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6. Assessment and comparison of the proliferation aspects 

of enrichment 

6.1. Proliferation aspects in general 

The relevance of civil nuclear power programs to 

proliferation risks arises mainly from the access they 

may provide to materials, from the availability of 

facilities and of technology,hereby contributing to 

the acquisition of nuclear explosives. 

The activities identified in this respect include 

a) the possible removal of materials from the facili

ties in operation, 

b) the modification of a facility designed for commer

cial operation to produce weapons grade material, 

c) the construction and operation of a non-declared 

facility for conversion of material to weapons-

usable form. 

6.2. Proliferation aspects of enrichment 

Most uranium enrichment facilities based on proven 

technologies (i.e.: diffusion and gas centrifuge) and 

the facilities under construction based on technolo

gies which are not yet in the stage of commercial 

application (nozzle, chemical) are designed and con

structed to produce low enriched uranium upgraded to 

the average level of roughly 3 % U-235, a material 

which cannot be used for nuclear weapons. 

From the point of view of proliferation risks it is 

therefore important to pay attention to the potential 

production and/or transfer of KEU in enrichment fac_li^ 

ties. 

6.2.1. Proliferation aspects of existing facilities 

An important way to acquire weapons-usable material 

would therefore be to use an enrichment facility, 

designed and operated for low enriched uranium to 

produce high enriched uranium (HEU) by modifying the 
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plant, for example by rearrangement or batch recycle 

modes. These modifications would entail varying 

degrees of difficulties, depending on the enrichment 

process used. In any case such basic changes from the 

original design would require activities and funda

mental changes of operation data, which could easily 

be detected. 

Proliferation aspects of enrichment technologies 

Enrichment technology made available without any 

c.ntrol and restriction may become a proliferation 

risk by making it possible to build and operate an 

undeclared enrichment facility by using the available 

technology with the aim of producing HEU. 

In this respect uranium enrichment would be one of 

various ways by which fissile material can be obtained. 

Means to minimize the risks of proliferation of 

enrichment technologies 

In the foregoing chapters the potential proliferation 

risks in the availability of enrichment facilities, 

material included, and in the availability of the 

respective technology have been identified and gener

ally described. 

There are, however, inherent resistance factors to 

proliferation in the different enrichment technologies 

and additional means to minimize the risk of prolifer

ation. 

Such barriers to proliferation include: 

- the application of international safeguards to 

materials and facilities through a system of reports, 

physical inspections, material accountancy, and 

various containment and surveillance techniques, 

- multinational or national arrangements with super

vision by governments involved in controlling plant, 

technology and nuclear material produced, 
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- special features related to the different enrichment 

techniques, which make the undetected production of 

HEU and the clandestine use of enrichment more 

difficult. 

6.3.1. International safeguards aspects specific to enrichment 

6.3.1.1. International implications in general 

The objectives of IAEA safeguards at an uranium iso

tope enrichment plant are derived from the general 

objective of IAEA safeguards: "the timely detection of 

diversion of significant quantities of nuclear material 

from peaceful nuclear activities to the manufacture of 

nuclear weapons or other nuclear explosive devices or 

for purposes unknown and deterrence of such diversion 

by the risk of early detection" . At an uranium iso

tope enrichment facility, the fulfillment of this 

objective must recognize the unique capability of such 

facilities to increase the U-235 concentration of 

uranium and thereby to increase its strategic value. 

Three general aspects of a strategy designed to meet 

this objective at an uranium enrichment facility can 

be defined. First, the IAEA must verify accountancy for 

all of the declared nuclear material. Second, the IAEA 

should ensure that all nuclear materials are introduced 

and verified at key measurement points. Third, and 

perhaps the most important, the IAEA should be able to 

conclude that the facility is operated as declared to 

produce LEU. 

For all three aspects, material accountancy plays an 
n*au 

important role in providing the IAEA with required 

safeguards information. With respect to the second and 

third aspect , the IAEA must pay special attention to 

the use of surveillance and containment measures to 

provide assurance that it has complete knowledge of 

flows of uranium into and out of all material balance 

areas and that the facility has not been misused. 

Infcirc/153, § 28. 
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1.2. International safeguards aspects of enrichment techno

logies 

In general, enrichment technologies are considered by 

States to involve information which is particularly 

sensitive for commercial or non-proliferation reasons. 

States may, in such instances, request that special 

material balance areas (MBAs) be established around 

process steps involving such information and within 

which there would be either controlled access or no 

inspector access permitted. Provision for such non-

access areas is provided for in INFCIRC/153, Section 

46(b) (iv), whereby a State can request the establish

ment of a special material balance area around a 

process step if it is considered to involve "commer

cially sensitive information". If such special MBAs 

are established, more extensive safeguards procedures 

could need to be applied in order to compensate for 

lack of access. For example, additional emphasis would 

be placed on containment and surveillance measures. 

In this instance, the design of the facility will play 

a particularly important role in permitting the IAEA 

to fulfill its safeguards obligation. 

Features of relevance in the application of safeguards 

A summary of safeguards relevant features is listed in 

table 6-1, which refers to information given by answers 

of the main technology holders to the questionnaire. 

Designing a safeguard system for enrichment facilities, 

the following features would be of major importance in 

the application of safeguards: 

- The Treaty of Nonprollferation of Nuclear Weapons a3 

Non-Nuclear-Weapon State parties, which have signed 

the Treaty, undertake to accept safeguards as is 

indicated in Article III of the Treaty. 

- Operation mode of LEU facility 

There is a truly continuous operation, and both a 

constant feed and a constant product and tails removal 

are essential for efficient operation of all processes. 
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In some processes, even snail changes can easily be 

detected. 

For the diffusion, nozzle and chemical process batch 

recycling (recycling of product as feed) is a very 

difficult and expensive way of producing HEU, and would 

be readily detectable; e.g., by the interruptions of 

normal process flows and fluctuations in power 

levels. Also, this mode of operation could incur the 

risk of a criticality incident if the equipment were 

not suitably designed for that assay involved. 

For instance, in Eurodif, the maximum assay is limited 

to 5 % on account of criticality. 

For centrifuges an operation in a batch recycle mode 

would theoretically be possible, but because of 

criticality limitations significant design changes 

are required. Batch recycling would easily be detect

ed because of significant changes of the declared 

operating mode. 

For diffusion, nozzle and chemical enrichment rear-

rangement is not considered possible. 

For the centrifuge process theoretically it may be 

possible to change the pipes between centrifuges but 

the number of machines is so large that it is impos

sible to do these changes without the risk of timely 

detection. 

No significant flexibility exists for operation at 

higher than design separative work rates when full 

power is being used. 

By reducing product withdrawal rate, product assay 

can be increased. 

Significant assay increase could only be achieved by 

substantial reduction of product rate, which could 

easily be detected. 

Increments of capacity 

Centrifuge enrichment facilities are built up of 

relative small increments of separation capacity 

because of the parallel nature of the process. This 

allows the safeguards inspectors to follow step by 

step by verification of mass flow the build-up of 

production capacity. 
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For other processes the inspector can follow the 

build-up of production capacity. 

- Measurements. 

The typical enrichment plant has the highest 

standards of material accountancy of any type of 

nuclear plant. 

- Cascades inventory. 

The specific cascades inventory is extremely small 

for the gas centrifuge. It is very high for chem-

ic- '. processes while intermediate values are 

obtained for gaseous diffusion and nozzle. These 

features should be directly reflected in the turn

over times: that required for uranium in the feed 

to be withdrawn as product as well as in the start

up times: that required for reaching production 

assay and throughput for a plant initially filled 

with natural uranium. 

For normal operation of an enrichment plant, what

ever the process involved, cascade inventory has to 

be maintained at an appropriate level which depends 

upon the technology involved. 

For centrifuge plants, because of the small inventory, 

the resulting short equilibrium times between initial 

run-up and production of enrichment allows early veri

fication of weights and assays. 

- Maintenance policy. 

The transfer of equipment and personnel crossing the 

border of the control area may include the transport 

of material. Thus the maintenance policy chosen has 

an effect on the necessary effort for containment 

and surveillance measures. 

Because of the nil maintenance policy adopted for the 

non US - centrifuge plants movsments of large equipment 

or personnel in and out of the operating cascade are or 

will be at an absolute minimum. 

Any such movement, during steady operation, can be well 

planned and notified to the safeguards inspectors. 

In gaseous diffusion plants, such movements will be 

exceptional. 
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Safeguards infrastructure 

The central safeguards appicach to ensure that the 

facility is operated as declared and no diversion of 

nuclear material will occur con be met by taking note 

of the above described features and by applying 

the following basic safeguards procedures. 

- Verification of design information 

- Material accountancy 

- Containment and surveillance 

~ ¥SEi£i£3£i22_2£_3Ss.i22_iS£2Em§£i2S 

Design information would be examined to establish 

that the planned safeguards strategy is feasible. 

In particular, miscellaneous pipes penetrating the 

cascade area from outside would be identified and 

the absence of secondary feed and take-off static's 

verified. 

It defines measurement procedures, where and when 

measurements are made, and measurement uncertainties 

to verify design information submitted by the State. 

For the French diffusion plant, in addition to 

perimeter access, access to the cascades will be 

possible at periodic intervals and under specified 

conditions during operation, permitting to verify 

the conformity with design information. 

For the centrifuge, the build-up of relatively small 

increments of separative capacity allows for example 

the safeguards inspectors to verify the construction 

of main header piping crossing the border of non-

access MBA during the pre-operation period. 

~ M§£§Ei§i_§222!JQ£§22Y. 

Nuclear material accountancy is considered the 

fundamental IAEA safeguards measure, while contain

ment and surveillance serve as important complemen

tary measures. Material accountancy refers to a col

lection of measurements and other determinations 
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which enable the State and the Agency, in verifying 

the State's findings, to maintain a current picture 

of the location and movement of nuclear material 

into and out of material balance areas (MBAs). *) 

*) An MBA is an area where all material entering or 

leaving can be determined and where an inventory of 

the material can be determined when necessary. 

Measurements are made at strategic points which 

are called "Key measurement points'' (KMP) , which 

are locations where essential information on 

flow and inventory can be gathered and verified 

and at which nuclear material appears in such a 

form as to lend itself to such measurement. 

Accountancy, in the IAEA system, consists of the 

initial determination of physical inventory for a 

facility or material balance area; the perpetuation 

of a book inventory based on the original determina

tion and subsequent measured inventory changes; 

verification and updating of the book inventory and 

periodic physical inventory measurements and verifi

cation; and the submission of reports to the IAEA by 

the State. 

. Physical inventory-taking 

In establishing the initial inventory, the inspec

tor would verify that all UFg cylinders and other 

inventory items were listed and that none had been 

duplicated. He would take random samples of items 

to verify the stated quantity data. If there was -

significant feed inventory of recycled uranium, 

the inspector would randomly sample cylinders con

taining such material. Thereafter, the inventory 

(including feed, product, and tails cylinders) 

would be verified periodically, taking into account 

the use of seals. During the first material balance 

period the physical inventory in the cascade areas 
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which are restricted to inspector access remains 

undetermined, for all subsequent material balance 

periods the cascade inventory is unimportant for 

a steady continuous operation. Concerning centri

fuge plants it can be checked in exceptional cases 

by cutting off the feed station for centrifuge 

plants. 

Physical inventory-taking in the cascade areas of a 

diffusion plant will not be feasible; equivalent 

information will be provided through the continuous 

flow measurement at the input and output of the 

process, combined with appropriate containment 

surveillance measures especially in the case of 

technologies involving important hold-up. 

. Records audit activities 

The records audit activities enable the inspector 

to verify that the information contained in the 

reports submitted by the 'State is consistent with 

its accounting and operating records, to verify 

the location, identity, quantity and composition 

of safeguarded materials and to verify information 

on the cause of shipper/receiver differences, book 

inventory uncertainties, and MUF. 

. Measurement technology 

The major flow of uranium to and from the enrich

ment plant is in the form of UFg contained in 

international transit containers. The various 

waste streams from the facility, which may include 

such materials as contaminated chemical traps, and 

contaminated equipment parts contain smaller quan

tities. 

The amounts of uranium and U-235 in each of tliese 

flows are determined by physical and chemical 

measurements. The net mass of UFg transferred to 

and from the cascade is determined by weighing the 

container before and after transfer. The limit of 

error (95 % confidence level) for the net weight of 

UF6 in these cylinders is less than + 0.01 % relative. 
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Determination of uranium in UFg. 

Very precise and accurate analytical chemical 

techniques are available for the determination 

of the uranium concentration in UFg; that is, 

the number of grams of uranium per gram of 

sample. The most widely used technique for the 

determination of uranium in UFg samples is the 

gravimetric (ignition and impurity correction) 

method. 

This method is generally recognized to be ex

ceedingly accurate and precise. For very pure 

UFg, the relative precision of the analysis, at 

the 95 % confidence level, is +_ 0.04 % per de

termination. When impurity levels rise to 0.2 %, 

the precision becomes approximately ^0.1 %. 

Measurement of uranium isotopic composition. 

Mass spectroscopic techniques are available for 

measurement with high precision of the uranium 

isotopic composition on a UFg sample. In particu

lar, the U-235 percentage in UFg samples with

drawn from the cylinders is measured by gas mass 

spectrometers. The precision of mass spectrometry 

is extremely high, i.e. in the range of _+ 0.1 % 

(relative, at the 95 % confidence level). 

~ S2D£ainment_and_surveillance_measures 

A containment measure is one that takes advantage 

of existing structural characteristics, such as 

containers, tanks or pipes, to establish the 

physical integrity of an area or item by preventing 

the undetected movement of nuclear material or 

equipment. Such measures involve the application of 

tamper-indicating seals or surveillance devices to 

ensure that any change in the inventory of that 

container will be detected. Such devices would not 

be applied to areas or structures through which 

material would pass as a matter of routine plant 

activity. 
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Surveillance refers to both human and instrumental 

observation aimed at indicating the movement of 

nuclear material. Surveillance may involve, for 

example/ mounting cameras or other devices at 

strategic points to monitor containment measures 

or observe inventory changes. 

Personnel may fulfill similar assignments by 

manning key observation points continuously or 

periodically. 

The boundary of the special material balance area 

might consist of a fence surrounding a number of 

buildings, the walls of the room or building con

taining the separation equipment, or the walls of 

the separation units themselves. 

In a commercial plant with certain non-access areas 

misuse of cascades can be detected, if inspectors 

have access to all points of safeguards relevance 

of the facility outside the non-access areas in 

order to establish containment and surveillance 

measures. 

All entrances to the non-acess areas could be seal

ed or monitored. The transit containers not connect

ed to the plejit could be sealed, too. 

6.3.1.3. Research and development to Improve international 

safeguards at enrichment facilities 

The only practical experience so far gained in safe

guarding uranium enrichment plants is that of the 

international control organization of Euratom in 

safeguarding gas centrifuge plants of Urenco. 

The analysis of the results of these safeguards 

operations has proved that inspections reveal no MUFs 

outside of accepted limits. 

The basic objective to detect timely any misuse of a 

declared facility or any diversion of nuclear material 

can be achieved by the basic safeguards measures 

similar to those for other facilities of the nuclear 

fuel cycle: 
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- review of design information, 

- material accountancy, 

- containment and surveillance measures. 

Referring to the fact that very accurate measurement 

technology is already existing, no further improve

ments for material accountancy and material balances 

are suggested from the viewpoint of safeguards. For 

the time being the main effort to be considered in 

research and development would therefore focus on 

improvements of safeguards cost effectiveness of 

containment and surveillance measurement techniques, 

as a permanent task of IAEA, which should be strongly 

supported by the member States. 

Institutional aspects, including multinational or 

regional fuel cycle centers 

Up to the present time, the technical and financial 

complexity of enrichment technology and restriction 

on the dissemination of information on key elements 

of the technology has provided a general formidable 

barrier to the construction of facilities in additional 

States. However, the existence of enrichment facilities 

in many States, together with associated complements of 

scientists and technicians with "hands-on" experience, 

could raise proliferation concerns as noted above. 

On the other hand the desire to secure more stabilized 

supply of enrichment services, coupled with an 

increased reliance of nuclear power generation to meet 

critical domestic electricity demands, may motivate 

some States to undertake, or intensify efforts to 

develop indigenous national enrichment capabilities. 

However, only a few limited countries in- the world 

would be in the position to develop enrichment tech

nology on a national level, because a commercial-size 

enrichment plant requires an immense amount of capital 

investment, highly developed basic technology and 

industrial infrastructure. 

In order to share the costs and uncertain factors of 

the uranium enrichment market recently new enrichment 
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facilities, to a considerable extent, have been 

established under multinational auspices. 

An international participation in the ownership and 

management of an enrichment complex may also offer, 

besides financial advantages, an improved assurance 

in receiving essential fuel supplies in the future. 

Thus, two such endeavours, Urenco and Eurodif, are 

anticipated to have a significant impact on the 

international enrichment supply situation. 

The Urenco consortium is based on an international 

treaty. The technical capabilities of the participants 

in the centrifuge enrichment field were at roughly 

comparable levels and were merged at the time of es

tablishing Urenco. It provides for equal capital 

commitments. 

The Eurodif consortium is formed by States which 

differed in their enrichment technology capabilities. 

As shareholders the partners are entitled to a 

corresponding percentage share of the enriched 

uranium product. The initial enrichment technology 

was developed by, and will continue to be closely 

held by France. 

The Eurodif type may call on a wide participation of 

the partners while preventing any transfer of sensi

tive information and its eventual misuse. 

In general both multinational enterprises offer a 

number of advantages: 

- They could eliminate the need for development of 

separate and more costly national enrichment facili

ties in the member States; 

- They provide privileged assurances of supply to 

participants through special treaty provisions; 

- They reduce the opportunity for potential misuse of 

sensitive enrichment facilities and violation of 

safeguards arrangements by international inter

actions in all phases of the enrichment process 

within the multinational or international venture; 
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- They restrict the spread of the sensitive enrichment 

facilities under national control outside of the 

joint enterprise; 

- They are in good position to give assurances, that 

long-term contracts, once agreed upon, will be reli

ably executed. 

On the other hand it should be taken into account that 

in cases of any international business, however, the 

management system is generally complicated and the 

interest of one country may sometimes conflict with 

that of another, forming an obstacle to the management 

of business. Then it becomes difficult to meet quickly 

each country's varying demand for the nuclear fuel. 

This may even constitute an uncertain factor in the 

supply in the separative work market. 

For this reason every country, that wants to secure 

the freedom for determining her own nuclear power 

program by securing a supply source which can quickly 

meet her own varying demand, could hope to carry out 

her own enrichment business independently, if her 

economic and industrial power is strong enough to bear 

the burden of required fund and accompanied technical 

risks and if there exists a market to some extent. 

This could, particularly, apply to a country which has 

a large scale of generation using low enriched uranium. 

Apart from the establishment of facilities under multi

national auspices, which under certain conditions 

(problem of technology transfer sufficiently solved; 

compliance with general economic interests of parti

cipating States is found) would constitute a way to 

dissipate proliferation concerns, the general limita

tion of access to enrichment technology availability 

is an area of additional possible institutional im

provement to enhance non-proliferation aims. Inter

national safeguards, in this respect, would not be a 

tool to restrict the spread of sensitive knowledge, 

and ventures like the establishment of 
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facilities under multinational auspices would 

enable the spread of sensitive know-how to be 

reduced. 

In recognition of this fact, different institutional 

measures have been in practice in different States. 

In view of access to a technology, three classes of 

components may be found: 

A. Components available on the market and which, by 

a proper choice of their materials and character

istics, can be used as such. 

B. Components which are derived and adapted from 

existing equipments. 

C. Components which have to be designed specifically 

for the process. They are the "specialized com

ponents" described in chapter 3. 

Whereas general type of information is available in 

the open literature regarding corrosion by UPg, no 

information of a degree sufficient for an access to 

a manufacturing know-how has ever been published 

regarding the specialized components. Know-how on 

specialized components which have been initially of 

strategic importance are also being kept secret now

adays for reasons of commercial competition and 

of non-proliferation. 

Thus, the acquisition of know-how on manufacturing 

components is a prerequisite to the building and 

operation of any plant. The necessary know-how, but 

also knowledge of the underlying reasons of the 

"know why" are very important for successful comple

tion and operation of an enrichment plant. 

Thus, when considering the enrichment processes based 

on UFg as a working medium, in taking into account the 

general information available in the open literature, 

a selection could be made of components described 

under item A above. But this is by far quite insuffi

cient for the undertaking as a whole and nany years 

are necessary before being able to master even a crude 

technology as successful developments should be made 

on components of type B and C. 
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Referring to Eurodif, sensitive components and their 

know-how have been closely kept in the hands of the 

technology holder while competition between suppliers 

has been widely open for components of type A and B. 

This has been possible, however, only because of the 

very large experience acquired by the technology 

holder, who, from his full know-how and know why, has 

been able to set the exacting specifications for the 

chosen operating conditions. However, specifications 

cannot be readily adapted to different manufacturing 

conditions, to equipments of a different size, to new 

operating conditions for the one who does not master 

the know why. 

In the US no private enterprise supplying enrichment 

services is operating. However, US enrichment plants 

are operated by private enterprises under contract to 

the US Government. In addition, certain aspects of 

enrichment technology developed by the US Government 

have been transferred to the private sector for 

purposes of procurement and of potential private 

commercial application. These transfers are stringent

ly controlled and can occur only when all requirements 

of US classification and security regulations are ful

filled. It is believed that present US classification 

and security procedures are adequate to prevent the 

unauthorized transfer of enrichment technology. 

Enrichment technology could be exported only pursuant 

to an Agreement for Cooperation between the US and the 

recipient nation(s), which includes provisions design

ating the specific critical components which may be 

exported. 

There is no export of such technology or components 

authorized at the present time. 

For the gas centrifuge technology in the Troika coun

tries, from the very beginning of its development, only 

very limited general technology has been available in 

published literature, which is not sufficient to permit 

design, construction and operation of a facility. 
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Sensitive technology is kept classified. The purchase 

and operation of a facility would reveal most of the 

system technology to the operator, but development 

would still be required to manufacture the centrifuge 

machines and their sensitive components. 

To minimize any spread of knowledge of this technology 

as far as Urenco is concerned the Treaty of Almelo 

provides for unanimous approval by ti.a Troika govern-

nents for i.ny sale or transfer of Urenco technology 

(hardware of software) and the three governments have 

agreed from the very beginning that there will be no 

such transfer without the continuing participation of 

Urenco in resulting enrichment operations. 

In Japan government controls technology transfer 

rigidly so it is possible to prevent the technology 

release to anvone else. 

In account of the international context in which all 

enrichment technologies are considered sensitive, the 

French chemical process, although proliferation 

resistant by nature, als claimed by the French techno

logy holder, has bejn kept tightly secret. 

General figures have been published but nothing from 

which technological information, particularly on the 

basic chemical reaction, can be derived. 

Special features of proliferation resistance in 

enrichment techniques 

Apart from applying international safeguards and 

institutional means like classification, export 

control of sensitive know-how and the set-up of 

facilities under multinational auspices, there are 

special inherent features of enrichment technologies 

concerning design, construction and operation of a 

facility, which as "natural" barriers to prolifer

ation facilitate the successful application of those 

non-proliferation measures described above. 

For the development of an enrichment technology, the 

main difficulties lie in the obstacles for developing 
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the specialized components and mastering their 

manufacturing problems, as these components are 

the very heart of a process. 

6.3.3.1. Difficulties to construct a non-declared facility 

For an initial clandestine effort, it is expected 

that only a modest level of technology would be 

applied, and one that is considerably less sophistic

ated and complex than for commercial purposes. 

Given access to the necessary technology by a body of 

competent scientists and engineers who have had no 

previous "hands-on" experience with such materials 

and equipment and given the existence of an adequate 

industrial base, a facility with a significant capa

city for HEU production would require about 4 years 

for development effort and about a 5 year construction 

period. Such a facility would cost hundreds of 

millions of dollars. 

Personnel responsible for manufacture, testing, 

assembly and installation would require special skills. 

Construction personnel would need skills, standard for 

nuclear power plants. 

6.3.3.2. Difficulties to operate a non-declared facility 

In the case of gaseous diffusion and nozzle, diffi

culties in operation may result either from the 

process or from the power source if its reliability 

is insufficient. Difficulties in operation arise from 

the control of the operating conditions of the stages 

and in preventing the degradation of separating 

elements: for instance, plugging of the barriers or 

nozzles. 

In centrifuge plants, the high number of various 

machines, working in parallell at subatmosphere pressure 

would require special skills and training for operation 

and maintenance. 
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Because of the bad efficiency of the machines, 

power consumption would be many times higher than of 

a commercial plant and should be in the range of a 

few MW. 

Difficulties in operating a non-declared chemical 

plant, intended to produce HEU, lie principally on 

the long equilibrium time required, as the control 

of the process has a high inventory, and on critic-

ality problems. 

Difficulties to conceal a non-declared facility 

The concealment of a gaseous diffusion and nozzle 

plant is very difficult to attain on account of the 

dimensions of a plant, even of a minimum capacity. 

Moreover, gaseous diffusion requires conspicuous 

amounts of power, probably in excess of 3 500 kwh/ 

SWU in such a small non-commercial plant for HEU 

production. 

Power lines for such amounts of electricity can 

easily be detected. As the process converts practic

ally all the power into waste heat, the equipment 

necessary for releasing that heat to the environment 

would also be easily detectable. 

Because of the low efficiency of non-declared machines 

compared to a commercial facility, a plant of even a 

relatively small capacity would require buildings that 

could not be concealed easily. 

The relatively substantial maintenance of a small 

facility as compared to the optimal size of a com

mercial enrichment plant would involve a relatively 

great movement of personnel and equipment tc -.ud 

from the facility, which would also be easily detect

able. 

In the case of the French chemical process, the long 

equilibrium time (tens of years) for a production of 

HEU, as well as the difficulties in controlling 

accurately a minute isotopic transport together with 

intrinsic criticality constraints make the process 

inherently proliferation resistant, as claimed by the 

French technology holder. 
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The chemical process requires relatively high amounts 

of power to operate - one third that of the gaseous 

diffusion, several times that of the ultracentrifuga-

tion - and very large amounts of uranium. Abnormal 

consumption of power from the grid is difficult 

to conceal. Moreover, the features of the chemical 

process lead to the construction of medium-size build

ings, of large storage facilities, and to numerous 

movements of personnel ana equipment which will be 

difficult to conceal. 

In all cases, transport of feed containers and the 

storage of tails containers could lead to concealment 

problems. 

Apart from safeguards and institutional means, the 

inherent technical problems of enrichment pose a 

great many difficulties of constructing, operating and 

concealing a non-declared facility and make her de

tection very probable. 

These difficulties are "natural partners" in improving 

proliferation resistance of enrichment and not to be 

neglected, also taking into account their financial 

and political implications. 
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General conclusions 

From the point of view of proliferation risks of 

enrichment it is important to pay attention to the 

potential production and/or transfer of HEU in 

enrichment facilities and to the build-up and opera

tion of an undeclared facility by using the avail

able technology with the aim of producing HEU. 

A variety of means to counter successfully these 

risks is available and to some extent has even been 

successfully applied over the years: 

- the application of international safeguards to 

facilities; 

- multinational or national institutional arrange

ments with supervision by governments involved in 

controlling plant, technology and nuclear material 

produced; 

- special technical features related to the different 

enrichment techniques, which make the undetected 

production of HEU and the clandestine use of en

richment more difficult. 

International safeguards 

Owing to the highly accurate measuring technique at 

the material balance boundaries, the probability of 

the detection of a possible diversion of nuclear 

material in an enrichment facility is very high. Any 

possible misuse of the cascades would result in 

significant changes at the periphery, which would 

also be detectable when closing material balances 

periodically. In addition to material accountancy, 

further containment and surveillance measures allow 

the effective prevention of the misuse of safeguarded 

enrichment plants as well as of the diversion of 

nuclear material. 

In addition, non-access areas may be established in 

order to minimize as far as possible the prolifera

tion risk due to access to, and propagation of, 
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sensitive technology. These areas should be kept as 

small as possible. 

Although this limited access may be considered as a 

complication, this could be compensated for by the 

application of appropriate containment and surveil

lance measures. 

In order to reduce as far as possible the inspection 

efforts and the resulting cost, monitoring of personnel 

and material movements could, however, be more opti

mized in future by automation. Here a future effort in 

R + D is suggested. 

Institutional measures 

Institutional measuras, like classification and export 

control of sensitive equipment and enrichment know-how 

as well as the establishment of facilities under multi

national auspices reducing the number of national 

facilities, are available and to some extent have been 

practised to counter these risks and concerns which would 

not be covered by international Safeguards. Studies 

on those measures as well as other institutional 

measures such as fuel centers and international 

stockpiles are carried out within WG 3. However, the 

selection of these institutional means depends on a 

variety of additional factors, like general economics, 

and industrial capability of a State, the size of its 

national nuclear program, whether the State is or has 

already been a technology holder for many years, the 

world demand and offer of enrichment services etc. 

In particular macro- and microeconomic reasons for 

a single State may therefore be decisive for the 

choice of this or another measure. 

Inherent technical features to proliferation resistance 

Inherent technical features in enrichment technology 

making the construction, operation and concealment of 

undeclared facilities difficult and easily detectable 

are in support of safeguards and institutional means to 

successfully counter proliferation concerns and risks. 
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It is the combination of safeguards, institutional 

means making use of the inherent technical sophisti

cation of enrichment which leads to the conclusion 

that enrichment could, can and will be made prolifera

tion resistant. 

Some improvements in safeguards R + D are suggested; 

the attention of a variety of existing institutional 

means is drawn attention to, where some interesting 

experience has already been gained. 
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7. Assurance of supply 

7.1. Joint planning of future capacities 

As in the field of raw materials, a stable enrichment 

market with medium- and long-term dimensions is a pre

requisite for a long-term balance of supply and demand 

satisfying both consumers and producers. 

Since enrichment investment requires high capital in

vestment, an adjustment of capacities satisfying the 

respective demand will only be implemented if the 

medium- and long-term demand for enrichment services 

or their growth rates can be forecast with a certain 

reliability. At present this is difficult for suppliers, 

due to worldwide cut-downs of nuclear programmes; not

withstanding this disincentive for investment the ex

pectation is that for the foreseeable future suffici

ent capacity will be available to meet demand. 

There is, however, a certain flexibility due to the 

existence of rather substantial stockpiles of natural 

and enriched uranium, which exist partly as working 

inventories at mining companies and utilities or as 

national stockpiles in the producer or consumer coun

tries. 

In spite of all the aforementioned problems experience 

gained so far has shown that, in principle, capacity 

adjustments can be achieved through the contractual 

system in a working open market. 

7.2. Freedom of choice for customers in an open market 

For a long time, the international market for enrich

ment services had bet : dominated by one supplier only. 

Since the entry into the market of a number of new 

suppliers a market emerged and following the announce

ments of various countries this tendency will increase 

with the accession of other countries. 
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From the users' point of view there is now scope for 

consumers to be assured by choosing the supplier and, 

to some extent, by the possibility to diversify the 

supplies. 

The ability to protect himself in this way depends, 

however, on the customer being able to take advantage 

of the flexibility of supply. 

However, in taking advantage of this flexibility 

problems have arisen in the contractual system which 

did not exist compared to other raw materials and 

services: 

Protection by diversification of supplies is not pos

sible with a supplier whose contract ties a customer 

to rigid use arrangements: certain enrichment contracts 

did, however, tie the customer to particular uses, i.e. 

fractional contracting was not allowed. 

Such contracts result in a considerable restriction of 

flexibility, for the customer cannot rely on covering 

supply difficulties by switching or substitution. In 

addition, he cannot easily get assistance in an emer

gency by loans or similar arrangements. Such restrict

ions, therefore, impede the operation of any formally 

organized mutual assistance arrangements such as a 

fuel bank or a Uranium Emergency Safety Net. 

In addition, rigid requirements are imposed as to the 

time of delivery of feed material also preventing the 

consumer from moving his material to an alternative 

supplier. Another problem is the lack of flexibility 

or sudden changes in the tails assays, which has a de

stabilizing effect on the market. 

Contractual impediments to self-help reduce security 

of supply; the existence of several substantial com

peting enrichment suppliers encourages the existence 

of a variety of contracting conditions, proper commer

cial pricing and, to some extent, the possibility of 

diversification of supplies, too. But it has to be 

appreciated that the market risks surrounding the 
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heavy investment involved in new enrichment capacity 

has to be carried by someone. The customer cannot 

expect to be exempted from them and to be given com

plete freedom. 

Considering the above mentioned problems, the best 

assurance of supply for a country with a sufficiently 

large nuclear programme would be the possession of a 

national domestic plant. For many countries, however, 

such a solution will be much too costly or even 

technically or economically unfeasible, without taking 

into account political and non-proliferation consider

ations. Consumer investment in enrichment facilities, 

including the creation of joint international ventures, 

could be appropriate for such countries. 

The pooling of financial, technical, engineering and 

management resources allows the participation of 

countries thereby providing greater assurance of time

ly, efficient and reliable operation. The countries 

participating in such an arrangement will have the 

chance to improve their fuel supply, since normally 

they would be given preferential access to production. 

On the technical and economic points of view it could 

be concluded that problems of assurance of supply and 

markets can be solved through a combination of joint 

planning of new capacities, diversification of supplies, 

mutual assistance arrangements, and joint ventures 

associating the users, either as investors or share

holders, with the producers. 

The main remaining uncertainties relate to changes on 

non-proliferation conditions imposed unilaterally by 

suppliers or consumer countries and, in the case of 

joint ventures, relate to the general and export poli

cies of the government on whose territory the facility 

is located. Possible solutions to these problems are 

discussed in WG 3. 


