CNEN = Comitato Nazionale Energia Nucleare). 
CNEN gives its advice after a meeting held with the Italian Technical Com_ 
mission for nuclear safety and protection against ionizing radiation. 
To this end CNEN shall examine the technical report submitted by the appli. 
cant before giving its advice, which can be accompanied by special technical 
additional instructions. 
To obtain the operating licence the applicant shall submit to the Ministry of 
Industry an application for the authorization to operate the Spent Fuel Stora_ 
ge facility. A copy of such application together with technical report shall 
be sent to CNEN. 
The technical report shall include the design of the Spent Fuel Storage faci_ 
lity and shall be completed by four enclosures: 

1) Safety and health ptotection requirements; 
2) Operational manual with special reference to safety, health physics, and 

maintenance; 
3) General outline of the organization for constructing and operating the Sto 

rage facility; 
4) Physical protection and the relevant security plans. 

The above documents mainly describe the install' ion and the systems needed 
for its operation with special reference to safety. Purification, ventilation, 
cooling of the pool, monitoring systems and particular supervision systems 
are taken into special consideration. 
The documents submitted shall provide for special survey systems including 
accounting controls and specific restrictions for some particular technical 
operations. 
The analysis shall also prevent any possible accidents such as, for instance, 
the fall of a single element or of the whole container. Therefore it is necessa 
ry, for each of these possible accidents, to consider the subsequent possible 
radioactive releases affecting the environment. 
On the ground of such documentation, CXSN submits a safety analysis report 
and a list of possible additional operating or adjustment instructions to the 
Ministry of Industry which shall send it io the Ministries of Health, Internal 
Affairs and Labor. The Ministry of Industry, after having received a prelimi_ 
nary advice from the above Ministries, shall send the advices to CXEN. After 
c technical meeting*held with the technical commission, CXEN give3 its own 
final advice to the Ministry of Industry. The advice shall be accompanied by 
the final technical additional instructions which shall enable the aforesaid Mi_ 
nistry to grant the operating licence for the nuclear Spent Fuel Storage instal_ 
lation. 

17/1/1979 
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SPAIN 

INTRODUCTION 

Licensing of nuclear installations is primarily 
governed by the Nuclear Energy Act approved by the Spanish 
Legislative body in 19b*+. in 1972 a Decree on Regulations 
en Nuclear and Radioactive Installations developed the imple
mentation of the licensing aspects in the Act. 

In accordance with the provisions of these Regu
lations, the nuclear installations submitted to a prior 
licensing system are: 

- nuclear power plants intended for generating energy 
by means of a nuclear reactor; 

- nuclear reactors for other purposes; 

- plants using or processing nuclear fuels and 
plants for processing nuclear substances; 

- facilities for the storage of nuclear substanc.es. 

COMPETENT AUTHORITIES 

The licensing procedure for nuclear installations 
is conducted under the authority of the Director General for 
Znsr.rv. within the Ministry of Industry. The Director General 
ior inergy is assisted in his task by the services of Junta 
d5 Er.erria ::uclear (JEN). Set u? in 195', the JEN was entrust
ed with tne tas/. of directing and developing activities in 
the nuclear field. The magnitude of this task led the Govern
ment to endow the JSK with a separate legal personality and 
to cake it financially and administratively independent, 
while preserving its status as a body governed by public law. 

The assistance of the JEN is mandatory in all 
r.atters related to risk evaluation and nuclear safety. As a 
technical body, it is responsible for advising the Minister 
of Industry during the different stages of the xicensing 
procedure: site evaluation, construction, operation and 
inspection of nuclear installations. 

- 79 -

http://substanc.es


« j r« . i . ; \ 

LICENSING PROCEDURE 

The l icensing system includes three d i s t inc t 
l i cences: 

- a preliminary licence; 

- a construction licence; 

- an operating licence. 

It should be pointed out that, in practice, the 
system is somewhat more complicated as the applicant must 
obtain separate permits for the testing of the plant, for 
the delivery and storage of nuclear materials, for operation 
at reduced power, as well as licences for operators. On the 
other hand, operators of nuclear installations for research 
purposes may apply directly for a construction licence. 

Application for any of the above-mentioned licences 
cast be made to the Provincial Delegation of the Ministry of 
Industry. The Delegate must verify that the application is 
complete and send copies to the Director General for Energy 
and JEN. As soon as JEN receives the application, including 
all technical documents, it makes an independent assessment 
and prepares a technical report for the Director General for 
Energy.. Consultations with other Ministries and public bodies 
nay also take place, but it is up to the Director General for 
Energy, once he has obtained all these opinions, to decide 
on the applications. This basic structure is followed in all 
three cases; nevertheless there could be minor differences 
due to the different aims of each licence. 

a. The preliminary licence 

The application for a prelirunarv licence must give 
the reasons justifying the installation, iist its general 
characteristics, provide a detailed description of the site 
selected, its environment and, finally, explain the financial 
aspects of the project. In this particular case the public 
is given an opportunity to express its views by posting and 
notifications in the local newspapers and Provincial Bulle
tins. During a thirty-day period the public can file any 
objection it might have to the project. The files must be 
sent to the Director General for Energy snd JEN where each 
objection has to be analysed and properly contested. The 
preliminary licence is an official acknowledgement of the 
projected installation and its selected site. Within the 
body of the licence, the applicant find.'* the basic specifi
cations by which the installation must be designed. These 
xay include restrictions imposed by the particular site with 
regard to such aspects as seismicity, disposal of radioactive 
waste and the like. 

80 



*g 

SPAIN 

o. The construction licence 

The application for a construction licence must 
include a series of documents, in particular: a general 
design of the installation; the procurement programme for 
components and materials; the analysis of the electricity 
market in the area affected, and the preliminary safety 
analysis report. The contents of the latter are patterned 
on tne ones developed in the country of origin of the main 
supplier and must include a reference plant against which 
the safety assessment is performed. 

The JEN's Department of Nuclear Safety, after 
consultation, where appropriate, with otner oiUM or foreign 
experts on specific matters, makes an independent assessment 
of the plant from the nuclear safety and radiological 
protection viewpoints. The JEN then drafts a preliminary 
technical opinion for the Director General for Energy who, 
taking into consideration other opinions related to matters 
outside the realm of responsibility of the JEN, must make 
a final decision on the application for the construction 
licence. * 

The construction licence is published in the 
National Official Bulletin and it may contain up to thirty 
specifications related to the detailed design and construc
tion of the plant. It defines the responsible operator, gives 
the basic definition of the plant and its location and fixes 
the time limits and specifications for conducting the work. 
Among other important specifications are included the iden
tification of the reference plant, the size of the site 
parameters, the limits for the waste disposal systems, the 
guides, codes and standards to be followed in the detailed 
design and construction, the basic guidelines to be followed 
in the training of the operating staff and any other speci
fication considered necessary in each particular case. 

c. The operating licence •—•*'••• 

The operating licence is divided into two parts. 
First the applicant must obtain a provisional licence and 
then a final one. 

The application for a provisional operating licence 
r.ust be sent to the corresponding Provincial belegation of 
the Ministry of Industry together with the following set of 
documents: a final safety study; the operating rules; the 
technical specifications on the operation of tne installation; 
the emergency plan, and the nuclear testing programme. The 
first four documents are called the mandatory safety docu
ments . 
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Once again, this information is evaluated by the 
technical staff of JEN, with particular emphasis on the nuclear 
testing programme. Once the Director Ceneral ."for Energy 
receives a favourable opinion froo the, JEN, he may grant the 
provisional operating licence. 

All nuclear testing, and subsequent operation of 
the plant, is conducted under the full responsibility of the 
licensee and the results of the tests are officially recorded. 
Inspectors from JEN and the Provincial Delegation may witness 
the most important tests to verify compliance with the 
approved procedures and expected results. 

When the nuclear testing programme has been success
fully completed, the responsible operator may apply for the 
final oneratin/r licence following the standard procedure} he 
may also propose modifications, derived from experience, to 
the nandatorv safety documents. The Provincial Delegation 
concerned forwards the request to the Directorate Ceneral 
for Energy and to JEN. This body makes its evaluation and 
suggests the nuclear safety conditions to be complied with 
and the relevant operating limits for the installations. 

Following this, the Directorate General for Energy 
decides on the application and defines the conditions and 
limitations the operator must comply with. 

INSPECTION OF NUCLEAR INSTALLATIONS 

The JEN is responsible for the supervision and 
inspection of nuclear installations only from the nuclear 
safety and radiological protection point of view. More con
ventional typesof inspections are entrusted to the Inspection 
Services within the Ministry of Industry, mainly its Provin
cial Delegations. 

The inspection work starts with the construction 
and assembling of the installation and continues throughout 
the normal operating period. This inspection and compliance 
work is conducted as follows. 

a. Compliance during construction •*• 

To verify compliance with the conditions imposed in 
the licence there are three different mechanisms. First of 
all, the Director General for Energy appoints n Co-ordinating 
Committee made up of representatives from the directorate 
itself, other interested bodies w„thin the Kinistry of Indus
try, JEN, local authorities and the operator proper. Second
ly, JEN inspectors verify compliance with conditions set for 
those components and structures related to nuclear safety and 
radiological protection. Finally, Inspectors from the Provin
cial Delegation of the Ministry of Industry inspect those 
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components and structures of a conventional character. The 
Co-ordinating Committee optimizes all these efforts, sees to 
it that the licensing conditions are observed and advises 
the responsible operator on all matters likely to affect 
public safety. 

During erection of structures and assembling of 
components, before fuel loading, the operator must complete 
a programme consisting of cold tests, called pre-nuclear 
tasting. The programme must be analysed by JEN and the 
Provincial Delegation and finally approved by the Directorate 
General for Energy; it is undertaken under the responsibility 
of the licensee and supervised by inspectors from JEN and 
from the Provincial Delegation, depending on the character of 
the structure, component or system to be inspected. 

b. Conplience during operation 

JEM'3 inspections, as well as those conducted by 
the representatives of the Ministry of Industry, continue 
throughout the noroal operating period, the former paying 
greater attention to matters related to nuclear safety and 
radiological protection and the latter to more conventional 
natters. Both organisations, from their respective points of 
view, will pay the necessary attention to the operating 
reports, refuelling and in-service inspection. 
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SEQUENCE OF THE LICENSING PROCESS 
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Swiss Contribution Co-Chairman/WG.3/95 

INFCE - WG. 3 30 September 1978 

ANSWERS TO KEY QUESTIONS AND PROPOSAL 

FROM THE SWISS DELEGATION 

Task Force E; Back End of the Fuel Cycle 

1. Introduction 

The answers to the key questions of Task Force E have been 

established in a manner consistent with the answers to Task 

Force A,B,C and D. Therefore, this document should be read 

jointly with its corresponding document Co-Chairman/WG.3/42. 

Here again it has been chosen to cover the various questions of 

' this Task Force in a topic oriented manner rather than to answer 

each questions specifically. 

2. General Considerations 

The considerations presented in the four paragraphs of section 

2.1 of the answers to the key questions of Task Force D (INFCE, 

Co-Chairman/WG.3/42) apply equally for the back end of the 

fuel cycle (Task Force E, 1,7,8,9). 

Fundamentally, it is estimated in Switzerland that the spent 

fuel arising from the LWR power plants has to be reprocessed 

and that this can be done under the existing safeguards without 

undue risk of proliferation. The reasons for this position 
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result from the facts that the high level wastes resulting 

from the reprocessing are far more easier and far more safer to 

dispose off penoanentely than spent fuel and that the energy 

content of the residual uranium and of the plutonium remaining 

in Mie spent fuel cannot be wasted as staged in answers to Task 

Force A,B,C, section 1.3 (Task Force E,2,3.). 

3. Assurance of Access to Services and Technology 

Questions 4,5 and 10 of Task Force E raise the problem of 

assurance of access when the facilities providing the services 

and processing materials belonging to a customer, are located 

on a site outside of the national territory of the customer. 

This problem will evidently always occur with multinational 

fuel cycle centers. 

It is today quite clear that for technical, economical and 

probably also for ecological reasons, the facilities needed for 

enrichment, reprocessing and high level waste management have to 

be rather large. Most nations of this world will not have nuclear 

'programs large enough to support such facilities alone. Further

more, for security and probably also for economical reasons 

some of these facilities will have to be co-located thus leading 

to the creation of multinational fuel cycle centers. From a 

technical and economical point of view, such multionational fuel 

cycle centers will become a desirable objective for the customers 

of many countries. Furthermore, such centers obviously provide 

a much higher degree of protection against proliferation than 

national single facilities. This natural tendency should, there

fore be enhanced. 

The Swiss delegation is of the opinion that this could be done by 

establishing a single comprehensive mutually agreed non-prolife

ration regime open on a- non-discriminatory way to all interested 

parties accepting this regime. Besides thfc rules required to 
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safeguard sensitive facilities and material, this regime should 

contain rules providing for the safety of supply, the access to 

services and technology as well »s for the protection of invest

ments originating from other nations than that on the territory 

of which the multinational fuel cycle center is located. 

4. Storage of Spent Fuel and Waste 

The Swiss delegation is of the opinion that the reprocessing of 

spent fuel is the best way to solve the problem of access to 

spent fuel storage services. If reprocessing is implemented, the 

storage of spent fuel is not anymore a service that has to be 

assured for an indefinite amount of time but it becomes an 

operating function in a continuous process, a buffer between 

power plants and reprocessing facilities. This service will then 

be implemented on technical bases for optimum overall cycle 

availability by both the power plants operators and the repro-

cessor. (Task Force E,6). 

If the spent fuel is reprocessed,there is no need to safeguard 

the high level waste because it does not contain any appreciable 

* amounts of fissile materials. Final disposal sites can then be 

selected according to environment protection criteria only. . 

( Task Force E,ll). 

5. Proposal resulting from the answers to key questions 

As a logical consequence of its answers to the key questions of Task 

Force A to D, the Swiss delegation made three proposals to 

INFCE W6.3. These proposals also applies for the key questions 

of Task Force E, and therefore, they are repeated here : 

1) The group should try to define an acceptable set of international 

obligations of public and private nature which could be applied 

to all national and international sensitive installations with a 

view to achieve high degrees of security of access and of non-



proliferation at the same tine; 

2) The group should define a set of general rules of good practice 

for Governments to encourage and protect consumers' investments 

in uranium prospection and production as well as in other fuel 

cycle facilities; 

3) The group should outline the conditions required to make possible 

the constitution of national stocks of raw materials and elabora-

t££ products consolidated by multinational stocks or reassurance 

schemes. 
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INSTITUTIOKAI. REQU IRK?: SNTS 

FOR THE TRANSPORT AND STORAGE 

OF SPENT FUEL 

'REGULATORY REQUIREMENTS FOR THE INTERNATIONAL TRANSPORT OF ' I 
'.SPENT FUEL - ~V 
i . . . - • • • - • 

ft? To carry out international transport of spent fuel, it is 
*' necessary that: 

a) flasks, equipment and operating procedures comply with 
the national regulations for the transport of radio-

-̂  active materials of the states through*which the flasks 
î pass. Basically these regulations are in accordance 

O • ^ with the IAEA regulations for the Safe Transport of 
V^ .v Radioactive Materials though there are minor variations. 

Flask usage is subject to a licence issued by the 
National Authorities concerned. A Safety Report and 
extensive discussions are required before a licence 
is issued and this involves many man years of work. 
The National regulatory authorities subseouently monitor 
the maintenance and operation of the flasks. 

b) where sea transport is involved, the flasks, stowage 
. equipment and operating procedures comply with the IKCO 
\r .requirements and where appropriate v/ith any special 

• r*.-:'- requirement of the states through whose waters the 
. ' •:. n\*-'.a-ships .pass. 

3-
16) the insurance and nuclear indemnity arrangements comply 
v-n with the national requirements of' the states through 

:which the transport takes place. 

'''>'.?•• dV the necessary customs regulations of the countries con-
!<•.*;•. cerned are met. 

>.i^-.*-«$-p~»-e)~-. t h g appropriate, safeguards procedures for. the transfer 
..' r of fuel have been cleared. ."%. 

Vfc- /;pR< STATUTORY REQUIREMENTS FOR STORAGE . . . . , 

pf. a) Under UK law, the establishment of an industrial plant 
' is subject to planning permission by the local govern

ment planning body. If the plant is of national 
importance the UK government can order a_public_inq.uir.y 
following which the decision is made by the Secretary 
of State for the Environment. 



^)j Th;» storage plant is required ' o conform to the 
•*::•;' safety requirements of UK legislation applying to 

all industrial plants. In addition specific 
nuclear requirements are as c) and d) below. 

^ 

rN 
w * 

A nuclear site must obtain a licence granted by the 
UK government agency known as the Health ft Safety 
Executive (KSE). Before this licence is granted 
the applicant is required to submit to the Nuclear 
Installations Inspectorate (Nil) of the USE a speci
fication describing the plant and its function stat
ing the materials to be handled and the wastes 
arising as well as the products from the plant. 
Potential hazards are identified and safety principles 
established to overcome them. The Nil maintains a 
continuing monitoring function throughout the design, 
construction and operation of the plant. 

-•d)- Radioactive wastes are only permitted to be discharged 
^ in accordance with specific authorisations granted 

by UK ministries concerned with the enviror.r.snt. 
Such authorisations specify the method of disposal, 
the quantities permitted to be discharged or disposed 
of, the records to be kept, the samples to be taken 
and analysed and the environmental monitoring which 
is to be carried out. 

tw 
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September 13, 1978 

TO: INFCE Working Group S 

FROM: Delegation of the United States 

SUBJECT: U.S. Contribution to Assessment of Proliferation 
Resistance 

The United States delegation is pleased to submit the 
following document to Working Group 8 to assist in the 
evaluation of the proliferation resistance of alternative 
nuclear fuel cycles and research reactors. 

"Proliferation Resistance Assessment of. Nuclear Systems". 
* 

The paper delineates a framework for proliferation resistance 
assessment and illustrates its applicability, partly through 
a treatment of research reactors, but primarily through an 
analysis of reference once-through, fast breeder, and thermal 
recycle nuclear power systems. On a more tentative basis, the 
assessment approach is applied to various technical and 
institutional measures that are being considered for these 
systems. At this time, the paper does not treat advanced 
reactor systems, either thermal or fast, in any detail. However, 
it does illustrate how such systems would be treated within 
the framework that is presented. The indicated analysis of 
advanced once-throuqh and thermal r*»r;ycle systems would be 
based on information being developed in Working Group 8. The 
discussion of the reference systems is included to demonstrate 
the assessment approach, as well as to ensure coherence of 
treatment. For similar reasons, the entire paper is also 
being submitted to Working Groups 4 and 5. 

This paper focuses on examining the degree to which nuclear 
systems could be used to acquire nuclear weapons material. It 
does not treat the political considerations that may affect 
decisions on acquiring nuclear weapons. Nor does it treat the 
overall acceptability, from the point of view of cost or 
security of supply, of the fuel cycles being discussed. Rather/ 
it focuses on the narrower question of proliferation resistance 
of nuclear fuel cycles. Even so, the framework and the 
assessments presented are to be regarded as illustrative, 
rather than definitive, and are intended to serve as a 
vehicle for discussion among INFCE participants and as a 
possible way to begin the assessment of proliferation resistance 
in forking Group 8, as well as in other Working Groups. 
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I. Introduction 

A. Purpose and Scope 

A principal purpose of the International Nuclear 
Fuel Cycle Evaluation (INFCE), as stated in the final 
communique of the organizing "conference, is to identify 
and examine what "effective measures can and should be taken 
at the national level and through agreements to minimize the 
danger of the proliferation of nuclear weapons without 
jeopardizing energy supplies or the development of nuclear 
energy for peaceful purposes". As a contribution to this 
examination, this paper presents a framework for analyzing 
the resistance of nuclear power systems to misuse for nuclear 
explosives. It goes on to illustrate this framework with a 
preliminary assessment and comparison of three generic nuclear 
fuel cycles: once-through, thermal recycle, and fast breeder 
systems. (Research reactors and critical facilities are 
also examined separately.) 

In illustrating the approach, this paper examines, 
albeit tentatively, some technical and institutional measures 
that, developed over time, might be employed to increase the 
proliferation resistance of these systems. The total costs, 
the technical status and economics of the systems considered, 
and the issue of security of supply are beyond the scope of 
this paper. These matters, together with proliferation 
resistance, affect the acceptability, role, and timing of 
various systems and are therefore central to decisions on 
nuclear power. As one factor in such decisions, however, 
this paper addresses the resistance of nuclear fuel cycles 
to weapons proliferation. It examines the degree to which 
nuclear fuel cycles may be subject to misuse, but does not 
treat the political influences affecting weapons decisions. 

The relevance of civil nuclear power programs to 
proliferation risk arises mainly from the access they may 
provide to materials, facilities, and knowledge that could 
contribute to the acquisition of nuclear explosives. The 
proliferation threats considered in this paper include 
possible national or subnational misuse and involve weapons-
related activities that may be overt or covert. Decisions 
on whether to seek nuclear weapons are based on various 
political and military incentives and disincentives that 
are beyond the scope of this paper. However, it is important 
to insure that nuclear power programs, as they evolve, do 
not present a rouze that is more attractive than other routes 
to proliferation or make significant contributions to the 
independent .paths. 
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The detailed analyses of various technical and 
institutional options being performed by the INFCE Working 
Groups must serve as the basis for assessment. However, 
it may be useful to bring the results of these analyses 
together within a general framework that provides perspective 
on the significance of various possibilities for proliferation 
resistance. As a first step toward this end, this paper is' 
being submitted to Working Groups 4, 5, and 8, which are 
responsible for the examination of particular fuel cycles. 
The framework and assessments presented are to be regarded 
as exemplary, rather than definitive, and are intended to 
serve as a basis for comments and contributions from 
other INFCS participants. Moreover, analyses from the other 
Working Groups, for example 2 (enrichment), 3 (supply 
assurances) and 6 (spent fuel storage), are necessary in 
developing a fuller evaluation of proliferation resistance. 

Part B of this section describes the basic 
assessment procedure that is adopted in the analysis of 
the three generic nuclear systems. Once-through, fast 
breeder, and thermal recycle systems are then treated in 
Sections II, III,' and IV, respectively. In each of these 
sections, a reference system is examined, possible technical 
and institutional improvements are considered, and alternative 
system t;ypes are indicated. Section V then discusses the 
relative proliferation resistance of the three generic 
systems. Although this paper emphasizes the analysis and 
comparison of individual fuel cycle alternatives, Section V 
indicates briefly how these analyses then have to be 
considered in a broader context where systems coexist. 

B. Assessment Procedure 

This paper expresses the proliferation resistance 
of nuclear power systems in terms of the activities necessary 
to acquire weapons-usable material via these systems. When 
separated from other materials, both uranium enriched, to• 
high concentrations in the isotopes U-235 or U-233 and 
reactor-produced plutonium are presumed to be nuclear 
weapons-usable materials, whether in oxide or metallic 
form. The activities examined include the possible removal 
of materials from the fuel cycle, the modification of an 
in-system facility or the construction of an out-of-system 
facility for conversion of these'materials to weapons-usable 
form, and the conversion itself. These required activities 
and the associated possibilities for detection and deterrence 
depend both on the technical features of the fuel cycle 
under consideration and on the safeguards, protective 
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measures, and other institutional provisions that may apolv. 

In examining each of 'the three generic nuclear 
systems, a reference systeni is chosen, then briefly 
characterized in terms of facilities, materials, and 
institutional contexts. The resistance of this system to 
proliferation is then evaluated in terms of activities required 
to acquire nuclear weapons material. Assessment factors 
are evaluated, where appropriate, as an aid to understanding 
the extent to which the difficulties of performing the 
indicated proliferation activities pose effective technical 
or political barriers to proliferation. The assessment 
factors chosen are: resources required, time required, and 
detectability. These factors are merely a convenient group
ing of larger numbers of factors that have been proposed 
elsewhere. This assessment procedure is summarized in 
Table 1-1, and the assessment factors are defined in 
Table 1-2. 

In assessing proliferation resistance, it is 
evident that the extent and significance of the required 
proliferation activities depend substantially on the nature 
of the proliferation scenario. For example, a particular 
isotopic enrichment technique may be difficult to implement 
for a country with a well-developed technological base and 
an experienced nuclear infrastructure, much harder for a 
less-developed country, and essentially impossible for a 
would-be subnational proliferator. Moreover, the resources 
required for a pathway depend on the number and quality of 
the nuclear weapons sought, and the significance of this 
resource requirement as a barrier to misuse depends on the 
situation of the proliferator. Because of the great number 
of possible combinations of systems, pathways, and situations, 
not all possibilities can be treated explicity. This assess
ment presents illustrative discussions, intended to be 
generic, of key activities and issues. It is anticipated 
that, as INFCE progresses, a .somewhat different set of 
possibilities may be considered in the context of a more 
complete and final treatment of proliferation resistance. 
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Table -1-1 

PROLIFERATION RESISTANCE ASSESSMENT METHODOLOGY 

System Characterization 

Materials 
Facilities and Capabilities 
Institutional Contexts 

Required Proliferation Activities 

Facility Preparation 
Diversion 
Material Conversion 

Assessment Factors 

Resources Required 
Tine Required 
Detectability 

S 
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Table 1-2 

DEFINITIONS OF ASSESSMENT FACTORS 

Resources Required — the technological base, skills, 
manpower, and financial resources 
needed to carry out the activities 
required for the specified proliferation 
pathway; includes consideration of 
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. 

c 
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II. Once-Through Systems 

This section evaluates the proliferation resistance of 
once-through nuclear power systems, those in which spent fuel 
is not reprocessed as part of the system, but is put into 
long-term storage or permanent disposal. The existing light-
water thermal reactor system is examined as a reference case 
in section A; proliferation resistance improvements that may . 
be made on this system ars tentatively treated in section B; 
Section C then considers briefly how other once-through systems, 
including existing heavy-water reactors,may modify this analysis. 

A. Reference Once-Through System; LWR 

Slightly-enriched-uranium light-water reactors (LWRs) are 
widely available commercially, generally as boiling-water 
reactors (BWRs) or as pressurized-water reactors (PWRs). A 
once-through LWR fuel cycle involves mining and milling 
uranium ore, enriching uranium to a concentration of about 3 
percent in the isotope uranium-235, fabricating the enriched 
uranium into reactor fuel elements, using this fuel to 
operate a light water reactor, and then putting the spent 
fuel into long-term storage or permanent disposal. (Further 
information on LWP. once-through material flows appears in 
Appendix A.) It is important to note that LWR fuel cycle 
activities, particularly enrichment, are considerably less 
widely' deployed than the reactors themselves. 

The institutional context for the existing once-through 
system varies somewhat from one country to another. By 
signing the Non-Proliferation Treaty (NPT), more than 
100 nations have agreed not to acquire or manufacture nuclear 
explosive devices and to subject all their peaceful nuclear 
activities, and any nuclear materials or facilities they 
export, to IAEA safeguards. As a result, safeguards now apply 
in many countries, to materials and facilities of the de facto 
once-through LWR system. These safeguards require that the 
IAEA independently verify national systems of material control 
and accounting through a system of reports, physical inspec
tions, independent measurements, and application of various 
containment and surveillance techniques. 

As a consequence of various bilateral supply agreements, 
non-NPT parties have alro agreed not to acquire or manufacture 
nuclear explosives and to subject specific"facilities and 
material to IAEA safeguards. Both bilateral and multinational 
agreements may apply to the transfer of nuclear materials or 
technologies. An example of a bilateral agreement could be one 
requiring adoption of full-scope safeguards as a condition of 
sale. A notable example of multilateral agreements is the 
supply system of the European Communities. 
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A more detailed description of the current institutional 
context appears in Appendix D. 

Proliferation Resistance of the Reference Once-Through System 

From the point of view of proliferation resistance, the 
most significant characteristic of the reference once-through# 
nuclear power system is that there is never material that is 
directly weapons-usable in any part of the fuel cycle. Fresh 
fuel contains lew concentrations of U-235 isotopically diluted 
in a much larger amount of U-238; spent fuel contains low 
concentrations of U-235 and plutonium, both of which are diluted 
in large amounts of U-238 and accompanied by high radiation 
fields emitted by the products of fission. The only in-system 
facility capable of producing weapons-usable material would 
be the uranium enrichment plant. Modifying an enrichment 
plant to produce weapons-usable material would entail varying 
degrees of difficulty, depending on.the enrichment process 
used. Existing plants, expected to meet demand for decades, 
are located in relatively few countries. 

The important pathways for using the once-through system 
to acquire weapons-usable materials would therefore be: using 
in-system or out-of-system enrichment facilities to produce 
high-enriched uranium (HEU) or using out-of-system hot chemical 
separation (reprocessing) facilities to extract plutonium 
from the spent fuel. It is, therefore, useful to examine 
these pathways to weapons-usable material, noting the activities 
that would have to be undertaken by a potential proliferator 
and — where appropriate — evaluating these activities in 
terms of chosen assessment factors. These required activities, 
including facilities preparation, removal*of material from the 
fuel cycle, and material conversion, may vary substantially 
in scope depending on the weapon program intentions of the 
proliferator, including the type (e.g., metal or oxide) and 
numbers of weapons sought . 

The most significant activities are summarized first, 
based on more detailed results set forth in Appendix E, and 
then their significance is considered in various national 
contexts. 

Significant Proliferation Activities 

— In-System Enrichment Plant 

The key proliferation activity associated with misuse of 
an existing enrichment plant designed to produce LEU would be 
the modification of the operation or layout of the plant to 

*In this paper, the word "diversion" is used for removal 
of materials if they are under safeguard s • 
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permit production of HEU. While several methods of enrichment 
exist, commercial enrichment is now performed in gaseous 
diffusion plants, with centrifuge plants just beginning 
commercial application. The activities required would depend 
on the plant type. Rearrangement of the cascades for contin
uous production of HEU in a gaseous diffusion plant designed 
to produce LEU would not be practicable; however, batch recycle 
could yield EEU over many months or even years, and would 
require cessation of LEU production. Batch recycle or 
rearrangement of the cascades of a centrifuge plant could 
yield HEU within a matter of weeks if all the separative 
capacity of the plant were used. Over a longer period, HEU 
could, in principle, be produced with only a modest reduction 
in declared LEU production. 

— Out-of-System Enrichment 

The key activity associated with enriching uranium 
independently of an existing enrichment plant would be to build 
and test an enrichment facility. It could take a competent 
group of scientists and engineers without specialized exper
ience in enrichment many years and hundreds of millions of 
dollars to develop the technology and build a plant that 
would produce sufficient HEU for tens of weapons per year, 
with somewhat smaller commitments for sufficient material for 
one or two weapons. The period from the time material was 
first removed from the fuel cycle until weapons-usable material 
was available would be in the range of weeks or months, 
depending on the technology used, the facility capacity, 
and start-up difficulties. 

~ Out-of-System Reprocessing of Spent Fuel 

The key activity for extracting plutonium from spent 
fuel would be building and testing a hot chemical separation 
facility. It could take a competent group of scientists and 
engineers without specialized reprocessing experience a few 
years and tens of millions of dollars for a facility capable 
of separating sufficient plutonium for tens of weapons per 
year, with somewhat smaller commitments for one or two 
weapons. The period from the time material was first removed 
from the fuel cycle until weapons-usable material was available 
could be dependent on the competence and experience of the 
personnel involved. It could"be as short as a few weeks, 
but it could also be significantly longer because of the 
difficulties of initial start-up, especially since maintenance 
and repairs would be hampered by radioactive contamination; 

Given the current relative availability of detailed 
process information and personnel trained in reprocessing as 
opposed to enrichment, the isotopic barrier associated with 
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fresh fuel would seem to be a greater obstacle to production 
of nuclear weapons material than the radiation/chemical 
barrier of the spent fuel. However, this situation could 
change if enrichment became widespread (for example, if it 
became common practice for enrichment facilities* to be part 
of national fuel cycles), or if enrichment technologies became 
less difficult. 

* 

National Contexts 

— LWR Only 

For a country in which the national fuel cycle included 
only LWRs with their associated fresh fuel and interim spent 
fuel storage facilities, the significant nuclear power-related 
proliferation pathways would involve building an out-of-system 
enrichment plant to further enrich fresh fuel, or building 
an out-of-system reprocessing facility to separate plutonium 
from spent reactor fuel. The development and construction 
of such facilities would require the commitment of the resources 
estimated above. In addition, the required activities may be 
subject to detection. 

Construction activities might be subject to detection 
by other countries during a lengthy period, providing time 
for an international response. Additionally, if IAEA 
safeguards were in effect, then the diversion of materials 
would be subject to detection by the IAEA. However, while 
the time from removal of spent or fresh fuel to the availability 
of sufficient material for an explosive may in some cases be 
as little as the order of weeks, the time from the diversion 
to its detection by international safeguards could conceivably 
be on the order of many weeks or even months. Thus, timely 

detection of diversion may not always be assured. Under full 
scope safeguards, either pursuant to NPT agreements or to the 
IAEA full scope model agreements, construction activities would 
legally have to be declared to the IAEA for design review. 
Without IAEA safegvares, chances for detection would be more 
limited. 

For the subnational threat, the commitment of resources 
and time to build a clandestine enrichment or reprocessing 
plant is likely to be a very formidable obstacle. 

— LWR Plus Enrichment Facility 

For a country in which the national fuel cycle included 
not only the LWR and associated fresh and spent fuel storage/ 
but also an enrichment facility, proliferation pathways 
involving this facility would be available in addition to 
those discussed in the LWR-only case above. As noted above, 
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the commitment and time required for such misuse could depend 
on the type of facility. The probability of detection would 
depend both on the facility type and on safeguards that are 
applied. 

If the enrichment facility were not under IAEA safeguards, 
then the modifications and use" of the plant to produce HEU 
would be difficult to detect. Moreover, if the facility were 
under IAEA safeguards, modification of centrifuge or similar 
enrichment facilities to produce a small sidestreaci of HEU 
may be difficult to detect, unless inspections were allowed 
inside the plant. Even with such safeguards, the warning 
time afforded by detection of production of HEU, via technol
ogies such as the centrifuge, may be relatively short compared 
with other technologies. 

As an additional consideration, the presence of an enrich
ment plant in a country may provide important knowledge and 
trained manpower which could be used to facilitate the con
struction and successful operation of an undeclared, unsafe-
guarded facility for producing HEU with either diverted fresh 
reactor fuel or unsafeguarded natural uranium as the feed 
material. The latter would constitute an "indpendent path" 
to weapons which would have a significant indirect fuel cycle 
dependence. 

The subnational threat would be minimal, as in the LWR-
only case. 

Summary of Reference Once-Through System 

The greatest proliferation risk from a once-through 
nuclear power system would arise when the potential prolif-
erator already had an uranium enrichment plant. For 
operating centrifuge plants, for example, all the activities 
required to obtain weapons-usable HEU could take as little 
as a few weeks, and under some circumstances the detectability 
may be relatively low. 

In the near term, few countries are expected to have 
uranium enrichment plants as part of their nuclear power 
systems. In the absence of such plants, acquisition of 
nuclear weapons material would require construction of an 
enrichment facility or a facility for reprocessing spent 
fuel removed from interim or long-term storage facilities. 
Either of these choices would require considerable technical 
expertise, substantial financial commitments, and a period 
of a year or more. 

Thus the once-through cycle possesses relatively high 
barriers to proliferation at this time. Over the longer 
term, measures could be taken to maintain or increase the 
proliferation resistance of the once-through cycle. Some 
such measures are considered in the next section. 
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B. Improvements for Once-Through Systems 

Measures that have the potential of increasing the pro
liferation resistance of once-through systems include: 

improved international safeguards - applied especially 
to uranium enrichment facilities and spent fuel storage 
but also to natural and low-enriched uranium. A more 
universal commitment to full-scope safeguards .would also 
be important. 

cooperative arrangements for spent fuel storage - as a 
means of providing safeguarded storage under international 
auspices, which would be available to supplement national 
storage facilities. 

restraints on sensitive technologies and supply of 
enrichment services - reliance on existing enrichment 
facilities, as well as ventures under multinational auspices, 
presents an alternative to the spread of national enrichment 
capabilities, while generally fostering an international 
cooperative regime that would aid in limiting proliferation. 

Some considerations that may be useful in these areas are 
discussed below. 

Improved International Safeguards 

The present international safeguards regime is based on 
a system of material accountancy, containment and surveillance. 
These measures apply to any nuclear power system including the 
LWR system treated here. A substantial advance in proliferation 
resistance would be afforded by wider acceptance of full scope 
safeguards and, in some cases, by strengthening implementation 
of safeguards, particularly as applied at the national level. 
In addition, certain structural changes could improve the 
effectiveness of safeguards for the once-through system, includ
ing the following initiatives: 

•Unproved capabilities in containment and surveillance and 
material accountancy. Methods which achieve near-real
time, tamper-revealing, remote surveillance of spent 
fuel and fresh fuel in storage are technically feasible. 
All nuclear material in a country, including that in 
transit, should be monitored effectively. 
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* Assurance that IAEA inspectors have adequate access 
to achieve effective facility inspection. For example, 
where it is necessary to protect sensitive technology, 
such as in enrichment plants, the facility could be 
especially designed to facilitate such protection in a 
manner which permits the IAEA inspectors to have an 
adequate verification capability. 

* Improved -mechanisms for prompt check of possible diversions 
and swift reporting if the possibility cannot be eliminated. 

Cooperative Arrangements for Spent Fuel Storage 

Multinational arrangements for storage of spent fuel, 
including centralized sites, would assist countries utilizing 
a once-through cycle by relieving pressure on national storage 
capacity. Such arrangements, implemented under IAEA safeguards, 
could have the following non-proliferation benefits: 

— effective safeguards could more easily be assured 

— the impetus for spread of reprocessing (whether for 
waste disposal purposes or in anticipation of recycle 
or breeder systems) could be reduced by providing 
additional storage capacity 

— the proliferation risk associated with leaving spent fuel 
for long periods (with resulting decreases in associated 
radiation levels) would be reduced. 

Associated with such cooperative arrangements would be the 
establishment of fuel transport links. Although fuel must 
eventually be transported from reactor sites in any case, 
cooperative fuel storage arrangements would have to be care
fully implemented to minimize the risk associated with transport. 

Restraints on sensitive technologies and supply of enrich
ment services - because the mosr sensitive portion of the reference 
once-through system is the uranium enrichment facility, a key 
aspect of a continuing non-proliferation regime for this 
system (as well as for similar thermal recycle systems) is 
to provide reliable access to enrichment services to reduce the 
need for nationally controlled facilities. This requires that 
existing capabilities be reliably available to those requiring 
services at fair prices and that new facilities be constructed 
as cooperative ventures under effective multinational control. 
Financial or other participation in multinational enrichment 
ventures might be one means to enhance confidence in assurances 
of supply without the heavy financial burden of national enrich
ment plants. However, care would have to be taken to avoid 
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resulting diffusion of sensitive enrichment technology. 
Overall, joint efforts to provide enrichment services without 
spreading sensitive technologies, can be one component in 
cooperative efforts to reduce tHe danger of proliferation. 

Observations 

Upgraded safeguards on spent fuel in storage or in transit, 
combined with storage under international/multinational auspices, 
could significantly reduce the proliferation potential of this 
material by increasing the detectability of diversion. Up
grading safeguards on system enrichment facilities would make 
their misuse more detectable. Limiting the number of such 
facilities, emphasizing cooperative arrangements,'could retain 
the current level of proliferation resistance associated with 
the reference once-through system. Additionally, restraints 
on sensitive technologies coupled with reliable access to 
enrichment services would make the preparation phase of a 
weapons program more difficult and time consuming and could 
make the identification of such preparations less ambiguous. 

C. Other Once-Through Systems 

Another once-through system that is already commerically 
deployed is the Canadian Deuterium Uranium (CANDU) heavy water 
reactor (HWR). This reactor has three features that make it 
somewhat different from LWRs, from the point of view of pro
liferation resistance: (1) it uses natural, rather than 
slightly-enriched, uranium for the fuel; (2) it uses heavy 
water as moderator and coolant; and (3) it uses on-line, 
rather than batch, refueling. The use of natural uranium 
removes the need for enrichment services, so that widespread 
deployment of this system would reduce the impetus for 
spread of enrichment technology. On the other hand, an annual 
demand for heavy water* for each reactor would be created, and 
heavy water is a material which can be used in plutonium pro
duction reactors using natural uranium as fuel. The export 
of heavy water production facilities is subject to multi-
nationally agreed guidelines calling for application of 
safeguards, but the effectiveness of techniques for safeguarding 
such facilities must also be determined. The use of natural 
uranium results in more plutonium production in an HWR as 

•about 10 tonnes of heavy water would be needed annually 
to make up for leakage from the 800 tonne inventory of a 1000 
MWe HWR. 
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compared to the reference LWR (350 kg vs 250 kg per gigawatt-
year of operation) although the concentration per kilogram of 
fuel is lower. The use of on-line refueling makes the'safe
guarding of fuel assemblies somewhat more complex than with 
the reference LWR system, but improved systems have been 
devised, although not yet deployed, for safeguarding such 
reactors. 

Alternative once-through systems are alco being considere'd, 
some of which are modifications of systems that are already 
widely deployed. 

The use of slightly-enriched uranium in a heavy water 
reactor of the CANDU type would increase its uranium efficiency 
substantially. For example, whereas the natural uranium 
fueled CANDU reduces uranium requirements from that of the 
reference LWR by about 20%, enriching to 1.2% a—235 would 
reduce natural uranium requirements from that of the reference 
LWR by about 40%. The enrichment services required would be 
somewhat less than those of the reference LWR, and the amounts 
of plutonium discharged would be somewhat greater {although 
reduced compared with the natural uranium fueled HWR) than 
the reference LWR. 

Alterations of light-water reaccor systems are also being 
considered, ranging from changes in fuel management and 
burnup to changes in the materials used for the fuel including 
thorium. Improvements in uranium utilization of up to 30% 
are contemplated, some of which would result in a reduction 
of about 25% in the amount of plutonium produced annually. 
Changes involving thorium could be significant from the point 
of view of proliferation because changes in the enrichment 
level of uranium would be required. The use of 20% enriched 
uranium would reduce by ai* order of magnitude the separative 
work required to enrich fresh fuel for use in nuclear explosives. 
On the other hand, the amount cf plutonium in the fuel would 
be decreased, and the difficulty of extracting it would 
probably be increased. The use of highly-enriched uranium 
feed would;of coursefgreatly decrease the proliferation 
resistance'of the once-through cycle,although this conclusion 
could be influenced by the introduction of a radiation barrier. 

High temperature (ga3-cooled) reactor (HTR) fuel cycle 
concepts are under consideration in INFCE. The high-temperature 
gas-cooled reactor designed in the United States and the pebble-
bed designs being developed in West Germany, for example,'appear to 
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peraiit low-enriched fresh fuel (less than 20% U-235) , very 
high burnup, a comparatively low discharge of plutonium, 
and a comparatively low ratio of fissile plutonium discharged. 
In HTR fuel cycles that use low-enriched uranium and no 
thorium, fissile plutoniun discharged annually would be about 
one-third that of a comparable-sized LWR. in HTR uranium-
thorium cycles, fissile plutonium discharge would be still 
lower — on the order- of one tenth of that of a comparable 
sized LWR. Uranium-233 would be produced, but the fuel 
cycle could be designed so that the uranium-233 would always be 
mixed with a sufficient quantity of uranium-238 to keep the 
uranium mixture below weapons-usable levels. 

This section has identified s ""ne of the other once-through 
systems being considered in INFCt and has tentatively indicated 
some of the features that may aff -.ct their proliferation 
resistance, as compared with reference systems. Understanding 
the effects of such features will r^Dend on further analyses 
taking place in INFCS. 

2-
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III. Fast-Breeder Systems 

This section evaluates the proliferation resistance of 
fast breeder nuclear power systems. The uranium-plutoniura 
fueled-liquid metal fast-breeder reactor (LMFBR^ system chosen 
as a reference case, is examined in section A; possible 
improvements are discussed tentatively in section B; and 
differences that may be associated with alternative fast. 
breeder systems are indicated briefly in section C. 

A. Reference Fast-Breeder System: LMF3R 

The Liquid-Metal Fast-Breeder Reactor (LMFBR). fueled 
with uranium and plutonium is the most technologically mature 
of the fast-breeder options, with demonstration facilities 
operational in a few countries. The reference U-?u LMFBR 
system includes reactors, temporary spent fuel storage, 
reprocessing, fuel fabrication and refabrication facilities, 
waste management facilities and the transportation links 
between them. Enrichment would not be part of the equilibrium 
LMFBR fuel cycle, but would be needed during the long transi
tion period until equilibrium was reached* 
Current fast-breeder programs today are predicated 
on the use of stockpiled plutonium obtained by reprocessing 
thermal reactor spent fuel. In some cases, enriched uranium 
is used for start up cores of demonstration breeders. Therefore, 
the full proliferation implications of an LMFBR breeder fuel 
cycle are suitably assessed in the context of the simultaneous 
operation of the reprocessing facilities and enrichment 
facilities necessary to support a thermal reactor cycle and 
to recover the plutonium from spent thermal reactor fuel (as 
distinct from those for recycle of LMFBR fuel). The more 
restricted set of pathways associated with a pure breeder 
system is emphasized in this section. 

Appendix B contains a technical description of the 
reference LMFBR fuel cycle. 

At present, no fully commercialized breeder reactors 
are deployed. Rather, breeder programs are underway 
in a small number of states, and are at various stages of 
development ranging from pilot and demonstration reactors 
to small research and fuel cycle facilities to support breeder 
research and development. There is also a variation in the 
institutional context in which these programs are situated. 
Some, for example, are not subject to IAEA safeguards, and 
some assume a complete in-country fuel cycle while others do 
not. It can be expected that the institutional regime 
will evolve as these breeder development programs evolve. 
For the purposes of the assessment which follows, it will be 
assumed that the breeder fuel cycle is deployed within the 
context of tht current institutional regime, as described 

in Appendix D. 
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Proliferation Resistance of the Reference LMF3R Fuel Cvcle 

The most apparent proliferation characteristics of the 
reference LMF3R fuel cycle are the large commerce in 
plutonium-bearing materials that is required* and the rela
tively high concentrations of plutonium in these materials. 
With the conventional PURSX process, materials used as feed 
stock for the fresh fuel are directly usable in nuclear explo
sives; and, because of the lack of significant penetrating 
radiation, the fresh fuel itself can be converted.to weapons-
usable form through chemical processes with much less 
shielding precautions than for spent fuel, although special 
handling is still required. These materials have.concentra
tions of plutonium ranging from 15% in fuel materials to 
essentially 100% in feedstocks. Spent fuel also has high 
concentrations ranging from 3% plutonium in the blanket to 
about 15% in the core. Spent fuel from the core is accom
panied by radiation fields that are' somewhat higher than for 
spent fuel from an LWR, while that from the blanket is somewhat 
lower. 

Removal of reprocessed plutonium from the fuel cycle 
could take place at the reprocessing plant, at plutonium 
storage facilities, in the refabrication plant, at the 
reactor, or dvring transportation between sites. The 
plutonium occurs mostly in the form of plutonium or mixed oxide in 
powders or fuel pellets, or as plutonium nitrate. 

If the material removed were spent fuel, hot reprocessing 
would be required. A hot reprocessing capability is an 
integral part of an LMFBR system, although the system could 
be deployed so that reprocessing plants are not widespread. 
Most proliferation pathways involving fresh fuel or feedstocks 
would require less difficult conversions, such as separation 
of plutonium from uranium without a substantial radiation 
barrier. 

Based on more detailed analysis given in Appendix F, the 
following presents a summary of the activities required for 
proliferation using fresh fuel material or radioactive 
spent fuel, and then considers the significance of these 
routes in various situations. 

* Yearly, approximately 1000 kg of plutonium is loaded 
into a one-gigawatt fast-breeder reactor, and a somewhat, larger 
amount is withdrawn. About 1200 kg is in process, storage, or 
transport in the fuel cycle for the reactor as compared to 
about" 250 kg in spent fuel for one gigawatt-year's operation 
of a once-through LWR. 
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Significant Proliferation Activities 
» 

~ Conversion of Fresh Fuel or Fresh Fuel Feedstocks 

Assuming facilities were not already available in the 
breeder fuel cycle, it would take a competent body of scientists 
and engineers several months and several million dollars to , 
design, construct, and test facilities capable of extracting 
sufficient plutoniura from fresh fuel assemblies to build tens 
of plutonium metal weapons per year. Familiarity with some 
Plutonium fuel handling technology would inevitably be 
associated with operation of a breeder cycle. Less commitment 
of resources would be required if only one or two-weapons were 
required or if fresh fuel feedstocks were diverted. For example, 
head-end fuel disassembly and dissolution facilities would not 
be required if pure plutonium oxide were available. These 
activities would be substantially facilitated by the presence 
of existing reprocessing and refabrication facilities and 
associated expertise. 

The period from the time material was first removed from 
the fuel cycle rntil weapons-usable material was available would 
be dependent on the competence of the personnel involved, 
but could range from days to weeks, or possibly even hours if 
plutonium oxides were used directly. 

~ Out-of-system Reprocessing 

Assuming a competent body of scientists and engineers 
experienced in reprocessing, the building and testing of a 
hot reprocessing facility, capable of extracting plutonium 
from spent fuel, would require more than a year and tens of 
millions of dollars for a program to build tens of (metal-
based) weapons per year, with somewhat smaller commitments 
for one or a few weapons. Without specific experience; some
what greater time and resources would be required. The time 
from removal of spent fuel from the fuel cycle until weapons-
usable material would be available could be in the range of 
weeks since experienced personnel would be involved. 

National Contexts 

There is a spectrum of conceivable weapons capability 
aspirations and the assessment of the proliferation resistance 
of the fast-breeder cycle is very sensitive to such variations. 
For examole, the objective may be only one or two "crude" 
weapons from oxide. Alternatively, an arsenal of a few such 
"crude" weapons may be the initial objective of a nation as 
a prelude to a larger, more militarily flexible program. 
This larger program would require substantially greater 
resource commitment including oxide-to-metal conversion 
capabilities. 
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- LMFBR Only 

For a country in which the national fuel cycle included 
only LMFBRs with their associate'd fresh fuel and interim spent 
fuel storage facilities, the significant nuclear power 
related proliferation pathways would be to extract plutonium 
from fresh fuel assemblies or to build an out-of-system 
reprocessing facility to process spent LMFBR fuel. If 
reprocessing technology were not widely available then the 
construction and testing of a not' reprocessing facility would 
represent a significant investment of resources as discussed 
above. The conversion of fresh fuel to weapons usable form 
would be the technically easier path. If IAEA safeguards were 
in effect, the diversion of fresh or spent fuel would be 
subject to detection. However, although item accounting could 
assure detection (because of the discrete nature of fuel 
assemblies) , the timeliness of detection would be difficult 
to assure since conversion times are so short, particularly 
for fresh fuel. If IAEA safeguards were not in effect, the 
possibilities for detection of the removal of fuel would be 
even more limited. 

If the nuclear power system of the country included LWRs, 
which would be quite likely, especially during the transition 
period before an equilibrium LMFBR cycle were attained, then 
the proliferation pathways of the associated LWR system 
would also be available. 

Subnational groups would have a potentially viable 
proliferation path through the seizure of fresh LMFBR fuel. 
Effective safeguards and physical security would be essential 
to prevent both covert diversion and overt seizure of materials. 

""" mFBR Plus Reprocessing and Fabrication Facilities 

For a country in which the national fuel cycle included the 
fuel fabrication, reprocessing, and refabrication facilities 
in addition to the LMFBR, all of the proliferation activities 
discussed earlier would be available. 

For NPT signatories, IAEA safeguards would apply throughout 
the LMFBR fuel cycle system. However, since the time from 
initial diversion to having weapons-usable material may be 
only days to weeks, assuring timely detection could be 
difficult. Because of the large flow of plutonium through 
the processing facilities, often in bulk*form, the detection 
of the diversion of a relatively small sidestream over long 
periods of time would also be difficult to detect. Without 
IAEA safeguards the possibilities of detection would be 
extremely limited. 
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Subnational groups would have potentially viable pro-
liferational paths through the seizure of fresh LMFBR fuel 
or, even more desirably from their standpoint, the fresh fuel 
feedstocks in bulk form. Effective safeguards and physical 
security would be essential to prevent both diversion and 
seizure of materials. 

Summary of Reference LMFBR System 
• 

Thus, there are two important technical proliferation 
vulnerabilities of a reference LMFBR system in addition 
to those present in the reference LWR once-through system. 
The first is that materials would appear in weapons-usable 
form or in forms relatively easy to convert for weapons 
use. The second is that the relatively large flows of high 
concentration plutonium-bearing materials, often in bulk 
form, would be difficult to safeguard effectively. As an 
additional consideration, deployment of commercial breeder 
reactors would reduce demand for enrichment. 

A major strengthening of technical, safeguards and institu
tional controls would be required to mitigate these proliferation 
vulnerabilities significantly; some possibilities are discussed 
in the following section. 

B. Improvements for LMFBR Systems 

Measures to reduce the vulnerabilities of the LMFBR 
system may take several closely related forms, some of which 
are tentatively indicated here. The materials used in the 
system may be modified to make them more difficult to convert 
to weapons-usable form. More comprehensive safeguards and 
physical security measures may be introduced to improve the 
detectability of diversion, as well as to decrease'access by 
subnational groups. Particularly sensitive portions of the 
fuel cycle, i.e., those that process plutonium-bearing 
materials, may be deployed in such a way that they are decoupled 
from national control and are operated or subjected to constraints 
by international organizations or groups of nations. 

A broad array of such technical and institutional measures 
could be applied to all fuel cycles. The remainder of this 
section emphasizes those measures that may apply specifically 
to LMFBRs.' Though most of these measures are related to one 
another, for purposes of discussion thev are placed into three 
categories: technical measures; safeguards and physical 
security; and fuel cycle centers and other new deployment 
options. T.iese three categories include the following; 

Technical measures - including radioactive spiking of 
fresh fuel materials, coprocessing to reduce plutonium 
concentrations in such materials, combinations of these two 
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measures, and integral separation/fabrication (e.g., CIVEX). 

Safeguards and physical security - improved techniques 
applied to rresh and spent ruel and to bulk materials which 
are present in fixed facilities (reprocessing, fabrication 
and storage) and transportation. 

Fuel cycle centers - designed to make available necessary* 
fuel cycle services while keeping sensitive materials and 
facilities under multinational or international control. 

Some important features of these measures are mentioned here 
in anticipation of much more extensive analyses being performed 
under the INFCE Working Groups. • 

Technical Measures 

The basic fissile fuel material for the LMFBR is plutonium. 
Isotopic dilution cannot render this material unusable for 
weapons in the way that diluting uranium-235 with uranium-238 
does in once-through systems. However, for the plutonium that 
is available via reprocessing.technical measures center on 
chemical dilution and the provision of a radiation barrier, 
so that some fraction of the protection present in LWR spent 
fuel may be present for LMFBR materials. 

Radioactive contamination may be effected either by 
adding radioactive materials to the plutonium after repro
cessing ("spiking") or by permitting a portion of the fission 
products from the spent fuel to remain with the plutonium 
during reprocessing ("partial decontamination")." Alternatively, 
the fuel may be irradiated prior to leaving the reprocessing/ 
fabrication complex ("pre-irradiation"). The purpose of such 
process alterations would be to afford a protective radiation 
barrier to plutonium-bearing materials, including the fresh 
fuel. The radiation fields could be substantial and, although 
not as high as those from spent fuel which has just been 
discharged (whether LWR, HWR, or LMFBR), could have the effect 
of requiring special handling and remote hot chemical processing 
to recover inaterial usable in weapons (as indicated in appendix F) . 

Dilution with uranium may be effected either by mixing 
extracted plutonium with uranium at the output of a reprocessing 
plant or by coprocessing, i.e., by managing the plutonium 
extraction system in a reprocessing plant so that the product 
from the plant is a mixture of plutonium and uranium, rather 
than just plutonium. Such an approach would significantly increase 
the amount of material that had to be removed from the fuel 
cycle and would require the proliferator to chemically separate 
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plutonium from uranium. In themselves, these difficulties 
may not be major. They acquire more significance, however, 
if the material were protected by a radiation barrier, altnough 
there could be environmental and economic penalties with the 
introduction of such barriers. Coprocessing schemes with 
partial decontamination could provide a measure of protection from 
the radiation standpoint that .falls between uncontaminated 
materials and spent fuel (see below). However, if such 
reprocessing plants were deployed, it might still be possible 
to modify the process to produce material that would be 
directly usable in explosives. How widespread that capability 
would be would depend on the institutional context. 

One technical approach would combine reprocessing and fuel 
fabrication* and have as possible objectives: (1) that the 
reprocessing plant i.z designed so that the operator would 
have great difficulty in altering it to produce pure plutonium, 
and (2) that the fresh fuel produced be essentially as difficult 
to use as a source of plutonium as spent fuel. Key issues to 
be resolved in evaluating this process are: 

— Ease of modifying the plant to produce a pure plutonium 
process stream; 

— Ease of removing significant amounts of plutonium from 
plant waste streams; and 

— Ease of stripping plutonium from the output of the 
plant as compared with extracting plutcnium from 
LWR spent fuel. 

The practicality and effectiveness of designing such a 
plant to prevent misuse by the operators has not been resolved. 
It is not clear as yet how much effective difference there is 
between such a process designed for civilian nuclear power 
activities and the PUREX process. In any case, operating 
experience with such a plant would give the operators effective 
grounding in at least some of the technology required to 
Independently build a weapons-dedicated reprocessing facility. 
This problem, of course, could extend to multinational opera
tion of reprocessing facilities (see discussion below of fuel 
centers). 

In addition to such passive measures, one can conceive 
of active measures incorporated into fuel cycle facilities, 
(including transport) that could — if misuse were detected — 
automatically shut down certain operations and disrupt further 

*See Section B-3 for additional discussion of such collocation. 
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operations, deny access to certain areas, or modify the form 
of target materials. Access denial, if practical, would have 
obvious advantages in protecting against seizure by sub-national 
groups, and obvious problems from the point of view of accept
ability to facility operators and national authorities. 

Safeguards and Physical Security 

The improvements in safeguards and physical security 
measures that were delineated for the once-through systems are 
also necessary for LKFBR systems. The effectiveness of these 
techniques is especially important for fresh breeder fuel, 
because of*the relatively short time required to extract 
Plutonium from this fuel. Effective real-time monitoring 
of both fresh and spent fuel could be developed from technology 
which has been shown to be technically feasible. This could 
be aided by careful management to limit the quantity and 
duration of stockpiles of such materials. 

To prevent subnational diversion, adequate physical security 
measures would be required. Some of the measures discussed 
in the previous section, for example the introduction of a 
radiation barrier or coprocessing, and measures discussed 
in the next section, such as collocation, would serve to 
reduce the ease and opportunity of subnational seizure by 
providing a radiation barrier for fresh fuel and by reducing 
vulnerable transportation links in the fuel cycle. 

Detecting diversion from an LMFBR reprocessing Dlant would be 
relatively difficult because of the handling of plutonium-
bearing bulk material. Development of more effective contain
ment and surveillance and material accounting systems is 
important although there are two goals that will be difficult 
to meet: 

— developing and implementing effective techniques for 
detecting long-term diversion of small amounts of 
material; and 

— meeting adequate timeliness goals for diversion of 
larger amounts 

Both of these difficulties pertain to national diversion, 
and the first may also be true for subnational diverters. The 
technical measures discussed above may make it easier 
to safeguard reprocessing plants. However, the benefits and 
drawbacks require careful study; one possible conflict 
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is that the radiation from spiking or similar measures 
may make certain nondestructive assay instrumentation for 
accounting less effective while improving the effectiveness 
of some surveillance and monitoring instrumentation. 

Fuel Service Centers and Other Fuel Cycle Management Options 

An important possibility for improving the proliferation ' 
resistance of LMFBR fuel cycles is to put sensitive materials 
and facilities under multinational control and . to limit 
the number of such facilities. Bringing such facilities under 
multinational auspices would introduce the additional dimension of 
greater political constraint against abrogating safeguards. 
Moreover, the existence of such an entity would reduce the need 
and justification for independent national development or 
production facilities. Three related measures deserve specific 
attention: multinational (or international) fuel service cen
ters, which contain facilities for fuel processing, fabrication, 
and other services; careful management of fresh and spent breeder 
fuel to eliminate unnecessarily long periods when it is out 
of the reactor or not under multinational control; and elim- -
ination or hardening of transportation links to reduce the 
risk of sabotage, theft, or diversion. 

Fuel service centers could operate a variety of facilities, 
including those required for the LMFBR fuel cycle (reprocessing, 
fabrication), as well as those associated with other cycles 
(enrichment, heavy water production). For the LMFBR, this 
would place under multinational control those facilities with 
the capability for producing weapons-usable material; these 
are also the same facilities that are particularly difficult 
to safeguard effectively. If, in addition, the LMFBRs were 
placed in such centers, then some of the difficulty with 
controling fresh fuel could be reduced. Moreover, multinational 
centers would serve to increase the degree of interdependence 
of national nuclear systems and provide an opportunity for 
renewed commitment to development of nuclear energy in a way 
that tends to limit the attendant risk of nuclear proliferation. 
Although such, centers would remove sensitive facilities from 
national control they could suffer the difficulty that they may 
provide a source for spread of sensitive technologies. 

Fuel management practices could be carefully designed in 
conjunction with such centers cr whatever other*facilities 
provide fresh fuel and receive spent fuel. The objective of 
such management, from the point of view of proliferation 
resistance, would be to provide maximal control of sensitive 
materials in order to reduce the risk of removal from the 
fuel cycle. Such improved management practice could serve 
in general to reduce out-of-core plutonium inventory, which 
would also be an economic advantage. 
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Transport control would be designed to redvica the vulner
ability ci the system ro seizure of materials in transit. 
Collocation of facilities in fuel service centers would, of 
course, eliminate the need for expcsad transport, often of 
the most sensitive materials, between such facilities. Careful 
fuel management would also be tied closely with improvements 
in transportation control. The general goals of such control 
would be to improve transport techniques to increase the 
difficulty and danger of attempts at seizure". 

Each of these measures may be supported by the technical 
improvements discussed above. For example, producing spiked 
or partially decontaminated fuel in a multinational fuel 
service center would lead to a system in which only reactors, 
short-term spent fuel storage facilities, and the.fuel itself 
are dispersed outside the center, and in which the fresh fuel 
bears some similarity, in terms of the radiation barrier, to 
spent fuel. 

Such multinational service centers could develop as a 
progression from cooperative ventures initiated on a more 
limited basis, in particular from arrangements to supplement 
national spent fuel storage , to provide enrichment services , 
or to store plutonium. 

Observations 

It will undoubtedly take some time to assess the practicality 
and costs of the technical measures that are discussed, as well 
as other technical possibilities that may be considared. Mere-
over, their effsctivenes as proliferation resistance measures 
needs careful analysis. In addition, the effectiveness of 
such institutional measures as multinational fuel cycle service 
centers, as well as their feasibility and acceptability to 
nations considering the use of breeders, is difficult to 
predict in advance of their actual negotiation and implemen
tation. However, the proliferation vulnerabilities associated 
particularly with the possible spread of reprocessing and with 
the inclusion of plutonium in fresh fuel warrant investigation 
whether improvements such as those indicated above can adequately 
cope with the vulnerabilities of fast breeder systems. 
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C. Alternative Fast Breeder Systems 

The preceding sections treated the liquid-metal fast-
breeder reactor in its normal core configuration, and consid
ered alterations of the fuel and of recycle facilities and 
arrangements tha-: could increase resistance to proliferation. 
This section briefly treats more substantial alterations, 
either of the reactor, the fuel, or the fuel cycle. Two 
classes of alternatives are considered: modifications of the 
ordinarily considered LMFBR, and other reactor types. This 
discussion of alternative systems is highly preliminary and 
tentative. The following paragraphs present a few salient 
features to be followed by the results of such more detailed 
work among the INFCE Working Groups. 

The principal LMFBR alterations of interest are changes 
in the fuel type. In particular, introducing thorium fuel 
to the system could not only affect performance, but would also 
permits a "denatured" fuel cycle, where bred U-233 was incor
porated into fuel with U-238 and thorium for supply to thermal 
reactors. Because the U-233 would be mixed with U-238, enrichment 
would be required tc obtain v/sacons-ucable material. Front 
the point of view of proliferation resistance, denatured fuel 
would have the greatest utility in a symbiotic* system in 
which the deployment of sensitive facilities was restricted 
to multinatibnally controlled centers, while the deployment 
of thermal reactors that use the denatured fuel was. not. The 
question of the proliferation implications of such denatured 
fuel in itself is indicated briefly in Section IV on thermal 
recycle. 

A distinct creeder type, the gas-cooled fast-breeder 
reactor CGCFBR), has been designed to operate on uraniura-
plutonium and/or thorium-uranium cycles. The form of the 
fuel would be very similar to that for the case where thorium 
was introduced to the LMFBR. 

Another possibility of interest is the use of metal fuel. 
Not only could this choice affect the performance of the 
reactor, but it might afford the possibility of other 
advanced reprocessing techniques such as pyrometallurgy. A 
change that may be significant from the point of view of 
proliferation resistance would occur if the metal reprocessing 
were to involve a facility that was directly associated with 
the reactor. 

*a more detailed analysis of the proliferation resistance 
of various symbiotic systems will be addressed in subsequent 
versions of this paper as they become defined. 
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Tnis discussion has identified some of the alternative 
fast breeder systems being considered in INFCE and has 
tentatively indicated sens of the features that may affect 
proliferation resistance. Understanding the effects of such 
features and identifying others will depend on the analyses 
being conducted in the Working Group. 
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IV. Thermal Recycle Systems 

This section evaluates the' proliferation resistance 
of thermal reactor nuclear power systems with recycle, where 
part or all of the spent fuel is reprocessed and the 
fissionable material is recycled as a component in fresh 
fuel. An assessment is carried out in Section A with 
the light-water reactor with uranium-plutcnium recycle as a 
reference system. Some possible improvements to this 
system are discussed tentatively in Section B. Other 
thermal systems with recycle, notably those involving 
thorium, are very briefly and tentatively considered 
in Section C, 

A. Reference Thermal Recycle System; LWR 

The technical base for fueling LWR's with mixed 
oxides of uranium and plutonium (MOX) is well advanced, 
although no fully commercialized systems exist. The 
reference U-Pu thermal 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 various 
Working Groups have already introduced these facilities as 
part of the development of their reference case analysis. 
Appendix C contains a brief technical description of the LWR 
thermal recycle system for reference purposes. 

Evaluation of proliferation resistance must net 
only treat a mature thermal recycle system but must also 
consider the pilot-scale or prototype full scale facilities 
important for training of personnel and attaining reliable 
commercial-scale practice. Such facilities already exist 
or are under consideration in several countries, whereas 
no fully commercialized thermal recycle systems now exist. 
Although the existing developmental facilities are under 
national control, there is a significant variation in the 
institutional context for such programs. Some, for example, 
are not subject to IAEA safeguards. As these development 
programs evolve, it can be expected that the institutional 
regime will also evolve. 

For the purposes of the reference case assessment 
which follows, it is assumed that the thermal recycle is 
deployed with currently-conceived, Purex-based reprocessing 
and mixed oxide (MOX) fuel refabrication within the context 
of the current institutional regime, as described in 
Appendix 0. 
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Prolifsration Resistance cf the Reference Thermal 
Recycle System 

Relative to the once-through LWR system, the most 
apparent new proliferation characteristics, of LWR recycle 
result from the commerce in pluconium-bearing materials that 
is required. Separated plutonium nay be present in storage 
and in transport in forms which may be directly, usable for 
weapons. Fresh MOX fuel itself could be converted to 
weapons-usable form through chemical processes which 
require special handling, but not the massive shielding 
needed for spent fuel reprocessing. Fuel elements have 
concentrations of plutoniura of typically 3 to 5.5%, and 
much higher concentrations may be typical in feedstocks. 
Spent fuel also has plutonium concentrations of several 
percent but is accompanied by high radiation fields. Thus, 
several new proliferation pathways emerge which are 
qualitatively similar to those considered in Section III 
for the LMFBR.* 

Plutonium could be removed from the fuel cycle 
either in fuel (fresh or spent) or as separated plutonium 
in nitrate solution or oxide form (including mixed oxide 
feedstocks). If the material removed were spent fuel, 
hot reprocessing would be required, and a hot reprocessing 
capability is an integral part of a recycle system. Most 
pathways to weapons-usable material would require less 
difficult conversions, such as chemical separation of 
plutonium from mixed oxide in the absei.se of high radiation 
fields. 

Based on more detailed analysis given in Appendix G, 
a summary is presented next of the activities required for 
the conversion cf fresh fuel material and of radioactive spent 
fuel, then their significance in various national contexts 
is considered. 

Significant Proliferation Activities 

— Conversion of Already Separated Plutonium 

The key activity would be the conversion of 
the plutonium, already separated and in bulk storage or 
transport, to weapons-usable form.- Conversion of nitrate 

*In addition, the LWR recycle jase would share all of the 
proliferation pathways of LWR once-through cycles. Details 
for pathways using enrichment are presented in Appendix 2, 
and related proliferation resistance considerations are set 
forth in Section II. 

http://absei.se
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tc metal would be a tine consuming and an inherently 
difficult job for a subnational group; conversion to 
solid oxide may be somewhat easier. 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 a few months at a cost of 
a few million dollars and could be difficult to detect. 
Less commitment of resources would be entailed if only 
one or two weapons were required or if oxides were used 
directly. 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, 
or even less if oxide were used directly. 

— Out-of-System Conversion of Fresh MOX Fuel 
Assemblies or Feedstocks 

If facilities were not already available 
in the fuel cycle, design, construction, and testing of 
special purpose out-of-system facilities would be required 
for extracting plutoniua from conventional fresh 

MOX fuel assemblies ana 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 required or if high concentration MOX feedstockp were used. 

Given construction of either a working 
out-of-system facility or control of an in-system 
reprocessing facility, the period from the time system 
material was first removed until weapons-usable material 
was available could range from days to weeks. The time 
scale could conceivably be as short as hoars if pure 
plutonium oxide were used directly. 

— Out-of-System Reprocessing of Spent Fuel 

With availability of experienced personnel, 
preparation of hot reprocessing facilities would require 
more than a year and tens of millions of dollars for a procram to 
build tens of metal weapons per year, with somewhat 
smaller commitments for a few weapons. The time from 
removal of spent fuel from the fuel cycle until weapons-
usable material was available could be in the range of weeks. 
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Dealing with radioactive spent- fuel would be inherently 
more difficult than the fresh fuel or feedstock material 
discussed above, especially for subnational groups, but 
again not beyond the means of many nations. 

National Contexts 

The assessment of the proliferation resistance 
of the thermal recycle case would be sensitive to variations 
in weapons capability aspirations. For example, a sub-
national group might seek only one or two "crude" weaDons 
from oxide. Alternatively, an arsenal of a few such 
"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 
including oxide-to-metal conversion capabilities. The 
discussion below focuses only on the relevant generic 
features since there is wide variation in potential proliferation 
situations. 

— Recycle LWR 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 
(in addition to those involving enrichment) would be (1) to 
build an out-of-system facility to extract plutonium from' 
fresh fuel assemblies or (2) to build an out-of-system re
processing 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 
conversion of fresh fuel to weapons usable form would be 
technically easier. Some familiarity with plutonium handling 
technology inevitably would be associated with operation of a , 
MOX cycle with LWR's and could contribute indirectly in con
struction of out-of-system facilities. 

If IAEA safeguards were in effect, the 
diversion of fuel assemblies would be subject to detection; 
however, the timeliness of detection and response may not 
be adequate because of the short time 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 even more limited. 
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— Thermal Recycle LWR Plus Reprocessing and 
Fabrication Facilities 

For a country in which the national fuel 
cycle included the fuel fabrication, reprocessing, and 
refabrication facilities in 'addition to the thermal recycle. 
LWR, all of the proliferation activities discussed above 
in addition to those of the once-through LWR section, 
would be available. 

Eor NPT signatories, IAEA safeguards would apply 
throughout the thermal recycle LWR fuel cycle system. However, 
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 could be difficult. Be
cause of the large flew of plutonium through reprocessing and 
fabrication facilities, and the presence of plutonium inven
tories, often in bulk form, the detection of -the diversion of a 
relatively small sidestream over long periods of time would 
also be difficult to detect. Without IAEA safeguards the 
possibilities of detection of diversion would be extremely 
limited. 

Subnational groups would have a potentially 
viable proliferation . path 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 

Thus, there would be two crucial proliferation 
vulnerabilities of the reference thermal recycle system, 
in addition to those of once-through systems. First, 
plutonium would be present in national facilities and 
in transit in weapons-usable form or in forms that would be 
relatively straightforward to convert to weapons use. 
Seconds relatively large flows of plutonium-
bearing materials, often in bulk form, may be difficult to 
safeguard effectively. 

A major strengthening of technical,safeguards and 
institutional controls would be required to mitigate these 
proliferation vulnerabilities significantly; some potential 
measures are discussed in a preliminary way in the following 
section. 
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3. Inorcveir.ents for Thermal Recvcie Svsterns 

Measures to reduce the vulnerabilities of the re
ference LWR recycle system may take several closely related 
forms and are being extensively considered in the various 
Working Groups. Some of the measures are tentatively examined 
here in the expectation that their contribution to prolifera
tion resistance will be devejLoped more fully as INFCE proceeds. 

• 

The materials used in the system may be modified to 
make them more difficult to convert to weapons-usable form. 
More comprehensive safeguards and physical security measures 
may be introduced to improve the detectability of diversion, 
as well as to decrease potential access by subnational 
groups. Particularly sensitive portions of the fuel cycle, 
i.e., those that process plutonium-bearing materials, may be 
deployed in such a way that they would be decoupled from 
national control and operated by croups of nations together 
with improved safeguards and physical security measures. 

A broad array of such technical and institutional 
measures could be applied to all fuel cycles. A preliminary 
discussion of how these might apply to the LMF3R system is 
included in Section IIIB. Although their application to an 
LWR recycle system would certainly differ in some important 
details, many of the basic considerations discussed in Sec
tion 1113 may apply and are summarized briefly below. 

Technical measures - including radioactive contam
ination (spiking, partial decontamination or preirradiaticn) 
of fresh fuel materials; dilution or coprocessing to reduce 
plutonium concentration in such materials and require chemical 
separation to obtain weapons material; combination of these 
two types of measures, and perhaps integral separation/ 
fabrication. 

Much of the discussion on such technical measures 
in Section IIIB applies to LWR recycle with two exceptions. 
First, some measures for radioactive contamination of fast 
reactor fuel would degrade the performance of thermal reactor 
fuel, although spiking with some materials (e.g., Co60) still 
appears feasible and worthy of further consideration. Sec
ond, dilution of plutonium concentration in MOX fuel for LWR 
recycle could be carried to a considerably greater extent 
than for breeder fuel; storage and shipment of feedstocks 
diluted to 10% concentration or less may be feasible and may 
be preferable from a proliferation point of view to high con
centration feedstocks or metal. A more definitive analysis 
of these possibilities is needed and will result from other 
papers in"INFCE Working Groups. 
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Safeguards and physical security - improved tech
niques applied to fr«3h and spent fuel ar.c to bulk material 
which are present in fixed facilities (reprocessing, fabri
cation and storage) and in transportation. The considerations 
of Section IIIB on these topics apply also to L*~R recycle 
and the key conslusions also pertain. Development of more 
effective containnent, surveillance and naterial accounting 
systems is important. But again two goals- will be difficult 
to meet, especially for bulk quantities of materials: 

- developing and implementing effective techniques 
for detecting long-term diversion of small 
amounts of naterial; and, 

- meeting adequate timeliness goals ,for diversion 
of larger amounts. 

Analysis of these problems and the possibilities 
for significantly improved safeguards for facilities of ad
vanced design will appear in other papers to be submitted to 
INPCE. 

Fuel cycle centers and other fuel management options -
designed to make available necessary fuel cycle services 
while keeping sensitive materials and facilities under multi
national or international control. Again, the remarks of 
Section IIIB apply here. Fuel service centers, improved fuel 
management techniques, and transport control may make impor
tant contributions. However, the effectiveness of smxcb. 
institutional measures as multinational centers, as well as 
their feasibility and acceptability to various nations, are 
difficult to predict. Analysis of*a range of potential 
institutional improvements will be presented in other INFCE 
papers by the US and other delegations. 

Observations 

The technical,safeguards,and fuel cycle management 
possibilities mentioned above are discussed briefly in 
Section III. More effort will be required to evaluate the 
practicality and efficacy of such possibilities as prolifer
ation resistance measures, in terms of both technical 
feasibility and general acceptability. 

C. Alternative Thermal Recycle Systems 

This discussion of alternative systems is highly 
preliminary and tentative. The following paragraphs present 
a few salient features, to be followed by the results of 
much more detailed work among the INFCE Working Groups. 
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Recycle systems other than the reference LWR are 
being considered in I"FCE including: iniproveir.er.ts on 
light-water reactor systems; introduction of recycle to 
heavy-water systems; and development of high-temperature 
(gas cooled) reactor systems. For LWP.s, the alternative 
concepts include thorium cycles in LWRs of the current 
type, use of a variable moderator (heavy water) to achieve 
spectral shift control, and use of a variable geometry 
(such as in the "light-water breeder reactor*). Some HKR 
and HTR concepts would also utilize thorium. 

Alternatives that would rely on thorium as the principal 
fertile material are being considered both to decrease 
consumption of natural fissile resources and to increase 
the potential availability of "denatured" fuels*. Using 
such fuels involves various combinations of thermal or fast 
reactors to produce the a-233 and other reactors to use the 
denatured U-233 fuels. Many of'these schemes would be 
symbiotic in nature. 

The value of denatured systems for proliferation 
resistance would depend heavily on deploying fuel cycle 
activities under effective multinational control, since 
the overall proliferation resistance of such symbiotic systems 
would depend on the effectiveness of constraining the 
deployment of sensitive facilities and on the proliferation 
resistance characteristics of the denatured fuel itself. 

Spent denatured U-233. fuel would have lower plutonium 
content than ordinary LWR'fuel (because of replacement of 
much of the U-238 in the fresh fuel with thorium) and, of 
course, it would still be accompanied by a substantial 
radiation barrier. Fresh denatured fuel would require 
that any uranium extracted from the fuel be further enriched 
to yield weapons-usable material. Such fuel might therefore 
be substantially more resistant to misuse than conventional 
plutonium-bearing fresh fuel. On the other hand, separating 
U-233 from denatured fuel would require less separative work 
than separating U-235 of the same enrichment. An additional 
complexity, however, in these comparisons is the presence of 
an inherent radiation barrier in fresh denatured U-233 fuel 
due to the accompanying U-232 and its daughters. 

In contrast to such denatured systems, some advanced 
thermal recycle systems may rely on fuel with highly enriched 
uranium. Like the reference LWR system, the proliferaton 

*Denatured fuels are a mixture of uranium and thorium 
in which sufficient U-238 is present that the uranium 
itself, even if separated from the thorium, has sufficiently 
low fissile content to preclude its use in weapons without 
further enrichment. The fissile content of this low-enriched 
uranium may be either U-235 feed from natural resources or 
U-233, produced by conversion of thorium. 

http://iniproveir.er.ts
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resistance of HEU-utilizing systems night ba improved somewhat 
by including a radioactive barrier in the fresh fuel and by 
confining reprocessing/fabrication activities to facilities 
under multinational control. 

This discussion has identified some of the alternative 
thermal recycle systems being considered in INFC2 and has 
tentatively indicated some of -the features that may affect 
proliferation resistance. Understanding the effects of such ' 
features and identifying others will depend on the studies 
being conducted in the Working Groups. 



-37-

V. Comparisons 

The previous sections identified the main features 
of reference once-through, fast breeder, and theraal recycle 
systems that are relevant to-proliferation-resistance, 
delineated the principal activities for weapons pathways 
and indicated their significance, and then considered technical 
and institutional proliferation-related improvements which 
could be made to these systems. This analysis provides a 
basis for comparing the proliferation resistance of these 
systems. This section addresses this comparison, and 
considers the effect on this comparison of alternative 
reactor types within each class. It then considers briefly 
the significance of a situation in which various systems 
co-exist in differing stages of development. 

A. Comparison of Reference Systems 

Comparison of Fast Breeder and Once-Through Reference 
Systems 

The key difference between current once-through systems 
and the reference LMFBR system is that materials used in 
once-through systems are never directly weapons usable, are 
not readily converted to weapons usable form, and 
facilities for separating plutonium are not deployed. On 
the other hand, some materials used in the LMFBR system would 
be in weapons-usable form, others could be readily"converted 
to such form, and the facilities for plutonium conversion 
would be deployed. As a result, the level, duration, cost, and 
detectability of activities for producing weapons-usable 
material from the once-through system are all considerably 
greater than doing so from the LMFBR system. Both systems 
would share a vulnerability at the enrichment plant, although 
introduction of breeders would reduce demand for enrichment. 
The major difference between once-through and fast breeder 
systems is the relative access afforded to plutonium. 

The spent fuel from once-through systems accumulates 
and contains plutonium at low concentrations, but the system 
does not include the facilities for extracting this plutonium, 
nor doe-3 it train individuals or nations in extraction 
techniques.- The plutonium is contained in fuel elements 
that can be counted and effectively safeguarded. On the 
other hand, the LMFBR system would not only rest on high 
volume commerce in materials containing high concentrations of 
plutonium, but would also require system facilities for processing 
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plutonium, including hot chemical separation facilities. 
Plutonium and plutonium-bearing materials flow through the 
system, often in bulk form, and operation of the fuel cycle 
spreads experience in handling and processing these materials. 

The proliferation resistance of both systems could be 
improved, and the difference between them reduced by 
incorporation of various improvements in the fuel cycles. 
For once-through systems, the measures that would increase 
resistance to proliferation focus on more effective safeguards 
techniques and on cooperative arrangements, both to make 
enrichment services available without spreading sensitive 
technologies and to provide adequate safe storage of spent 
fuel. Measures to increase the LMFBR system's resistance 
to proliferation would De technically more difficult and 
institutionally more complex. For example, a radiation barrier 
could be introduced to all fresh fuel and fuel feedstocks by 
spiking, pre-irradiation or partial decontamination, but one 
that may not be as high as spent fuel initially. Such schemes 
would recuire the resolution of technical uncertainties and the 
determination of environmental and economic costs before 
their usefulness can be assessed. Constraining hot processing 
facilities to multinational auspices would also serve to 
improve proliferation resistance. However, unless carefully 
designed, multinational operation might run the risk of 
Droviding widespread training in separation techniques. On 
the other hand, cooperative arrangements which, provide for 
assured access to fuel cycle services, through participation 
in ownership, but not operation, may avoid this danger. 
Avoiding difficulties associated with ordinary fresh fuel 
may require arrangements that limit deployment of LMFBRs 
themselves. The effectiveness and costs of these counter-
measures will be analyzed in more detail as the concepts 
become better defined. The presence of materials with, 
high concentrations of plutonium and relatively lower 
radiation barriers would increase the importance of physical 
security. 

If limited deployment of enrichment facilities continues, 
the fully safeguarded once-through, system appears to be 
substantially more resistant to use for nuclear weapon 
proliferation than the reference fast breeder system with 
uncontrolled deployment. Comprehensive technical and 
institutional measures applied to all the system facilities 
could increase the fast breeder's proliferation resistance. 
However, it is difficult to predict how long it would take to 
develop and implement such measures or how effective they 
would be. 
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Thermal Recycle Systems 

As far as proliferation i«s concerned, the reference 
thermal recycle system includes the vulnerabilities 
associated with reprocessing m& the use of plutonium, 
as well as vulnerabilities associated with the reference 
once-through system. As a general rule, plutonium 
concentrations are substantially lower in thermal recycle • 
than in fast breeder materials. However, the reference 
thermal recycle system still has key features in common 
with fast breeders: (1) It requires freeing plutonium 
from the spent fuel and introducing it into commerce. 
(2) It requires establishment of various plutonium 
processing facilities, including those for hot chemical 
separation. (3) Construction and operation of these 
facilities may spread experience in plutonium processing 
technology. Because the plutonium concentrations in the 
fuel itself are lower, the reference thermal recycle 
fuel cycle may be regarded to be slightly more resistant 
than the reference LMFBR fuel cycle in this respect. 
Nevertheless, it would be substantially more proliferation 
prone than the reference once-through system. 

Incorporation of improvements similar to those 
suggested for the LMFBR would improve the situation somewhat. 
Dilution of feedstocks would be one such measure, and raising 
the radiation barrier of fresh fuel would be another; 
however, some of the techniques for doing so in breeder 
fuel may not be technically acceptable for thermal 
reactors. On the other hand, limiting reprocessing to 
multinational auspices and limiting deployment of 
MOX-fueled LWRs would apply as well to thermal fuel cycles 
as to fast breeders. But these measures would be 
technically difficult and institutionally complex, and 
are of uncertain acceptability. 

In summary, various improvements may be able to reduce 
somewhat the apparent substantial difference in proliferation 
resistance between the reference once-through fuel cycle 
and the fast breeder and thermal recycle fuel cycles. The 
effectiveness of these technical and institutional measures, 
as well as their feasibility and acceptability are now 
being evaluated in INFCE. It may be possible to develop 
such measures and demonstrate their feasibility before 
most countries need to make decisions on whether to 
deploy fast breeder or thermal recycle nuclear power 
systems. 
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B. Comparison of Alternatives with Reference Technologies 

Compared with the reference systems discussed above, 
alternative fuel cycles may -be more or less proliferation 
resistant. Because these possibilities are still undergoing 
analysis, no comprehensive comparison is possible at this 
time. 

C. Prospects for Increasing Proliferation Resistance 

The bulk of this paper, and the first two parts of this 
section, emphasizes individual fuel cvcles, considering -
their relative proliferation resistance if deployed as' 
simple, isolated entities. However, the present situation, 
and the situation that is likely in the future, is a world 
that is both diverse and changing. At any given time, a 
variety of systems or partial systems is likely to exist within 
many countries,and the elements in this variety will change 
as time passes. Although the preceding treatment assesses 
the relative proliferation resistance of selected nuclear 
fuel cycles, an important question to be answered is what 
is the significance of the indicated differences in the 
real world. 

An obvious aspect of the real-world scene is that, 
relative to a given fuel cycle, background activities may 
exist that short circuit the proliferation resistance of a 
simple system. For example, in a system that used no 
reprocessing or restricts its deployment, the availability 
of hot chemical processing facilities on a research or 
pilot scale effectively provides the very capability that 
was to be restricted. This situation could occur in nations 
that, at a given time, have only once-through nuclear power 
systems commercially available, but that are carrying out 
research and development on reprocessing for possible future 
application. Because it is to be expected that nuclear 
systems will change with time, the question of how to deal 
with such background activities must be considered. 

The premise of this assessment is that systems and 
activities that have a minimum of sensitive materials or 
technologies should be chosen. But to the extent that such 
materials or technologies are present, whether in a 
commercial fuel cycle or in background activities, it is 
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important that efforts be made to reduce their contrib ition 
to proliferation risk. In general, this will require 
creation of institutions that make proliferation based 
on nuclear power activities both technically difficult 
and politically infeasible or unattractive. While it 
is difficult to predict whether such institutions will 
be developed, become operational, and be widely accepted 
by the time they are needed, understanding the risks 
resulting from their absence and the benefits accruing 
from their establishment is essential to their acceptance. 
Discussion and further development of this paper, is 
intended to contribute to such understanding. 

» 

\ 
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VI. Research Reactors 

Although the above discussion of proliferation resistance 
has centered on nuclear power plants, research reactors are 
also a potential source of weapons-usable material. 

Reference Research Reactors and Critical Facilities 

Research reactors are typically used: (1)-to study the 
irradiation behavior of materials of interest in nuclear 
engineering, (2) to produce radionuclides for medicine, industry, 
and agriculture, and (3) as a basic research and teaching tool. 
The proliferation implications of research reactors stem 
primarily from the fact that many research reactors use poten
tially significant amounts of highly enriched uranium (REU) 
as fresh fuel (typical annual fuel requirements are 0.6, 8.4, 
and 121 kg of HEU for reactors with thermal power levels of 1, 
10, and 100 MW, respectively),while others which use natural 
or low enriched uranium (LEU) may produce significant amounts 
of plutonium in the irradiated fuel. Research reactors are 
also very widely deployed. 

Critical assembly facilities are very low power experi
mental reactors (usually below 10 kilowatts) which operate at 
low flux levels (e.g., 108 neutrons/cm2 sec) with no appreciable 
burnup and little induced radioactivity in the fuel and other 
core components. They provide. 
experimental confirmation of design calculations relating to 
various reactor characteristics; for example, critical mass,kinetic: 
and control, and reactivity coefficients. Critical assemblies 
for use in fast reactor research may use plutonium or highly 
enriched uranium in various forms including metal, oxide and 
alloys. Since the fuel has little burnup or induced radio
activity, it is usually loaned or leased from the supplier 
to the operator. Some critical facilities for breeder research 
use more than 5 kg of Pu or HEU. 

Proliferation Resistance 

1. HEU Research Reactors 

The removal of HEU from a research reactor to obtain 
sufficient material to build a nuclear explosive would require 
removal on a scale comparable to the annual fuel element 
requirement for a typical large research reactor. For instance, 
a 20 MWt research reactor ziay have about 200 grams of HEU in 
each fuel element. About 60 fuel elements are needed as 
replacements each year. For this example, more than an annual 
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supply of fuel elements would have to be diverted to build 
a nuclear explosive. Kowever, the fabrication of fuel 
elements for a given research reactor is normally performed 
on a special order basis and may involve considerable lead 
times. Thus, in the absence of measures to minimize HSU 
inventories, typical procurements of fresh fuel elements would 
otherwise be for several years requirements to be stored at 
the reactor site. Significantly large quantities of HEU are 
also present at the fuel fabrication facilities. 

France and the United States have been engaged in studies 
aimed at preserving the scientific and research advantages of 
HEU-powered research reactors while reducing the proliferation 
potential of such reactors. It appears that, given some further 
research work, most research reactors can be adapted to less 
highly enriched uranium (from 20-40% 0-235 with today's 
technology) with little effect on overall reactor performance 
.. specifically no decrease in fast flux and less than a 
ten percent decrease in thermal flux. This is accomplished 
by increasing the total amount of uranium present in the 
fuel elements. For example, if the total amount of uranium 
in the fuel elements can be multiplied by four, the relative 
proportion of that uranium which is U-235 can be divided by 
four while still keeping the same absolute overall U-235 content 
in the fuel elements. A detailed description of the United 
States research reactor program is being presented in INFCE. 

2. LEU or Natural Uranium Reactors 

Natural uranium fueled research reactors oroduce Plutonium 
at the approximate rate of 1 gm/MWt-day of operation. A 
typical natural uranium fueled 20MWt research reactor would 
therefore produce about 5 kg of plutonium per year. The 
amount of plutonium produced is reduced as the enrichment. 
level is increased. A 20MWt research reactor using 10 to 
20 percent enriched uranium would generate about 0.5 kg 
of plutonium per year. 

The proliferation resistance of spent fuel from research 
reactors would be similar to that from nuclear power plants 
as discussed previously in Section II, with the following 

"•exceptions: 

~ the amount of radioactivity from research reactor 
spent fuel can be as small as one fiftieth that of 
fuel from a commercial power reactor so shielding 
problems may be less difficult to deal with. 

— there are several different chemical forms that are 
typically used for research reactor fuel elements so 
that the steps involved in the chemical reprocessing 
would be altered. 
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Suminary of Improvements for Research Reactors 

Improved international safeguards and a more universal 
commitment to full scope safeguards as discussed for nuclear 
power plants would also be important for increasing the pro
liferation resistance of research reactors. Safeguards pro
cedures need to accommodate the necessary flexibility of 
research reactor operations.. 

A long-term goal that would increase the proliferation 
resistance of research reactors would be the achievement of 
a mean level of enrichment of 3 to 20 percent for widely 
deployed research reactors. Such a level of enrichment would 
seem to put the greatest distance between research reactors 
and the problems of HEU on the one hand, and of plutonium in 
spent-fuel on the other. Existing technologies can make 
significant improvements towards this goal. The development, 
demonstration and implementation of these new fuels should 
be vigorously pursued. 
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A. PURPOSE OF THIS PAPER 

The objective of INFCE,as stated in the Final 

Communique of the Organizing Conference, is to identify 

"effective measures" which "can and should be taken at 

the national level and through international agreements 

to minimize the danger of the proliferation of nuclear 

weapons without jeopardizing energy .supplies or the de

velopment of nuclear energy for peaceful purposes." 

Within the context of INFCE, a number of measures have 

been identified and are being analyzed as means of en

suring that peaceful nuclear development proceeds in a 

manner which meets states' varying energy needs while 

simultaneously inhibiting the potential for further pro

liferation. Among these measures,.provision of expanded 

safeguarded spent fuel storage through concerted inter

national action appears to be a promising approach to 

ameliorating an increasingly urgent need of the current 

generation nuclear fuel cycle. 

Task 6 of the Working Group 6 work plan calls for 

analysis of institutional matters. For the purposes of 
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Working Group 6, "institutional matters" can be con

sidered to refer to international cooperation or other 

internationally concerted action relating to the handling, 

safeguarding, regulation, storage, or disposal of spent 

fuel. INFCE Working Group 6 examination of institutional 

matters should deal both with spent fuel services as part 

of nuclear power fuel cycle operations, and with non-

proliferation considerations. 

A useful status report on collection of data and 

preliminary analysis under this task is contained in 

Co-chairmen document WG.6/1 of 2 June 1978. The IAEA 

has made available to the working group a study on inter

national management of spent fuel. 

The paper presented here offers a general survey of 

possible measures of international cooperation or other 

concerted action. It supplements the IAEA paper, which 

focuses primarily on what the IAEA might do under Articles 

III and XII.A.5 of the IAEA Statute, and the Task 6 status 

report which is an outline emphasizing legal and regula

tory aspects. It is hoped that the present review of 

alternatives and possibilities will be useful to the 

working group in considering further work to be com

missioned by the group or volunteered by participants. 
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B. INTERNATIONAL SPENT FUEL STORAGE; GOALS AND 
OBJECTIVES 

The goals of international spent fuel storage coopera

tion are at least twofold: to make available for partici

pant states a dependable additional raeans of resolving the 

management problems of spent fuel, and to support non-

proliferation interests by facilitating safeguarded 

storage and thereby affording an alternative to pre

mature reprocessing and accumulation of separated plutonium. 

1. Fuel Cycle Objectives: The Need for Spent 
Fuel Storage • 

There is a growing need to deal in a timely and 

effective manner with increasing accumulations of spent 

fuel at individual reactor sites. Preliminary projections 

indicate that spent fuel accumulations from light water 

reactors (outside countries with centrally planned econo

mies) could total as much as 1,600 tonnes per year in 

1977 and approximately 8,000 tonnes per year in 1985; 

By 1990, accumulations could increase to approximately 
* 

14,000 tonnes per year, and rise to 27,000 tonnes per 

year by the year 2000. 

In addition to problems resulting from existing 

or anticipated accumulations of spent fuel, a number of 

states have made the construction or licensing of new 
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nuclear capacity contingent upon resolution of disposal 

issues at the back-end of the fuel cycle. Thus, planned 

expansion or even initiation of nuclear programs cannot 

proceed without the creation of dependable options for 

disposition of spent fuel. 

If carefully conceived and implemented, inter

national cooperation in spent fuel storage could provide 

assurance for participating states that near-term emer

gency storage problems would be eliminated while keeping 

available the energy value inherent in spent fuel. In 

the longer term, fuel cycle planning would benefit from 

the additional flexibility and new options which new 

storage programs could provide. States which only desire 

to be users of nuclear fuel without becoming involved in 

fuel cycle operations, or states which presently find 

reprocessing too expensive or troublesome, could postpone 

difficult decisions and at the same time continue or 

expand their nuclear energy programs by participating in 

interim and long-term spent fuel storage regimes. 

Finally, even if all currently planned reprocessing ca

pacity begins operation on schedule, considerable inven

tories of spent fuel will remain for some years. Creation 

of expanded storage options would facilitate the orderly 
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management of these inventories, irrespective of the 

availability of reprocessing services. 

2. Nonproliferation Objectives 

Creation of- adequate spent fuel storage capacity 

subject to international safeguards could provide non-

proliferation benefits. Such a program could significantly 

increase the decision time available to states confronting 

spent fuel management problems. Easing of management 

pressures resulting from inadequate storage capacity could 

similarly ease pressures for premature separation of 

plutonium and curtail the accumulation of this sensitive 

material beyond demonstrated needs for specific quantities 

for peaceful research and power programs. Finally, stor

age in centralized rather than numerous widely dispersed 

national facilities could simplify the practical aspects 

of applying international safeguards. 

C. INTERNATIONAL SPENT FUEL STORAGE: FUNDAMENTAL 
CHARACTERISTICS 

An international spent fuel storage system should be 

designed to meet the specific needs of the"fuel cycles 

it is to serve, as well as to meet nonproliferation ob

jectives. To respond to the needs of participant coun

tries, which vary both among countries and with time, such 

a system should consist of several phased stages which,. 
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in the near term, maximize the capacity and availability 

of existing storage while in the longer terra assure avail

ability of adequate additional capacity. Each of these 

stages, and the system as a whole, would not necessarily 

foreclose reprocessing decisions. 

Each stage of an international spent fuel storage pro

gram would need to be, on the one hand, practical in terras 

of its implementation, and on the other, designed to 

facilitate the application of international safeguards. 

Moreover, the safeguard measures employed should be rou

tinely updated to utilize the most advanced technology 

available. 

As it actually emerges, international spent fuel 

storage and management might prove to be multi-dimensional, 

including stronger international safeguards over national 

storage facilities, arrangements for use of national stor

age capacity by other countries under bilateral agreements 

(e.g., the U.S. offer of October 18, 1977), and new in

ternationally sponsored or managed storage facilities. 

The purpose of an expanded storage system of this diver

sified nature would be to help meet states' varying storage 

requirements as expeditiously and economically as possi

ble while supporting nonproliferation objectives. The 
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system need not forfeit national title to ^pent fuel, 

nor the energy value inherent in spent fuel. 

D. APPROACHES TO AN INTERNATIONAL SPENT FUEL STORAGE 
REGIME; \ 

1. Near-Term Options 

Existing nuclear energy programs offer only 

limited possibilities for helping states manage growing 

spent fuel accumulations. In the near term, states can 

cope with the problem of spent fuel overfDcw by enlarger 

ment or storage pools and by more efficient use of exist

ing storage capacity. Some states also look to repro

cessing as essential in management of spent fuel and -

nuclear wastes, though the need for this is contested by 

others. International cooperation in handling excess 

spent fuel is limited at present, c ithough some relief 

nay be available when the terms for implementing the U.S. 

offer of October 18, 1977, are announced, and other coun-

tries ray find it possible to offer similar assistance. 

Given the obstacles to expansion of at-reactor 

storage capacity for other than temporary relief of stor-# 

age insufficiences, those countries with existing or nearly 

completed storage capacity at existing reprocessing fa

cilities might consider the possibility of making this 
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capacity available on a commercial basis to the extent 

that it is not already committed under reprocessing con

tracts . 

In addition to the foregoing options, considera

tion might be given to establishment of an international 

advisory service available to all spates to provide 

assessments and recommendations regarding storage needs 

and safe ways of using and expanding storage capacity. 

Such a service could be administered by the IAEA. Such* 

advice as well as assistance in carrying it out might 

be provided under the technical assistance program of the 

IAEA. 

2- Options in Future Programs 

Near-term resolution of the.problems of spent 

fuel storage is at best piecemeal and temporizing: the 

future offers considerably more flexibility for interna- * 

tionrtl cooperation in developing jpent fuel storage and 

management options. Any future scheme will necessarily 

build on the existing system, and thus will include a 

continuation of expanded at-reactor safeguarded storage. 

To augment the present system of national at-

reactor storage a number of alternatives can be en

visioned, varying in complexity and scope and not neces

sarily mutually exclusive. 
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One alternative would be the expansion of bi

lateral supply agreements to include provision for return 

of spent fuel to the fuel supplier. This service could 

be incorporated as an integral part of a supply agreement 

or couxd be offered as an optional arrangement. 

Under such an approach, states wishing to avoid 

fuel cycle activities other than reactor operation could 

secure fuel supplies without construction of long-term 

storage capacity, beyond that needed for cooling after 

discharge. Supplier states might retain title to the 

fuel, however, as well as discretion regarding the re

covery of the potential energy value inherent in the 

spent fuel. 

Another approach would entail a modest expansion 

of capacity at existing national facilities to enable 

storage of small-scale overflow of foreign spent fuel. 

Such a step would provide additional relief on an emer

gency or temporary basis to reactors where on-site storage 

is insufficient, but would not involve an attempt to pro

vide universal storage capacity. Responsibility for con- • 

struction, ownership, and management of this expanded 

capacity would remain in national host-government hands, 

under IAEA safeguards. 
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Creation of entirely new storage facilities, 

under international encouragement or management, repre

sents a third means of dealing with the disposition of 

spent fuel. Discussion of possible new facilities raises 

many questions regarding siting, funding, participants, 

management, future disposal options, relation to exist

ing organizations such as IAEA, and the like. While 

the ultimate resolution of these questions will necessi

tate considerable study and negotiation among nations, 

the following considerations can be .noted: 

— Creation of a single enormous international 

spent ruel depository to alleviate storage problems world

wide is unlikely and undesirable for both political and 

technical reasons; 

— Construction of regional facilities instead 

of a single massive facility would be more practical tech

nically and politically. A number of alternatives for the 

construction and management of such facilities are con

ceivable. On the one hand, a host nation might take 

the lead in building and operating a facility, with inter

national involvement limited to the application of safe

guards and perhaps financial participation. On the other 
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hand, these tasks could be undertaken by a multinational 

or international staff under the authority of new public 

or private consortia, public regional organizations, an 

international body such as the IAEA, or a mixed enter

prise; 

— In addition to mitigating storage problems, 

regional facilities could provide an increased measure 

of assurance against diversion and misuse of nuclear 

materials by facilitating reliable transportation proce

dures, adequate physical security measures, and effective 

international safeguards. Release criteria and procedures 

would be defined and agreed upon by all participants? 

— Any new storage program should be responsive 

in a timely fashion to states' varying needs. Thus, regional 

storage facilities could conceivably provide a range of 

storage options, all of which would be subject to inter- , 

national safeguards, including inter alia; 

1. Renewable contracts of a specified dura

tion (e.g., one year, ten years, twenty-five years); 

2. Flexible contracts providing for release 

of spent fuel under specified conditions upon demand by 

its depositor; 

3. Contracts for long-term or indefinite 

storage; 



- 12 -

4. Contracts for long-term storage of a 

state's existing and future spent fuel coupled with 

provision for permanent disposal; and 

5. Contracts providing for disposal of a 

state's existing waste linked with non-retrievable spent 

fuel storage. Such contracts would cover only existing 

waste frc;a reprocessing in conjunction with a specific 

undertaking to forego future reprocessing. 

— Under arrangements either with a new central

ized storage facility or with a nation supplying storage 

services, financial provisions will be important. For 

permanent storage, the recipient state or organization 

could charge a flat one-time fee. If the host retains 

the option of reprocessing and recovering the energy value 

of the contained uranium and plutonium, there might be 

a credit to the owner of the spent fuel *-- either a fixed 

amount at the time of receipt of the spent fuel, or a 

credit corresponding to the value of the recovered fuel 

at the time of reprocessing. If the arrangement provides 

for the further return or transfer of the Spent fuel for ' 

reprocessing and recycle, under appropriate conditions, 

financial arrangements might involve offsetting charges 

for interim storage, for reprocessing and fuel fabrica

tion by whatever state or organization furnished these 
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services, and reimbursement for recovered fuel value if 

not used by the original reactor operator. Such reim

bursement to the owner of the spent fuel r.ight take several 

forms including for example money or fresh fuel. 

E. LINKAGE WITH OTHER INSTITUTIONS 

1. Existing Institutions 

In the preceding discussion, several references 

have been made to the role of the IAEA in spent fuel 

management. In the near term, the IAEA provides a 

useful mechanism for assembling a team of expert advisers 

available to states for assistance in dealing with spent 

fuel management problems. Conceivably, the Agency could 

convene a group of interested states to review storage 

options and determine the nature of an international 

In the longer term, the role which the IAEA may 

play in spent fuel management has yet to be delineated. 

Clearly, a spectrum of options is conceivable, ranging 

from assignment to the Agency of primary responsibility 

for comprehensive management of spent fuel on an inter

national basis, to application of safeguards and minimal 

formal participation. At the very least, the comprehen

sive application of international safeguards to storage 

facilities v?ill be on-going. In the event that regional 
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storage facilities are constructed, management of these 

facilities might be provided by a host country, by a 

multinational consortium of participant states, or by 

the IAEA. 

Other international organizations concerned with 

safety, transport, and protection of the environment 

are identified in Co-chairmen WG.6/1. 

2. Future Institutions 

Future institutions can be envisaged with links" 

to spent fuel storage arrangements. 

a. If regional fuel cycle centers or similar 

facilities are established, provision for spent fuel 

storage would be one element. The spent fuel storage 

mode would depend on the other fuel cycle activities 

present at the site. If reprocessing is conducted, spent 

fuel storage would be an adjunct. If it is not, spent 

fuel could be stored indefinitely pending decisions re

garding reprocessing, or placed in terminal disposal. 

In either case, colocating spent fuel storage with repro

cessing and/or waste disposal, if feasible, would have 

the advantage of avoiding double transportation of radio

active material. 

b. Spent fuel, which has a potential energy 

value, has a relationship to fuel supply. It may be 
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preferable, on economic and nonproliferation grounds, -

not to seek to recover the energy content and instead 

to store the spent fuel permanently. If it is reprocessed, 

or if the possibility of reprocessing is left open, the 

question of credit for the recovered plutonium and 

uranium will arise. If an international nuclear fuel 

authority or similar organ to reinforce assurance of 

nuclear fuel supply were to be set up, it might provide 

a mechanism, in conjunction with an international spent 

fuel storage regime, for compensating deposit of spent 

fuel with commensurate credits for fresh fuel. 

3. IAEA International Management of Plutonium 

In a paper submitted to INFCE Working Group 4 and 

to the IAEA Board of Governors, a regime for interr-x-

tional management of plutonium under Article XII.A.5 of 

the IAEA Statute is described. International arrange

ments for storage, release, and other supervision of 

the handling of spent fuel might supplement and strengthen 

measures relating to management of separated plutonium. 

If under Article XII.A.5, the IAEA were to take custody 

of excess plutonium contained in spent fuel, it must 

have or supervise storage facilities. If in addition 

the IAEA were to have the authority and responsibility 

to direct separation of plutonium only at the rate needed 
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for specified civilian uses, it would again have to have 

a«_ its disposal storage capacity adequate to contain the 

balance of the spent fuel pending reprocessing or other 

ultimate disposition. 

F. PROBLEMS AND BENEFITS OF INTERNATIONAL SPENT FUEL 
STORAGE 

In past and on-going discussions regarding interna

tional spent fuel storage activities, a number of poten

tial difficulties or problems have been enumerated, . 

including considerations of cost, participation, trans

portation risks, and siting. 

Of the practical considerations relating to the es

tablishment of any international storage measure, that 

of cost is of particular concern. There is no adequate 

basis at this time for a precise assessment of the rela

tive costs of in-country and international storage; speci-

fie international facilities or activities would have to 
» 

be defined in detail and then experts could estimate their 

cost. Preliminary U.S. studies in this area indicate, 

however, that considerable economies of scale might be 

realized through the construction of central storage 

facilities. If this is true, the economies of scale 

would then have to be compared with any increment in 

transportation costs incurred by shipping spent fuel to 
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centralized storage facilities. For some countries need

ing nuclear power and unable to store their spent fuel, 

cost of out-of-country storage if available may be a 

secondary consideration. 

A second issue for the viability of international 

storage measures is participation. If realistically con

ceived and implemented, the service provided by a storage 

program would have utility for most states involved with 

nuclear development. By providing adequate storage, an -

international storage regime would alleviate pressure 

for premature separation of plutonium and thereby mini

mize the availability of this sensitive material until' 

such time as specific quantities were needed for peaceful 

purposes. Solution of storage problems would facilitate 

resolution of construction or licensing problems for some 

states and permit initiation or expansio'n of nuclear 

programs as needed. An international storage regime 

would not necessitate forfeiture of national title to 

nuclear material nor necessarily preclude eventual re

trieval of the energy value inherent in spent fuel. More

over, all states would continue to benefit from the appli

cation of international safeguards. 

Frequently cited as a source of concern regarding 

the establishment of an international storage regime is 
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the enhanced risk of diversion of nuclear material re

sulting from the transport of spent fuel to an interna-
i 

tional facility. It is not clear, however, that this i 

risk is significantly greater for transport to centralized j 

storage than for transport to any national away-front- ' 

reactor storage site. Indeed, implementation of a cen-

tralized storage program could facilitate international 

standardization of transport procedures, including pro- , 

vision for adequate physical security. As participation 

in an international storage program increases, applica- ; 

tion of strong standard physical security measures to ; 

spent fuel transport could become increasingly widespread, 

thereby maximizing the benefit of an effective barrier 

to illicit diversion. 

Acquisition of suitable locations for storage facili

ties is the first prerequisite of an enhanced storage 

program. Sites must meet geologic, environmental and 

political criteria. The work of INFCE, particularly 

Working Groups 6 and 7, may help significantly in moving 

toward an expert and governmental consensus on geologic, 

safety, and technical considerations. The political 

considerations involved here are outside the scope of 

INFCE. The objective cooperative approach to understanding 

the interrelated problems of nuclear power and nuclear 

"mwmv 
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proliferation which has characterized INFCE may, however, 

provide a useful precedent in the IAEA and other inter

national organs and channels for a similarly open and 

cooperative political examination of spent fuel storage 

imperatives and solutions including sites. Isolated 

national decisions and actions on handling of spent fuel 

and on sites for storage are unlikely to lead to overall 

satisfactory results. 

This paper attempts to identify some of the options • 

that are or might be made available internationally for 

dealing with the increasingly urgent problem of spent 

fuel management. Near-term and future efforts to provide 

specific means for dealing with this problem will neces

sitate extensive international consultation and negotia

tion. VThile the final outcome of these considerations 

may take a variety of forms, it is clear that the utility, 

of whatever storage system is ultimately delineated will 

depend on its capacity both to serve varying states' 

practical storage needs and to reinforce the ability of 

the in.-ernational community to inhibit proliferation. 
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aktiver Stoffe (mit Ausnahme 
von Brennelementen) 

Kerntechnische Anlagen; Lagorbecken 
fur Brennelementbundel 
von wassergekiihlten Leistungs-
reaktoren 

Laboreinrichtungen; MaBe und 
An forderuhgea 

Counting Trays (Planchets) for 
Radioactive Assay 

Safe Handling of Radioactive 
Materials 

Glove Box for Handling of 
Radioactive Substances 

Publ. 1973 

Active 10/1975 

Active 10/1975 

Publ. 8/76 

Publ. 3/77 

Publ. -1964 

Publ. 1964 

Publ. 1960 No English 
Edition 



. * s .*»»-*•,< • • •• • 

USAEC-
Jrit^rion 61 

USAEC-
Criterion 63 

Regulatory 
Guide 1.13 

Regulatory 
Guide 3-13 

Regulatory 
Guide 3-15 

Regulatory 
Guide 5-24 

Regulatory 
Guide 5-10 

USAEC 

USAEC 

USAEC 

USAEC 

USAEC 

US-vEC 

USAEC 

Fuel Storage and Handling and 
Radioactive Control 

Monitoring Fuel aad Waste Storage 

Fuel Storage Facility Design 

Guide for Acceptable Waste 
Storage Methods at UFV Production 
Plants ° 

Standard Format and Contents or 
Licence Applications Tor Storage 
only of Uniradiated Reactor Fuel 
and Associated Radioactive Material 

Guidance on the License Application 
Siting, Desing and Plant Protection 
for an Independen Spent Fuel 
Storage Installation 

Selection and Use of Pressure -
Sensitive Seals on Containers for 
On-Site Storage of Special Nuclear 
Materials 

App. Std. 1971 

Tssued 197b 



No. SPONSOR 

Regulatory USNRC 
Guide 5.49 

NCRP 30 NCRP 

ANS 7.20 ANS 

ANSI N 16.7 ANSI 

ANSI N 208 ANSI 

ANSI N 209 ANSI 
ANSI N 210 ANSI 

ANSI N 305 AICE 

TITLE STATUS REMARKS 

Internal Transfers of Special 
Nuclear Material 

Safe Handling of Rndior.ctive 
Materials 

Iroposed Guide for the Design of 
a Nuclear Pocl Facility 

Nuclearly Safe Pipe Intersections 
for Solutions of Fissile Materials 

LWR Fuel-Handling System Design 

LWR New Fuel Facilities 

Design Objectives for LWR Spent 
Fuel Facilities 

Design Objectives for Highly 
Radioactive Material Handling and 
Storage Facilities in a Reprocessing 
Plant 

Issued 3/1975 

Publ. 1964 

Active 1970 

Draft for Comments: 
4/1974-

Under Study 11/1972 

Under Study 11/1972 

Draft for Comment: 
3/1975 

Publ. 1975 



No. SPONSOR 

ANSI N 570 ANSI 

ANSI N 371 ANSI 

ANSI N 372 ANSI 

ANSI N 375 ANSI 

ANSI N 532 ANSI 

RDT E8-GT ORNL 

SZS 18/69 SAAS 

H.Reg.No. 513-64 USSR . 

Order No. Vietnam 
VHXH/NTLC 

Leg. Series 1965 Yugoslavia 
No. 31 (P 1201) 

TITLE STATUS UKNAUKIS 

HTGR Fuel Handling System Design 

HTGR New Fuel Facilites 

GCR Spent-Fuel Storage Facilities 

Standard for the Use of Automated 
Materials Handling Systems in Fuel 
Conversion and Fabrication Facilities 

Storage o£cBottled Gases 
(e.g., Kr 8 5) 

Transporter, Fuel Handling 

Vorschriften fur den Verkehr 
und die Arbei rait Quellen 
ionisierender Strahlung 

Design, Construction and Operation 
of Centres and Store Rooms for 
Radioactive Isotopes 

Regulations for the Use of Trade 
in, Transfer and Storage of 
Sources of Ionizing Radiation 

Regulation Concerning the Putting 
in Circulation and Handling of 
Radioactive Substances 

Active 1/1975 

Under Study 12/1974 

Under Study 4/1975 

Assignment 
still in doubt 

Publ. 3/72 

Publ. 12/1969 

App. 12/1964 

Issued 1/1967 

Issued 6/1965 

vn 

I 



l!?.4 Transportation and Packaging 

No, SPONSOR TITLE 

IAEA 6 

Sn/Pub/32 

IAEA 

IAEA 

STI/PU3/285 

STI/PUB/323 

STI/PUB/324 

DIS 2855 

IAEA 

IAEA 

IAEA 

ISO 

Regulations for the Safe Trans
port of Radioactive Materials 

Regulations for the Safe Trans
port of Radioactive Materials: 
Notes on Certain Aspects of the 
Regulations, 

Test on Transport Packaging 
for Radioactive Materials 

Regulations for the Safe 
Transport of Radioactive Materials 

Advisory Material for the 
Application of the IAEA 
Transport Regulations 

Radioactive Sources- Packagings-
Test for Leakage 

STATUS REMARKS 

App. 1967 

Publ. 1961 

Publ. 1971 

1973 -
Revised Edition 

Publ. 1973 

Draft Inter
national Standard: 
1976 

I 



N o . £>roj;:iOR 

IATA IATA 

Bundesbahn 
(FRG) 

AAEC A-1 AAEC 

AAEC A-11 AAEC 

AECB 

TITLE STATUS 

Restricted Articles Regulations 
(Classification. Labelling,. 
Packaging, Net Quantities per 
Package Permitted on Passenger and 
Cargo Aircraft and Handling of 
Restricted Articles to Ensure Safe 
Carriage in Air.Transportation) 

Quick Reference Guid'e on Air 
Transport of Restricted Articles 
(Including Radioactive Material) 

Vorschriften fur die Beforderung 
g.ifahrlicher Giiter rait der 
Eisenbahn. Anlage C zur Eisca-
bahnverkehrsordnung 

Notes for the' Guidance of Persons 
Concerned in the Carriage of 
Radioactive Substances by Sea 

Conditions concerning the 
Transmission of Radioactive Material 
by Post 

Issued 1974 

Issued 1974 

1.11.1968. 

Issued 1969 

Safety Standards for Transportation Publ. 197^ 
of Radioactive Materials 



No. SPONSOR 

GEA IG-12 CEA 

M 60-301 CEA 

PAEC 

10 CFR 71 USAEC 

USCG 46 CFR 146 USCG 

Regulatory 
Guide 1.70.8 

Regulatory 
Guide 5.17 

Regulatory 
Guide 5-31 

USAEC 

USAEC 

USAEC 

TITLE STATUS REMARKS 

Designation of Packaging for Publ. 1969 
Radioactive Materials 

Emballages pour matieres radio- Publ.2/1969 
actives - Essai d'etancheite 
(Packaging for Radioactive Materials-
Leakage Test) 

Regulation on Transportation of Issued 1970 
Radioactive Material 

Packaging of Radioactive 
Material for Transport 

Transportation or Storage of Explosives Issued 1973 
or Other Dangerous Articles or 
Substances and Combustible 
Liquids Onboard Vessels 

Additional Information Nearby Publ. 10/197^ 
Industrial, Transportation and 
Military Facilities 

Truck Identification Markings Issued: 3/1974 

Specially Designed Vehicle with 
Armed Guards for Road Shipments 
of Special Nuclear Material 

Issued: 8/1974 



Ho. SPONSOR 

Regulatory 
Guide 5.32 

Regulatory 
Guide 7.2 

Regulatory 
Guide 7.4 

Regulatory 
Guide 7.5 

ANSI B 56.1 

ANSI N 14.1 

ANSI a 14.2 

ANSI N 14.3 

USAEC 

USAEC 

USNRC 

USNRC 

ANSI 

AIA/ANSI 

ANSI 

ANSI 

TITLE STATUS REMARKS 

Communication with Transport Vehicles Issued: 8/1974-

Administrative Guide for Packaging 
and Transporting Radioactive 
Materials 

Leakage Tests of Packages for 
Shipment of Radioactive Materials 
(Reference: ANSI N 14.5) 

Administrative Guide for Obtaining 
Exemptions from Certain NRC 
Requirements Over Radioactive 
Material Shipment 

Safety Standards for Powered 
Industrial Trucks 

Packaging of Uranium Hexafluoride for 
Transport 

Tiedowns for Highway Transport of 
Fissile and Radioactive Material 
Containers 

Packaging and Transportation 
of Radioactively Contaminated 
Biological Materials 

Issued: 8/1974 

Issued 1975 

Issued 1975 

Publ. 1975 

Publ. 1971 Under Revision 

Approved 
10/'* 10/1975 

App. 1973 



No. 

ANSI N 14.4 

ANSI N 14.5 

ANSI N 14.7 

ANSI N 14.8 

ANSI N 14.9 

SPONSOR 

ANSI 

ANSI 

AIA/ANSI 

ANSI 

ANSI 

ANSI N 14.9.1 ANSI 

ANSI N 14.9.2 ANSI 

ANSI N 14.10.1 ANSI 

TITLE STATUS REMARKS 

Quality Assurance in the Fabrication, 
Use, and Maintenance of Shipping 
Containers for Radioactive Materials 

Leakage Tests on Packages for 
Shipment of Radioactive Materials 

Guide to Design and Use of Shipping 
Packages for Type A Quantities of 
Radioactive Materials . 

Design Guide for Packages for 
Type B Packages 

Guide for Packaging of Liquid 
Aqueous Radioactive Wastes from 
Nuclear Power Plants for Transport 
for Ultimate Disposal 

Packaging Liquid Radioactive Wastes 
from Nuclear Power Plants 

Guide for Packaging of Solid 
Radioactive Wastes from Nuclear 
Power Plants for Transport for 
Ultimate Disposal 

Administrative Guide for Packaging 
and Transporting Radioactive 
Materials 

Draft for Comments: 
5/1975 

Draft for Comments: 
1/1975 

App. 1975 

Draft for Comments: 
10/1975 

Draft app.: 7/1974 

Draft for Comments 
1975 

Under Study 

Publ. 1975 

I 



No. SPONSOR 

ANSI N 14.10.2 ANSI 

ANSI N 14.10.3 AIA 

ANSI N 14.11 ANSI 

ANSI N 14.12 ANSI 

ANSI N 14.14 ANSI 

ANSI ! 14.15 ANSI 

ANSI N 45.2.3 ANSI 

TITLE STATUS REMARKS 

Administrative Guide on Ob--
taining Department of Transportation 
Special Permits for Radioactive 
Materials Shipments 

Administrative Guide for Verifying 
Compliance with Packaging Require
ments for Shipments of Radioactive 
Materials 

Publ. 1973 

App. 1975 

Standards for Packages for 
Shipping Radioactively Oontamined 
Materials 

Draft Std.: 
10/1974 

Deletion 
Proposed 

Evaluation of Type B Containers 

Shipping Containers for Low 
Specific Activity Materials 

Standards for Adequacy for 
Testing Packages and Components 

Packaging, Shipping, Receiving, 
Storage, Handling of Items for 
Nuclear Power Plants (during the 
Construction Phase) 

Draft Standard: 
7/1974 

Under Study 
9/1974 

Publ. 1972 



No. 

ANSI N 552 

ANSI N 582 

ANSI N 631 

ANSI N 679 

SPONSOR 

ANSI 

ANSI 

ANSI 

ANSI 

TITLE 

Marine Transportation of Radioactive 
Material 

Tiedowns for Rail Transport of 
Fissile and Radioactive Material 
Containers 

Packaging of Solid Radioactive 
Wastes from Nuclear Power Plants for 
Transport for Ultimate Disposal 

Guide for Writing Operating 
Manuals for Radioactive Materials 
Packaging 

STATUS 

Active 2/1974 

Under Study 
12/1973 

REMARKS 

App. 7/1976 

See ANSI 
N 14.9.2 

RDT E 12-4T 

RDT E 12-5T 

RDT E 12-7T 

USAEC 

USNRC 

USNRC 

Shielded Shipping Cask for Spent 
Reactor Fuel Elements 

Operating Manuals for Fuel Shipping 
Containers 

Inspection and Preventive Maintenance 
of Fuel Shipping Containers 

App. 1/1975 

App. 1/1975 



No. SPONSOR TITLE STATUS REMARKS 

RDT F 7-2T ERDA 

RBT F 8-11T USNRC 

1970 No. 1826 UK 

1970 No. 1827 UK 

B3 3895 BSI 

Preparations for Sealing, Packaging, 
Packing, and Marking of Components 
for Shipment and Storage 

Fuel Shipping Container Tiedown 
for Truck Transport 

Radioactive Substances (Carriage 
by Road) Regulations 

The Radioactive Substances (Road 
Transport Workers) Regulations 1970 

Methods for the Assessment of 
Packaging for the Transport of 
Radioactive Materials 
Part I: Materials Other than Large 
Radioactive Sources and Fissile 
Materials 
Part II: Fissile Materials and 
Large Sources 

Amendment 1, 
Jan. 1976 

App. 1/1975 

App. 1970 

App. 1970 

Publ. 1965 

.Publ. 1968 



No. SPONSOR TITI~ STATUS REMARKS 

UKAEA AECP-71 UKAEA Sea Disposal Packages for Radioactive Publ. 1971 
Waste 

UKAEA AECP-1006 UKAEA Securing Radioactive Material Packages Publ. 1971 
to Transport Vehicles 

UKAEA AECP-1023/1 UKAEA Wood/Cadmium Shielding for Fissile Publ. 1971 
Material Packaging 

UKAEA AECP-1030 UKAEA Labelling and Marking of Packaging and Publ. 1969 
Containers for the Transport of 
Radioactive Materials 

UKAEA AECP-1040 UKAEA Labelling of'Road Vehicles Carrying Publ. 1968 
Radioactive Materials 

UKAEA AECP-1042 UKAEA Provision of Transport Packaging for Publ. 1969 
Radioactive Materials 

UKAEA 6055 UKAEA Design of Outer Protection for Publ. 1970 
Radioactive Material Packaging 

D2 U(1968) 27 Poland Decree of Ministers of Transport Issued 7/1968 
Para. 48 and of Interior Concerning the 

Road Traffic Regulations -
Carriage of Radioactive Substances 



No. SPONSOR TITLE STATUS RE11AHKS 

3 Bl 1/75/13 SAAS 
An1age 2 

GB1 SAAS 
Sonderdruck 552 

GB1 SAAS 
Sonderdruck 69? 

TVA 10/68 SAAS 

SFO 

OLTG 

SAAS 

SAAS 

Anordnung uber den Postdienst-
Postordnung- Bestimmungen fiir 
den Versand von radioaktiven Stoffen 
Anordnung (Nr. 1) uber den Transport 
radioaktiver Stoffe - ATRS i. d. F. 
der Anordnung zur Anpassung der 
f̂ eltenden Straf- und Ordnungs-
strafhimieise - Anpassv .gsordnung 

Anordnung Nr.2 fiber den Transport 
radioaktiver Stoffe 

Ordnung iiber den Transport 
geflihrlicher Guter mit Eisenbohn, 
Kraftfahrzeugen und Binnenschiffen -
Transportordnung fur gefiihrliche 
Guter (TOG) 

Ordnung iibor die Behandlung 
gofUhrlicher Giitor beira 
Seetransport und Hafenumschlag -
Seefrachtordnung (SFO) 

Ordnung iiber den Luf ttransport 
gefahrlicher Gviter-
Lufttransportordnung fiir gefahrliche 
Guter (OLTG) 

Issued 11/1974 

Issued 6/68 

Issued 2/1971 

Issued: 3/1968 

Issued 1971 



No. SPONSOR 

SZS-14/70 SAAS 

GOST 14930-69 GOST 

GOST 14931-69 GOST 

255-57 USSR 

Reg.No. 349-60 USSR 

Leg. Series 
1965 No. 12 
Art.150 

Yugoslavia 

Leg. Series 1970 Yugoslavia 
No. 20 

Leg. Series 
1973 No. 33 

Yugoslavia 

TITLE ' STATUS REMARKS 

Die Einordnung frisctier Kern-
brennstoffkassetten fur Leicht-
wasserreaktoren in die Transportvor-
schriften fur radioaktive Stoffe 

Radioactive Materials Type I 
.Transport Packagings Main 
Parameter and Dimensions 

Type II Transport Packagings 

Health Regulations Concerning 
the Transport of Radioactive 
Substances 

Regulations Concerning the 
Transport of Radioactive Materials 

Minimum Distance Between Aero
dromes and Nuclear Installations 

Publ.5/1970 

Issued 7/1957 

App. 12/1960 

Issued 3/1965 

Regulation Concerning Carriage of 
Dangerous Goods by Road 
Art 2, Class IV b: 
Radioactive Substances 

Issued 4/1970 

Air Traffic Act - Issued 6/1973 
Carriage of Radioactive Substances 



15.5 Criticality Safety 

No. SPONSOR 

ISO R 1709 ISO 

STI/PUB/114 IAEA 

IEC 

DIN 25 403 NKe/DIN 
Bl. 1 

DIN 25 403 NKe/DIN 
Bl. 2 

TITLE STATUS REMARKS 

Principles of Criticality Safety 
in Handling and Processing Fissile 
Katerials 

Criticality Control of Fissile 
Materials 

Warning Assemblies for Criticality 
Excursions 

Grundsatze der Kritikalitatssicher-
heit bei der Herstellunc und Hand-
habung von Kernbrennstoffen 
(Principles of Criticality Safety 
in Processing and Handling Fissile 
Materials) 

Criticality Safety in Processing and 
Handling Fissile Materials; Criti
cality Data for Uranium 235 Metal 
Light Water Mixtux'cc 
(Kritikolitatssicherheit bei der 
Herstellung una Handhabung von 
Kernbrennstoffen, Kritikalitats-
daten fur Uran 235-Metall-Leicht-
wasser-Mischungen) 

App. 1970 

Publ. 1966 

Active 

App. 2/1970 
• 

Publ. 5/1973 



No. SPONSOR TITLE STATUS REMARKS 

DIN 25 403 
Teil 3 

DIN 25 ̂ 03 
Teil 4 

BIN 25 403 
Teil 5 

Dili 25 403 
Teil 6 

NKe/DIN 

NKe/DIN 

NKe/DIN 

NKe/DIN 

-; Criticality Data for Plutonium 
239 Metal-Light-Water-Mixtures 

(-; Kritikalitatsdaten fiir Plu
tonium 239-Metall-Leichtwasser-
Mischungen) 

-jCriticality Data for Uranium 235 
Dioxide-Light-Water-Mixtures 
(-*, Kritikalitatsdaten fur Uran 
235 Dioxid Leichtwasser-Mischungen) 

-; Criticality Data for Plutonium 
239 Dioxide Light-Water-Mixtures 

Kritikalitatssicherheit bei der 
HerstellunR; und Handhabung von 
Kernbrennstoffen; Kritikalitats
daten fur Plutonium 239-Nitrat 

Publ. 5/1973 

Publ. 1/77 

Publ. 1/77 

Publ. 1/77 
I 

Regulatory 
Guide 3.1 

USAEC Use of Borosilicate Glass 
Raschig Ring as a Neutron 
Absorber in Solutions of 
Fissile Material 

^mmmmmmmm 



No. SPONSOR 

Regulatory 
Guide 3.4 

USAEC 

ANSI N 16.1 ANS 

ANSI N 16.2 

ANSI N 16.4 
ARS 8.4 

ANS 

ANS 

ANSI N 16.5 
ANS 8.7 

ANS 

ANSI N 16.6 ANSI 

ANSI N 16.8 ANSI 

TITLE STATUS REMARKS 

Nuclear Critica'lity Safety in 
Operations with Fissionable 
Materials Outside Reactors 

Nuclear Criticality Safety in 
Operations with Fissionable 
Materials Outside Reactors 

1975 

App. 1969 (1975) 

Griticality Accident Alarm 
System 

Use of Borosilicate-Glass 
Rings as a Neutron Absorber 
in Sol tions of Fissile Material 
Guide for Nuclear Criticality 
Safety in the Storage of Fissile 
Materials 

App. Std. 1969 Under Revisioi 

App. 1971 

App. 4/1975 

» 

I 

Criticality Safety Limits for 
Special Applications 
Moderation Control: Uranium px^ 
Containing no more than 5.0 wt% -'̂ U 

Criteria for Nuclear Criticality 
Safety Controls in Operations 
Where Shielding Protects Personnel 

Draft for Comments: 
6/1974 

App. 5/1975 



No. SPONSOR TITLE STATUS REMARKS 

ANSI N 1 6 . 9 

JLIJSI N 1 6 . 1 0 

33 3598 

ANSI 

ANSI 

BSI 

Validation of Calculational 
Methods for Nuclear Critically 
Safety 

Nuc ear Criticality Control and 
Safety of Pu-U Fuel Mixtures 
Encountered in Fuel Cycle Operatioas 

Recommendations for Criticality 
Safety in Handling and Processing 
Fissile Materials- Principles of 
Criticality Safety 

App. 9/1975 

Active 4/1974 

Publ. 1970 



15.6 Ilaterial Control, Inventory 

No. SPONSOR TITLE STATUS REMARKS 

DIS 3925 

Regulatory 
Guide 5-1 

Regulatory 
Guide 5.2 

Regulatory 
Guide 5.3 

Regulatory 
Guide 5.11 

Regulatory 
Guide 5.13 

Regulatory 
Guide 5-14 

ISO 

USAEC 

USAEC 

USAEC 

USAEC 

USAEC 

USAEC 

Unsealed Radioactive Sources-
Identification 

Serial Numbering of Light-Water 
^ower Reactor Fuel Assemblies 

Classification of Unirradiated 
Plutonium and Uranium Scrap 

Statistical Terminology and 
Notation for Special Nuclear 
Materials Control and 
Accountability 

Nondestructive Ass. j of Special 
Nuclear Materials Contained in 
Scrap and Waste Inventory 
Components 

Conduct of I'uclear Material 
Inventories 

Visual Surveillance of Individuals 
in Material Access Areas 

Draft International 
Standard 1976 



No. SPONSOR TITLE K STATUS REMARKS 

Regulatory 
Guide 5.15 

Reerulatory 
Guide 5.18 

Regulatory 
Guide 5.19 

USAEG 

USAEC 

USNRC 

Security Seals for the. Protection 
and Control of Special Nuclear 
Material 

Limit of Error Concepts and 
Principles of Calculation in 
Nuclear Material Controls 

Methods of Accountability of Plutonium 
Nitrate Solutions 

Issued: 1/1974 

Issued: 3/1974 

Issued: 3/1974 

Regulatory 
Guide 5.27 

Regulatory 
Guide 5.28 

Regulatory 
Guide 5.29 

Regulatory 
Guide 5-30 

Regulatory 
Guide 5.33 

Regulatory 
Guide 5-40 

USAEC 

USAEC 

USAEC 

USAEC 

USAEC 

USNRC 

?NM Doorway Monitors 

Evaluation of Shipper-Received 
Differences in the Transfer of 
Special Nuclear Material 

Nuclear Material Control Systems for 
NPP 

Materials Protection Contingency 
Measures for Uranium and Plutonium 
Manufacturing Plants 

Statistical Evaluation o** Material 
Unaccounted for 

Methods for the Accountability 
of Plutonium Dioxide Powder 

Issued 8/1974 

Issued : 8/1974 

Issued: 8/1974 

Issued: 8/9174 

Issued: 8/1974 

Issued 1975 

VJl 

I 
fU 



No. SPONSOR TITLE STATUS REMARKS 

Regulatory 
Guide 5.45 

USAEC 

Regulatory 
Guide 5-^7 

Regulatory 
Guide 5.51 

Regulatory 
Guide 5-57 

ANSI N 15.1 

ANSI N 15-2 

ANSI N 15.3 
1972 

ANSI N 15.6 

USNRC 

USNRC 

USNRC 

ANS 

ANSI 

ANSI 

ANSI 

Standard Format & Content for the 
SNM Control & Accounting Section of 
a SNM License Application 
(Including that for a Uranium 
Enrichment Facility ) 

Control and Accountability of 
Plutonium in Waste Materials 

Management Review of Nuclear 
Material Control and Accounting 
Systems 

Shipping and Receiving Control 
of Special Nuclear Material 

Classification of Unirradiated 
Uranium Scrap 

Record and Reporting Units for 
Nuclear Materials Control 

Physical Inventories of Nuclear 
Materials 

Analytical Standards for 
Accountability of Uranium 
Tetrafluoride 

Issued: 12/1974 

Draft for 
Comments 5/1975 

Issued 6/1975 

Issued 6/1976 

Publ. 1970 

Publ. 1971 

Publ. 1972 

Publ. 1972 



No. SPONSOR 

AIISI N 15-7 ANSI 

ANSI R 15.8 ANSI 

ANSI N 15.9 ANSI 

ANSI N 15-10 INMM 

ANSI N 15.11 ANSI 

ANSI N 15.12 ANSI 

ANSI N 15.13 INMM 

ANSI N 15-14 ANSI 

TITLE s STATUS REMARKS 

Analytical Standards for Accountability Publ. 197 
of Uranium Hexaf luoride-

Nuclear Material Control Systems for 
Nuclear Power Plants 

Guide to Practice: Nuclear Material 
Control Systems for Fuel 
Fabrication Plants (at ANSI for 
Approval) 

Classification of Unirradiated 
Plutonium Scrap 

Auditing Nuclear Materials 
Statements 

Nuclear Material Control Systems 
for Enrichment Plants, Guide to 
Practice 

Nuclear Material Control Systems 
for Fuel Reprocessing Facilities 
(A Guide to Practice; 

Nuclear Material Control Systems 
for Cold Scrap Processing Plants, 
A Guide to Practice 

Publ, 

Publ. 

Publ, 

Publ. 

197^ 

1975 

1972 

1973 

ANSI-Coll for 
Comment by 
10/1975 

Under Study 1/1975 

Publ. -I974 

Under Study 197^ 

V-fl 

i 



No. SPONSOR TITLE STATUS REMARKS 

ANSI N 15.15 

ANSI N 15.16 

ANSI N 15.17 

ANSI N 15.22 

ANSI 

ANSI 

ANSI 

ANSI 

ANSI 

ANSI 

ANSI 

N 15.18 

N 15.19 

N 15.20 

N 15.21 

ANSI 

INMM 

ANSI 

ANSI 

INMM 

Assessment of the Assumption of 
Normality (Employing Individual 
Observed Values) 

Limit of Error Concepts and 
Principles of Calculation in 
Nuclear Materials Control 

Concepts and Principles for the 
Statistical Evaluation of Shipper-
Receiver Differences in the Transfer 
of Special Nuclear Materials 

Mass Calibration Techniques for 
Nuclear Materials Control 

Volume Calibration Technique for 
Nuclear Materials Control 

Radiometric Calibration Techniques 

An Active Radiometric Calibration 
Technique 
(Included in N 15.<°0) 

Calibration Techniques for the 
Calorimetric Assay of Plutonium-
Bearing Solids Applied to 
Nuclear Materials Control 

Publ. 6/1974 

Publ. 1974 

Publ. 1975 Under Revision 

Publ. 7/1975 

Publ. 1975 

Publ. 1975 

App. 1975 

i 
VJ1 



No. SPONSOR TITLE STATUS REMARKS 

ANSI N 15.24 ANSI 

ANSI 

ANSI 

ANSI 

AIJisL 

A!:SI 

ANSI 

N 1 5 . 2 5 

N 1 5 . 2 6 

N 1 5 . 2 7 

N 1 5 . 2 9 

N 1 5 . 3 2 

N 6 5 0 

ANSI 

ANSI 

ANSI 

ANSI 

ANSI 

ANSI 

RD? E 13-2T 

GB1 I A 3 

RDT 

SAAS 

Standard for the Recordkeeping 
and Reporting of Licensee Inventory 
Data 

Standard for Measuring Materials in 
Process Equipment 

Physical Protection of Special 
Nuclear Material Within a Facility 

Standard for Material Protection 
Considerations in High Enriched 
Uranium Scrap Recovery 

Procedures for Correcting 
Measurement Data for Bias 

Procedures for Resolving Shipper-
Receiver Differences 

Concepts and Principles for the 
Statistical Evaluation of 
Shipper Receiver Differences in 
the Transfer of SNM 

Ceramic Grade Uranium Dioxide 

Anordnung uber die Kontrolle von 
Kernmaterial 

Under Study 
10/1972 

Under Study 
V1975 

App. 1976 

Included in 
N 15-26 

Under Study 
1975 

Under St*.'v 
•1975 

Amendment 1: 
1975 

Issued 9/1973 

I 

See ANSI N 15-17 



V— '- * - HA 

LEGAL FRAMEWORK RELEVANT TO riwK-PRQLlFERATXON AVAILABLE 

UNDER THE EUfJ.\T0K TREATY 

The Treaty and the annexed Protocols entered into force on 

1st January 1958, after the instruments of ratification had been 

deposited by Belgium, Federal Republic of Germany, France, Italy, 

Luxe.'x>urg and The NetherUnds. 

On the 1st January 1973, Den&ark, Ireland and the U.K. have 

joined the European Atonic Lner^y Comi»unity.-

> 

Art ic le 2, e, cf the Sura:?* Treaty states : 

" . . . the- Ccr.-unity s. -al l , as orov*i?i i". thi* Treaty : 

' . . . make certain, by aporcoriaxe supervision, th&t nuclear r .ateriaU 

are not diverted to purpose other thi.~. t^.ose for wh*cr» they are 

intended"... 

Art ic le 7? of the Tr:: ,;y st3tes : 

" In accordance with ts'ioprovisions of this Cv«.-it•.-•-, the 

Commission shall satisfy i t se l f tha t , in the te r r i to r ies of Xembv. 

States, 

a> ores, saurc? nsterials 2nd special f i s s i l e materials fere not 

diverteo frotr their intended uses as declared by t^e-users; 

' b) the orovisicr*. relating tc suoply and any particular safecuardi-.'j 

' obligations assured by the Community under an agreement concluded 
1 with a thira State or an international organization ore cd^plic;' . .' 

' I t follows, frois trese previsions that : 

A) Although the £jr«.;cr. Treaty dees not exclude the possibi l i ty of a 

Member State beir.o a nuclear wesson sta te , i t does er.tro't the 

Coswunity witfi the necessary powers to ensure, where c^oropriate, 

• that .cni.r-cnts relat ive tc the use c- nude*.- materials taken 

by tfe^ber S'.jtes cr by t re Co.-*unity i tse l f for non-prolifcr*/tinr» 

purposes /»re rcsr cted. Thi»s, following the ciqnin? o' trie fi-T 

by the 7 non r. Klear weapon Ke^ber States of the Cor.nunity, i 

Sife^.uards air-eirent was ccc.c'.uc'ed cr» 5 h's.'W 1973 between Eur j t .v , 

the 7 Member States and trs IA1;-* '-n "r.'j'rr TO satisfy the rcquircren:; 

of Art icle I I I , paragraphs 1 and 4 o' th * 'i?1. 
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As underlined in the preanbulc of this agreement, fro» the 

time of the entry into force of the KPT within the te r r i to r ies 

of the Co»«unity Member States concern<H, the European Atonic 

Energy Cc^cinity is required under the Euratoa Treaty to satisfy 

i tse l f through the system of safeguards established by the 

Euratoa Treaty, that source and special fissionable material 

in a l l peaceful nuclear act iv i t ies within the t e r r i t o r i e s of 

the concerned Kesier States is not diverted to nuclear weapons 

or other nuclear e*olcsiv« devices- . Curator ha; *t^erefore 

an obvious rcl.e tc play with the IAEA, and is indeed ;oing so, 

in the irple-entation of the co^nitcents subscribed to by the 

Member States concerned under the KPT. 

Moreover, ty virtue of Article 77 b, the Co-.runity has 

concluded international agree-ents with third countries which 

• -stipulate co** i t (rents relating to the use of nuclear iraterifcls 

which are verif ied as well by the curatoa safeguards system. 

Two examples are referred to later . ^ 

b> The Cor.numty's safeguarding powers are exercised both 

internally and externally. 

1 . Powers everc-'sed i n t c - i l l y 

Having responsibility fcr safeguards, the Ccr.ission 

has been invested with '•est cf the powers provided for in 

Chapter V I I . 

(*) 

a) In Regulation 3227/76, which is directly applicable to 

every Kenber State and every person or undertaking, the 

. Coaaission nas defined, on the one hand, the basic 

characteristics which, in conformity with article 7ft of 

19 October 1976 - O.J. 31/12/1976. 
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the Treaty, have to t>«» declared to it in respect of facilities; 

'. oh«.the other hand, pursuant to article 79 of the Treaty, this 

Regulation has defined the nature and extent of the requirements 

related to the accounting system (consisting in accounting and 

operating records), to the reports to be provided by every person 

or undertaking on the mdveaent of nuclear Materials, as well as to 

specific situations, such as transports *nd intermediaries. 

b) The Commission receives directly from these subject to such 

requirements, without intervention by the national authorities, 

the declarations and reports referred to in the above mentioned 

Regulation. 

c) The Commission may require that any excess special fissile materials 

recovered or obtained as by-products and not actually being used 

or ready for use shall be deposited with the Agency or in other 

stores which are or can be supervised by the Commission. 

Special fissile materials deposited in this way must be 

returned forthwith to those concerned at their request (art. 80). 

d) Inspectors, who in the territory of all Member States have at 

all times access to all data in order to verify the truth of 

„ • - communications made by those subject to such requirements, come 

under the exclusive authority of the Commission .(art. 81). 

e) Without prejudice to other measures available to it in respect 

of Member States, the Commission may issue directives calling 

upon the Member States to bring to an end any infringement that 

the Commission have detected Cart. 82). 

•/. >« 
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f) The Commission has sanctions iracsed on persons and u:c'c-rtakir.qs in 
(Art. 8i) 

cases of infringement of their obligation:, in this fi'-la.' Such sancticr.r; 

range from, a mere warning to withdrawal of r-terials. !n accordance with 

the general system under the Treaty, they ?rz directly enforceable oni for 

th3t purpose do not require any action by the national authorities, save 

the simple formality of verifying the authenticity of the document. 

Henber States are required to lend assistance in renedying infringements 

discovered by the Ccr-mission. x 

To all these powers is added one which the Commission must employ 

when it considers that a Member State has failed to fulfil any of its 

• otU9a;ions (Art. 141). Thus the Co—nission has a means of coercion which 

cnjblcs it to ensure that the Ker.ber States render it every assistance in 

applying safeguards and sanctions in their territories where the Commis

sion's resources are not sufficient to deal with recalcitrants. 

2. Powers exercised externally • 

One of the Crmnunity's tasks, formally set forth in the Treaty 

(Art. 2 h),is to "establish ,.'th other countries and international orga

nizations such relations as will foster progress in the peaceful uses of 

nuclear energy". One could net inagine a better way of fulfilling this 

task than concluding agreements between Euraton and the IAEA designed to 

guarantee the peaceful use of nuclear materials; such as the above men

tioned agreement signed on 5 April 1973, and the agreement between the 

UK, EURATO" and the IAEA, signed on 6 September 1976. 

Moreover, article 77 b),requires the Commission to ensure that, 

in the Territories of Member States, "any particular obligations assumed 

by the Community under an agreement concluded with a third state or an 

interactional organization are complied with". 

Article 101 lays down the legal conditions (distribution of powers 

among the various Institutions, voting rules, procedure) for carrying out 

the tasks defined in Articles 2 h and 77 b ) . 

http://Ker.be
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Through this set of provisions, the Community, which is responsible 

for safeguards internally, is also able to guarantee vis-a-vis other parties 

outside the Conmunity that nuclear materials are not diverted from their 

intended uses. This provision also means that the Community is able to 

fulfil its responsibilities in external relations towards other subjects 

of the law of nations. l . 

Thus, under the o?reem?ot for cet'scation between the United States 

and Euratom concerning peaceful uses of atomic energy, concluded in 1958 

and amended in 1960, 1962, 1963 and 1972, the Community has the responsi

bility of safeguarding the nuclear materials supplied by the USA in the 

territory of the Kerber States. 

Under the agreenent for cocoeration between Canada and Euratou in 

peaceful uses of atomic energy, concluded in 1959 and amended on January *6, 

1978, Canadian nuclear materials are safeguarded within the Cc~..T.unity by 

the Community and by the IAEA pursuant to the Treaty establishing the 

tvrcpean Atomic Energy Cor.punity &r\d the agreements concluded between the 

Comcsc^ity, its Member States and the IAEA. 



OTTHWATIOKAL MAKAGBtEWT AM) STORAGE OP 
PLUTOHIUH AID SPEVT FUEL 

nrraouocTiOH 
Nature of the problem in the near future 

1* The need for international arrangements for the storage and 

management of separated Pa arisea from the fact that for at least 

two decades its production will be in exceas of the amounts needed 

for its use in PBRa (or possibly for its recycle in LHRs) and that 

this surplus is likely to grow until FBRs are widely used (see 

paragraph 1.5 below)* In certain cases separation of Pa before it 

is needed is likely to entail proliferation risks (and presumably 

unneceaaary costs) ariaing from the spread of scattered atockpilea. 

Ho international storage scheme could entirely eliminate theae 

proliferation risks. A completely rational approach might therefore 

be to weigh the pros and cons of separating Pa and storing it under 

international auspices against thoae of deferring reprocessing. 

A realistic approach moat, however, take account of the certainty 

that increasing quantities of Pa will be separated in a number of 

countries. An international storage system, which also embodies 

rules for the controlled release of separated Pa, would mitigate the 

ensuing rieke. 

2. Unreproceaaed spent fuel ia alao accumulating rapidly at LHRe 

around the world and ia compelling oparatora to take -various palliative 

measurea. An international apent fuel storage service would help to 

solve an immediate and growing storage problem which is likely to exist 

for many yeare and to reeolve a potential proliferation concern 

reeulting from tha fact that tha Pa in the spent fuel will gradually 

become more accessible. 

3* A legal basie for both international Pa storage and apent foal 

atorage schemea may be found in Article III and elsewhere of the Agency*a 

Statute* In addition, Articla XII* A* 5 givea the Agency apecific righta 

to call for tha depoait with it of aeparated Pa* A number of other 

legal questione including the statue of eoployeta carrying out functions 

undar the echeme, would have to be eonaidered in the courae of diacuasions* 

It is assumed, however, that insofar as amplograas perform Agency functions, 

they would be Agency etaff. 
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4. Ihere ia an obvious interdependence between the —ounta of 

separated Pa and of unreprocesaed spent foal. Any spent fuel 

storage scheme would have to take into account the problems of 

storing and releasing separated Pa to the extent that the scheme 

eonteaplated eventual reprocessing of the spent fuel. 

Long tars) aspects 

5. If cnaaMii i ial FBRs are introduced on a large scale in the coating » 

decades, reprocaasing capacity would have to be expanded to meet their 

needs. In other words, separated Pa production would presumably be 

geared in due course to demand by fSRs. As accusnlated stocks of Pa 

were consumed, the need to take steps to prevent stockpiling would 

gradually diminish. The problem of storing spent fuel would also 

gradually diminish since spent fuel would simply become the feedstock 

for reprocessing* and would be held either at the reactor or in input 

storage at the reprocessing plant. 

6. On the other hand, if spent fuel were to become the final waste 

product of the nuclear fuel cycle, reproceaaing would become a 

transitory technology and in time there would be little need for any 

international arrangenenta for Pa storage. How to deal with spent 

fuel and how to prevent it from becoming a potential "plutonium mine" 

would emerge as the major problem of the back and of the fuel cycle. 

7* In the event of large-scale use of commercial FBRs, it seems 

likely that many of them would be concentrated in national or regional 

energy parka which would be eelf-ccntained, producing and consuming 

most of their fuel within their own perimetera. 

8* Although such parks would process large quantitiea of Pa, risks 

of proliferation and problems of physical protection and safe transport 

are mora likely to be perceived in eases where iaolatad PBHa are 

separated geographically and, particularly, internationally from other 

PTO fuel cycle facilities. Such scattered FSRs might involve the 

dispersion of substantial quantities of separated Pa to a growing 
* 

number of countries and would entail international transport of tonne 

quantitiea of Pa in the form of HOX fuel and irradiated foal elements. 
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9* To Met public concernt it seems likely that there would then 

have to be extensive international controls on safety and transport 

as well as effective safeguards to prevent proliferation and measures 

to ensure physical protection of transported fuel. The question of 

operating isolated IBRa and associated facilities, as well as larger 

FBR parka, under Multinational auspices are sore likely to he perceived* 

10. The acheaas discussed in this study are intended to help in the 

search for answers to separated Pu and spent fuel storage problaas of 

the next decades. They may also, however, provide experience and serve 

as stepping-stones to farther the arrangements that night be needed if 

cosnercial PBRs are to be used on a large scale in the next century* 

Developing country interest 

11* The nuclear energy programmes of developing; countries as well as 

those of snail industrially advanced countries usually depend on, external 

supplies of both fuel and fuel cycle services. They are thus particularly 

vulnerable to changes in conditions, policies or the economics of supply* 

They would draw special benefit from any neasures that would provide 

greater assurance and stability in supply arrangenents* 

12. In international Pa storage scheme that included the granting of 

credits in the form of energy (natural or enriched uranium) or cash, 

would offer such countries the possibility of exchanging the Pu content 

of their spent fuel, which is unlikely to be of any direct value to 

them for many years, in return for tangible energy benefits or monetary 

returns of immediate value* 

13* If the international development of commercial PBRs eventually 

makes it attractive for such countries to acquire such plants, an 

international Pu storage scheme could provide them wVth assured supplies 

of MOX fuel under non-discriminatory international rules, in the formu

lation of which they would themselves have taken part* 

14* They would also be able to obtain assured supplies of NOX fuel 

without investing in national reprocessing facilities, probably of sub-

economic sise because of the small scope of the nuclear power programme 

served, (The RFCC study concluded that the optimum economic conditions 

for ft reprocessing plant can be obtained only at throughputs of higher than 

730 to 1000 tons of LWR spent fuel par year, namely the spent fuel arising* 

of 20 to 30 large LWBs.) 
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Main conclusions 

15* One of the attractions of a span* fuel storage scheae is that 

it may provide an interia solution which could be adopted in the 

near future, Beeting an immediate need without prejudging the final 

ontcoae of the discussions now taking place about the need for re

processing, co—ercial FBRs or thermal recycle* 

16. The Bain problem that would face any spent fuel management scheme 

is that of finding a State that is willing and able to Accept spent 

fuel for storage from other States for an indefinite period of time 

or to accept their spent fuel as nuclear waste* Spent fuel storage 

might also entail much larger ir xestment, operating and transport 

costs and a more complex type of industrial and managerial operation 

than those undertaken in the past by any international organisation* 

It raises the question therefore whether this type of operation 

could be efficiently operated by an international body* 

17* Bie chief attraction of an international Pa storage system is 

that it goes directly to the heart of the non-proliferation question 

as it is now perceived - how to deal with separated Pa, how to limit 

its dissemination and to prevent its use for the manufacture of 

nuclear explosives* Jn international Pu storage system would also 

be relatively inexpensive and would require relatively simple mana

gerial structure, avoiding any industrial scale operation* 

18. The chief problems it would face would be how to devise a scheme 

which would be adequately "proliferation resistant" minimizing the risk, 

however remote, of forcible seizure of international Pu stores and how 

to devise rules for the release of Pu from such stores which would 

be sufficiently strict to prevent the Pu being stockpiled by recipients 

or diverted to military use and would at the same time be sufficiently 

flexible to ensure that their legitimate requirements would be promptly 

met in a non-discriminatory manner* 
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19. In short, any international arrangements for Pa or spent fuel 

storage most be so framed as to secure a high degree of participation 

by potentially interested States, both industrial and developing. The 

arrangements must also offer effective and credible non-proliferation 

benefits and tangible returns to participating States such as the 

assurance of nuclear fuel supplies for future national programaes and 

the solution of spent fuel problems. For this reason, the crucial 

element in considering alternative solutions will be the views and 

requirements of those States that would take part in the arrangements. 

20. This study does not therefore recommend any particular arrange

ments but is intended as a discussion paper for experts from interested 

Governments. It is hoped that specific proposals acceptable to the 

interested Governments will emerge from such discussions, proposals 

which could be submitted to the Board of Governors of the IAEA for 

approval. 

Structure of the study 

21. The study is divided into two chapters. Chapter 1 discusses the 

question of the international storage of Pa and Chapter 2 the inter

national management and storage of spent fuel. Chapter 1 is divided 

into two parts, the first of which discusses a number of general 

issues that might be relevant not only to a scheme based directly 

on Article XII.A.5 but also to other approaches. The second part 

considers in more detail the problems of the scheme based on 

Article XII.A.5 and possible solutions. A similar division is followed 

in the chapter dealing with spent fuel storage. 
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CHAPTER I PAST I 

OBJECTIVES, LEAL BASIS AID MPLHOaTCATIOI 

1. IHTERHATIORAL MAKASEKBIT OP PLUTOHIW: OBJECTIVES 

The Heed for International Management of Plutonium 

1.1 The stockpiling of plwtonium (Pu) is one of the factors leading 

to a danger of the further proliferation of nuclear explosives. 

It is by no means the only factor leading to this danger; but 

it is a serious one. It also makes plutoniua sore vulnerable 

to seizure by sub-»national or terrorist groups. Since the 

technology for separation of plutoniua is widely available 

the risk of dissemination of stockpiles of Pa already exists 

and may become more serious in the absence of international 

agreements to prevent such stockpiling. 

1.2 Estimates of the future production of plutoniua in irradiated 

fuel, and of its separation by reprocessing, are given in Anne? 

A to this report. Such estimates are now particularly difficult 

to make. There are uncertainties about the development of 

nuclear programmes in general; about the timing and extent of 

future reprocessing; and about the timing and extent of fast 

reactor development and introduction. 

1.3 However, the need for international management of plutoniua 

(MP) rests basically not on future quantitative estimates, but 

on the fact that Pu exists in the world and will continue to be 

produced and separated at some level, whatever fuel cycle policies 

different countries may adopt. It is likely that Pu contained in 

irradiated fuel, arising from civil power programmes in Member 

States, already amounts to approximately 90-100 tonnes*, of which 

some 20-25 tonnes have probably been separated. 

All estimates of nuclear power growth and Pa production in this 

report 'exclude countries with centrally planned economies since 

relevant data is not available. 
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4 Nonetheless it is relevant that, as Annex A indicates, over 

250 tonnes of Pa are likely to have been separated by 1990; 

and possibly a quantity of the order of 830 tonnes by the 

year 2000. Even if these estimates were, in the event, 

reduced by factors of 2596 or even 50£ - which is most 

improbable — the quantity of Pu to be managed in civil 

power programmes would remain large.*' 

5 The introduction of commercial fast reactors or Pa recycle 

in thermal reactors would eventually take much of this 

separated Pu out of stock for use as fuel. However, the 

widespread use of Pn as fuel must be at least 25 years or 

more in the future and in the short-term its use would be 

limited to only a few countries. Thus, stockpiles may be 

particularly large - and international storage particularly 

desirable - for perhaps 25-35 years in the immediate future. 

6 The stockpile of separated Pa may increase at a faster or slower 

pace in this period; but some level of increase is inevitable. 

At a later date the use of Pa as a fuel for fast reactors or 

thermal recycle should both reduce stockpiles and incinerate 

Pu. Even so, the need to maintain sufficient levels of 

buffer stock would continue and there would be a continuing 

role for international storage. 

7 The problem of Pu management is therefore already with us. 

It is timely to consider the non-proliferation and other 

benefits which might follow from the introduction of an 

international system for the storage of Pa; and ways in 

which such a system might be established. 

** These figures might require revision in the light of the 

studies mads by IMFCE. Btvertheless, they indicate the 

magnitude of the problem. 
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Objectives of IMP 

1.8 The fundamental objectives nay be stated as follower 

i. To prevent national stockpiling of Pu in 

participating states and thus to reduce the 

danger of the production of Po-based nuclear 

weapons or other nuclear explosive devices by 

placing stocks of Pu in internationally controlled 

storage; 

ii. To obviate the need for such stockpiling by 

ensuring supplies of Pa to participating states 

for specified needs in reactors or for research; 

iii. To lessen the possibility of seisure/theft of 

Pu by sub-national or terrorist groups; 

iv. To effect i.y ii.t iii., in ways which offer 

tangible benefits over the present situation 

in non-proliferation terms; and are credible 

in those terns to both participants and the 

rest of the world comsunity. 

The Meed for Acceptability in a Scheme 

1.9 When considering objectives, it is as well to be aware of the 

constraint that any scheme of Pa management must attract the 

participation of those Member States - if possible, § H those -

Member States - which have an interest in Pa, whether as users, 

suppliers or reprocessors. 

1.10 The need to achieve the optimum balance between these considerations 

is perhaps the most difficult problem in framing a practical 

scheme. 

1.11 The views of prospective participants will vary, but among the 

factors bearing on the acceptability of any scheme are likely 

to bet 

(i) User states: will need to have confidence that 

releases of Pu for specified or safeguarded 

purposes will in fact be made to them, without 
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delay or difficulty, when they need it for 

reactors or in research. For states wishing 

to use Pu for recycle in thermal or in fast 

reactor programmes, a credible guarantee of 

Pu supply in the future is essential. 

(ii) Supplier states!(in the sense of enriched/ 

natural uranium suppliers) may wiah to attach 

conditions to that supply* e.g. requiring the 

supplier's agreement to subsequent handling/ 

reprocessing/storage of the fuel when irradiated 

and of any Pu arising from it. Such requirements 

might be reconciled with an international Pu 

management system, if these suppliers made it a 

general condition of supply that management of 

any separated Pu under IAEA auspices would be 

required or would be acceptable to them. 

(iii) Reprocessing states; will be concerned that 

IIP should not damage their commercial operations 

(e.g. by acting as a disincentive for foreign 

customers to send fuel for reprocessing). 

(iv) A scheme must have sufficient credibility in terms 

of non-proliferation benefits (to the world community 

outside the scheme as well as to participants) for 

possible participants to conclude that any drawbacks 

in talcing part are outweighed by potential gains in 

international confidence/stability. 

(v) For states with spent fuel and no use for Pu, the 

incorporation of Pu purchase or exchange for uranium 

or other energy credits could well prove attractive. 

See 3.4 for a discussion regarding the concept of a 

Plutonium bank. 
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. LBSAL BASIS FOB THE BREBIATKXAL MAHACaURT OF FLUTOIIIM 

•1 Older Article IIIJ l . l of i t s Statute the IAEA i s authorised, 
inter alia, to "perform any operation or service useful in 
research on, or development or practical application of, 
atonic energy for peaceful purposes"* Paragraph A.7 of the 
sane Article authorises the Agency to acquire or establish 
any fac i l i t ies , plant and equipment useful in carrying out 
i t s functions. Accordingly* i f Member States consider that 
an international Plutonium management scheme would provide 
a useful service* there i s ample authority in the Statute 
for proceeding accordingly. 

•2 Moreover, the risks inherent in the national stockpiling of 
Plutonium were foreseen when the Statute was negotiated in 
the mid-19508 and the Statute empowers the IAEA specifically 
to require the deposit with i t of any "excess" plutoniun in 
order to prevent stockpiling. This authorisation i s contained 
in Article HI.A.5 of the Statute within the context of the 
IAEA's safeguards rights and responsibilities. The relevant 
section of paragraph A.5 reads as follows: 

" . . . . to require that special fissionable materials 
recovered or produced as a by-product be used for 
peaceful purposes under continuing Agency safeguards 
for research or in reactors, existing or under construction, 
specified by the a^sber or members concerned; and to 
require deposit with the Agency of any excess of any 
special fissionable materials recovered or produced as 
a by-product over what i s needed for the above-stated 
uses in order to prevent stockpiling of these materials, 
provided that thereafter at the reouwst of the member or 
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with the Agency shall bo returned promptly to the 
—per or — t i n concerned for use under the eame 
provisions as atated above* 

2.3 Pursuant to Article VI*F. of the Statute the USk*s powers 

under Article XII*A*5 are within the purview ef the IAB»*s 

Board of Governors or organs to which the Board amy delegate 

such powers* 

2.4 Article U.H and I of the Statute which wake the lAEs responsible 
for storing; and protecting nuclear aateriala in ita poasaaaion 
and requires i t to apply certain safeguards to such material, nay 
also be relevant* 

2.5 An organisation based strictly on Article XII*A*5 of the Statute 
would require the deposit of excess plntonina principally as a 
safeguards •assure* Such a safeguards seaaure sight be incorporated 
into new and existing agreements under HPCIHC/66/Rev.2 and 
HPCIBC/153 or as a part of a special legal instrument setting up 

an international plntonius management scheme* 

2*6 However, an alternative systsa involving a voluntary association 
of Member States sod a voluntary acceptance of certain basic 
principles and rules without invoking the IAB**s sandatory authority 
under Article X2I*A*5 of the Statute, would also be feasible and 
sight offer certain advantages fros the point of view of f lexibi l i ty 
and autonosy of operation* 

2*7 The key problea in applying' the IAEA's powers are the definition 
of -the "excess" saterial which would be required to be deposited 
and the conditions under which deposited saterial would be "released". 
However, the language of the Article provides the basis of broad 
definitions* 

Excess aaterial i e that not reouirwJ for use in specified 

reactors or research; 

Material will be released for use in specified reactors 
or research, at the request of the Member State, provided 
that continuing safeguards are accepted* 
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8 It would ba reasonable to assume that the IAKi has tha 

implicit power to verify Matters each as, for example, the 

existence and the feel capacity of a reactor specified as one 

in which plutonivn is to be used for feel. In fact, since 

the plntoainn would eontisne to be under safeguards such a 

verification would to a large extent follow automatically 

in iaplenentiag safeguards on the-reactor in question. 

ncraHRATio* or A SCHEME FOR IBTBRIATIOIAL nuucanrt or PUIIUIIUI 

t i r ] T >ntet ion under Article XILA.5 

1 Article XII.A.5 of the IAEA Statute haa not so far been 
impl sainted and ita application would require a decision by 
the Board of Governors. 

2 Such a decision night arise front 
(a) a propoaal fron a lenber State or States that the 

relevant provisions of Article XII,A,5 should be 
inplenented generally; or 

(b) a request fron a member State or States for the 
application of the provisions of the Article in 
a particular safeguards agreenent. 

Implementation under Article m 

3 It i s also possible that interested member States could, in line 
with Article i n of the IAIi Statute, design a sainf—m body 
siailar to that envisioned ia Part I I of this paper, lhe 
propoaal would then be subaitted to the Board for ita approval 
and authorisation. 

' ^lirfrrfm ffintr 
4 Although ia no sense essential to a scheme for IMP, a "plutonium 

bank" i s , however, a possible • and perhaps useful - extra 
dinension to a basic HP system. It night incorporsts features 
such as? 
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- the purchase of Pa for energy credits in the form of 

enriched or natural uranium or separative work units 

(STOs); 

- the purchase of Pa for money; 

- supply of Pa under safeguards to meet energy needs, 

in states not depositing Pa* 

3*3 One major point which would need to he clarified is whether 

there is. in fact, iikely to he any significant demand in the 

future for Pa for power production in countries other than -those 

which are producing Pa themselves; either in their own reprocessing 

plants or by using reprocessing facilities abroad* Even if 

there were not, there might* of course, be scope for making 

additional Pa available to participating states which had needs 

in excess of their own production* 

3*6 On the other hand, the realities of Pa supply and demand in the 

future might make the bank concept impracticable* In particular, 

the concept may be less attractive to potential participant States 

which own plutonium if it involves further restrictions or 

limitations on its commercial dealings* However, it is a matter 

which could be examined in international discussions on the possible 

introduction of a scheme for IMP* 

3.7 tte issues raised in this paper can only be resolved by 

consultations and negotiations between the interested parties. 

The importaBoe and timeliness of the matter merit early 

discussions between potential participant States* 
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PART W O 

OPERATIOH OF A SCHEME 

4. HOW MIGHT A SCHEIE FOR IFBERHATIOIAL Fa STORAOE/lUIACElIEST 
OPERATE? 

Baeic Framework of a Scheme 

4*1 Following a decision to put into effect the provisions of 

Article XII.A.5 of the Statute, how Bight the practical 

establishaent of a system of H P take place? 

4.2 It would be necessary for the Board of Governors to approve 

the establishaent and the Teras of Reference of a suitable 

body as the controlling aechanisa for the schema. States 

participating in the scheme, either of their own volition 

or because required to do so under safeguards agreements, 

might then be required to make returns to the controlling 

body (which for discussion purposes will be referred to as 

the Committee for the International Management of Plutonium 

(CUP)) showing their holdings of Pu, together with details 

of location and use. It should be borne in mind that regular 

reports for other safeguards purposes would in any case be 

required from the States concerned. 

4.3 Returns of this kind would indicate for each participating 

State the quantity of excess material held, which should 

therefore be placed under internationally controlled storage. 

The location and operation of facilities is considered in 

sections 6 and 7 beliw. 

4*4 It would be necessary to define carefully the relationship 

between the reporting arrangements under IMP and the reports 

already required by the Agency in the application of safeguards 

so as to avoid any unnecessary duplication of work while ensuring 

that C M P obtained all the information it required* It would also 

be necessary to define the role of the Agency in verifying 

information provided to CIMP in connection with requests for 

the release of Pu and, in particular, in verifying whether the 

subsequent use of such Pa is in accordance with the teras and 

conditions of the CIMP release. 
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Implementation of Article III.A. 5 

4.5 The terns of reference of CIMP could draw on the language 

of Article XII.A.5 to provide the basic criteria and framework 

of a scheme. For example, the/ night include duties ->n lines 

such as: 

i. In accordance with Article XII.A. 5 of the IAEA Statute, 

to require the deposit by participating States in facilities 

provided or approved by CIMP of plutoniua and such other 

recovered special fisaionable materials aa amy be 

determined froa tine to tine, in excess of that required 

by the State for specified peaceful purposes, which nay 

be uae in research or use in reactora existing or under 

construction. (The requirement to deposit would also, 

of courae, apply to Pu that had been releaaed for uae in 

a reactor or in reeearch and had subeequently become "in 

0X0088" after such uae. Such Pu would have to be returned 

to storage, or if in the form of irradiated fuel, transferred 

to an IMP reproceasing plant or apent fuel storage facility.) 

ii. To return such deposited materiala promptly to the 

State on request, to be ue»d for peaceful purposes under 

continuing safeguarda for reaearoh or in reactora exiating 

or under construction specified by the Statea. 

iii. To require participating States to provide information 

from time to time on the quantity, location and usage 

of any holdings of plutoniun/sp*cial fissionable materials. 

iv. To report annually to the Board of Governors. 

4.6 This would appear to be an adequate fraaawork within which CMP 

eould operate, under the authorisation of the Board of Governors. 

However, three questions of interpretation would need to be 

resolved. 

A. What discretion should CHIP be allowed in determining that 

material is -excess* and should therefore be deposited? 
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4.7 The language of the Statute is clear: excess Material is 

Material not required for use in specified reactors or 

research. Inforaation provided in returns by participating 

States, verified by safeguards inspection, should rrovide 

a basis for agreenent between CHIP and participants on the 

•aterial to be deposited. 

4.8 It would be desirable for participants to agree on generally 

acceptable criteria for iapleaenting -T-* Statute to ainiaise 

the risk of dispute between participas - and C M P in the 

operation of a scheae. In -this context certain general 

points would need to be resolved: for » r aple, what 

quantity of spare fuel sight be held in a State where Pu 

is used for reactor operations? Both here and on the question 

of release (see below) the aia should be not to inhibit properly 

safeguarded use of Pu in nuclear power production. 

4*9 It would also be necessary to provide for the resolution of 

disputes on the definition of excess between a participating 

State and C U P 

B, What discretion should CIWP be allowed in deciding 

whether to aeet requests for the return or supply 

of deposited Material? 

4*10 The language of the irtiele is clear, in stating that Material 

will be released proaptly st the request of the participating 

State for specified and safeguarded use in reactors or research* 

It should not be unduly difficult to devise arrangeaents to 

implement the irtiele: 

a. Por Pa to be released for reactor fuel, the 

reactor Must exist or be under construction. 

It should therefore have a specific fully loaded 

fuel capacity and the Pa content should also be 

specific and verifiable. 
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b. For Pa to be released for research the project 

would have to be specified and verifiable. 

4.11 However, froa this starting point it might be desirable fur 

participants to agree on generally acceptable principles for 

the implementation of the Statute: to minimise and, if 

possible, avoid any fear of discrimination by C U P in the 

operation of a scheme. This suggests a need to establish 

a framework within which the circumstances required for the 

release of Pu would be generally agreed and clearly understood 

in advance. 

4.12 lb establish such a framework, a number of general principles 

would have to be agreed: for example, how long prior to the 

completion of a reactor might Pu be released for fuel? There 

might also be scops for a participant to agree with CIMP on 

future needs for which Pu would be released, at the time of Pu 

deposit. 

4*13 As with the question of deposit, there would need to be 

arrangements for the resolution of disputes between a parti

cipant and CMP. 

4.14 Further details concerning possible conditions for release are 

considered in Section 8. 

5. reCISIOB-MAKIKJ JUCHUORT 

5.1 A system would need to be operated under the control of an 

international body with appropriate decision-making powers. 

The most appropriate composition for such a body would almost 

certainly be representatives of all countries participating 

in ZXP. What should be its responsibilities? 

5.2 The most important requirement is that participating countries 

should have confidence that the procedures of decision making 

would operate fairly and without discrimination. Conversely, 

the world community would need to have confidence in the integrity 

and objectivity of the machinery. 
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5.3 Decisions would need to be taken promptly, whenever such 

aatters as requests for release or supply of Pu arose. This 

would be basic to the acceptability of a scheme. Qoite a 

large number of decisions sight arise in the course of a 

year and their consideration sight require the study of 

detailed information. 

Decisions which aright be required 

5.4 It will be apparent froa other sections of this study that 

there are a nuaber of important choices to be aade before the 

exact scope and nature of a schase for IIP can be settled. 

The type of decision- asking mechiusry required would obviously 

depend on the details of any scheme and recommendations would 

therefore be premature. However, decisions which a controlling 

body might be required to make include: 

i. Deposit 

Presumably al l deposits of Pu by participating 
states would have to be accepted automatically by 
IIP. It would therefore be necessary to ensure 
that fac i l i t i es for receipt are available. A more 
difficult problem might arise i f returns received 
by CUP showed that there was substantial excess 
Pa in a State which the latter was reluctant to 
deposit. 

Release 

the nature of decisions to be taken would depend 

on the degree of discretion granted to the controlling 

body. It would at least need to satisfy itself that 

verification of the proposed end use bad been made -

e.g.i that a specified reactor existed, was or 

would be operational and had a fuel capacity 

aatohing the requirement for Pa. A mors difficult 

question might arise in relation to requests for Pu 

for research purposes. 

ii. 

• 
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iii. Conditions 

See Section 8 below. Agree—nt would need to be 

reached on any conditions to be attached to the 

release of Pu, and CIMP would probably be the 

aost suitable forum. 

iT. Mew Participants 

H P should be open to any Member State of the 

Agency prepared to accept the obligations of 

membership. 

Relationship to IAEA Board of Governors 

5 If IMP is established by the implementation of Article ZII.A.5 

of the Statute, a clear relationship with the IAEA Board of 

Governors would be repaired, since IMP would in effect be 

operating under the delegated authority of the Board. The 

Board would be required to approve the establishment of IMP, 

its Terms of Reference, to receive an annual report on its 

activities and give general directives to it, as well as to 

deal with major questions of non-compliance, nevertheless, 

it would be desirable to give to CIMP sufficient autonomy 

to enable it to operate smoothly and efficiently; and to take 

all decisions needed for an effective operation except those 

specifically reserved to the Board. 

6 The Board might determine Terms of Reference for CIMP on the 

lines proposed in paragraph 4*5 above. 

LOCATIOI OP FACILITIES 

Amongst the numerous theoretical possibilities, there are three 

which would warrant special consideration on grounds of "proliferation 

resistance" or practicability or acceptability. They aret 

Case At A Facility (or Facilities) established and operated 

by the IAEA in a State with no reprocessing 

1 It is assumed that the plutonium would be stored in a form 

in which it could not be readily convertible into weapons 
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quality material, without further reprocessing. It should, 

therefore, preferably be stored in the f o m of 1DX or, at 

least, plutoniua oxide (plutoiu.ua oxide can be used as an 

explosive, but it is highly improbable that a country 

wishing to manufacture nuclear weapons, would use this 

•uterial for that purpose). Excess plutoniua would be 

shipped froa reprocessing plants in participating States in 

the fore of MDX fuel to the facility (ies) in the host State. 

This solution would be highly "proliferation resistant** for a 

number of reasons. Since the stored plutoniua could not be 

used for explosives without further reprocessing;, the host 

State would have little incentive to take over the facility. 

At the same time, the host State would probably have little 

incentive to provide or operate the facility, that function 

would probably have to be undertaken by the IAEA which would, 

therefore, have full operational control of the facility. 

Furthermore, in this case, IAEA would choose both the host 

State and the site of the facility; it should thus be possible 

to minimise fears that the plutoniua aight be taken over by 

the State so selected. 

On the other hand, the scheme would involve the IAEA in all the 

operational, managerial and financial responsibilities of 

plutoniua storage. There would thus be significant financial 

and manpower implications for IAEA. Is selecting a site, there 

aight well be difficulty in finding a host State willing to 

accept storage of large quantities of plutoniua, originating 

in other States, on its territory. There aight also be difficulties 

in selecting a host State that would be acceptable to other States 

participating in the scheme. The scheme would also involve 

large-scale transport of plutoniua, thus entailing significant 

costs and risks. 

Case Bt Storage only in nuclear^weaoon States having reprocessing 

Less movement of Pu would be required than in Case A. IAEA 

involvement in the operational, managerial and financial 

http://plutoiu.ua
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responsibilities would be less than in Case A, being confined 

largely to control over deposit and release of Pa. 

5 On the other hand, Case B ie discriminatory as between nuclear-

weapon States (NHS) and non-nuclear-weapon States (NHHS) and takes 

little account of the fact that certain HUMS are already operating 

or have advanced plans for operating reprocessing plants. Case B 

night well be unacceptable to participating HIMS and to the Board 

of Governors. Furthermore, if HNHS reprocessing plants were 

required to send most or all of their product to BUS the result 

would be movement of plutonium on a significant scale, is in 

Case A, this would be a serious drawback* 

Case C: Storage at approved reprocessing plants wherever they 

may be located, i.e. both in non-nuclear-weapon States 

and nuclear-weapon States 

6 In this case, it is assumed that an international plutonium 

facility would be established at each reprocessing plant in 

participating States, non-nuclear-weapon States or nuclear-weapon 

States, (it would also, of course, be possible for the IAEA to 

establish an operator's facility entirely separate and distant 

from the reprocessing plant in the State concerned. This would 

entail the drawbacks mentioned in Case A without, however, bringing 

the advantage that Case A offers from a non-proliferation point $ 

of view.) In Case C, DIP would be responsible for controlling 

the release of plutoniua stored at the reprocessing plant. 

? Reprocessing plants need plutonium storage facilities even in the 

absence of the international scheme. Case C would require, in 

addition, only that the facility be placed under international 

auspices, possibly operated under contract between the DIP and the 

host Government, Involvement of the IAEA in finance and 

administration might be kept to the minimus required 
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for an effective level of international control on the deposit 

and release of plutoniua. Locating the plutoniua facility at 

the reprocessing plant would also leave open the option of 

constructing a fuel fabrication plant in the sane place, thus 

restricting all plutonina-handl ing operations to the ease site. 

The need for large-scale transport of plutoniua ia ainiaiaed. 

In short, this case offers the greatest operational simplicity 

to the IAEA and aight be the aost acceptable to nuclear weapon 

States and non-nuclear-weapon States alike. 

6.8 On the other hand. Case C offers less advantages frost the point 

of view of "proliferation resistance1* than Case A or Case B. 

Srsn if the plutoniuu were stored in KOX-fora, the host State 

would have the reprocessing facilities needed to convert it into 

weapons quality aaterial. Since IAEA involveaent in control of 

a facility would be ainiaal, the fcraal barriers to a take-over 

of the plutoniua would also be less than in Case A. In short, 

the harriers to a take-over of the stored plutoniua by a non-

nuclear-weapon State capable of asking use of the plutoniua for 

weapons purposes would be signficantly leva than either of the 

two cases. 

6.9 She advantages of Case C are increased if the State concerned is 

a noi>-ncclear-weapon State and IPT party since in this circuastance 

all aoveaents of Pu are transparent and the State would have 

formally coaaitted itself not to asnufacture nuclear exploaive 

devicea. 

Agisting Maf*ffnmTAm procedures for Pa storage 

6.10 A Pu storage scbeae under the auspices of the Agency aight involve 

a storage facility directly operated by the Agency or a facility 

operated by a State, the Agency being responsible essentially 

for supervising compliance with release directives and possibly 

insuring or verifying that no unauthorized releases take place. 

As the first ease would constitute aa operation conducted by the 

Agency, there aight be no formal limitation on the intensity of 

the safeguards effort to be applied, although it would be 

reasonable to assume that the safeguards effort to be 
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applied to facilities operated by the State should also 

be adequate for the agency*s own operations. 

6.11 If the storage facility is operated by a State, then the 

terns of the relevant Safeguards agree—nt would determine 

the scope and intensity of the agency*s safeguards operations. 

Thus for instance in the event of the application of 

safeguards to a storage facility under a HPT type safeguards 

agreement the naxisnn routine inspection effort for 

safeguards in the absence cf agreement to the contrary would 

be determined in accordance with paras. 79 and 80 of HPCIRC/153* 

In this connection it should be borne in mind that the functions 

of inspectors under the present safeguards systen do not include 

control of release of Pu or of compliance with release conditions. 

Should agency inspectors be assigned these additional functions, 

the adequacy of existing limits on their presenoe at the facility 

would have tj be looked into in the light of the expanded 

functions of inspectors. Alternatively the function of supervising 

authorised releases might be entrusted to other (non-rsafeguards.) 

Agency staff. 

7. OPERATIC! OF UrrHWATIOWAL STORAGE FACILITIES 

7.1 There are three main problems to be considered: 

a. effective international control of deposited Pu; 

b. physical protection of the facility; 

o. health and safety aspects of the facility. 

The financial aspects of storage are considered separately in 

section 9. Arrangements for each of these natters would need 

to be covered in a host state agreement. (See Appendix B) 

International control of deposited Pa 

7.2 For a scheme to have credible non-proliferation benefits, 

international Pu storage would have to be - and be seen to be -

under effective international control. CHIP would need to 

monitor all deposits and releases, and have such control over 

release that it would not be possible for Pu to be released 

without CIHP authority. 
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7-3 The minima degree of international control which would seea 

necessary to satisfy this basic requirement, would be for the 

facility to be under the control of an employee of CMP/lAEA, 

stationed permanently at the storage site and with adequate 

legal statust established in the host state agreement, as the 

local representative of CMP. The site operator would be 

responsible for physical protection and health and safety 

matters. The controller would ensure that deposits and releases 

were in accordance with the instructions of CMP. 

7*4 In practice, additional aanpower would be required for tasks such 

as the physical handling of Pa in and out of storage and routine 

inspection for security and safety purposes. Assuming -.hat the 

store was located adjacent to a reprocessing plant, some or all of 

these services might be supplied by the operator of the plant on 

a contract or repayment basis. The extent to which the store was 

staffed by international CMP/lAEA employees is a matter to be 

worked out should a scheme be established. 

Physical Protection 

7.3 The host State agreement establishing the international status 

of the store would need to incorporate an undertaking by the 

State to provide physical protection for the facility. The level 

of protection up to an agreed standard, such as recommendations 

published by IAEA from time to time (eg. IRPCIRC/225/Rev.l), 

would also have to be guaranteed. 

7.6 It would be necessary for suitable arrangements to be established 

for co-ordination and comsunieation between the controller employed 

by CIMP/lAEA and the relevant national security authorities. 

Health and Safety 

7.7 Adequate health and safety standards (eg. those designed to avoid 

critieality hazards, contamination of personnel and environmental 

pollution) would clearly have to be met. The standards set by 

the host state would have to be adhered to and inspection for this 
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purpose accepted. Similarly, if the facility were, as expected, 

located adjacent to a reprocessing plant or other national naclear 

installation, safety and environmental considerations would 

demand close collaboration between the site operator and the 

controller of the facility. 

8 The exact arrangement on health, safety and environmental matters 

would depend on the country involved and would need to be covered 

in the host State agreement. 

CONDITIONS FOR THE RELEASE OP PLUTONIUM PROM STORAGE 

1 One approach to the implementation of Article XII. A. 5 is to 

see the strength of the regime arising mainly from control of 

stored Pa. An additional source of strength for a scheme, 

offering significant non-proliferation benefits, would lie in 

attaching conditions to the release of Pu. These conditions 

would be designed to minimize proliferation risks. Power to 

require such conditions could be provided for in the Terms of 

Reference given to CDF on its establishment. Once CHIP was 

satisfied that a request for release was legitimate (i.e. for 

specified/verified use in a reactor or research) the Pu would be 

released under these conditions. 

The conditions should be acceptable to a State interested solely 

in the use of Pa for peaceful purposes and at the same time give 

assurance that Pu would be available to it for legitimate 

purposes whenever needed. 

2 Article XII. A. 5 provides the statutory basis for the requirement 

to deposit esceess Pa and to release it for legitimate needs. It 

would of course be open to the States participating in CHIP to 

agree to additional conditions which might regulate arrangements 

for release. 
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Guarantee of End-Oce 

8.3 When requesting return or supply of Pu, a etate would clearly 

have to specify the purpose for which the Pu was needed. 1 

condition of release could be an uncertacing from the recipient 

State that the Pa would not be used for any other purpose without 

the agreement of CDP. 

Physical Protection 

8.4 A recipient State could be required to give aasurances that for 

released Pu standards of physical protection (whether in 

transportation or at nuclear sites) would be adequate. This 

sight involve a guarantee that physical protection vould be at 

least up to the level of isco—nidations published by the IAEA 

fron tiae to tine (at present in the fora of IlPCIRC/225/Rev.l). 

Form of Pa Released 

8.3 Restrictions Bight be placed on the fora in which Pu would be 

released to sake it "proliferation resistant1'. For exaaple, it 

Bight be released only in the fora of H5X (sized oxides of 

plutoniua and uraniua) which is suitable as reactor fuel, bat 

requires eheaical separation to produce Pu as such and ia not 

veapons usable in itself. However it should be noted that for 

certain research applications, Pu is required in aetallic forn. 

Transport 

8.6 Restrictions Bight be iaposed on the sise of individual eonsiga-
aenta and aethods of transport (possibly specifying IMP approved 
or provided services) in the interest of physical protection. 

Restrictions on Botraaff** 

8.7 The effectiveness and credibility of UT would be diainisbed if 
substantial aaounts of Pu existed in countries outside the 
scbeae. A condition of release sight be that Pa could not be 
retransferred to another country without the agreeaent of CH§\ 

Violation of Iff Conditions of Release 

8*8 The violation of conditions set for the release of Pu would have to 
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be reported to the Board of Governors as non-compliance either 

with the safeguards agreement or with the special legal instrument 

setting up IMP. It would be for the Board to take the Measures 

foreseen in Article XII.C. The question migfct be considered whether 

less serious infractions of IMP rules should be dealt with by CHIP 

i tself . On the other hand, a Board finding of non-compliance sight 

entail, in addition to the Measures foreseen in Article XII.C 

isaediate suspension froa IMP and additional sanctions which 

aight be built into the framework of IMP itse l f , e.g. termination 

of a l l nuclear supplies froa other participants in IIP. 

9. FHAICE 

9*1 The costs related to IMP would include the capital costs of facility 

construction, the operating costs such as the handling of Pu, 

and the costs of security measures adopted. Most of these costs 

would have to be set whether or not IMP were established. In 

addition there would be the cost of provideng international 

control which would cover the central Secretariat for the scheme 

and control measures at each facility. This section considers these 

costs: the figures given are only broad estimates and are intended 

as no more than indicators of the order of costs which a scheme 

might entail. 

Capital costs of Pu storage 

9*2 A number of Pu facilities at reprocessing plants Are already 

constructed and operating. Finance would need to be raised for 

the construction of new facilities. The need for new facilities 

would arise in two ways: a requirement for new capacity, or the 

adoption of new designs for facilities. 

9*3 The minimum IMP responsibility for capital investment would be 

needed if existing facilities, and those planned or under construc

tion were brought into the scheme» their normal operating being 

continued, subject to the establishment of international authority 

over deposits and with drawals. In this case there might be 

little or no capital cost incurred by IMP. 
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9*4 However, the sort effective way of achieving high standards of 

physical protection is for the relevant features to be incorporated 

in the basic design of the facility. This Bight, for example, 

involve placing facilities underground. For this reason, it might 

be concluded that in at leas': some cases IMP should construct new 

facilities to an appropriate standard rather than adapt existing 

ones. For any new reprocessing plant, a new facility would be needed 

in any case, whether built by IMP or the site operator. 

9»5 >nhe construction of new facilities would entail considerable 

capital investaent. A Pu storage facility of 50 tonnes capacity, 

built in association with an established nuclear site, would cost 

not less than $ 10 million (at 1977 prices). Placing the facility 

underground would increase the cost substantially, as would the 

incorporation of sophisticated safeguards, security and control 

equipment (e.g. for remote handling). In any event construction 

costs vary widely between countries and the quoted figure of 

S 10 Billion would probably be at the lower end of the spectruB. 

Subject to the sane caveats, a 10 tonnes facility would cost not 

less than $ 4-5 Billion. A systea of internationally controlled 

storage Bight, in the foreseeable future, need up to four large 

(50 tonnes) Pu facilities at major reprocessing plants and perhaps 

four 10 tonnes facilities at other smaller reprocessing plants. 

Operating costs of Pu storage 

9*6 As suggested elsewhere in the study, the day-to-day servicing of 

the facility might be contracted by CIMP to an appropriate organ

isation in the host country: most probably the operator of the 

adjacent reprocessing plant if the facility were so located. The 

most appropriate method of meeting operating costs would appear to 

be for customers to be charged for the storage of their Pu on a 

normal commercial basis. 

9*7 The following table sets out estiaated running costs of 10 and 

50 tosses PuO, facilities! 
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10 to PnO„ 

US $ 

1 million 

200,000 

133,000 

50 to PttÔ  

US 1 

1.25 million 

50,000 

33,000 

Annual Operating Cost 1 million 

Annual Cost of Storing 
1 tonne PuO- if store 50£ full .. 

Annual Cost of Storing 
1 tonne PuOg if store 7556 full .. 

Annual Cost of Storing 
1 tonne PuO if store 1% full 
including amortization of 
capital costs (lOjS over 20 years)..230,000 70,000 

9.8 These figures are estimates at 1977 prices, and assume that facility 

would be sited at recognized reprocessing plants from which most 

services could be provided on a contract basis. The level of a 

storage charge necessary to cover operating costs alone and 

these costs plus amortization of capital costs is shown for 

comparison. The pro rata charges would be considerably higher 

for a 10 te store, and CIHP might reasonably consider redistributing 

costs in order to charge a uniform fee. 

9.9 Since the IAEA would be requiring storage, customers would need 

to be confident that the store operator was not abusing its 

monopoly situation and making too high a charge. To show that 

charges for the use of the facility were fair and reasonable, 

the costs of the facility could be fully disclosed and independently 

audited, perhaps leading to an internationally agreed, fixed 

storage charge. 

The costs of international control 

9.10 A central Secretariat of 6-8 persons would cost approximately 

% 300-400,000 per annuo. Assuming that the staff requirement 

for international control was four for each store, the annual 

international operating cost p«c store would be approximately 

3 200,000. (All at 1977 prioei). 
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Pinancing IMP 

9.11 IMP might be financed by: 

i. contributions to a special fund by participants on an 

agreed scale or 

ii. contributions based on the quantity of Pu stores by 

participants, i.e. storage charges. 

9*12 The base costs of facility operation would probably be net, as suggested 

in paragraph $.6f by storage charges, i.e. method ii. The costs 

of international control (as in paragraph 9*10) might be met by 

method i., or by an element included in storage charges. 

9.13 It seems probable that at least some degree of capital investment 

might be required by IMP for the construction of stores, if the cost 

is not to rest exclusively with the Member State in whose territory 

the store would be constructed. Capital investment might be met 

either by increasing storage charges (i.e. including an element of 

amortization of capital) or by IMP participants agreeing to contribute 

to a special fund as the facility were required. 

10. THE NEXT STEPS 

10.1 There appears to be a positive case for the introduction of some 

form of internationally supervised storage for Pa in order to 

reduce the risk of the further proliferation of Pa-based nuclear 

weapons. This would be a complement to the present IAEA Safeguards 

system, provided that the scheme offered effective and credible 

non-proliferation benefits. This In turn might help to eliminate 

certain difficulties which fears about proliferation are* placing in 

the way of the development of nuclear energy for power production. 

10.2 At the same time the scheme would have to command the confidence 

of those States that wish to use Pa as a nuclear fuel and whose 

national energy programmes might therefore be affected by decisions 

taken in the operation of the scheme. 
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10.3 The nert step, therefore, is to discover whether institutional 

arrangements can he devised for the implementation of Article III 

and XII. A. 5* which offer effective non-proliferation benefits 

while being acceptable to Member States with an Interest in Pu 

as users, suppliers or reprocessors. 

10.4 The most practical way of exploring this question is through 

consultation between the states concerned and IAEA. Such 

consultations will need to cover both political and technical 

issues. It is hoped that this paper has helped to clarify the 

problems which would need to be resolved. 
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OBEX A 

FROJBCTTOHS OP FOTORE FLUTOH1UH PRODUCTION 

1. In the present cliaate of uncertainty about the future pace 

and shape of nuclear power progresses in the world, it is 

difficult to make reliable forecasts of forward plutonium 

production* Even quite recent estimates, such as those in 

the OBCD/feSi report published in 1977—'must be subject to 

some question as national policies are reviewed. It is 

hoped that one output froa the International Wuclear Fuel 

Cycle Evaluation will be clearer projections of irradiated 

fuel arisings and the separation of plutoniua. This Annex 

has drawn on a variety of sources to produce estimates, 

which are intended only to provide a general background to 

the report on International Management of Plutonian, which 

is of course largely institutional in nature* 

2*. Plutonian arisings in irradiated fuel 

Table 1 gives estimates of plutonium arisings in irradiated 

fuel to the year 2000 on a broad regional basis* 

3* Separated Plutonium 

Table 2 estimates, on the same regional basis, the 

quantities of plutonium likely to be separated in reprocessing 

plants up to the year 2000* In preparing these estimates, 

account has been taken of the capacity and likely start-up 

dates of operating and proposed reprocessing plants; and 

appropriate assumptions have been made on throughput. 

4* In preparing Tables 1 and 2 the available data has provided 

a basis for reasonably credible high, low and reference 

estimates up to the year 1990. tbeertalnties beycnd that 

date are so great that any attempt to produce high and low 

estimates of a credible nature would produce such a wide 

range as net to be particularly useful in the context of this 

report. Therefore for the years 1995 «<* 2000 only a single reference 

estimate, which must be subject to much uncertainty at this stage, 

has been given. 

*/ Reprocessing of Spent Kuelear Fuels in 0EC2 Countries, 0BCD 1977* 
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Table 1 

ESTIMATES OF PLUTONIUM ARISINGS IN IRRADIATED FDEL: 
CUMULATIVE FROM 1978 

tonnes of Puf all isotopes 

1985 1990 1995 2000 

Low 101 238 

H i S America Ref 104 251 479 793 

High 106 259 

Low 75.7 190 

Europe Ref 80.3 195 330 563 

High 83.2 240 

Low 27.5 72.8 

Asia Ref 28.2 73 144 301 

High 34.6 88.4 

Low 

Africa Ref .1 2.2 7*9 17 

High 

Total (Reference case) 212.6 521 981 I676 

Note: Countries with centrally planned economies are not included, 
relevant data not being available. 
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Table 2 

ESTIMATES OF PLUTONIUM SEPARATION: 
CUMULATIVE FROM 1978 

tonnes of Pu, all isotopes 

N A S America, 

Europe 

Asia 

Total (reference case) 

V 

fief 

High 

Low 
Ref 
High 

Low 
Ref 
High 

1985 

00 

15.1 

19.6 

57.9 

60.5 

73.3 

14.3 

15.8 

17.3 

91.4 

1990 

00 

50.3 

60.2 

116 

167 
205 

28.2 

35.5 

40.2 

253 

1995 

120 

336 

75.2 

331 

2000 

212 

526 

119 

857 

Bote: 1. Figures do not include plutonium separated prior to 1978 
which could total some 23-28 tonnes. 

2. Countries with centrally planned economies are not included, 
relevant data not being available* 

• 



- 3 5 -

ABNEX B 

INTERNATIONAL MANAGEXEHT OP PLUTONIUM 

Legal Instruments 

The following legal instruments night be required for a plutonium 

storage and management scheme under Agency auspices. 

A. Storage of Pn 

(a) A multilateral agreement between reprocessing States, 

supplier States and user States with IAEA participation 

which night contain the following main elements: 

1. A reference to Article HI.A.5 under which "user" 

States are obliged to deposit any plutonium determined 

to be excess. In case the scheme is operated under 

Article III of the Statute, an undertaking by "user" 

States to deposit Pu in accordance with the terms of 

the scheme; 

2. An undertaking by relevant facilities (States) to 

accept Pu from participating States for storage; 

3. "Hie main conditions for such storage; 

4* Basic criteria for release of Pu; 

5* Recognition of the authority of the IAEA body to 

determine conditions for release within the basic 

criteria, as agreed by participating States; 

6. Financial arrangements to cover costs of construction 

(type A facility), operation (type A, B, C) transport 

and physical protection; 

7* Appropriate provisions for credit or full compensation 

for Pu deposited; 

8. In respect of type B and C facilities relationship to 

possible other co-located fuel cycle facilities; 

9. Special relationship with regional organizations with 

respect to a regional storage centre; 
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A Host agreement between IAEA and State where facilities 

are located. This agreement might deal with the following;: 

1. Definition of legal status of facility; 

2. Extraterritoriality, inviolability of facility; 

3. Public Services to be provided by Host State; 

4> Health and Safety Measures to be applied; 

5* Physical protection measures; 

6. Questions of licensing and relationship to competent 

Covernaent authority; 

7* Liability and insurance; 

8. Status of IAEA staff at facility; 

9» Measures to ensure that material can be freely 

transported to or frost facility; 

10. Exemption from taxation, customs and import duties; 

11. In respect of type A facility Questions of acquisition • 

of ground, construction and operation of facility by 

IAEA will require more extensive arrangements. 

Measures within the IAEA 

1. Establishment, composition, terms of reference of the 

IAEA Pu management body; 

2. Financial and organisational arrangements, in particular 

if Agency constructs and operates type A facility. 
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CHAPTER II 

THE IEED FOB IfTBWUTIOBlL STORAGE AID MUUBBKBTt OF SPEHT 
FUEL 

1 The diaposition of irradiated spent fuel is an integral part 

of the nuclear fuel cycle. Since fuel discharged fro* light 

water reactors contains significant quantities of fissile 

material, considerations of resource conservation have until 

recently led sort countries having nuclear power progresses 

to plan the timely recovery of the fissile Material in the 

spent fuel and its recycle in existing reactors or eventual 

use in fast breeder reactors. 

2 Spent fuel arisings froa LWR (outside countries with centrally 

planned economies) are expected to increase fron about 1,600 

tonnes per year to about 8,000 tonnes in I985. By 1990, 

spent fuel arisings could amount to about 14,000 tonnes per 

year, by 2000 to about 27,000 tonnes per year.'' 

3 lack of adequate spent fuel storage capacity, as well as 

delays in the construction of reprocessing capacity coupled 

with the expansion of nuclear generating capacity are causing 

serious spent fuel storage problems for many States. The 

problea is particularly acute in regard to light water reactors 

since only one major plant - La Hague in Prance - and three 

prototype plants in Japan, India and the Federal Republic of 

Germany - for reprocessing light water reactor fuel are now in 

operation. The reprocessing facilities for JOB and Xagnox fuel 

are adequate while CAHXJ fuel is proposed to be reprocessed only 

in India in the near future. 

4 In most eases a temporary solution is being sought by expanding 

the capacity of existing spent fuel storage pools at reactors. 

These pools are normally designed to accommodate one and 

one third to two core loads. In many cases this capacity can 

" These figures might require revision in the light of the 
studies made by TJFCZf nevertheless, they indicate the 
magnitude of the problea. 
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be increased to 2 l/4 - three core loads through acre 

efficient storage spacing and/or by replacing existing 

storage racks with racks constructed of neutron absorbing 

materials. Many WR plants are being modified in this way. 

nevertheless, the solution is only a temporary palliative 

and there are limitations to the extent to which space can 

be sore efficiently used at reactor pools. Moreover, sose 

countries such as Japan require as a condition for licensing 

that the reactor maintain at all times a "full core reserve", 

i.e. the capability for accepting the discharge at short 

notice of a full reactor core fuel. Thie is in any case 

desirable as a prudent reactor and fuel management practice. 

11.5 Away-from-reactor storage capacity exists at a few reprocessing 

facilities. The BE? plant at Windscale in the United Kingdom 

has the total capacity of approximately 750 U tonnes with 

plans for an additional 300 tonnes capacity. COCSU at La 

Hague has a total storage capacity of 300 tonnes. Both these 

facilities aeoept spent fuel from other countries for repro

cessing. Limited spent fuel storage capacity also exists at 

the Mol reprocessing plant in Belgium, the Tokai Mora reprocessing 

plrvat in Japan, the Tarapur plant in India* and at 0. E. Morris, 

KfS in sew Tork and is contemplated by FIAT in Italy. The United 

States is developing a new spent fuel storage policy under which 

the V. S. Government would accept and take title to spent feel 

from domestic utilities for a fee. The same arrangement may 

possibly be extended to other countries but it is not yet 

clear how much storage capacity would actually be made available 

to them or on what terms. 

11.6 In certain cases the absence of a definitive solution to the 

spent fuel storage problem is delaying the start-up of nuclear 

power plants and slowing down the expansion of nuclear power 

programmes and licensing procedures. 

11.7 Summing up, a world-wide spent fuel storage problem exists and 

is becoming mors serious. Existing storage capacity and capacity 

under construction will not be sdequate to avert shortages of suoh 

capacity in the future. 
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11.8 Several countries are unable to solve the spent fuel storage 

problea in the long term on a national basia. In these 

countries technical problems or problems of public acceptance 

rule out, at least at pr sent, indefinite storage of large 

quantities of spent fuel, or the possibility of disposing 

of spent fuel as waste. 

11.9 ^b* spent fuel storage problem thus requires international 

co-operation. This may be bilateral, regional or multi

national. It is dear that the IAEA could render its Member 

States a valuable service in encouraging and supporting such 

eo-operation. At the same time, the creation of one or more 

spent fuel storage arrangements which would avoid numerous 

scattered stores of spent fuel, which with the passage of 

tise sight become sources of plutonium, could make a useful 

contribution in reducing the risks of nuclear explosive 

proliferation. 

The proliferation aspect 

11.10 In the form that eosmereial spent fuel emerges from an LHR 

reactor, namely as a highly irradiated and radioactive 

element it is virtually inaccessible from the point of view 

of proliferation. After several months cooling period 

' reprocessing is feasible in techno logically advanced and 

sophisticated facilities and after about two years, commercial 

reprocessing would be a normal operation. After a further 

cooling period of 20 years or mors, the radioactivity drops 

by several orders of magnitude from its initial level and it 

can be handled in a relatively simple and easily constructed 

and operated small reprocessing facility. In other words, 

after several years spent fuel begins to take on the character 

of a "plutoniua mine" as it has been described**' 

•/"Unclear Power and the Proliferation Issue" by W. Marshall, Graham 
Toung Memorial Lecture, 24 February 1978* 
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Technical alternatives 

11.11 Various types of spent fuel storage are now being considered: 

(a) Short-tern on s i te or away-f-om-reactor storage 

In the next two decades there will be a growing 

demand for additional short—term storage for 

periods up to 20 years. 

(b) Long-term storage 

In the case of one country long-term storage is 

alieady undertaken as part of the heavy water 

reactor fuel cycle* Normally, such long-term 

storage will keep the spent fuel in a retrievable 

state so that its plutonium and uranium content may 

be recovered if and when economic, technical or 

policy decisions make this desirable. Two or three 

countries are evaluating concepts for long-term 

storage of 1MB fuel. 

11*12 If the spent fuel were treated as waste and non-retrievably 

disposed of. it would by definition, cease to be a prolifer

ation risk* 

12. DIFFERENCES BETWEEN THE SPENT FUEL AND SEPARATED PLUTONIUM STORAGE 
PROBLEMS 

12.1 As pointed out in the Introduction there is an obvious 

interdependence between the amount of separated Pa and the 

amount of spent fuel in storage. There is also a number of 

common legal and political factors that will have to be 

taken into account in any plutonium storage and spent fuel 

storage scheme. Nevertheless, there are also several y^rj 

significant differences between the type, scope and magnitude 

of the questions that would have to be resolved. 
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2 TheBe questions include: 

Economic value 

2.1 Plutonium is regarded by many countries as an immediately 

or potentially valuable commodity for recycle, fast breeder 

or research purposes. There may, therefore, be a reluctance 

to relinquish or deposit plutonium except in return for a 

material inducement or in consequence of a legal obligation 

accepted under Article XII.A.5 of the Statute. Spent fuel 

today may not have any commercial value; on the contrary, 

it is likely that a fee may be charged by any authority 

taking over spent fuel. Although some countries may 

retain an interest in the potential energy content of spent 

fuel there are some countries that would be only too pleased 

to 3hip their spent fuel abroad and not have any further 

connection with it, if a recipient for the spent fuel could 

be found. In other words, the problem of exercising a 

potential IAEA right to "require the deposit" of "excess" 

spent fuel might not be that of inducing the country 

concerned to relinquish it but rather that of finding a 

place to store it and meeting the costs of such storage 

(unless the spent fuel is treated as reprocessing feed 

material). 

Weapons usability 

2.2 As pointed out, separated plutonium is immediately convertible 

into weapons, spent fuel is not. There are good non-

proliferation reasons for discouraging the stockpiling of 

separated plutonium under national control and developing 

clear-cut rules and criteria for this purpose, in other 

words for invoking Article XII. A. 5 and having the clear 

definition of "excess" and clear cut "release" criteria. 

While spent fuel is potentially a source of plutonium, it 

presents little immediate risk. Any country having a nuclear 
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power programme would inevitably have quantities of spent 

fuel in the cooling ponds of its reactors and the p iblems 

of disposing of the spent fuel would be an urgent national 

economic and technological problem and not the immediate 

proliferation problem represerted by Pu. 

Financial implications 

12.2.3 The costs of spent fuel storage are at least an order of 

magnitude greater than those of pluxonium storage, (see 

Annex A). A facility having a capacity for storing 5f000 

tonnes of spent fuel would be in the cost range of 140 -

26%) million dollars. The cost of a plutonium storage facility 

having a capacity of 30 tonnes of Pu (roughly the plutonium 

equivalent of 5,000 tonnes of spent fuel) would be of the 

order of 8 million dollars. There would be similar disparities 

in transport and operating costs. The annual costs of 

operating a plutonium storage facility are estimated at about 

1 million dollars; the counterpart spent fuel storage would 

cost about ten million dollars to operate. These estimates 

have to be seen in the perspective of the IAEA's budget. 

Application of Article XII.A.5 versus Provision of Service 
under Article III of the IAEA's Statute 

12.2.4 The question whether Article XII.A.5 of the Statute could 

be considered as applicable to spent fuel would be a matter 

for the IAEA Board of Governors to consider. The language 

of the Article might permit such an interpretation although 

this may not have been the intention of the drafters. However, 

it should be clear from the foregoing that it might be more 

profitable to consider the IAEA's role in spent fuel storage 

as a service which it could render to its Member States 

pursuant to Article III of the Statute rather than as an 

exercise of its safeguards rights under Article XII.A.5. 

This question is examined in Section 4. 
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13. POSSIBLE FORMS OP IAEA INSTITUTIONAL INVOLVEMENT IN SPENT 
FUEL STORAGE 

The institutional role of the IAEA in relat ion to spent 

fuel storage might take a variety of forms, e .g . : 

Regional co-operation 

13.1 Encouragement of regional co-operation by competent bodies 

such as EURATOM, CKEA, OECD/NEA, OECD/IEA, Inter-American 

Nuclear Energy Commission, OPANAL or groups of States yet 

to be established, to co-operate in regional or multi

national arrangements for spent fuel storage. This question 

i s already al ive within the Western European context. 

Encouragement by the IAEA of such in i t i a t i ve s would not 

exclude more far-reaching inst i tut ional arrangements. Such 

encouragement might take the form of convening regional 

meetings of potentially interested States jointly to 

consider their spent fuel storage problems and how these 

could be ft be met on an interim and long—term basis . 

13.1.1 The problems would vary from region *.o region. For example, 

in Eastern Europe, spent fuel i s a t present returned to the 

Soviet Union; th is generally applies in fact to Soviet-

supplied fue l . In Western Europe, there i s a large and 

rapidly growing number of LWRs operating in a growing 

number of countries and the economic, technological and 

public acceptance incentives for regional storage and other 

"back-end of the fuel cycle" arrangements are strong. In 

Latin America, Brazil and Mexico are at th i s stage undertaking 

LWR programmes. In the Middle East and South Asia, Iran has 

a large LWR programme and India a very limited one. In the 

Far East, Japan, the Republic of Korea, Taiwan and the 

Philippines have LWR programmes but the Japanese programme 

i s by far the largest. 
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Bilateral co-operation 

13.2 The IAEA might seek to encourage bilateral co-operation 

between countries prepared to receive spent fuel either 

for reprocessing or for long—term storage and those wishing 

to dispose of it. At present, the only potential recipient 

countries appear to be the reprocessing countries (essentially 

Prance, USSR and the UK), which would presumably accept the 

spent fuel only for eventual reprocessing, and possibly 

the United States, which might accept it for storage. 

It seems doubtful, however, whether any action by the 

IAEA to encourage such co-operation would either be needed 

or effective at this stage. 

Establishment of an IAEA facility 

13.3 Conceivably, the IAEA might itself construct and operate a 

spent fuel depot either to serve the needs of a particular 

region or on an international level. Alternatively, an 

existing or projected spent fuel depot in a Member State 

might be placed under IAEA direction or auspices. The first 

concept, namely construction and operation by the IAEA of 

the spent fuel depot would have to overcome significant problems 

of investment and operating finance. Identification of a State 

ready to agree to the construction of such a facility on its 

territory also poses considerable problems* The secc-id solu

tion (use of an existing or projected facility) obviously 

depends on the willingness of one or more Member States to 

volunteer a facility as well as the willingness of the IAEA 

to accept responsibilixy for such an operation. This question 

is examined in flection 15. 

A .joint Plutonium management and spent fuel storage scheme 

13.4 Plutonium storage and spent fuel storage could be limited in 

a number of ways. 

13*4*1 The same international authority might operate two autonomous 

but interdependent schemes under the auspices of the IAEA. 

The legal basis for such an operation would presumably be 

Article XII.A.5 of the Statute. Under one of the two schemes 

the authority would "require the deposit of excess" spent 
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fuel at a designated spent fuel depot (see 13*3)* 

Under the other scheme the authority would operate 

an international plutonium storage system (DIP) of 

the type described in Chapter I. The link between 

the two schemes would consist of the release of spent 

fuel at the directive of the international authority 

acting on the request of the country whose span, fuel 

is being stored from the spent fuel storage depot to 

a reprocessing plant where it would be subject to the 

rules of IMP. 

13.4*2 An operation of this kind and on this scale might 

encounter the problems already referred to in paragraphs 

12.2.1. and 12.2.4 above. It would also run into additional 

problems of legal authority, cost and liability that would 

be involved in giving directives both to spent fuel producing 

countries (or utilities) and to reprocessing countries (or 

reprocessing facilities). The prospects of either spent 

fuel producing countries or reprocessing countries 

submitting to such an authority do not seem to be 

good at this time. 

13.4*3 An alternative might be to operate the spent fuel storage 

scheme as an adjunct to an international plutonium storage 

scheme. Under such an arrangement the IMP would either: 

(a) Offer additional spent fuel storage services 

(in the feed to reprocessing plants) to spent 

fuel producing countries. Essentially, this 

would mean expanding, under international 

direction, the spent fuel storage capacity at 

the relevant reprocessing plants with a view to •***=• 

"attracting" spent fuel from operating LNRs. 

Such an arrangement might develop out of an IMP; 

the problems involved would include repartition 

of the costs of building and operating additional 
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(and from the point of view of the reprocessor, 

possibly superfluous) spent fuel storage capacity 

as well as the problems of multinational management 

of such a scheme. 

(b) Alternatively, the IMP itself might be granted 

legal authority to direct (require) the transfer 

of spent fuel from national storage ponds to an 

appropriate reprocessing plant (in this concept 

there would be no intermediate internationally 

operated spent fuel storage). Such a scheme would 

encounter the difficulties already indicated in 

applying Article XII. A.5 to spent fuel management. 

It is alsc difficult to see what purpose would be 

served by such a scheme unless the spent fuel 

storage capacity available at reprocessing plants 

were adequate to accommodate all spent fuel arisings 

in participating countries. 

International implementation of spent fuel control rights 
embodied in bilateral agreements 

13.5 3*° possibilities might be explored in this connection. 

13.5.1 The first is that the international spent fuel storage body 

would operate solely as a service organization in relation 

to spent fuel which is subject to rights under bilateral 

agreements, lhe supplier State and the user State would 

jointly agree on the criteria and conditions for deposit 

and release of spent fuel — in other words, the IAEA role 

would be that of providing and servicing the storage facility 

and it would not exercise any decision-making role with 

respect to the deposit or release of the spent fuel. The 

exercise by the IAEA of its custodial obligations might 

lead into the problems referred to in paragraphs 13*3 above. 
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5.2 Alternatively, the roles of the IAEA and the States 

concerned might be reversed. One of the two States 

involved in the bilateral agreement might provide the 

custodial (that is storage) services while the supplier 

State might delegate to the IAEA or to an IAEA-dependent 

entity the rights which it has under the bilateral 

agreement to approve of storage and transfer of spent 

fuel. In this case, clearly the supplier State would 

in?ist on having a major voice in the decision-making 

process. 

5.3 Such a delegation or transfer of responsibility to the 

IAEA might be compared with the process that has already 

taken place with regard to other bilateral safeguards 

rights. During the last twenty years most of such 

safeguards rights (insofar as they involve accounting for 

and verifying the peaceful use of supply material) have 

been transferred to the IAEA. This would also be consistent 

with Article III.A.5 of the Statute. However, it should be 

.noted that the Agency's safeguards rights in relation to 

spent fuel (if it is regarded as falling under Article 

XII. A.5) are explicitly defined in that Article and may 

not be co-extensive with the requirements of supplying 

States. 

AN INTERNATIONAL SPENT FUEL STORAGE SERVICE UNIER ARTICLE 
III OF THE STATUTE 

1 As is noted in 15*2 below Article III of the Statute would 

provide the authority for operating a spent fuel storage 

service. 

2 It has also been pointed out that the alternative of 

providing indefinite spent fuel storage, not linked to 

reprocessing, depends crucially upon the willingness 
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of one or more States to provide the storage facilities 

required by the international scheme or at least to be 

prepared to serve as Host State for such a facility. 

No State has.as yet clearly indicated its willingness 

to follow either of these courses. 

The general requirements for such a scheme may be briefly 

indicated. 

Scope and conditions of participation 

(a) In scope such a scheme might be open 

(i) to all countries; or 

(ii) to all Member States of the Agency; or 

(iii) to all countries which accept certain 

conditions. 

(b) Such conditions might include: 

(i) Membership of KPT or acceptance of Full Scope 

Safeguards 

(ii) In addition to (i) undertakings 

— to send all spent fuel arisings, after 

cooling, to the storage depot and/or 

— not to proceed with national reprocessing 

while participating in the scheme or to 

limit such reprocessing. 

Any additional conditions beyond membership of the 

IAEA are likely to reduce participation in such a 

scheme and might be counterproductive. 

Management and administration 

Given one or more willing host States, the management and 

administration of such a scheme and the role of the host 

State and the Agency might be analogous to that of IMP; 

there would, however, be no need to enter into the question 

of determining "excess" or "requiring deposit" of spent 

fuel since the scheme would be operated as a service under 

Article III of the Statute and not as .1 safeguards measure 
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under Article XII.A.5. The scheme could be operated 

by participating States in co-operation with the Agency. 

Amongst the main questions to be resolved by potential 

participating States would be: 

(a) The conditions of participation, and in particular, 

the role of the host State. 

(b) The determination of the cooling period or other 

criteria in accordance with which spent fuel would 

have to be placed in storage. 

(c) Arrangements (including financial arrangements) for 

transportation of spent fuel from the pond to depot. 

(d) Charges to be made by host State for taking over 

spent fuel. 

(e) Need or otherwise for an energy credit reflecting 

the plutonium content of spent fuel. 

(f) Verification arrangements (other than IAEA safeguards) 

if considered necessary for ensuring that the conditions 

of participation are being fulfilled. 

(g) The question of the rights of "supplier" States. 

OPERATION OP A SPENT FUEL FACILITY PURSUANT TO ARTICLE 
XII.A.5 OP THE STATUTE 

.1 Although the problems involved in applying Article XII.A.5 

of the Statute have been discussed erjrliar, it may never

theless be of interest to examine some of the questions 

that would arise should it be desired to apply that 

Article to spent fuel arisings. 

.2 Under Article III of the Statute the Agency has broad 

authority to undertake a spent fuel storage function, 

to construct and operate a spent fuel storage facility 

or to provide spent fuel storage services at an existing 

facility, for instance, a reprocessing plant or eventually 

at a regional fuel cycle centre operating under IAEA 

auspices. 
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15>3 Article XII.A.5 gives the Agency certain rights already 

discussed in Chapter I, concerning "special fissionable 

materials recovered or produced as a by-product...". 

The terminology used is not clear and it is possible, 

particularly in tne light of Article XX to construe it 

as applying to spent fuel as well as to plutonium or 

to plutonium/uranium mixtures. 

15.4 If the Agency were to proceed with the construction of 

a new storage facility or the operation under IAEA 

auspices of an existing storage facility, such a project 

would have to be responsive to the storage requirements 

and other fuel cycle needs of participating countries. 

The project would have to keep track of present and 

future spent fuel arisings in participating countries, 

accept spent fuel deposit, manage the spent fuel so 

stored and authorise releases of spent fuel for subsequent 

use or disposal. 

15*5 An IAEA spent fuel storage regime might require the 

establishment of an international body with appropriate 

functions and responsibilities. Depending upon the scope 

of the project this might include: 

(a) The authority necessary to assume international 

responsibility for storing spent fuel for defined 

or indefinite periods of time; 

(b) The authority necessary to set up spent fuel storage 

facilities under IAEA auspices in States that have 

a reprocessing facility or intend eventually to 

reprocess spent fuel; 

(c) The authority necessary to set up and operate 

international or regional spent fuel storage 

facilities in third countries (neither "users" 

nor reprocessors) that would serve as collecting 

and storage points for spent fuel from States in 

the region or interregionally; 



(d) The authority necessary to accept spent fuel 

from Member States for storage when requested 

to do so; 

(e) The authority to require the deposit of excess 

spent fuel at one of the foregoing spent fuel 

storage centres; 

(f) The authority to release spent fuel from storage 

based upon agreed technical, safety and non-

proliferation criteria; 

(g) The authority to raise capital and to determine 

appropriate fees or charges to cover the costs of 

capitalising and/or operating a spent fuel depository 

under IAEA auspices. 

15.6 The key decision-making functions of the IAEA spent fuel 

storage body would be those related to the criteria for 

the deposit and release of spent fuel. 

Deposit 

15*7 The arrangements and criteria for the deposit of spent fuel at an 

international facility would have to cover the following: 

15.7.1 A prescribed cooling period; 

15.7•2 The application of safeguards and of physical security 

measures; 

15*7.3 The application of health and safety standards for safe 

transport handling and storage; 

15>7>4 Arrangements for advance notification of intention to store; 

15.7.5 Emergency arrangements under which spent fuel might be 

accepted in the absence of advance notification; 

15.7*6 Financial arrangements to cover the costs of transport, 

storage and management services. 
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8 The forepoing matters would have to \t dealt with in aa 

international spent fuel storage service of the type 

described in Section 14 as well as in a spent fuel 

storage operation under Article XII.A.5 of the Statute. 

In the latter case, it might alBO be necessary to 

establish criteria to determine what quantities of 

spent fuel could reasonably be retained by the State 

concerned for the purposes referred to in Article XII.A.5; 

anything above these quantities would ther constitute 

"excess" and would therefore require deposit with the 

IAEA. 

Determination of excess 

9 Some of- the considerations affecting the determination 

of excess in relation to seriated plutonium would also 

apply to spent fuel. However, since spent fuel has no 

immediate use in research or in reactors, it seems that 

any spast fuel that had been in a cooling pond for more 

than a prescribed period mijrttt be considered excess and 

therefore require deposit with the IAEA. No quantification 

would be reprir-jd. 

10 Any system must minimize unnecessary costs and inconvenience 

to the participating States. A rigid requirement for 

immediate deposit at the end of the cooling period might 

lead to such costs and inconvenience. 

11 Such deposit might take the form either of deposit in 

an IAEA facility or shipment abroad to a reprocessing 

facility (in the case of a country not having such facilities). 

In -.he case of a country which itself operates commercial 

reprocessing facilities, the arrangements between the 

utility operator and the reprocessing facilities would 

be dictated by commercial and technical considerations 

such as on-site storage capacity, storage capacity at 

the reprocessing plant or plants and throughput of those 

plants. 
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12 As indicated in 15.11, in the case of countries that 

have long-term contracts to have their spent fuel 

reprocessed in another otate (or a regional fuel 

cycle centre) the requirement to deposit "excess*' spent 

fuel might be met by storing the spent fuel in the 

reprocessing State (or regional fuel cycle centre). 

Spent fuel at such reprocessing facilities might be 

designated "spent fuel under- IAEA auspices" and thus 

be subject to whatever deposit and release criteria 

the IAEA were empowered to apply. 

13 In the case of countries which are planning breeder 

reactors or constructing reprocessing facilities (for 

instance, in the framework of an PBR or recycle programme) 

further flexibility might be introduced by requiring 

deposit outside the country only if a determination 

has been made that shipment to and storage at an IAEA 

facility would not result in an undue economic p<»naity or 

if there were prior agreement that the spent fuel would 

be returned to the State when it is needed for its relevant 

programme. 

Release 

14 Under the type of storage service described in Section 14 

as well as the system described in this section, it goes 

without saying that spent fuel could only be released for 

peaceful purposes and under IAEA safeguards, as well as 

applicable IAEA physical security and safety measures. 

If the material were subject to bilateral rights of a 

supplying State, the latter's consent would have to be 

obtained either on a case-by. •vase basis or preferably, 

by prior agreement as to the criteria and conditions under 

which material might be released, or participation of the 

supplier in the spent fuel storage body. 
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15.15 If release of spent fuel were for the purpose of 

reprocessing the international spent fuel storage 

system would have to be closely co-ordinated with the 

scheme for storing of separated plutonium. The criteria 

for release of spent fuel in such cases would be essentially 

similar to those that would apply to the release of 

separated plutonium. 

15.16 If release were for use in a so-called tandem fuel 

cycle or for ultimate disposal as waste, special 

criteria would have to be developed. 

15.17 Under the assumptions that apply today, release would 

normally be for the purposes of reprocessing; there might 

therefore be an argument for integrating spent fuel 

management and international storage of separated 

plutonium. In this connection see paragraph 13*4.3 

above. 

16. IECISION-MAKIHG MACHINERY 

16.1 As in the case of plutonium storage, the most appropriate 

body for controlling a spent fuel storage system would 

consist of all participating States. 

16.2 Sinoe the number of States that will be generating spent 

fuel is likely to be very much larger than those that would 

be involved in reprocessing or have legitimate requirements 

for separated plutcnium, it may be necessary to contemplate 

a two-tier organization, with a small executive Board. 

This can only be known, however, when there are clearer 

indications of the number of potential participants. 

16.3 As in the case of plutonium storage, the Secretariat of 

the IAEA could provide secretarial and advisory services 

to a spent fuel storage system. 
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16.4 The considerations referred to in paragraphs 5-2 to 

5.6 of the chapter on the International Storage of 

Plutonium will generally apply to spent fuel storage. 

The system would have to be open to any Member State 

of the IAEA prepared to accept the obligations of 

membership. The relationship to the Board of Governors 

of the IAEA would be similar. In an "Article XII.A.5" 

system the system would be operating under delegated 

authority of the Boarc*.. Any system, however, would 

require the approval of the Board and would have to 

report periodically to it but it would also be desirable 

to provide the system with full operational autonomy. 

16.5 As in the case of plutonium storage, it would be 

essential to establish a system which would avert the 

possibility of "double jeopardy", in other words, the 

risk that decisions of the system could be overturned 

by the exercise of a veto by countries having legal 

rights over the disposition of spent fuel. One mechanism 

for avoiding double jeopardy would be to establish a 

purely service organization in respect of materials 

which are subject to bilateral rights. This concept has 

been examined in paragraph 13.5 above. 

17. LOCATION OF SPENT FUEL STORAGE FACILITIES 

17.1 The States that might provide regional or international 

spent fuel storage facilities would obviously have to meet 

certain minimum technological and other more general 

conditions. It would be necessary to evaluate the 

adequacy of technological infrastructure and communications, 

servicing capacity, geology and geographical position (distance 

from main spent fuel producing countries). In view of the 

costs of transport and the much larger quantities of 

material involved in spent fuel than in separated plutonium, 

geological and geographical factors might play a more 

important part. 
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Case A - A facility provided and operated by the IAEA 
in a State with no reprocessing (non-nuclear^-
weapon State, 

2 It would be necessary for the State to accept a long-term 

binding conmitment not to reprocess. It is assumed that 

the State has no national facility for long—term storage 

of spent fuel, and would not accept spent fuel as waste 

in its territory. This would be in the long term the most 

"proliferation resistant**, and since the IAEA would provide 

and operate the plant, also the most international solution. 

3 However, the negative considerations referred to in 6.2 of 

the International Plutonium Storage chapter would also 

apply and in even greater measure. The financial implications 

for the IAEA would be very much higher. The cost of spent 

fuel transport is US S 25/kilo for short distances involving 

a single loading and a single unloading operation, rising to 

US $ 100/kilo for transport over long distances.^ Since the 

spent fuel production from a single 1000 IN plant operating 

at 70$ load is about 23 tons per year, the international 

transport cost would range from US t 623,000 to US $ 2,300,000 

a year for each plant. Moreover, it would be difficult to 

find a State prepared to serve as an intermediate storage 

centre. 

4 These costs referred to in 17.3 might be reduced by 

establishing a special transport service and they represent 

only a small fraction (0.3 to 2.3/0 of the cost of nuclear 

power. They do, however, militate against any »>>ent fuel 

storage concept that would involve double transport; so do 

safety considerations. 

For a more detailed discussion of costs analysis see 
IAEA, Regional Fuel Cycle Centres, Vol. 1, page 101. 



- 57 -

Case B — Storage at an approved reprocessing plan* wherever 
it may be located nuclear-weapon State or non-
nuclear—weapon State! 

Essentially, such storage would take the form of storage 

of feed-stock for the reprocessing plant. This is a normal 

industrial operation and the international system would be 

an extension of the Pu storage concept — see paragraph 13.4. 

Under such.arrangements, the electric utility or supply system 

would bear transport costs, and the question of IAEA responsibility 

for such costs would not arise, nor would the problem of double 

transport. 

Whether or not it proves possible to launch an international 

spent fuel storage system, it seems most desirable that 

existing reprocessors should expand their feed storage 

facilities so as to be able to absorb as much as possible 

of the spent fuel arisings in non-reprocessing countries. 

The attraction of this is clear from a non-proliferation 

point of view but as is pointed out in paragraph 13.4.3(a) 

above expansion beyond operational requirements raises the 

question as to who will bear the costs. 

Case C — Deposit of spent fuel in a State having long-term 
storage and/or disposal capabilities (nuclear-weapon 
State or non-nuclear-weapon State) 

If ultimate disposal in the host State is envisaged, this 

solution would also avert double transport and minimize 

transport costs. If this rtorage capability is made 

available to the Agency it might avoid involving the IAEA 

in heavy capital and operational expenses. This approach, 

like that of Case A, might make it possible to defer 

reprocessing decisions. As with Case A, however, the problem 

is to find a "willing and able" host State. 
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Case D - Deposit of spent fuel at a regional fuel cycle 
centre operated under IAEA auspices 

17-8 The advantages of this case have been diBcussed in the IAEA 

study of the subject. This solution also makes it possible 

to avoid the problem of double transport and takes advantage 

of the economies of scale associated with the Regional Fuel 

Cycle Centre. Regional arrangements might also reduce the 

costs entailed in long distance transport. No regional or 

multinational fuel cycle centre is as yet firmly planned 

and it woulti take some 10 years to set one up. A regional 

spent fuel storage scheme might, nevertheless, represent 

the initial step towards setting up such a centre. 

Case E - Expansion of storage of spent fuel on the premises 
of the reactor operator (nuclear-weapon State, non-
nuclear—weapon State) 

17.9 This would imply an increasing number of stores of spent fuel 

in which the Pu would become more accessible with time and 

in this sense, this is the least proliferation-resistant 

solution of the alternatives discussed. The security of such 

storage might be enhanced by adding special physical containment 

accessible under normal conditions only to the IAEA or the 

facility might be placed under a seal continuously monitored 

by radio transmission to the IAEA. 

18. FINANCING A SPENT FUEL STORAGE FACILITY 

18.1 In view of the level of the costs involved it appears that the 

only feasible means of financing would be by apportioning the costs 

amongst participants either by: 

(a) a scale of contributions which would take into 

account their interest in the project and would 

cover capital and operating costs; or 

(b) a storage fee also sufficient to cover capital 

and operating costs. 
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18.2 As indicated above, the costs involved will vary very 

widely according to whether: 

(a) a new international storage facility must be 

built or an existing or planned national facility 

can be used 

(b) the storage is directly linked with reprocessing 

or the facility is situated in a non-reprocessing 

State. 

18.3 In the event that an existing or planned national facility 

is used or that-the project is linked directly with 

reprocessing, the second solution (payment of a storage 

fee by countries providing spent fuel) might be the 

preferable solution. 

18.4 In the event that new international facilities have to be 

established, obviously countries having a major interest in 

the success of the arrangements would be expected to make 

corresponding contributions to capital and operating costs. 

19. GENERAL CONCLUSIONS AND FUTURE STEPS 

19.1 Any international arrangements that may be envisaged for the 

storage of spent fuel and in particular the arrangements and 

criteria for deposit and release of spent fuel must strike 

a balance between 

(a) the need to prevent the emergence of scattered 

and increasingly accessible "plutonium mines"; 

(b) the need to provide a reasonable assurance that 

the system will help participating States to solve 

their spent fuel problems and, possibly, provide 

them with energy credits or with plutonium, when 

needed for legitimate requirements; and 
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(c) practical considerations of finance, location, 

management and representation of interested parties, 

including States having legal rights over the disposition 

of the spent fuel. 

2 These are questions that can only be solved by consultations 

and negotiations between the interested parties. The matter 

is sufficiently urgent tc justify early consultations between 

potential participating States. 

3 It goes almost without saying that certain general principles 

should be observed in such consultations: 

(a) As many as possible of the potential participating 

States — users, reprocessors and suppliers — 

should take part in developing the system and in 

drawing up its decision-making mechanism and its 

opezating rules and standards. Only in this way 

can a sufficiently broad concensus be developed 

as a basis for an effective system; 

(b) From the outset the operating rules and standards 

should be sufficiently specific to reduce the 

possibility that arbitrary actione or extraneous 

considerations would affect decisions on individual 

cases; 

(c) The system must be non-discriminatory; 

(d) The system must be flexible and take full account 

of the practical and financial problems that any 

arrangements for spent fuel management would have 

to resolve. 



- 61 -

ANNEX A 

INTERNATIONAL SPENT FUEL MANAGEMENT 

Costs 

Investment cost estimates for the construction of a water basin 
*/ spent fuel storage f a c i l i t y are shown in the following tab le :-^ 

Capacity (t/HM) Cost range (xlO6 US» 

350 20--30 

750 3(M5 

1000 40-60 

2000 70-140 

3000 100-200 

4000 120-240 

5000 140-280 

HHR i r r ad ia t ed fuel storage i s l e s s expensive - about one quar ter 

of the lowest figure in each of the above ranges . Operating costs 

are given in the following t a b l e : 

Operating costs (based on LHR)^ 

Expected input (t Htt/a) (Operating cost (xlO USg) 

350 

1500 

3000 

HWR fuel storage operating costs are somewhat lower. 

Construction time for such a facility is estimated at about 

five years. Operating personnel will range from 70 to about 150 

according to the size of the plant. If storage is underground, x. 

investment costs increase by about 50$. 

*/ IAEA, Regional Fuel Cycle Centres. 
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ANNEX B 

SPENT FUEL MANAGEMENT 

Legal Instruments 

The following legal instruments might be required for a spent 

fuel storage scheme under Agency auspices. 

A. Storage of spent fuel 

(a) A multilateral agreement between reprocessing States, supplier 

States and user States with IAEA participation which might 

contain the following main elements: 

1. An undertaking by the "user" States to deposit 

spent fuel at the IAF*. facility. In the case of 

Article XII.A.5 this would involve the deposit of 

any spent fuel determined to be excess; 

2. An undertaking by case A, B, C and D type centres 

to accept spent fuel from participating States for 

storage; 

3. The main conditions for such storage; 

4. Basic criteria for release of spent fuel; 

5. Recognition of the authority of the IAEA body to 

determine conditions for release within the basic 

criteria, as agreed by participating States; 

6. Financial arrangements to cover costs of construction 

(type A facility), operation (type A, B, C, D), trans

port and physical protection; 

7. Appropriate provisions for credit or full compensation 

if the spent fuel is reprocessed; 

8. In respect of type B and D facilities relationship to 

possible other co-located fuel cycle facilities; 

9. Special relationship with regional organization 

with respect to a regional storage centre* 
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(b) A Host agreement between IAEA and State where facilities 

are located. This agreement could deal with the following: 

1. Definition of legal status of facility; 

2. Extraterritoriality, inviolability of facility; 

3. Public Services to be provided by Host State; 

4* Health and Safety Measures to be applied; 

5« Physical Protection Measures; 

6. Questions of licensing and relationship to competent 

Government authority; 

7. Liability and insurance; 

8. Status cf IAEA staff at facility; 

9« Measures to ensure that material can be freely 

transported to or from facility; 

10. Exemption from taxation, customs and import duties; 

11. In respect of type A facility questions of acquisition 

of ground, construction and operation of facility by 

IAEA will require more extensive arrangements; 

12. In respect of type E facility some of the above points 

will not be applicable, as it is essentially the State's 

own spent fuel that is stored there. 

(c) Measures within the IAEA 

1. Establishment, composition, terms of reference of 

the IAEA spent fuel management body; 

2. Financial and organizational arrangements, in particular 

if Agency constructs and operates type A facility. 
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CO! CZFTS FOR 
INSTITUTIONAL AEHAIIGS^ITS POH TIE 

KUCLEftR FU3L CYCLE 

INTRODUCTION 

1. The working groups of IKFCE are trying to establish not 

only a data base of technical information which may contribute 

to the later decision-making process of governments, but also 

insofar as possible, to explore ideas for the improvement of 

inst i tut ional arrangements. The Legal Division of the IAEA has prepared 

th i s background paper for use in discussion in the working 

groups. The purpose of the paper i s three fold: f i r s t , to 

provide an overall view of the current work on inst i tut ional 

arrangements in working groups, secondly, to explore potential 

relationships between the various inst i tut ional arrangements 

already under consideration and thirdly, to suggest areas where 

further analysis might be desirable. 

2. After exair;ning the work so far carried out by the .groups, 

i t appears that they are using a rather wide definition of the 

term "inst itutional arrangements.M These arrangements may be 

described as undertakings by governmenta or private e n t i t i e s to 

f a c i l i t a t e the eff ic ient and secure functioning of the nuclear 

fuel cycle . These undertakings encompass a broad spectrum of 

a c t i v i t i e s , both formal and informal, such as those embodied in 

supply contracts, bi lateral intergovernmental agreements, safeguards 

agreements, technical assistance programmes, international studies, 

multinational inst i tut ions , back-up supply guarantees and non-proliferation 

agreements. 

3 . This paper wi l l limit i t s purview to the basic concepts of 

inst i tut ional arrangements. I t does not explore the subsequent 

and detailed procedures which would be necessary to implement them. 
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I. ESTABLISHING A FRATEXJCRK FOR TH3 ANALYSIS OP 
INSTITUTIONAL ARRANC3!5NTS 

A. Concerns re.Tardinr th» use of nuclear enercy related to 

Institutional Arrangements 

4* A number of concerns have been expressed within the IKFCE Working 

Groups in relation to the present international nuclear fuel cycle 

regime. The major concerns include: 

- The risk of future nuclear proliferation 

arising is particular from the potential 

growth of national stockpiles of weapons usable 

material| and the use of certain technologies; 

• Market instability and insecurity due in part 

to changes in national policy, in the supply of 

natural uranium and enrichment services, and in 

the supply of other fuel cycle services and 

equipment; 

- Certain elements of the present internatioanl 

nuclear regime are not considered by developing 

countries to be adequately responsive to their 

special needs; 

- Certain aspects of the present nuclear regime are 

considered by a number of countries as being 

discriminatory; 

Certain problems relating to the back end of the 

fuel cycle,' particularly spent fuel storage and 

waste management. 

B. The role of Co-operative Arrangements 

5« The last 30 years or so have seen an enormous growth in the 

number and variety of international institutional arrangements. 

These arrangements were often designed to provide a permanent 

framework for international co-operation in areas of mutual concern 
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to states and vther bodes. These we-e sometimes globr.", but effective 

co-operation through instituxiondl arrangements does not, of course, 

need to be of global proportions. Some of the roost successful projects 

involving international co-operation have been characterized by the 

pursuit of narrow and clearly defined objectives, involving the parti

cipation of only a few ccoirtrier with common interests and usually in 

areas where the development of a mature commercial market lay in the 

distant future. Arrangements of this type in the nuclear area have 

included EUROCHEMIC and JET.* Recently a new .type of international 

undertaking, UEENCO and EURODIF *, has been formed to meet market 

enrichment demands. 

EUROCHEK'C was created under t>»e auspices of NEA/OECD by 13 
States to operate a small reprocessing plant primarily for 
training and research and development purposes. URENCO was 
created by trilateral agreement between the Federal Republic. 
of Germany, the Netherlands and the United Kingdom to co
ordinate previously independent development programmes in 
centrifuge technology. EUROBIF i6 a joint stock company 
incorporated under French law with foreign participation by 
some States, created to operate a commercial gaseous diffusion 
plant. For a more detailed description see International Atomic 
Qiergy Agency, Regional Nuclear Tuel Cycle Centre , (Vienna: 
IAEA, 1977)t Voi II pp. 66-69. See also "Statute of the 
European Company for the Chemical Reprocessing or Irradiated 
Fuels (EUROCHEMIC)", OECD Publication No. 15979f 19$3; "Agreement 
on collaboration in the development and Exploitation of the Gas 
Centrifuge Process for Producing Enriched Uran.lum", URENCO, 
Paper 4315» (London; Her Majesty's Stationery Office, t'arch 1970). 
Joist European Torus (JET) is a multinational research and 
development project now being established to investigate fusion 
energy. See "Council Decision of 30 Hay 1978 on the establish
ment of the 'Joint European Torus (JET), Joint undertakings'*' 
Official Journal of the European Communitiest 7 June I978f No. L151/8. 

1 
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6. The nuclear industry today is marked by fluctuating and often 

conflicting interests on commercial, governmental, and public 

opinion levels. Against this background and to ensure the future 

of commercial nuclear po*wor in a manner that is both commercially 

successful and politically acceptable, interest now appears 

to be directed toward the development of new measures to strengthen 

the international nuclear energy system. 

7» Uiis development is likely to be achieved on a step 

by step basis and may require a variety of international, 

multilateral and bilateral initiatives. Some issues may 

lend themselves- to solutions in the form of broadly conceived 

arrengements for international co-operation. Other issues 

seem wore likely to be solved through the implementation of 

more modest undertakings including informally co-ordinated 

modifications of policy or improvements in current commercial 

practices. In either case, some problems, such as assurances of 

long-term supply, may require a variety of arrangements for 

their solution. 

C. Factors for evaluating the usefulness of Institutional 

Arrangements 

8. One concern of some HIFCE Working Groups has been to develop 

factors against which the usefulness of technical and institutional 

arrangements in contributing to the effective and secure develop

ment of nuclear power may be judged. 

9« Further development of these factors will be forthcoming 

within INFCE, but the following seem to be common to many of 

the working groups. It is hoped that these factors will be 

useful in evaluating whether an arrangement contributes to the 

assured peaceful use of nuclear energy by reasonable means on a 

basis that is equitable and acceptable to both supplier and 

consumer states. 
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10. /jnongst the factors which Groups believe will have tc be 

included in judginr the practicability.' of zr.y proposed institutional 

arrangements are the following. These factors are not considered 

by Croups as being mathematical formulae but merely as providing 

important guidelines. 

(a) Economics 

Any arrangement will have to be viable from an economic 

point of view; 

(b) K on-d i s cr ir. in at i or. 

Arrangements should be judged by the extent to which 

they provide for the equitable treatment of a l l 

pa r t i c ipan t s ; 

(c) ITon-nro 1 if e ra t 1 en 

The extent to which an arrangement contr ibutes to the 

achievement of con-prol i ferat ion aims should be evaluated; 

(d) Security of supply 

Considerations should include the extent to which an 

arrangement contributes to the security of supply of 

nuclear materials, equipment, technology and services; 

(e) Health, safety and environmental impacts 

Arrangements should be evaluated in terms of the 

extent to which they minimize the potential for 

harm to human populations and the environment; 

(f) Special needs of developing countries 

Arrangements should be evaluated for their responsiveness 

to the special needs of developing countries. 
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11. INSTITUTIONAL AHRASGSMEJITS UNDFR OCNSIDErATiCN 

IN WCRKIUCi 3r.uy?S 

11* This section presents a brief' overview of various 

inst i tut ional concepts under consideration by each 15*CE 

working group. Working Croups 2 through 7 have indicated 

they will examine possible institutional arrangements 

pertinent to their areas of concern. 

12. Working Groups 2 through ti are examining methods by 

which international safeguards may be strenghtened. Such 

methods include co-location, the placing of f a c i l i t i e s 

under multinational management, agreement on designs f a c i l i 

tating the application of safeguards and impeding diversion, 

and improvement in inspection and accounting and control 

methods for various kinds of f a c i l i t i e s . 

13* With lew exceptions - notably Croups 3 and 6 - l i t t l e 

substantive discussions of institutional arrangements 

has taken place as yet , since most groups are awaiting 

the i n i t i a l outcome of IÎ CE technical deliberations. 

L* Working Group 1 - *uel and heavy water avai labi l i ty 

14* The emphasis o* the Croup's work has been on the 

domestic po l ic ies of states which may affect the supply o* 

fuel and heavy water. Sup-Group 1C has collected question

naire data regarding present and projected government 

pol ic ies with respect to the mining, production, and 

import and export of nuclear fuels and heavy water as 
» 

well as foreign investment in production industries ^1). 
The questionnaire also sol icited government iorece.sts d 

technical, economic and social constraints l ikely to 

restrict the avai labi l i ty o* nuclear luelsi The 

for footnotes, see page 19. 
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results of the survey will fee summarized in the Group's 

final report. 

B. Working Group 2 - Enrichment availability 

15. Working Group 2 will examine institutional arrangements 

providing means for the assurance of the adequate and economical 

availability of enrichment cervices and tor reducing the 

risk oi proliferation through the misuse of enrichment 

facilities or of enriched fuel. 

16. Dne paper has been tabled in the Group discussing 

a national feasibility study on the concept of multinational 

fuel cycle centres {2), This paper was also distributed 

to Groups 4 and 5» At least two further contributions 

are expected concerning enrichment facilities as rart 

ox multinational fuel cycle centres. Substantive discussions 

on nuclear fuel cycle centres will be held upon receipt of 

these contributions. 

C. Working Group 3 - Assurances of long-term supply 

17* Working Group 3 is examining a spectrum of institutional 

arrangements providing means for improving assurances of 

the long-term supply of fuel, heavy water, technology, 

services and equipment* 

18. Work has so far focused on the present situation 

with respect to assurances of supply. However, increasing 

emphasis in coming sessions will be placed on alternative 

institutional arrangements intended to provide higher 

levels of supply assurances in the future. Concepts 
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already presented to the Group aave included the modification 

of commercial supply contracts anc intergovernmental 

co—operation agreements to provide greater assurances ot 
: supply(3)t commercial and governmental back-up supply 

arrangements ^4-}, forms of commodity arrangements 

in'the uranium market (5)i multilateral agreement on 

supp3y conditions and non-proliferation undertakings ( 6 ) , 

an'international fuel bank (7 ) , and the manner in which 

multinational fuel cycle centres contribute to supply 

assurances 'x8). The institutional arrangements examined 

"'• in Working Group 3 should have relevance to a l l other 

working groups and to the decisions of States in the 

development of their own fuel cycle f a c i l i t i e s and in the 

commercial and governmental arrangements for the supply of 

nuclear fuel, and technology vith other countries. 

B. Working Group & - Seprocessmg, Plutonium Handling,. 

Recycling 

l°v. Working Group 4 in examining institutional arrange

ments* has chosen a set of assessment criteria as a basis 

for comparing arrangements. These are non-proliferation 

and safeguards considerations, environmental and safety 

implications and economic factors. 

20* Concepts proposed to the Croup include various 

forms of multinational participation in the ownership 

and operation o* reprocessing f a c i l i t i e s (9)* 

In particular, a number of papers have examined the 

concept of co-locating sensitive f a c i l i t i e s in multinational 

fuel cycle centres. Multilateral agreements covering 

the construction of sensitive f a c i l i t i e s and non-

proliferation measures have been proposed (10). 
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Proposal6 have also been made regarding plutonium 

management. One i s Tcr the conclusion of a code 

or practice auton^ concerned states which would 

establish procedures to reduce access ib i l i ty or 

plutonium to diversion (11}. A second i6 for the 

international management and storage o* plutoniuir., 

possibly under the auspices oi the IAEA (12). 

Institutional arrangements examined in Working Group 4 ' 

wi l l have an important bearing on State's decisions on 

spent *'uel management, reprocessing, plutonium storage 

and use, breeder development and the need tor waste 

disposal f a c i l i t i e s and services. 

E. Working Group 5 - yast breeder reactors 

21* Working Group 5 i s focusing on the particular i n s 

t i tut ional considerations raised by the use of breeder 

reactors as compared with other reactor systems and fuel 

cycle strategies . Sub-group 5C, which has primary 

responsibility for these matters, wil l examine, inter a l i a , 

non-proliferation considerations, long-term relations among 

parties participating in a f al cycle, and the specif ic 

implications of breeders as part of multinational fuel 

cycle centres. 

22. Papers so far ' contributed to the Group have focused 

oii the concepts o* Xuel cycle centres under national 

or multinational control (13)* Papers have not, in general, 

argued that the use ot breeder reactors raises i n s t i t u 

tional problems that are substantially different in 

kind trom those raised by plutonium recycling in thermal 

reactors. 0* relevance to Working Group 5 will be the 

concepts of plutonium management and a code of practice 

lor plutonium being examined in Working Group 4 as 
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well as the institutional arrangements for spent 

fuel and rr.anagement -ir^ v^ste disposal. 

P. Workinr Group 5 - ST?ent fuel msaagereent 

22. This Group has placed considerable emphasis on 

inst i tut ional questions, primarily through work 

associated with Task 6. The Group i s examining exist ing 

national nuclear l icensing and regulatory regimes and 

pertinent international organizations and co-operative 

arrangements. A prognosis and recommendations are 

currently being prepared. 

24. Papers tabled in the Group have described 

exist ing legal and institutional arrangements. The 

Group has, however, received material concerning the 

construction cf additional spent fuel storage capacity 

for international use on a national basis or with various 

forms of international participation (14). Some 

papers have noted a possible linkage between such inter

national storage f a c i l i t i e s and a regime for the inter

national management of plutonium, perhaps under IAEA 

auspices (15) . . The Group has decided to defer discussion 

of alternative future legal arrangements unti l the substantial 

completion cf the task of exaning present arrangements. 

Work in this group could have an important significance 

for the institutional relationships for reprocessing, 

plutonium management and waste disposal. 

G. Horkir.JT Groun ? — ''?.->.?*• •n.Tnfvener.t ?.rA dimosal 

25. Horiein.3 Group 7 has addressed institutional matters 

as one of several "impact factors" to be used by the 
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Croup in comparing various realtor strategies from the 

perspective of waste management. 

26. Two papers thus far have been tabled exploring 

institutional arrangements for waste management (16). 

Each discusses the possibility of various forms of 

international participation in the ownership and 

operation of waste disposal facilities. The papers 

also note the desirability of standardizing waste 

forms to permit flexibility in the use of international 

or foreign facilities. 

H. Working Croup 8 - Advanced reactor concepts 

27• The Croup has so far received-one contribution containing 

a" brief discussion of institutional arrangements .in the 

context of an examination of the proliferation resistance 

of various nuclear systems (17)• Among the arrangements 

mentioned in that paper are multinational fuel cycle 

centres. 

!• tjummary 

28. It seems possible to grov.p several of the concepts 

discussed in the groups in a few main categories, such as: 

- Arrangements to improve assurances of supply; 

-International agreements on supply conditions and 

non-proliferation criteria? 

- A code of practice for plutonium handling; 

- International management and storage for 

plutonium and spent fuel; 

- Internationalization of various fuel cycle processes. 
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III. HXT=LA.CT2D HATSRIAL TOR FURTHER CONSIDERATION 

29* In Section II of this paper a review has been made of the 

ideas for institutional arrangements which have so far been 

tabled and to some extent discussed in the working groups. It 

appears that several ideas have common features and in the 

following section an attempt is made to extract from that 

material some areas.which may be of interest to several 

working groups within this context. It -includes some 

examples of possible institutional concepts which could be 

developed in the future and also possible procedures through 

which arrangements could be achieved. 

A. Standardization of nuclear practices 

30. International code& of practice have been developed by the 

IAE4 in a number of fields including state systems of accounting, 

health, safety, transport, regulatory organization, management 

end disposal of some waste categories, quality, assurance and 

reactor siting, design and operation* It is the Secretariat** 

experience that dcvslo^l^ c:d achieving widespread adherence to a 

code of practice involving a large number of States with 

diverging interests may prove difficult and time consuming. 

Nevertheless, these codes of practice have proved important 

in facilitating and strengthening international nuclear co

operation end such stendardization might profitably be extended to a 

number of other areas including also legal and institutional arrange

ments. One example of this is the current conference to draft 

a Convention on the Physical Protection of Nuclear Material. 
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31» Codes of practice could be adopted by states either 

as voluntary understandings defining common practices 

or as international covenants guaranteeing that such 

practices will be adhered to. There is an important 

distinction, however, between agreement en recommended 

practices and agreement involving obligations to 

implement those practices. 

_32. Institutional arrangements aimed at standardizing 

nuclear practices have the feature that the task 

can be carried out on a step-by-step basis* The 

process has already begun in several areas* notably the 

IAEA safety standards programme* Completion of one impor

tant standardization may lead to standardization in 

other areas of the fuel cycle. 

B. • Jofht Commercial and Development Undertakings 

33* Joint commercial and development undertakings for fuel 

cycle services or supplies may prove increasingly useful 

and indeed needed for the development of nuclear programmes* 

Such undertakings may be able to meat both national needs 

and international concerns regarding the use of nuclear 

energy* The motivation for establishing them may include 

economic advantage, non-prolderation benefits ana supply 

assurances and access to technology as an additional 

assurance* 

34* Until recently, multinational endeavours in the 

nuclear field have been primarily directed, towards the 

development and limited commercial use of emerging nuclear 

technologies. With tew exceptions, the participating 
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partners were technologically sophisticated and had 

similar interest. 

35. There is a number o* variations o*' such multinational 

undertakings. The recent multinational enrichment ventures , 

are, xor instance, 0* a much more pronounced commercial 

nature. Recent major studies have indicated that the 

regional grouping o1' fuel cycle facilities may be 

advantageous particularly from economic and non-proliferation 

points o* view. 

35. *or some countries, however, it may be appropriate 

to explore the establishment and operation of multinational 

facilities based on common economic interests even without 

geographical proximity. The resulting arrangement, in spite 

oi potentially greater transportation co3ts, could bring 

states together in a mutually beneficial arrangement tor 

access to needed goods and services. 

37 « These kinds o1 multinational undertakings might involve 

only one aspect o* the Iuel cycle o? could be expanded 

•o as to provide a number o*' fuel cycle services. Similarly, 

the participants could limit the use o* the facilities and 

material to participants alone or could make them available 

to outside consumers. 

38. These types of arrangements, however, regardless o* 

their participant structure, are likely to reelect 

increasingly commercial interests. They will, o* course, 

siso reflect governmental policies and may include direct > 

governmental participation. 

39. It may be 0* considerable benefit *or groups to begin 

to explore the possibilities Tor such joint commercial 

arrangements as well as their potential relationship to 

existing arrangements ir.d organizations. 
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C. Kuclear Suppl.- Assurances 

40. Concerns have been expressed by some states over the 

future of adequate and secure supplies of nuclear materials 

and services. Other states are concerned that secure supplies 

mast be .accompanied by non-proliferation assurances. This ist 

of course, the main subject of Working Group 3t find in the 

following discussions only some concepts are briefly touched 

upon without in any way reviewing the whole field of work of 

the working group. 

41. One arrangement or even one type of arrangement will 

not be ade<niate to meet the varied concerns of different 

states relating to the assurances of supply and for 

different types of supply. The appropriate solutions 

are likely to be tailored to the special situations 

of particular states or groups of states. Regional 

back-up supply sharing arrangements between utilities may 

be adequate for some states. A fuel bank may provide 

store effective assurances to countries which have small 

nuclear power programmes, lack u complete fuel cycle or do 

not have regional back-up sources available to them. 

42. Sjch arrangements might lead to greater confidence 

in the security of nuclear fuel supply without actively 

intervening in the market or impinging on national prerogatives. 

43* Codes of practice, discussed in Section A, could also 

play an important role in contributing to states' confidence 

in assuring supplies if they provided for guarantees of 

certain standard practices in the commercial relationships 

between producers and consumers. The IAEA has considerable 

experience in this field and could no doubt make further 

contributions here. 

44* It might also be useful to examine experience gained 

from mechanisms in other markets. Theje could include 

commodity type agreements, such S3 those relating to wheat, 

sugar, coffee and tin. These agreements have played a vital 

role in stabilizing the markets concerned. 
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B. Develooinc: a Cor.sersus ir. International Huclear Co-operation 

45* Any measures which night be considered desirable to supplement 

the existing non-proliferation agreements will have to he inter

nationally agreed upon, a role which the IAEA Board of Governors itself 

has-always played and is indeed explicitly designed to perform. 

46. As a result of various discussions in the IAEA Board of 

Governors, the Agency has actively been studying several institutional 

concepts, for example, regional fuel cycle centres, international 

plutoniuo and spent fuel storage, arrangements for physical protection 

of nuclear material, and has developed a model Full Scope Fuel Cycle 

Safeguards Agreement. 

E. Settlement of Disrates 

47. Several of the papers referred to in part II have 

indicated the importance of developing arbitral procedures 

for settling disputes arising from both commercial and 

inter-governmental agreements. In all fields, most 

commercial corrects, and inter-govenancntal agreements, 

(including all Agency safeguards agreements) contain a 

provision for settlement of disputes either in the courts of 

a particular jurisdiction or according to agreed procedures 

for arbitration. In both cases, however, these procedures 

may consume considerable time and expense* Appropriately 

qualified arbitrators with sufficient knowledge of relevant 

technical issues are often difficult to retain on an ad hoc 

basis. 

46. Thus the trend in a number of areas has been to 

establish permanent panels or arbitration boards, to 

handle specialized kinds of disputes, for example, 

the International Centre for the Settlement of Investment 

Disputes. This kind of mechanism might be used 

effectively in the nuclear area in a variety of 



situations. A I'uclear .Arbitration Panel could handle disputes with 

regard to the interpretation cf both ccrmercial contracts and 

governmental agreements. There r.ay be considerable merit in using 

a panel with establi. hed procedures in order to take advantage of 

increasing expertise and to contribute to th* development of 

standard practices. Moreover, the panel might provide at least 

two other services: the reidering of advisory opinions (as 

opposed to binding arbitral decisions) and the offering of a forum 

and offices of mediation. 

• 
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September 13, 1978 

TO: INFCE Working Group 3 

FROM: Delegation of the United States 

SUBJECT: U.S. Contribution to Assessment of Proliferation 
Resistance 

The United States' delegation is pleased to submit the 
following document to Working Group 8 to assist in the 
evaluation of the proliferation resistance of alternative 
nuclear fuel cycles and research reactors. 

"Proliferation Resistance Assessment of Nuclear Systems" 

The paper delineates a framework for proliferation resistance 
assessment and illustrates its applicability, partly through 
a treatment of research reactors, but primarily through an 
analysis of reference once-through, fast breeder, and thermal 
recycle nuclear power systems. On a more tentative basis, the 
assessment approach is applied to various technical and 
institutional measures that are being considered for these 
systems. At thiii time, the paper does not treat advanced 
reactor systems, either thermal or fast, in any detail. However, 
it does illustrate how such systems would be treated within 
the framework that is presented. The indicated analysis of 
advanced once-through and thermal rprycl-? systems would be 
based on information being developed in Working Croup 8. The 
discussion of the reference systems is included to demonstrate 
the assessment approach, as well as to ensure coherence of 
treatment. For similar reasons, the entire paper is also 
being submitted to Working Groups 4 and 5. 

This paper focuses on examining the degree to which nuclear 
systems could be used to acquire nuclear weapons material. It 
does not treat the political considerations that may affect 
decisions on acquiring nuclear weapons. Nor do^s it treat the 
overall acceptability, from the point of view of cost or 
security of supply, of the fuel cycles being discussed. Rather, 
it focuses on the narrower question of proliferation resistance 
of nuclear fuel cycles. Even so, the framework and the 
assessments presented are to be regarded as illustrative, 
rather than definitive, and are intended to serve as a 
vehicle for discussion among INFCE participants and as a 
possible way to begin the assessment of proliferation resistance 
in Working Group 8, as well as in other Working Groups. 
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I. Introduction 

A. Purpose and Scope 

A principal purpose of the International Nuclear 
Fuel Cycle Evaluation (INFCE), as stated in the final 
communique of the organizing "conference, is' to identify 
and examine what "effective measures can and should be taken 
at the national level and through agreements to minimize the 
danger of the proliferation of nuclear weapons without 
jeopardizing energy supplies or the development of nuclear 
energy for peaceful purposes". As a contribution to this 
examination, this paper presents a framework for analyzing 
the resistance of nuclear power systems to misuse for nuclear 
explosives. It goes on to illustrate this framework with a 
preliminary assessment and comparison of three generic nuclear 
fuel cycles: once-through, thermal recycle, and fast breeder 
systems. (Research reactors and critical facilities are 
also examined separately.) 

In illustrating the approach, this paper examines, 
albeit tentatively, some technical and institutional measures 
that, developed over time, might be employed to increase the 
proliferation resistance of these systems. The total costs, 
the technical status and economics of the systems considered, 
and the issue of security of supply are beyond the scope of 
this paper. These matters, together with proliferation 
resistance, affect the acceptability, role, and timing of 
various systems and are therefore central to decisions on 
nuclear power. As one factor in such decisions, however, 
this paper addresses the resistance of nuclear fuel cycles 
to weapons proliferation. It examines the degree to which 
nuclear fuel cycles may be subject to misuse, but does not 
treat the political influences affecting weapons decisions. 

The relevance of civil nuclear power programs to 
proliferation risk arises mainly from the access they may 
provide to materials, facilities, and knowledge that could 
contribute to the acquisition of nuclear explosives. The 
proliferation threats considered in this paper include 
possible national or subnational misuse and involve weapons-
related activities that may be overt or covert. Decisions 
on whether to seek nuclear weapons are based on various 
political and military incentives and disincentives that 
are beyond the scope of this paper. However, it is important 
to insure that nuclear power programs, as they evolve, do 
not present a rouce that is more attractive than orher routes 
to proliferation or make significant contributions to the 
independent .paths. 
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The detailed analyses of various technical and 
institutional options being performed by the INFCE Working 
Groups must serve as the basis for assessment. However, 
it may be useful to bring the results of these analyses 
together within a general framework that provides perspective 
on the significance of various possibilities for proliferation 
resistance. As a first step toward this end, this paper is' 
being submitted to Working Groups 4, 5, and 8, which are 
responsible for the examination of particular fuel cycles. 
The framework and assessments presented are to be regarded 
as exemplary, rather than definitive, and are intended to 
serve as a basis for comments and contributions from 
other INFCE participants. Moreover, analyses from the other 
Working Groups, for example 2 (enrichment), 3 (supply 
assurances) and 6 (spent fuel storage), are necessary in 
developing a fuller evaluation of proliferation resistance. 

Part B of this section describes the basic 
assessment procedure that is adopted in the analysis of 
the three generic nuclear systems. Once-through, fast 
breeder, and thermal recycle systems are then treated in 
Sections II, III/ and IV, respectively. In each of these 
sections, a reference system is examined, possible technical 
and institutional improvements are considered, and alternative 
system types are indicated. Section V then discusses the 
relative proliferation resistance of the three generic 
systems. Although this paper emphasizes the analysis and 
comparison of individual fuel cycle alternatives, Section V 
indicates briefly how these analyses then have to be 
considered in a broader context where systems coexist. 

B. Assessment Procedure 

This paper expresses the proliferation resistance 
of nuclear power systems in terms of the activities necessary 
to acquire weapons-usable material via these systems. When 
separated from other materials, both uranium enriched, to-
high concentrations in the isotopes U-235 or U-233 and 
reactor-produced plutonium are presumed to be nuclear 
weapons-usable materials, whether in oxide or metallic 
form. The activities examined include the possible removal 
of materials from the fuel cycle, the modification of an 
in-system facility or the construction of an out-of-system 
facility for conversion of these'materials to weapons-usable 
form, and the conversion itself. These required activities 
and the associated possibilities for detection and deterrence 
depend both on the technical features of the fuel cycle 
under consideration and on the safeguards, protective 



-3-

measures, and other institutional provisions that may apnlv. 

In examining each of 'the three generic nuclear 
systems, a reference system is chosen, then briefly 
characterized in terms of facilities, materials, and 
institutional contexts. The resistance of this system to 
proliferation is then evaluated in terms of activities required 
to acquire nuclear weapons material. Assessment factors 
are evaluated, where appropriate, as an aid to understanding 
the extent to which the difficulties of performing the 
indicated proliferation activities pose effective technical 
or political barriers to proliferation. The assessment 
factors chosen are: resources required, time required, and 
detectability. These factors are merely a convenient group
ing of larger numbers of factors that have been proposed 
elsewhere. This assessment procedure is summarized in 
Table 1-1, and the assessment factors are defined in 
Table 1-2. 

In assessing proliferation resistance, it is 
evident th"\t the extent and significance of the required 
proliferation activities depend substantially on the nature 
of the proliferation scenario. For example, a particular 
isotopic enrichment technique may be difficult to implement 
for a country with a well-developed technological base and 
an experienced nuclear infrastructure, much harder for a 
less-developed country, and essentially impossible for a 
would-be subnational prolifer.ator. Moreover, the resources 
required for a pathway depend on the number and quality of 
the nuclear weapons sought, and the significance of this 
resource requirement as a barrier co misuse depends on the 
situation of the proliferator. Because of the great number 
of possible combinations of systems, pathways, and situations, 
not all possibilities can be treated explicity. This assess
ment presents illustrative discussions, intended to be 
generic, of key activities and issues. It is anticipated 
that, as INFCE progresses, a .somewhat different set of 
possibilities may be considered in the context of a more 
complete and final treatment of proliferation resistance. 



Table -1-1 

PROLIFERATION RESISTANCE ASSESSMENT METHODOLOGY 

System Characterization 

Materials 
Facilities and Capabilities 
Institutional Contexts 

Required Proliferation Activities 

Facility Preparation 
Diversion 
Material Conversion 

Assessment Factors 

Resources Required 
Time Required 
Detectability 

? 
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Table 1-2 

DEFINITIONS OF ASSESSMENT FACTORS 

Resources Required — the technological base, skills, 
manpower, and financial resources 
needed to carry out the activities 
required for the specified proliferation 
pathway; includes consideration of 
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. 
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II. Once-Through Systems 

This section evaluates the proliferation resistance of 
once-through nuclear power systems, those in which spent fuel 
is not reprocessed as part of the system, but is put into 
long-term storage or permanent disposal. The existing light-
water thermal reactor system is examined as a reference case 
in section A; proliferation resistance improvements that may # 
be made on this system are tentatively treated in section B; 
Section C then considers briefly hov other once-through systems, 
including existing heavy-water reactors,may modify this analysis. 

A. Reference Once-Through System: LWR 

Slightly-enriched-uranium light-water reactors (LWRs) are 
widely available commercially, generally as boiling-water 
reactors (BWRs) or as pressurized-water reactors (PWRs) . A 
once-through LWR fuel cycle involves mining and milling 
uranium ore, enriching uranium to a concentration of about 3 
percent in the isotope uranium-235, fabricating the enriched 
uranium into reactor fuel elements, using this fuel to 
operate a light water reactor, and then putti ig the spent 
fuel into long-term storage or permanent disposal. (Further 
information on LWR once-through material flows appears in 
Appendix A.) It is important to note that LWR fuel cycle 
activities, particularly enrichment, are considerably less 
widely' deployed than the reactors themselves. 

The institutional context for the existing once-through 
system varies somewhat from one country to another. By 
signing the Non-Proliferation Treaty (NPT), more than 
100 nations have agreed not to acquire or manufacture nuclear 
explosive devices and to subject all their peaceful nuclear 
activities, and any nuclear materials or facilities they 
export, to IAEA safeguards. As a result, safeguards now apply 
in many countries, to materials and facilities of the de facto 
once-through LWR system. These safeguards require that the 
IAEA independently verify national systems of material control 
and accounting through a system of reports, physical inspec
tions, independent measurements, and application of various 
containment and surveillance techniques. 

As a consequence of various bilateral supply agreements, 
non-NPT parties have also agreed not to acquire or manufacture 
nuclear explosives and to subject specific facilities and 
material to IAEA safeguards. Both bilateral and multinational 
agreements may apply to the transfer of nuclear materials or 
technologies. An example of a bilateral agreement could be one 
requiring adoption of full-scope safeguards as a condition of 
sale. A notable example of multilateral agreements is the 
supply system of the European Communities. 
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A more detailed description of the current institutional 
context appears in Appendix D. 

Proliferation Resistance of the Reference Once-Throucrh Svstem 
^ — -* -* 

From the point of view of proliferation resistance, the 
most significant characteristic of the reference once-through 
nuclear power system is that there is never material that is 
directly weapons-usable in any part of the fuel cycle. Fresh 
fuel contains low concentrations of U-235 isotopieally diluted 
in a much larger amount of U-238; spent fuel contains low 
concentrations of U-235 and plutonium, both of which are diluted 
in large amounts of U-238 and accompanied by high radiation 
fields emitted by the products of fission. The only in-system 
facility capable of producing weapons-usable material would 
be the uranium enrichment plant. Modifying an enrichment 
plant to produce w«2apons-usable material would entail varying 
degrees of difficulty, depending on the enrichment process 
used. Existing plants, expected to meet demand for decades, 
are located in relatively few countries. 

The important pathways for using the once-through system 
to acquire weapons-usable materials would therefore be: using 
in-system or out-of-system enrichment facilities to produce 
high-enriched uranium (HEU) or using out-of-system hot chemical 
separation (reprocessing) facilities to extract plutonium 
from the spent fuel. It is, therefore, useful zo examine 
these pathways to weapons-usable material, noting the activities 
that would have to be undertaken by a potential proliferator 
and — where appropriate — evaluating these activities in 
terms of chosen assessment factors. These required activities, 
including facilities preparation, removal*of material from the 
fuel cycle, and material conversion, may vary substantially 
in scope depending on the weapon program intentions of the 
proliferator, including the type (e.g. , metal or oxide) and 
numbers of weapons sought . 

The most significant activities are summarized first, 
based on more detailed results set forth in Appendix E, and 
then their significance is considered in various national 
contexts. 

Significant Proliferation Activities 

— In-System Enrichment Plant 

The key proliferation activity associated with misuse of 
an existing enrichment plant designed to produce LEU would be 
the modification of the operation or layout of the plant to 

*In this paper, the word "diversion" is used for removal 
of materials if they are under safeguard s • 
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permit production of HEU. While several methods of enrichment 
exist, commercial enrichment is now performed in caseous 
diffusion plants, with centrifuge plants just beginning 
commercial application. The activities required would depend 
on the plant type. Rearrangement of the cascades for contin
uous production of HEU in a gaseous diffusion plant designed 
to produce LEU would not be practicable; however, batch recycle 
could yield HEU over many monfhs or even years, and would 
require cessation of LEU production. Batch recycle or 
rearrangement of the cascades of a centrifuge plant could 
yield HEU within a matter of weeks if all the separative 
capacity of the plant were used. O/er a longer period, HEU 
could, in principle, be produced with only a modest reduction 
in declared LEU production. 

— Out-of-Svstem Enrichment 
- 1 1 i -

The key activity associated with enriching uranium 
independently of an existing enrichment plant would be to build 
and test an enrichment facility. It could take a competent 
group of scientists and engineers without specialized exper
ience in enrichment many years and hundreds of millions of 
dollars to develop the technology and build a plant that 
would produce sufficient HEU for tens of weapons per year, 
with somewhat smaller commitments for sufficient material for 
one or two weapons. The period from the time material was 
first removed from the fuel cycle until weapons-usable material 
was available would be in the range of weeks or months, 
depending on the technology used, the facility capacity, 
and start-up difficulties. 

— Out-of-System Reprocessing of Spent Fuel 

The key activity for extracting plutonium from spent 
fuel would be building and testing a hot chemical separation 
facility. It could take a competent group of scientists and 
engineers without specialized reprocessing experience a few 
years and tens of millions of dollars for a facility capable 
of separating sufficient plutonium for tens of weapons per 
year, with somewhat smaller commitments for one or two 
weapons. The period from the time material was first removed 
from the fuel cycle until weapons-usable material was available 
could be dependent on the competence and experience of the 
personnel involved. It could be as short as a few weeks, 
but it could also be significantly longer because of the 
difficulties of initial start-up, especially since maintenance 
and repairs would be hampered by radioactive contamination; 

Given the current relative availability of detailed 
process information and personnel trained in reprocessing as 
opposed to enrichment, the isotopic barrier associated with 
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fresh fuel would seem to be a greater obstacle to production 
of nuclear weapons material than the radiation/chemical 
barrier of the spent fuel. However, this situation could 
change if enrichment became widespread (for example, if it 
became common practice for enrichment facilities to be part 
of national fuel cycles), or if enrichment technologies became 
less difficult. 

National Contexts 

— LWR Only 

For a country in which the national fuel cycle included 
only LWRs with their associated fresh fuel and interim spent 
fuel storage facilities, the significant nuclear power-related 
proliferation pathways would involve building an out-of-system 
enrichment plant to further enrich fresh fuel, or building 
an out-of-systen reprocessing facility to separate piutonium 
from spent reactor fuel. The development and construction 
of such facilities would require the commitment of the resources 
estimated above. In addition, the required activities may be 
subject to detection. 

Construction activities mighc be subject to detection 
by other countries during a lengthy period, providing time 
for an international response. Additionally, if IAEA 
safeguards were in effect, then the diversion of materials 
would be subject to detection by the IAEA. However, while 
the time from removal of spent or fresh fuel to the availability 
of sufficient material for an explosive may in some cases be 
as little as the order of weeks, the time from the diversion 
to its detection by international safeguards could conceivably 
be on the order of many weeks or even months. Thus, timely 

detection of diversion may not always be assured. Under full 
scope safeguards, either pursuant to NPT agreements or to the 
IAEA full scope model agreements, construction activities would 
legally have to be declared to the IAEA for design review. 
Without IAEA safeguares, chances for detection would be more 
limited. 

For the subnational threat, the commitment of resources 
and time to build a clandestine enrichment or reprocessing 
plant is likely to be a very formidable obstacle. 

- - LWR Plus Enrichment Facility 

For a country in which the national fuel cycle included 
not only the LWR and associated fresh and spent fuel storaget 
but also an enrichment facility, proliferation pathways 
involving this facility would be available in addition to 
those discussed j.n the LW7<-only case above. As noted above, 
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the commitment and time required for such misuse could depend 
on the type of facility. The probability of detection would 
depend both on the facility type and on safeguards that are 
applied. 

If the enrichment facility were not under IAEA safeguards, 
then the modifications and use of the plant to produce HEU 
would be difficult to detect. Moreover, if the facility were 
under IAEA safeguards, modification of centrifuge or similar 
enrichment facilities to produce a small sidestream of HEU 
may be difficult to detect, unless inspections were allowed 
inside the plant. Even with such safeguards, the warning 
time afforded by detection of production of HEU, via technol
ogies such as the centrifuge, may be relatively short compared 
with other technologies. 

As an additional consideration, the presence of an enrich
ment plant in a country may provide important knowledge and 
trained manpower which could be used to facilitate the con
struction and successful operation of an undeclared, unsafe-
guarded facility for producing KEU with either diverted fresh 
reactor fuel or unsafeguarded natural uranium as the feed 
material. The latter would constitute an "indpendent path" 
to weapons which would have a significant indirect fuel cycle 
dependence. 

The subnational threat would be minimal, as in the LWR-
only case. 

Summary of Reference Once-Through System 

The greatest proliferation risk from a once-through 
nuclear power system would arise when the potential prolif-
erator already had an uranium enrichment plant. For 
operating centrifuge plants, for example, all the activities 
required to obtain weapons-usable HEU could take as little 
as a few weeks, and under some circumstances the detectabiiity 
may be relatively low. 

In the near term, few countries are expected to have 
uranium enrichment plants as part of their nuclear power 
systems. In the absence of such plants, acquisition of 
nuclear weapons material would require construction of an 
enrichment facility or a facility for reprocessing spent 
fuel removed from interim or long-term storage facilities. 
Either of these choices would require considerable technical 
expertise, substantial financial commitments, and a period 
of a year or more. 

Thus the once-through cycle possesses relatively high 
barriers to proliferation at this time. Over the longer 
term, measures could be taken to maintain or increase the 
proliferation resistance of the once-through cycle. Seme 
such measures are considered in the next section. 
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B. Imorovements for Once-Through Systems 

Measures that have the potential of increasing the pro
liferation resistance of once-through systems include: 

improved international safeguards - applied especially 
to uranium enrichment facilities and spent fuel storage 
but also to natural and low-enriched uranium. A more. 
universal commitment to full-scope safeguards .would also 
be important. 

cooperative arrangements for spent fuel storage - as a 
means of providing safeguarded storage under international 
auspices, which would be available to supplement national 
storage facilities. 

restraints on sensitive technologies and supply of 
enrichment services - reliance on existing enrichment 
facilities, as well as ventures under multinational auspices, 
presents an alternative to the spread of national enrichment 
capabilities, while generally fostering an international 
cooperative regime that would aid in limiting proliferation. 

Some considerations that may be useful in these areas are 
discussed below. 

Improved International Safeguards 

The present international safeguards regime is based on 
a system of material accountancy, containment and surveillance. 
These measures apply to any nuclear power system including the 
LWR system treated here. A substantial advance in proliferation 
resistance would be afforded by wider acceptance of full scope 
safeguards and, in some cases, by strengthening implementation 
of safeguards, particularly as applied at the national level. 
In addition, certain structural changes could improve the 
effectiveness of safeguards for the once-through system, includ
ing the following initiatives: 

• Improved capabilities in containment and surveillance and 
material accountancy. Methods which achieve near-real
time, tamper-revealing, remote surveillance of spent 
fuel and fresh fuel in storage are technically feasible. 
All nuclear material in a country, including that in 
transit, should be monitored effectively. 
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* Assurance that IAEA inspectors have adequate accesr. 
to achieve effective facility inspection. For exanple, 
where it is necessary to protect sensitive technology, 
such as m enrichment plants, the facility could be 
especially designed to facilitate such protection in a 
manner which permits the IAEA inspectors to h3ve an 
adequate verification capability. 

Improved mechanisms for prompt check of possible diversions 
and swift reporting if the possibility cannot be eliminated. 

Cooperative Arrangements for Spent Fuel Storage 

Multinational arrangements for storage of spent Juel, 
including centralized sites, would assist countries atilizing 
a once-through cycle by relieving pressure on national storage 
capacity. Such arrangements, implemented under IAEJ safeguards, 
could have the following non-proliferation benefits 

— effective safeguards could more easily be assured 

— the impetus for spread of reprocessing (whether for 
waste disposal purposes or in anticipation of recycle 
or breeder systems) could be reduced by providing 
additional storage capacity 

-- the proliferation risk associated with leaving spent fuel 
for long periods (wich resulting decreases in associated 
radiation levels) would be reduced. 

Associated with such cooperative arrangements would be the 
establishment of fuel transport links. Although fuel must 
eventually be transported from reactor sites in any case, 
cooperative fuel storage arrangements would have to be care
fully implemented to minimize the risk associated with transport. 

Restraints on sensitive technologies and supply of enrich
ment services - because the most sensitive portion of the reference 
once-through system is the uranium enrichment facility, a key 
aspect of a continuing non-proliferation regime for this 
system (as well as for similar thermal recycle systems) is 
to provide reliable access to enrichment services to reduce the 
need for nationally controlled facilities. This requires that 
existing capabilities be reliably available to those requiring 
services at fair prices and that" new facilities be constructed 
as cooperative ventures under effective multinational control. 
Financial or other participation in multinational enrichment 
ventures might be one means to enhance confidence in assurances 
of supply without tî e heavy financial burden of national enrich
ment plants. However, care would have to be taken co avoid 
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resulting diffusion of sensitive enrichment technology. 
Overall, joint efforts to provide enrichment services without 
spreading sensitive technologies, can be one component in 
cooperative efforts to reduce the danger of proliferation. 

Observations 

Upgraded safeguards on spent fuel in storage or in transit, 
combined with storage under international/multinational auspices, 
could significantly reduce the proliferation potential of this 
material by increasing the detectability of diversion. Up
grading safeguards on system enrichment facilities would make 
their misuse more detectable. Limiting th^ number of such 
facilities, emphasizing cooperative arrangements,'could retain 
the current level of proliferation resistance associated with 
the reference once-through system. Additionally, restraints 
on sensitive technologies coupled with reliable access to 
enrichment services would make the preparation phase of a 
weapons program more difficult and time consuming and could 
make the identification of such preparations less ambiguous. 

C. Other Once-Through Systems 

Another once-through system that is already commerically 
deployed is the Canadian Deuterium Uranium (CANDU) heavy water 
reactor (HWR). This reactor has three features that make it 
somewhat different from LWRs, from the point of view of pro
liferation resistance: (1) it uses natural, rather than 
slightly-enriched, uranium for the fuel; (2) it uses heavy 
water as moderator and coolant; and (3) it uses on-line, 
rather than batch, refueling. The use of natural uranium 
removes the need for enrichment services, so that widespread 
deployment of this system would reduce the impetus for 
spread of enrichment technology. On the other hand, an annual 
demand for heavy water* for each reactor would be created, and 
heavy water is a material which can be used in plutonium pro
duction reactors using natural uranium as fuel. The export 
of heavy water production facilities is subject to multi-
nationally agreed guidelines calling for application of 
safeguards, but the effectiveness of techniques for safeguarding 
such facilities must also be determined. The use of natural 
uranium results in more plutonium production in an HWR as 

•about 10 tonnes of hsavy water would be needed annually 
to make UD for leakage from the 800 tonne inventory of a 1000 
MWe HWR. 
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compared to the reference LWR (350 kg vs 250 kg per gigawatt-
year of operation) although the concentration per kilogram of 
fuel is lower. The use of on-line refueling makes the'safe
guarding of fuel assemblies somewhat more complex than with 
the reference LWR system, but improved systems have been 
devised, although not yet deployed, for safeguarding such 
reactors. 

Alternative once-through systems are also being considered, 
some of which are modifications of systems that are already 
widely deployed. 

The use of slightly-enriched uranium in a heavy water 
reactor of the CANDU type would increase its uranium efficiency 
substantially. For example, whereas the natural uranium 
fueled CANDU reduces uranium requirements from that of the 
reference LWR by about 20%, enriching to 1.2% U-235 would 
reduce natural Uranium requirements from that of the reference 
LWR by about 40%. The enrichment services required would be 
somewhat less than those of the reference LWR, and the amounts 
of plutonium discharged would be somewhat greater (although 
reduced compared with the natural uranium fueled KWR) than 
the reference LWR. 

Alterations of light-water reactor systems are also being 
considered, ranging from changes in fuel management and 
burnup to changes in the materials used for the fuel including 
thorium. Improvements in uranium utilization of up to 30% 
are contemplated, some of which would result in a reduction 
of about 25% in the amount of plutonium produced annually. 
Changes involving thorium could be significant from the point 
of view of proliferation because changes in the enrichment 
level of uranium would be required. The use of 20% enriched 
uranium would reduce by an order of magnitude the separative 
work required to enrich fresh fuel for use in nuclear explosives. 
On the other hand, the amount cf plutonium in the fuel would 
be decreased, and the difficulty of extracting it would 
probably be increased. The use of highly-enriched uranium 
feed would of course greatly decrease the proliferation 
resistance'of the once-through cycle,although this conclusion 
could be influenced by the introduction of a radiation barrier. 

High temperature (gas-cooled) reactor (HTR) fuel cycle 
concepts are under consideration in INFCE. The high-temperature 
gas-cooled reactor designed in the United States and the pebbie-
bed designs being developed in West Germany, for example, appear to 
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permit low-enriched fresh fuel (less than 20% U-235), very 
high burnup, a comparatively low discharge of plutonium, 
and a comparatively low ratio of fissile plutonium discharged. 
In HTR fuel cycles that use low-enriched uranium and no 
thorium, fissile plutonium discharged annually would be about 
one-third that of a ccmparable.-si^od LWR. In HTR uranium-
thorium cycles, fissile plutonium discharge would be still 
lower — on the order- of one tenth of that of a comparable 
sized LWR. Uranium-233 would be produced, but the fuel 
cycle could be designed so that the uranium-233 would always be 
mixed with a sufficient quantity of uranium-238 to keep the 
uranium mixture below weapons-usable levels. 

This section has identified some of the other once-through 
systems being considered in INFCE, and has tentatively indicated 
some of the features that may affect their proliferation 
resistance, as compared with reference systems. Understanding 
the effects of such features will depend on further analyses 
taking place in INFC2. 
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III. Fast-3reeder Svstems 

This section evaluates the proliferation resistance of 
fast breeder nuclear power systems. The uranium-plutonium 
fueled-iiquid metal fast-breeder reactor (LMF3R) system chosen 
as a reference case, is examined in section A; possible 
improvements are discussed tentatively in section 3; and 
differences that may be associated with alternative fast, 
breeder systems are indicated briefly in section C. 

A. Reference Fast-3reeder System: LMF3R 

The Liquid-Metal Fast-3reeder Reactor (LMF3R). fueled 
with uranium and plutonium is the most technologically mature 
of the fast-breeder ootions, with demonstration facilities 
operational in a few countries. The reference U-Pu LMF3R 
system includes reactors, temporary spent fuel storage, 
reprocessing, fuel fabrication and refabrication facilities, 
waste management facilities and the transportation links 
between them. Enrichment would not be part of the equilibrium 
LMFBR fuel cycle, but would be needed during the lonq transi
tion period until equilibrium was reached* 
Current fast-breeder prograns today are predicated 
on the use of stockpiled plutonium obtained by reprocessing 
thermal reactor spent fuel. In some cases, enriched uranium 
is used for start up cores of demonstration breeders. Therefore, 
the full proliferation implications of an LMFBR breeder fuel 
cycle are suitably assessed in the context of the simultaneous 
operation of the reprocessing facilities and enrichment 
facilities necessary to support a thermal reactor cycle and 
to recover the plutonium from spent thermal reactor fuel (as 
distinct from those for recycle of LMF3R fuel). The more 
restricted set of pathways associated with a pure breeder 
system is emphasized in this section. 

Appendix B contains a technical description of the 
reference LMF3R fuel cycle. 

At present, no fully commercialized breeder reactors 
are deployed. Rather, breeder programs are underway 
in a small number of states, and are at various stages of 
development ranging from pilot and demonstration reactors 
to small research and fuel cycle facilities to support breeder 
research and development. There is also a variation in the 
institutional context in which these programs are situated. 
Gome, for example, are not subject to IAEA safeguards, and 
some assume a complete in-country fuel cycle while others do 
not. It can be expected that the institutional regime 
will evolve as these breeder development programs evolve. 
For the purposes of the assessment which follows, it will be 
assumed that the breeder fuel cycle is deployed within the 
context of the current institutional regime, as described 
in Appendix D. 
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Proliferation Resistance of the Reference LMF3R Fuel Cycle 

The most apparent proliferation characteristics of the 
reference LMFBR fuel cycle are the large commerce in 
plutonium-bearing materials that is required* and the rela
tively high concentrations of plutoniun in these materials. 
With the conventional PUR2X process, materials used as feed 
stock for the fresh fuel are directly usable in nuclear explo
sives; and, because of the lack of significant penetrating 
radiation, the fresh fuel itself can be converted.to weapons-
usable form through chemical processes with much less 
shielding precautions than for spent fuel, although special 
handling is still required. These materials have.concentra- , 
tions of plutonium ranging from 15% in fuel materials to 
essentially 100% in feedstocks. Spent fuel also has high 
concentrations ranging from 3% plutonium in the blanket to 
about 15% in the core. Spent fuel from the core is accom
panied by radiation fields that are' somewhat higher than for 
spent fuel from an LWR, while that from the blanket is somewhat 
lower. 

Removal of reprocessed plutonium from the fuel cycle 
could take place at the reprocessing plant, at plutonium 
storage facilities, in the refabrication plant, at the 
reactor, or during transportation between sites. The 
plutonium occurs mostly in the form of plutonium or mixed oxide in 
powders or fuel pellets, or as plutonium nitrate. 

If the material removed were spent fuel, hot reprocessing 
would be reouired- A hot reprocessing capability is an 
integral part of an LMFBR system, although the system could 
be deployed so that reprocessing plants are not widespread. 
Most proliferation pathways involving fresh fuel or feedstocks 
would require less difficult conversions, such as separation 
of plutonium from uraniuri without a substantial radiation 
barrier. 

Based on more detailed analysis given in Appendix F, the 
following presents a summary of the activities required for 
proliferation using fresh fuel material or radioactive 
spent fuel, and then considers the significance of these 
routes in various situations. 

* Yearly, approximately 1000 kg of plutonium is loaded 
into a one-gigawatt fast-breeder reactor, and a somewhat larger 
amount is withdrawn. About 12 00 kg is in procesi, storage, or 
transport in the fuel cycle for the reactor as compared to 
about 250 kg in spent fuel for one gigawatt-year's operation 
of a once-through LWR. 
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Significant Proliferation Activities 

— Conversion of Fresh Fuel or Fresh Fuel Feedstocks 

Assuming facilities were not alread-/ available in the 
breeder fuel cycle, it would take a competent body of scientists 
and engineers several months and several million dollars to . 
design, construct, and test facilities capable of extracting 
sufficient plutonium from fresh fuel assemblies to build tens 
of plutonium metal weapons per year. Familiarity*with some 
plutonium fuel handling technology would inevitably be 
associated with operation of a breeder cycle. Less commitment 
of resources would be required if only one or two weapons were 
required or if fresh fuel feedstocks were diverted. For example, 
head-end fuel disassembly and dissolution facilities would not 
be required if pure plutonium oxide were available. These 
activities would be substantially facilitated by the presence 
of existing reprocessing and refabrication facilities and 
associated expertise. 

The period from the time material wa? first removed from 
the fuel cycle until weapons-usable material was available would 
be dependent on the competence of the personnel involved, 
but could range from days to weeks, or possibly even hours if 
plutonium oxides were used directly. 

— Cut-of-svstem Reorocessincr 

Assuming a competent body cf scientists and engineers 
experienced in reprocessing, the building and testing of a 
hot reprocessing facility, capable of extracting plutonium 
from spent fuel, would require more than a year and tens of 
millions of dollars for a program to build tens of (metal-
based) weapons per year, with somewhat smaller commitments 
for one or a few weapons. Without specific experience; some
what greater time and resources would be required. The time 
from removal of spent fuel from the fuel cycle until weapons-
usable -material would be available could be in the range of 
weeks since experienced personnel would be involved. 

National Contexts 

There is a spectrum of conceivable weapons capability 
aspirations and the assessment of the proliferation resistance 
of the fast-breeder cycle is very sensitive to such variations. 
For example, the objective may be cnly one or two "crude" 
weapons "from oxide. Alternatively, an arsenal of a few such 
"crude" weapons may be the initial objective of a nation as 
a prelude to a larger, more militarily flexible program. 
This larger program would require substantially greater 
resource commitment including oxide-tc-metal conversion 
capabilities. 
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- LMFBROnlv 

For a country in which the national fuel cycle included 
only LMFBRs with their associate'd fresh fuel and interim spent 
fuel storage facilities, the significant nuclear power 
related proliferation pathways would be to extract piutonium 
from fresh fuel assemblies or to build an out-of-system 
reprocessing facility to process spent LMFbR 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 conversion of fresh fuel to weapons usable form 
would be the technically easier path. If IAEA safeguards were 
in effect, the diversion of fresh or spent fuel would be 
subject to detlction. However, although item accounting could 
assure detection (because of the discrete nature of fuel 
assemblies), the timeliness of detection would be difficult 
to assure since conversion times are so short, particularly 
for fresh fuel. If IAEA safeguards were not in effect, the 
possibilities for detection of the removal of fuel would be 
even more limited. 

If the nuclear power system of the country included LWRs, 
which would be quite likely, especially during the transition 
period before an equilibrium LMFBR cycle were attained, then 
the proliferation pathways of the associated LWR system 
would also be available. 

Subnational groups would have a potentially viable 
proliferation path through the seizure of fresh LMFBR fuel. 
Effective safeguards ant. physical security would be essential 
to prevent both covert diversion and overt seizure of materials. 

— LMFBR Plus Reprocessing and Fabrication Facilities 

For a country in which the national fuel cycle included the 
fuel fabrication, reprocessing, and refabrication facilities 
in addition to the LMFBR, all of the proliferation activities 
discussed earlier would be available. 

For NP? signatories, IAEA safeguards would apply throughout 
the LMFBR fuel cycle system. However, since the time from 
initial diversion to having weapons-usable material may be 
only days to weeks, assuring timely detection could be 
difficult. Because of the large flow of piutonium through 
the processing facilities, often in bulk form, the detection 
of the diversion of a relatively small sidestream ever long 
periods of time would also be difficult to detect. Without 
IAEA safeguards the possibilities of detection would be 
extremely limited. 
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Subnational groups would have potentially viable pro-
liferational paths through the seizure of fresh LMFBR fuel 
or, even more desirably from their standpoint, the fresh fuel 
feedstocks in bulk form. Effective safeguards and physical 
security would be essential to prevent both diversion and 
seizure of materials. 

Summary of Reference LMFBR System 
• 

Thus, there are two important technical proliferation 
vulnerabilities of a reference LMF3R system in addition 
to those present in the reference LWR once-through systeiu. 
The first is that materials would appear in weapons-usable 
form or in forms relatively easy to convert for weapons 
use. The second is that the : latively large flows of high 
concentration plutonium-bearir , materials, often in bulk 
form, would be difficult to safeguard effectively. As an 
additional consideration, deployment of commercial breeder 
reactors would reduce demand fc enrichment. 

A major strengthening of technical, safeguards and institu
tional controls would be required to mitigate these proliferation 
vulnerabilities significantly; some possibilities are discussed 
in the following section. 

B. Improvements for LMFBR Systems 

Measures to reduce the vulnerabilities of the LMFBR 
system may teke several closely related forms, some of which 
are tentatively indicated here. The materials used in the 
system may be modified to make them more difficult to convert 
to weapons-usable form* More comprehensive safeguards and 
physical security measures may be introduced to improve the 
detectability of diversion, as well as to decrease access by 
subnational groups. Particularly sensitive portions of the 
fuel cycle, i.e., those that process plutonium-bearing 
materials, may be deployed in such a way that they are decoupled 
from national control and are operated or subjected to constraints 
by international organizations or groups of nations. 

A broad array of such technical and institutional measures 
could be applied to all fuel cycles. The remainder of this 
section emphasizes those measures that may apply specifically 
to LMFBRs. Though most of these measures are related to one 
another, for purposes of discussion they are placed into three 
categories: technical measures; safeguards and physical 
security? and fuel cycle centers and other new deployment 
options. These three categories include the following: 

Technical measures - including radioactive spiking of 
fresh fuel materials, coprocessing to reduce plutonium 
concentrations in such materials, combinations of these two 
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measures, and integral separation/fabrication (e.g., CIVEX). 

Safeguards and physical security - improved techniques 
applied to fresh and spent fuel and' to bulk materials which 
are present in fixed facilities (reprocessing, fabrication 
and storage) and transportation. 

Fuel cycle centers - designed to make available necessary' 
fuel cycle services while keeping sensitive materials and 
facilities under multinational or international control. 

Some important feature of these measures are mentioned here 
in anticipation of much more extensive analyses being performed 
under the INFCE Working Groups. 

Technical Measures 

The basic fissile fuel material for the LMFBR is plutonium. 
Isotopic dilution cannot render this material unusable for 
weapons in the way that diluting uranium-235 with uranium-238 
does in once-through systems. However, for the plutonium that 
is available via reprocessing,technical measures center on 
chemical dilution and the provision of a radiation barrier, 
so that some fraction of the protection present in LWR spent 
fuel may be present for LMF3R materials. 

Radioactive contamination may be effected either by 
adding radioactive materials to the plutonium after repro
cessing ("spiking") or by permitting a portion of the fission 
products from the spent fuel to remain with the plutonium 
during reprocessing (^partial decontamination"). Alternatively, 
the fuel may be irradiated prior to leaving the reprocessing/ 
fabrication complex ("pre-irradiation'') . The purpose of such 
process alterations would be to afford a protective radiation 
barrier to plutonium-bearing materials, including the fresh 
fuel. The radiation fields could be substantial and, although 
not as high as those from spent fuel which has just been 
discharged (whether LWR, HWR, or LMFBR) , could have the effect 
of requiring special handling and remote hot chemical processing 
to recover iaaterial usable in weapons (as indicated in appendix F) . 

Dilution with uranium may be effected either by mixing 
extracted plutonium with uranium at the output of a reprocessing 
plant or by coprocessing, i.e., by managing the plutonium 
extraction system in a reprocessing plant so that the product 
from the plant is a mixture of plutonium and uranium, rather 
than just plutonium. Such an approach would significantly increase 
the amount of material that had to be removed from the fuel 
cycle and would require the proliferetor to chemically separate 
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plutonium from uranium. In themselves, these difficulties 
may not be major. Thev acquire more significance, however, 
if the material were protected by a radiation barrier, altnough 
there could be environmental and economic penalties with the 
introduction of such barriers. Coprocessing schemes with 
partial decontamination could provide a measure of protection from 
the radiation standpoint that .falls between uncontaminated 
materials and spent fuel (see below). However, if such 
reprocessing plants were deployed, it might still be possible 
to modify the process to produce material that would be 
directly usable in explosives. How widespread that capability 
would be would depend on the institutional context. 

One technical approach would combine reprocessing and fuel 
fabrication* and have as possible objectives: (1) that the 
reprocessing plant be designed so that the operator would 
have great difficulty in altering it to produce pure plutonium, 
and (2) that the fresh fuel produced be essentially as difficult 
to use as a source of plutonium as spent fuel. Key issues to 
be resolved in evaluating this process are: 

— Ease of modifying the plant to produce a pure plutonium 
process stream; 

~ Ease of removing significant amounts of plutonium from 
plant waste streams; and 

— Ease of stripping plutonium from the output of the 
plant as compared with extracting piutcnium from 
LWR spent fuel. 

The practicality and effectiveness of designing such a 
plant to prevent misuse by the operators has not been resolved. 
It is not clear as yet how much effective difference there is 
between such a process designed for civilian nuclear power 
activities and the PUREX process. In any case, operating 
experience with such a plant would give the operators effective 
grounding in at least some of the technology required to 
independently build a weapons-dedicated reprocessing facility. 
This probleia, of course, "could extend to multinational opera
tion of reprocessing facilities (see discussion below of fuel 
centers). 

In addition to such passive measures, one can conceive 
of active measures incorporated into fuel cycle facilities, 
(including transport) that could — if misuse were detected — 
automatically shut down certain operations and disrupt further 

*See Section B-3 for additional discussion of such collocation. 
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operations, deny access to certain areas, or modify the form 
of target materials. Access denial, if practical, would have 
obvious advantages in protecting against seizure by sub-national 
groups, and obvious problems from the point of view of accept
ability to facility operators and national authorities. 

Safeguards and Physical Security 

The improvements in safeguards and physical security 
measures that were delineated for the once-through systems are 
also necessary for LMFBR systems. The effectiveness of these 
techniques is especially important for fresh breeder fuel, 
because of the relatively short time required to extract 
plutonium from this fuel. Effective real-time monitoring 
of both fresh and spent fuel could be developed from technology 
which has been shown to be technically feasible. This could 
be aided by careful management to limit the quantity and 
duration of stockpiles of such materials. 

To prevent subnational diversion, adequate physical security 
measures would be required. Some of the measures discussed 
in the previous section, for example the introduction of a 
radiation barrier or coprocessing, and measures discussed 
in the next section, such as collocation, would serve to 
reduce the ease and opportunity of subnational seizure by 
providing a radiation barrier for fresh fuel and by reducing 
vulnerable transportation links in the fuel cycle. 

Detecting diversion from an LMFBR reprocessing olant would be 
relatively difficult because of the handling of plutonium-
bearing bulk material. Development of more effective contain
ment and surveillance and material accounting systems is 
important although there are two goals that will be difficult 
to meet: 

— developing and implementing effective techniques for 
detecting long-term diversion of small amounts of 
material; and 

— meeting adequate timoliness goals for diversion of 
larger amounts 

Both of these difficulties pertain to national diversion, 
and the first may also be true for subnational diverters. The 
technical measures discussed above may make it easier 
to safeguard reprocessing plants. However, the benefits and 
drawbacks require careful study; one possible conflict 
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is that the radiation from spiking or similar measures 
may make certain nondestructive assay instrumentation for 
accounting less effective while improving the effectiveness 
of some surveillance and monitoring instrumentation. 

Fuel Service Centers and Other Fuel' Cycle Management Options 

An important possibility for improving the proliferation * 
resistance of LMFBR fuel cycles is to put sensitive materials 
and facilities under multinational control and . to limit 
the number of such facilities. Bringing such facilities under 
multinational auspices would introduce the additional dimension of 
greater political constraint against abrogating safeguards. 
Moreover, the existence of such an entity would reduce the need 
and justification for independent national development or 
production facilities. Three related measures deserve specific 
attention: multinational (or international) fuel service cen
ters, which contain facilities for fuel processing, fabrication, 
and other services; careful management of fresh and spent breeder 
fuel to eliminate unnecessarily long periods when it is out 
of the reactor or not under multinational control; and elim
ination or hardening of transportation links to reduce the 
risk of sabotage, theft, or diversion. 

Fuel service centers could operate a variety of facilities, 
including those required for the LMFBR fuel cycle (reprocessing, 
fabrication), as well as those associated with other cycles 
(enrichment, heavy water production). For the LMFBR, this 
would place under multinational control those facilities with 
the capability for producing weapons-usable material; these 
are also the same facilities that are particularly difficult 

to safeguard effectively. If, in addition,- the LMFBRs were 
placed in such centers, then some of the difficulty with 
controling fresh fuel could be reduced. Moreover, multinational 
centers would serve to increase the degree of interdependence 
of national nuclear systems and provide an opportunity for 
renewed commitment to development of nuclear energy in a way 
that tends to limit the attendant risk of nuclear proliferation. 
Although such, centers would remove sensitive facilities from 
national control they could suffer the difficulty that they may 
provide a source for spread of sensitive technologies. 

Fuel management practices could be carefully designed in 
conjunction with such centers or whatever other facilities 
provide fresh fuel and receive spent fuel. The objective of 
such management, from the point of view of proliferation 
resistance, would be to provide maximal control of sensitive 
materials in order to reduce the risk of removal from the 
fuel cycle. Such improved management practice could serve 
in general to reduce out-of-core plutonium inventory, which 
would also be an economic advantage. 
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Transport control would be designed to reduce the vulner
ability of "he system to seizure of materials in transit. 
Collocation of facilities in fuel service centers would, of 
course, eliminate the need for exposed transport, often of 
Che most sensitive materials, between such facilities. Careful 
fuel management would also be tied closely with improvements 
in transportation control. The general goals of such control 
would be to improve transport techniques to increase the 
difficulty and danger of attempts at seizure. 

Each of these measures may be supported by the technical 
improvements discussed above. For example, producing spiked 
or partially decontaminated fuel in a multinational fuel 
service center would lead to a system in which only reactors, 
short-term spent fuel storage facilities, and the.fuel itself 
are dispersed outside the center, and in which the fresh fuel 
bears some similarity, in terms of the radiation barrier, to 
spent fuel. 

Such multinational service centers could develop as a 
progression from cooperative ventures initiated on a more 
limited basis, in particular from arrangements to supplement 
national spent fuel storage . to provide enrichment services , 
or to store plutoniura. 

Observations 

It will undoubtedly take some time to assess the practicality 
and costs of the technical measures that are discussed, as well 
as other technical possibilities that may be considered. More
over, their effsctivenes as proliferation resistance measures 
needs careful analysis. In addition, the effectiveness of 
such institutional measures as multinational fuel cycle service 
centers, as well as their feasibility and acceptability to 
nations considering the use of breeders, is difficult to 
predict in advance of their actual negotiation and implemen
tation. However, the proliferation vulnerabilities associated 
particularly with the possible spread of reprocessing and with 
the inclusion of plutonium in fresh fuel warrant investigation 
whether improvements such as those indicated above can adequately 
cope with the vulnerabilities of fast breeder systems. 
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C. Alternative Fast Breeder Systems 

The preceding sections treated the liquid-metal fast-
breeder reactor in its normal core configuration, and consid
ered alterations of the fuel and of recycle facilities and 
arrangements that could increase resistance to proliferation. 
This section briefly treats more substantial alterations, 
either of the reactor, the fuel, or the fuel cycle. Two 
classes of alternatives are considered: modifications of the 
ordinarily considered LMFBR, and other reactor types. This 
discussion of alternative systems is highly preliminary and 
tentative. The following paragraphs present a few salient 
features to be followed by the results of j.uch more detailed 
work among the INFCE Working Groups. 

The principal LMT3R alterations of interest are changes 
in the fuel type. In particular, introducing thorium fuel 
to the system could not only affect performance, but would also 
permits a "denatured" fuel cycle, where bred U-233 was incor
porated into fuel with U-238 and thorium for supply to thermal 
reactors. Because the U-233 would be mixed with U-238, enrichment 
would be required to obtain weapons-usable material. From 
the point of view of proliferation resistance, denatured fuel 
would have the greatest utility in a symbiotic* system in 
which the deployment of sensitive facilities was restricted 
to multinationally controlled centers, while the deployment 
of thermal reactors that use the denatured fuel was not. The 
question of the proliferation implications of such denatured 
fuel in itself is indicated briefly in Section IV on thermal 
recycle. 

A distinct breeder type, the gas-cocled fast-breeder 
reactor (GCFBR), has been designed to operate on uranium-
plutonium and/or thorium-uranium cycles. The form of the 
fuel would be very similar to that for the case where thorium 
was introduced to*the LMFBR. 

Another possibility of interest is the use of metal fuel. 
Not only could this choice affect the performance of the 
reactor, but it might afford the possibility of other 
advanced reprocessing techniques such as pyrometallurgy. A 
change that may be significant frcm the point of view of 
proliferation resistance would occur if the metal reprocessing 
were to involve a facility that was directly associated with 
the reactor. 

*a more detailed analysis of the proliferation resistance 
of various symbiotic systems will be addressed in subsequent 
versions of this paper as they become defined. 
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This discussion has identified sont of the alternative 
fast breeder systems being considered in IMFCE and has 
tentatively indicated scne of the features that :say affect 
proliferation resistance. Understanding t-.he effects of such 
features and identifying ethers will depend on the analyses 
being conducted in the Working Group. 
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IV. Thermal Recycle Systems 

This section evaluates the proliferation resistance 
of thermal reactor nuclear power systems with recycle, where 
part or all of the spent fuel is reprocessed and the 
fissionable material is recycled as a component in fresh 
fuel. An assessment is carried out in Section A with 
the light-water reactor vrith uranium-plutcnium recycle e.s a 
reference system. Some possible improvements to this 
system are discussed tentatively in Section B. Other 
thermal systems with recycle, notably those involving 
thorium, are very briefly and tentatively considered 
in Section C. 

A. Reference Thermal Recvcle Svstem: LWR 

The technical base for fueling LWR's with mixed 
oxides of uranium and plutonium (MOX) is well advanced, 
although no fully commercialized systems exist. The 
reference U-Pu thermal recycle system includes enrichment 
facilities, light water reactors, temporary spent fuel 
storage, reprocessing facilities, fuel fabrication and 
refabricati^n facilities, waste management facilities, 
and the transportation links between them. The various 
Working Groups have already introduced these facilities as 
part of the development of their reference case analysis. 
Appendix C contains a brief technical description of the LV7R 
thermal recycle system for reference purposes. 

Evaluation of proliferation resistance must not 
only treat a mature thermal recycle system but must also 
consider the pilot-scale or prototype full scale facilities 
important for training of personnel and attaining reliable 
commercial-scale practice. Such facilities already exist 
or are under consideration in several countries, whereas 
no fully commercialized thermal recycle systems now exist. 
Although the existing developmental facilities are under 
national control, there is a significant variation in the 
institutional context for such programs. Some.- for example, 
are not subject to IAEA safeguards. As these development 
programs ovolve, it can be expected that the institutional 
regime will also evolve. 

For the purposes of the reference case assessment 
which follows, it is assumed that the thermal recycle is 
deployed with currently-conceived, Purex-based reprocessing 
and mixed oxide (MOX) fuel refabrication within the context 
of the current institutional regime, as described in 
Appendix D. 



Proliferation Resistance cf the Reference Thermal 
Recycle Svs-cem 

Relative to the once-through LWR system, the most 
apparent new proliferation characteristics, of LWR recycle 
result from che commerce in plutonium-bearing materials that 
is required. Separated plutonium nay be present in storage 
and in transport in forms which may be directly.usable for 
weapons. Fresh KOX fuel itself could be converted to 
weapons-usable form through chemical processes which 
require special handling, but not the massive shielding 
needed for spent fuel reprocessing. Fuel elements have 
concentrations of plutonium of typically 3 to 5.5%, and 
much higher concentrations may be typical in feedstocks. 
Spent fuel also has plutonium concentrations of several 
percent but is accompanied by high radiation fields. Thus, 
several new proliferation pathways emerge which are 
qualitatively similar to those considered in Section III 
for the LMFBR.* 

Plutonium could be removed from the fuel cycle 
either in fuel (fresh or spent} or as separated plutor.ium 
in nitrate solution or oxide form (including mixed oxide 
feedstocks). If the material removed were spent fuel, 
hot reprocessing would be required, and a hot reprocessing 
capability is an integral part of a recycle system. Most 
pathways to weaponi-usable material would require less 
difficult conversions, such as chemical separation of 
plutonium from mixed oxide in the absence of high radiation 
fields. 

Based on more detailed analysis given in Appendix G, 
a summary is presented next of the activities required for 
the conversion of fresh fuel material and of radioactive spent 
fuel, then their significance in various national contexts , 
is considered. 

Significant Proliferation Activities 

— Conversion of Already Separated Plutonium 

The key activity would be the conversion of 
the plutoniu.il, already separated and in bulk storage or 
transport, to weapons-usable form. Conversion of nitrate 

*In addition, the LWR recycle case would share all of the 
proliferation pathways of LWR once-through cycles. Details 
for pathways using enrichment are presented in Appendix E, 
and related proliferation resistance considerations are set1 

forth in Section II. 

http://plutoniu.il
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tc metal would be a tine consuming and an inherently 
difficult job for a subnational group; conversion to 
solid oxide may be somewhat easier. 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 a few months at a cost of 
a few million dollars and could be difficult to detect. 
Less commitment of resources would be entailed if only 
one or two weapons were required or if oxides were used 
directly. 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, 
or even less if oxide were used directly. 

— Out-of-System Conversion of Fresh MOX Fuel 
Assemblies or Feedstocks 

If facilitxas were not already available 
in the fuel cycle, design, construction, and testing of 
special purpose out-of-system facilities would be required 
for extracting piutcnium frcm conventional fresh 

MOX fuel assemblies and converting it to piutcnium metal. 
For a program to build tans 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 required or if high concentration MOX feedstockr were used. 

Given construction of either a working 
out-of-system facility or control of an in-system 
reprocessing facility, the period from the time system 
material was first removed until weapons-usable material 
was available could range from days to weeks. The time 
scale could conceivably be as short as hours if pure 
Plutonium oxide were used directly. 

— Out-of-Svstem Renrocessinc of Soent Fuel 
i - - -

With availability of experienced personnel, 
preparation of hot reprocessing facilities would require 
more than a year and tens of millions of dollars for a procram to 
build tens of metal weapons per year, with somewhat 
smaller commitments for a few weapons. The time frcm 
removal of spent fuel from the fuel cycle until weapons-
usable material was available could be in the range of weeks. 
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Dealing with radioactive spent fuel would be inherently 
mors difficult than the fresh fuel or feedstock material 
discussed above, especially for subnational groups, but 
again not beyond the means of many nations. 

National Contexts 

The assessment of the proliferation resistance 
of the thermal recycle case would be sensitive to variations 
in weapons capability aspirations. For example, a sub-
national group night seek only one or two "crude" weaoons 
from oxide. Alternatively, an arsenal of a few-such 
"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 
including oxide-to-rnstal conversion capabilities. The 
discussion below focuses only on the relevant generic 
features since there is wide variation in potential proliferation 
situations. 

— Recycle LWR 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 
(in addition to those involving enrichment) would be (1) to 
build an out-of-system facility to extract plutonium from 
fresh fuel assemblies or (2) to build an out-of-system re
processing 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 
conversion of fresh fuel to weapons usable form would be 
technically easier. Some familiarity with plutonium hand]ing 
technology inevitably would be associated with operation ô ! a , 
MOX cycle with LWR's and could contribute indirectly in con
struction of out-of-system facilities. 

If IAEA safeguards were in effect, the 
diversion of fuel assemblies would be subject to detection; 
however, the timeliness of detection and response may not 
be adequate because of the short time from diversion to 
availability of weapons-usable material, particularly 
from fresh J40X fuel. If IAEA safeguards were not in effect, 
the possibilities for detection would be even more limited. 
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— Thermal Recycle I//7R ?lus Reprocessing and 
Fabrication Facilities 

For a country in which the national fuel 
cycle included the fuel fabrication, reprocessing, and 
refabrication facilities in addition to the thermal recycle. 
LV7R, all of the proliferation activities discussed above 
in addition to chose of the once-through LWR section, 
would be available. 

Eor NPT signatories, IAEA safeguards would apply 
throughout the thermal recycle LWR fuel cycle system. However, 
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 could be difficult. Be
cause of the large flow of plutonium through reprocessing and 
fabrication facilities, and the presence of plutoniurti inven
tories, often in bulk form, the detection of the diversion of a 
relatively small sidestream over long periods of time would 
also be difficult to detect. Without IAEA safeguards the 
possibilities of detection of diversion would be extremely 
limited. 

Subnational groups would have a potentially 
viable proliferation path 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 

Thus, there would be two crucial proliferation 
vulnerabilities of the reference thermal recycle system, 
in addition to those of once-through systems. First, 
plutonium would be present in national facilities and 
in transit in weapons-usable form or in forms that would be 
relatively straightforward to convert to weapons use. 
Second/ relatively large flows of plutonium-
bearing materials, often in bulk form, may be difficult to 
safeguard effectively. 

A major strengthening of technical,safeguards and 
institutional controls would be required to mitigate these 
proliferation vulnerabilities significantly; some potential 
measures are discussed in a preliminary way in the following 
section. 
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3. Improvements for Thermal Reevele Svsterns 

Measures to reduce the vulnerabilities of the re
ference LWR recycle system may taJ-e several closely related 
forms and are being extensively consider3d in the various 
Working Groups. Some of the measures are tentatively examined 
here in the expectation that their contribution to prolifera
tion resistance will be developed more fully as I2IFCE proceeds. 

# 

The materials used in the system may be modified to 
make them more difficult to convert to weapons-usable form. 
More comprehensive safeguards and physical security measures 
may be introduced to improve the detectability of diversion, 
as well as to decrease potential access by subnational 
groups. Particularly sensitive portions of the fuel cycle, 
i.e., those that process plutonium-bearing materials, may be 
deployed in such a way that they would be decoupled from 
national control and operated by croups of nations together 
with improved safeguards and physical security measures. 

A broad array of such technical and institutional 
measures could be applied to all fuel cycles. A preliminary 
discussion of how these might apply to the LMF3R system is 
included in Section IIIB. Although their application to an 
LWR recycle system would certainly differ in some important 
details, many of the basic considerations discussed in Sec
tion IIIB may apply and are summarized briefly below. 

Technical measures - including radioactive contam
ination (spiking, partial decontamination or preirradiaticn) 
of fresh fuel materials; dilution or coprocessing to reduce 
plutonium concentration in such materials and require chemical 
separation to obtain weapons material; combination of these 
two types of measures, and perhaps integral separation/ 
fabrication. 

Much of the discussion on such technical measures 
in Section 1113 applies to LWR recycle with two exceptions. 
First, some measures for radioactive contamination of fast 
reactor fuel would degrade the performance of thermal reactor 
fuel, although spiking with some materials (e.g., Co^°) still 
appears feasible and worthy of further consideration. Sec
ond, dilution of plutonium concentration in MOX fuel for LWR 
recycle could be carried to a considerably greater extent 
than for breeder fuel; storage and shipment of feedstocks 
diluted to 10% concentration or less may be feasible and may 
be preferable from a proliferation point of view to high con
centration feedstocks or metal. A more definitive analysis 
of these possibilities is needed and will result from other 
papers in*INFCS Working Groups. 
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Safeguards and physical security - improved tech
niques applied to fresh and spent fuel ar.d to bulk material 
which are present in fixed facilities (reprocessing, fabri
cation and storage) and in transportation. The considerations 
of Section III3 on these topics apply also to LA*R recycle 
and the key conslusicns also pertain. Development of more 
effective containment, surveillance and material accounting 
systems is important. But again two goals- will be diffiĉ l.t 
to meet, especially for bulk quantities of materials: 

- developing and implementing effective techniques 
for detecting long-term diversion of small 
amounts of material; and, 

- meeting adequate timeliness goals for diversion 
of larger amounts. 

Analysis of these problems ard the possibilities 
for significantly improved safeguards for facilities of ad
vanced design will appear in other capers to be submitted to 
INFCE. 

Fuel cycle centers and other fuel management options 
designed to make available necessary fuel cycle services 
while keeping sensitive materials and facilities under multi
national or international control. Again, the remarks cf 
Section III3 apply here. Fuel service centers, improved fuel 
management techniques, and transport control may make impor
tant contributions. However, the effectiveness of such 
institutional measures as multinational centers, as well as 
their feasibility and acceptability to various nations, are 
difficult to predict. Analysis of a range of potential 
institutional improvements will be presented in other INFCE 
papers by the US and other delegations. 

Observations 

The technical,safeguards,and fuel cycle management 
possibilities mentioned above are discussed briefly in 
Section III. More effort will be required to evaluate the 
practicality and efficacy of such possibilities as prolifer
ation resistance measures, in terms of both technical 
feasibility and general acceptability. 

C. Alternative Thermal Recycle Systems 

This discussion of al ;ernative systems is highly 
preliminary and tentative. The following paragraphs present 
a few salient features, to be followed by the results of 
much more detailed work among the INFCE Working Groups. 
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Recycle systems other thsn the referer.ee LT.\R are 
being considered in INFCE including: improvements on 
light-water reactor systems; introduction of recycle to 
heavy-water systems; and development of high-temperature 
(gas cooled) reactor systems. For LWRs, the alternative 
concepts include thorium cycles in LWRs of the current 
type, use of a variable moderator (.heavy water) to achieve 
spectral shift control, and use of a variable geometry 
(such as in the "light-water breeder reactor"). Some HNR 
and HTR concepts would also utilize thorium. 

Alternatives that would rely on thorium as th'e principal 
fertile material are being considered both to decrease 
consumption of natural fissile resources and to increase 
the potential availability of "denatured" fuels*. Using 
such fuels involves various combinations of thermal or fast 
reactors to produce the U-233 and other reactors to use the 
denatured U-233 fuels. Many cf'these schemes would be 
symbiotic in nature. 

The value of denatured systems for proliferation 
resistance would depend heavily on deploying fuel cycle 
activities under effective multinational control, since 
the overall proliferation resistance of such symbiotic systems 
would depend on the effectiveness of constraining the 
deployment of sensitive facilities and on the proliferation 
resistance characteristics of the denatured fuel itself. 

Spent denatured U-233 fuel would have lower plutonium 
content than ordinary LWR fuel (because of replacement of 
much of the U-238 in the fresh fuel with thorium) and, of 
course, it would still be accompanied by a substantial 
radiation barrier.. Fresh denatured fuel would require 
that any uranium extracted from the fuel be further enriched 
to yield weapons-usable material. Such fuel might therefore 
be substantially more resistant to misuse than conventional 
plutonium-bearing fresh fuel. On the other hand, separating 
U-233 from denatured fuel would require less separative work 
than separating U-23 5 of the same enrichment. An additional 
complexity, however, in these comparisons is the presence of 
an inherent radiation barrier in fresh denatured U-233 fuel 
due to the accompanying U-232 and its daughters. 

In contrast to such denatured systems, some advanced 
thermal recycle systems may rely on fuel with highly enriched 
uranium. Like the reference LWR system, uie oroliferaton 

^Denatured fueis are a mixture of uranium and thorium 
in which sufficient U-2 33 is present chat the uranium 
itself, even if separated from the thorium, has sufficiently 
low fissile content to preclude its use in weapons without 
further enrichment. The fissile content of this low-enriched 
uranium may be either U-2 35 feed from natural resources or 
U-233, produced by conversion of thorium. 

http://referer.ee
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resistance of HEU-utilizing systems night be improved somewhat 
by including a radioactive barrier in the fresh fuel and by 
confining reprocessing/fabrication activities to facilities 
under multinational control. 

This discussion has identified some of the alternative 
thermal recycle systems being considered in INFCS and has 
tentatively indicated some of -the features that may affect 
proliferation resistance. Understanding the effects of such 
features and identifying others will depend on the studies 
being conducted in the Working Groups. 
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V. Comparisons 

The previous sections identified the main features 
of reference once-through, fast breeder, and theraal recycle 
systems that are relevant to-proliferation-resistance, 
delineated the principal activities for weapons pathways 
and indicated their significance, and then considered technical 
and institutional proliferation-related improvements which 
could be made to these systems. This analysis provides a 
basis for comparing the proliferation resistance of these 
systems. This section addresses this comparison, and 
considers the effect on this comparison of alternative 
reactor types within each class. It then considers briefly 
the significance of a situation in which various systems 
co-exist in differing stages of development. 

A. Comoarison of Reference Svstems 

Comparison of Fast Breeder and Once-Through Reference 
Systems 

The key difference between current once-through systems 
and the reference LMFBR system is that materials used in 
once-through systems are never directly weapons usable, are 
not readily converted to weapons usable form, and 
facilities for separating plutonium are not deployed. On 
the other hand, some materials used in the LiMFBR system would 
be in weapons-usable form, others could be readily converted 
to such form, and the facilities for plutonium conversion 
would be deployed. As a result, the level, duration, cost, and 
detectability of activities for producing weapons-usable 
material from the once-through system are all considerably 
greater than doing so from the LMFBR system. Both systems 
would share a vulnerability at the enrichment plant, although 
introduction of breeders would reduce demand for enrichment. 
The major difference between once-through and fast breeder 
systems is the relative access afforded to plutonium. 

The spent fuel from once-through systems accumulates 
and contains plutonium at low concentrations, but the system 
does not include the facilities for extracting this plutonium, 
nor does it train individuals or nations in extraction 
techniques. The .plutonium is contained in fuel elements 
that can be counted and effectively safeguarded. On the 
other hand, the LMFBR system would not only rest on high 
volume commerce in materials containing high concentrations of 
plutonium, but would also require system facilities for processing 
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plutonium, including hot chemical separation facilities. 
Plutonium and plutonium-bearir.g materials flow through the 
system, often in bulk form, and operation of the fuel cycle 
spreads experience in handling ar.d processing these materials. 

The proliferation resistance of both systems could be 
improved, and the difference between them reduced by 
incorporation of various improvements in the fuel cycles. 
For once-through systems, the measures that would increase 
resistance to proliferation focus on more effective safeguards 
techniques and on cooperative arrangements, both to make 
enrichment services available without spreading sensitive 
technologies and to provide adequate safe storage of spent 
fuel. Measures to increase the LMF3R system's resistance 
to proliferation would oe technically more difficult and 
institutionally more complex. For example, a radiation barrier 
could be introduced to all fresh fuel and fuel feedstocks by 
spiking, pre-irradiation or partial decontamination, but one 
that may not be as high as spent fuel initially. Such schemes 
would reauire the resolution of technical uncertainties and the 
determination of environmental and economic costs before 
their usefulness can be assessed. Constraining hot processing 
facilities to multinational auspices would also serve to 
improve proliferation resistance, However, unless carefully 
designed, multinational operation might run the risk of 
Droviding widespread training in separation techniques. On 
the other hand, cooperative arrangements which, provide for 
assured access to fuel cycle services, through participation 
in ownership, but not operation, may avoid this danger. 
Avoiding difficulties associated with ordinary fresh fuel 
may require arrangements that limit deployment of LMFBRs 
themselves. The effectiveness and costs of these counter-
measures will be analyzed in more detail as the concepts 
become better defined. The presence of materials with, 
high concentrations of plutonium and relatively lower 
radiation barriers would increase the importance of physical 
security. 

If limited deployment of enrichment facilities continues, 
the fully safeguarded once-through, system appears to be 
substantially more resistant to use for nuclear weapon 
proliferation than the reference fast breeder system with 
uncontrolled deployment. Comprehensive technical and 
institutional measures applied to all the system facilities 
could increase the fast breeder's proliferation resistance. 
However, it is difficult to predict how long it would take to 
develop and implement such measures or how effective they 
would be. 
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Thermal Recycle Systems 

As far as proliferation is concerned, the reference 
thermal recycle system includes the vulnerabilities 
associated with reprocessing and the use of plutonium, 
as well as vulnerabilities associated with the reference 
once-through system. As a general rule, plutonium 
concentrations are substantially lower in thermal recycle • 
than in fast breeder materials. However, the reference 
thermal recycle system still has key features in common 
with fast breeders: (1) It requires freeing plutonium 
from the spent fuel and introducing it into commerce. 
(2) It requires establishment of various plutonium 
processing facilities, including those for hot chemical 
separation, (3) Construction and operation of these 
facilities may spread experience in plutonium processing 
technology. Because the plutcnium concentrations in the 
fuel itself are lower, the reference thermal recycle 
fuel cycle may be regarded to be slightly more resistant 
than the reference LMFBR fuel cycle in this respect. 
Nevertheless, it would be substantially more proliferation 
prone than the reference once-through system. 

Incorporation of improvements similar to th0i,3 
suggested for the LMFBR would improve the situation somewhat. 
Dilution of feedstocks would be one such measure, and raising 
the radiation barrier of fresh fuel would be another; 
however, some of the techniques for doing so in breeder 
fuel may not be technically acceptable for thermal 
reactors. On the other hand, limiting reprocessing to 
multinational auspices and limiting deployment of 
MOX-fueled LWRs would apply as well to thermal fuel cycles 
as to fast breeders. But th«jse measures would be 
technically difficult and institutionally complex, and 
are of uncertain acceptability. 

In summary, various improvements may be able to reduce 
somewhat the apparent substantial difference in proliferation 
resistance between the reference once-through fuel cycle 
and the fast breeder and thermal recycle fuel cycles. The 
effectiveness of these technical and institutional measures, 
as well as their feasibility and acceptability are now 
being evaluated in INFCE. It may be possible to develop 
such measures and demonstrate their feasibility before 
most countries need to make decisions on whether to 
deploy fast breeder or thermal recycle nuclear power 
systems. 
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B. Comparison of Alternatives with Reference Technologies 

Compared with the reference systems discussed above, 
alternative fuel cycles may -be more or less proliferation 
resistant. Because these possibilities are still undergoing 
analysis, no comprehensive comparison is possible at this 
time. 

C. Prospects for Increasing Proliferation Resistance 

The bulk of this paper, and the first twc parts of this 
section, emphasizes individual fuel cvcles, considering . 
their relative proliferation resistance if deployed as' 
simple, isolated entities. However, the present situation, 
and the situation that is likely in the future, is a world 
that is both diverse and changing. At any given time, a 
variety of systems or partial systems is likely to exist within 
many countries,and the elements in this variety will change 
as time passes. Although the preceding treatment assesses 
the relative proliferation resistance of selected nuclear 
fuel cycles, an important question to be answered is what 
is the significance of the indicated differences in the 
real world. 

An obvious aspect of the real-world scene is that, 
relative to a given fuel cycle, background activities may 
exist that short circuit the proliferation resistance of a 
simple system. For example, in a system that used no 
reprocessing or restricts its deployment, the availability 
of hot chemical processing facilities on a research or 
pilot scale effectively provides the very capability that 
was to be restricted. This situation could occur in nations 
that, at a given time, have orly once-through nuclear power 
systems commercially available, but that are carrying out 
research and development on reprocessing for possible future 
application. Because it is to be expected that nuclear 
systems will change with time, the question of how to deal 
with such background activities must be considered. 

The premise of this assessment is that systems and 
activities that have a minimum of sensitive materials or 
technologies should be chosen. But to the extent that such 
materials or technologies are present, whether in a 
commercial fuel cycle or in background activities, it is 
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important that efforts be made to reduce their contribution 
to proliferation risk.. In. general, this will require 
creation of institutions that make proliferation based 
on nuclear power activities both technically difficult 
and politically infeasible or unattractive. While it 
is difficult to predict whether such institutions will 
be developed, become operational, and be widely accepted 
by the time they are needed, understanding the risks 
resulting from their absence and the benefits accruing 
from their establishment is essential to their acceptance. 
Discussion and further development of this paper, is 
intended to contribute to such understanding. 
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VI. Research Reactors 

Although the above discussion of proliferation resistance 
has centered on nuclear power plants, research reactors are 
also a potential source of weapons-usable material. 

Reference Research Reactors and Critical Facilities 

Research reactors are typically used: (1)-to study the 
irradiation behavior of materials of interest in nuclear 
engineering, (2) to produce radionuclides for medicine, industry, 
and agriculture, and (3) as a basic research and teaching tool. 
The proliferation implioaticns of research reactors stem 
primarily from the fact that many research reactors use poten
tially significant amounts of highly enriched uranium (HEU) 
as fresh fuel (typical annual fuel requirements are 0.6, 8.4, 
and 121 kg of HEU for reactors with thermal power levels of 1, 
10, and 100 MW, respectively),while others which use natural 
or low enriched uranium (LEU) may produce significant amounts 
of plutonium in the irradiated fuel. Research reactors are 
also very widely deployed. 

Critical assembly facilities are very low power experi
mental reactors (usually below 10 kilowatts) which operate at 
low flux levels (e.g., 108 neutrons/cm2 sec) with no appreciable 
burnup and little induced radioactivity in the fuel and other 
core components. They provide 
experimental confirmation of design calculations relating to 
various reactor characteristics; for example, critical mass,kinetic. 
and control, and reactivity coefficients. Critical assemblies 
for use in fast reactor research may use plutonium or highly 
enriched uranium in various forms including metal, oxide and 
alloys. Since the fuel has little burnu? or induced radio
activity, it is usually loaned or leased from the supplier 
to the operator. Some critical facilities for breeder research 
use more than 5 kg of Pu or HEU. 

Proliferation Resistance 

1. HEU Research Reactors 

The removal of KEU from a research reactor to obtain 
sufficient material to build a nuclear explosive would require 
removal on a scale comparable to the annual fuel element 
requirement for a typical large research reactor. For instance, 
a 20 MWt research reactor may have about 200 grams of HEU in 
each fuel element. About 60 fuel elements are needed as 
replacements each year. For this example, more than an annual 
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supply of fuel elements would have to be diverted to build 
a nuclear explosive. However, the fabrication of fuel 
elements for a given research reactor is normally performed 
on a special order basis and may involve considerable lead 
times. Thus, in the absence of measures to minimize HEU 
inventories, typical procurements cf fresh fuel elements would 
otherwise be for several years requirements to be stored at 
the reactor site. Z: ur.if icantly large quantities of HEU are 
also present at the fuel fabrication facilities. 

France and the United States have been engaged in studies 
aimed at preserving the scientific and research advantages of 
HEU-powered research reactors while reducing the proliferation 
potential of such reactors. It appeals that, given some further 
research work, most research reactors can be adapted to less 
highly enriched uranium (from 20-40% U-235 with today's 
technology) with little effect on overall reactor performance 
— specifically no decrease in fast flux and less than a 
ten percent decrease in thermal flux. This is accomplished 
by increasing the total amount of uranium present in the 
fuel elements. For example, if the total amount cf uranium 
in the fuel elements can be multiplied by four, the relative 
proportion of that uranium which is U-235 can be divided by 
four while still keeping the same absolute overall U-235 content, 
in the fuel elements. A detailed description of the United 
States research reactor program is being presented in INFCE. 

2. LEU or Natural Uranium Reactors 

Natural uranium fueled research reactors produce Plutonium 
at the approximate rate of 1 gm/MWt-day of operation. A 
typical natural uranium fueled 20MWt research reactor would 
therefore produce about 5 kg of plutonium per year. The 
amount of plutonium produced is reduced as the enrichment 
level is increased. A 20MWt research reactor using 1C to 
20 percent enriched uranium would generate about 0.5 kg 
of plutonium per year. 

The proliferation resistance of spent fuel from research 
reactors would be similar to that from nuclear power plants 
as discussed previously in Section II, with the following 
exceptions: 

— the amount of radioactivity from research reactor 
spent fuel can be as small as one fiftieth that of 
fuel from a commercial power reactor so shielding 
problems may be less difficult to deal with. 

— there are several different chemical forms that are 
typically used for research reactor fuel elements so 
that the steps involved in the chemical reprocessing 
would be altered. 
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Summary of Improvement;; for Research Re^c-cs 

Improved international safeguards ar.d a more universal 
commitment to full scops safeguards as discussed for nuclear 
power plants would also be important for increasing the pro
liferation resistance of research reactors. Safeguards pro
cedures need to accomodate the necessary flexibility cf 
research reactor operations.. 

A'long-term goal that would increase the proliferation 
resistance of research reactcis would be the achievement of 
a mean level of enrichment of 3 to 20 percent for widely 
deployed research reactors. Such a level of enrichment would 
seem to put the greatest distance between research reactors 
and the problems of HEU on the one hand, and of plutcnium in 
spent-fuel on the other. Existing technologies can make 
significant improvements towards this coal. The development, 
demonstration and implementation of these new fuels should 
be vigorously pursued. 


