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ACCOUNTABILITY AND SAFEGUARDS 

Heavy water accountability and safeguards were briefly surveyed by 
Working Group 1, based on papers submitted to i t by i t s participants. For 
the convenience of the participants in INPCE and those seeking background 
information to the Working Group 1 Pinal Report, the papers on th is subject 
have been col lected and consolidated into th i s single document, which 
contains the documents l i s ted below* 

1. Statement of the International Atomic Co-Chairmen/WGl/20(D) 
Biergy Agency Concerning' Safeguarding of 
Heavy Water, 4 April 1978. 

2. Preliminary Canadian Comments on IAEA Document Co-Chairmen/WGl/53CD) 
on Heavy Water Safeguards, 16 October 1978. 

3 . Heavy Water Accountability, 3 October 1978. Co-Chairmen/WGl/54(D) 

4 . Heavy Water Accountability, 5 April 1979. Co-Chairmen/WGl/75(B) 
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The Agency's authority to safeguard heavy water, while not stated 

explicitly, is broadly contained in Article Hit A.5, of its Statute as 

follows: 

•The Agency is authorized: 

5. To establish and adninister safeguards designed to 

ensure that special fissionable and other materials, 

services, equipment, facilities, and inforaation nade 

available by the Agency or at its request or under its 

supervision or control are not used in any such a way 

as to further any nilitary purpose; and to apply 

safeguards at the request of the parties, to any 

bilateral or multilateral arrangement, or at the request 

of a State, to any of that State's activities in the field 

of atomic energy;* 

Article III.A.5. of the Statute foresees the application of Safeguards 

by the Agency in three different cases: 

a) in connection with assistance supplied by the Agency 

(Project Agreements); 

b) At the request of the parties, to bilateral or 

multilateral arrar.ger.ents (Safeguards Transfer 

Agreements); 

e) At The request of a State, to a part or all of the 

State's activities in the field of Atomic Energy 

(Unilateral Submission Agreements, KPT Safeguards 

Agreements). 

Heavy water is presently safeguarded under cases b) *nd c). 

http://arrar.ger.ents
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Historically, the IASA has accepted, the responsibil i ty of applying 

safeguards t o heavy water when so requested. Currently there are nine 

Safeguards Transfer Agreements (STA) and one unilateral agreement which 

provide for safeguarding heavy water. Only three of the agreements 

spec i f i ca l ly nention heavy water. The remaining agreements include the 

safeguarding of th i s item in the subsidiary arrangements. These 

agreements pertain to 10 states and cover nearly three quarters of a 

B i l l ion kilograits cf heavy water. None of thene f a c i l i t i e s are heavy 

water production f a c i l i t i e s , nor has the Agency ever safeguarded such 

f a c i l i t i e s . 

A recent agreement which i s s t i l l i n draft form i s unique i n that 

safeguards which will be applied on heavy water a~e more s p e c i f i c a l l y 

defined. Anong the requirements of th i s agreenent are establishing 

and maintaining a heavy water inventory, notifications of heavy water transfers, 

updating of inventory, not i f icat ion of the use, disposit ion and loss of heavy 

water, and rights of access and inspection as provided in the Inspectors' 

Document (GC(7)/i:r?/39). 

Article I I I . 2 of the lion Proliferation Treaty places a l l s t a t e s 

party t o the Treaty under the ease basic obligation not to export source 

or special f issionable material or equipment or material espec ia l ly designed 

or prepared for the processing, use or production of special f i ss ionable 

material to any non-nuclear-weapon s tate unless the source or special 

fissionable material involved shall be subject to Agency safeguards. 

Representatives of a group of exporting states net for some t i c e to consider 

procedures i n relation to the exports of certain categories of equipment 

and material, with the purpose of reaching a corczon understanding on the 

way in which each of then would interpret end implement either i t s commitments 

under Article I I I . 2 or i t s own pol ic ies regarding such exports* The basic 

understanding reached by th i s group of states resulted in a l i s t of items 

which, when exported, would ' trigger' the application of safeguards t o source 

and special fissionable material. The l i s t was published in 1974 as 

IKPCIRC/2C9 and included heavy water. 



A trigger list recently issued by the Nuclear Suppliers Group, 

which has net in London during the past several years, includes essentially 

the same items as EFCI3C/209. One noticeable addition as compared to 

1KPCIRC/2C9 is 'Plants fcr the production of heavy water, deuterium and 

deuterium compounds and equipment especially designed or prepared therefore'. 

The list issued by the Juclear Suppliers Group was published "oy the Agency 

in HIFCIHC/254 ar.d includes a section on technology, heavy water production 

facilities, and major critical components of such plants. Although I1;?CIRC/ZC9 

and EZFCIHC/254 are quite similar, the main difference being that EtFCIRC/254 

expands tha scops o'' safeguards with respect to heavy water and related 

facilities and equipment, there are some other differences between the two 

publications which cay require future interpretation. 

Two tasks by member states are currently underway concerning the 

accountability 2nd control of heavy water. Cne task has as its object to 

explore the feasibility of safeguards measures on heavy water in production 

plants, reactor.5, and storage facilities. A summary of the October 1977 

draft of thin study is attached as the Annex. Coxpletion is scheduled for 

mid-1973. 

The second task is concerned with establishing the means for the 

control cf heavy water in its roll as a contributor to the production of 

fissile aaterial. The study is scheduled for completion during 1973. 

Relative to the safeguarding of heavy water contained in facilities, 

regariles3 of whether they are production or reactor facilities, general 

guidelines concerning exemption from, or termination of safeguards, such as 

are available for source and special fissionable material in EIFCIKC/66 

Re1/. 2 and Iir?CIRC/l53| have not yet been developed for heavy water. 

If the Agency is to adopt a strict material balance concept and inventory 

verification for heavy water, as it has for source and special fissionable 

material, oxtcn3ive instrumentation and inspection effort may be required. 

However, the safeguards conclusions from material balance accountancy have 

necessarily a much lower value than those related to nuclear materials 

because of the volatility of the heavy water. 

/ 



In sunraary, the Agency has the authority to apply safeguards 

to heavy water upon request and exercises this authority* Although 

safeguards have never been applied to production facilities, two studies 

are undercay concerning such application as noted above. As evidenced 

in IMFCIRC/254, world attention is beginning to focus on the proliferation 

implications of large inventories of heavy water. 

/ 
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In October 1976, the Agoncy requested a member state to undertake 

a study on the overall question of the feasibility of safeguarding heavy 

water, A draft report was offered for comment in October 1977, and a 

revised report should be available in liay 1973. The report explores the 

feasibility of safeguards measures on heavy water in production plants, 

reactors and storage facilities. Some of the main conclusions of the 

draft include: ^/ 

a) Kost nations contemplating an indigenous heavy water 

production capability would likely select a chemical 

exchange technology based on the hydrogen sulfide -

water exchange (23 process) followed by distillation 

of the intermediate product (Dtf process). **/ 

Kateriai balance accounting is not inplemented at existing 

GS-type extraction plants and does not appear practical. 

Possible design codifications should be studied uhich 

would cake intermediate and product material in future 

GS plants less vulnerable to diversion. Meanwhile, 

periceter control measures may be necessary and should 

be explored. 

b) Material balance accounting is currently implemented in DW-

type finishing plants, but it is doubtful that a safeguards 

system capable of providing adequate assurance of detecting 

diversion by a state could be developed based on 

conventional accountability as it is currently practised. 

c) Heavy water in research reactors is limited in quantity 

and well-protected oy the containment. Such reactors 

therefore are not an attractive target for national diversion. 

On the other hand, power reactors have large inventories 

and nay be more vulnerable. 

It should be noted that 'conclusions' given here were taken from a draft 
report. They uo not necessarily reflect the opinion of the Agency and 
indeed may not properly reflect the final conclusions of the authors themselves. 

Since most existing production facilities other than in the US or Canada use 
other processes, the Agency has asked the authors to re-examine this conclusion. 
It may be that tho conclusion is correct for large (200 - 500 t/a) facilities 
but not applicable for entailer facilities (£ 100 t/a) intended primarily to 
replace lossco from purchased inventories. 

/ 
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d) Substantial storage inventories of heavy water 

exist both at production plants and at other 

facilities. Inventories based on item counts of 

drums should be implemented in all dedicated 

storage areas; in addition, sampling and sealing 

programs should be adopted which are amenable to 

international inspection. 

e) Research and developxent activities in instrumentation 

should be encouraged, as means to both upgrade and 

complement accountability measures. Such activities 

should stress, but not be linited to, infrared technology. 

Emphasis should be placed on development of: 

i) production-oriented equipment for continuous 

on-line monitoring; 

ii) portable equipnent for use by inspectors; and 

iii) instruments which would aid perimeter control 

functions. 

/ 
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VIENNA, 1978 OCTOBER 16 

Although the procedures for applying safeguards to nuclear 

materials are well established In IAEA documents INFCIRC/153 (cor-

rected) and INFCIRC/66 (Revision 2) , procedures for applying safe

guards to non-nuclear materials such as heavy water have not been 

developed to the same extent. The IAEA has accepted the responsi-

bility of applying.to heavy water when requested by member states 

and has initiated studies to develop further safeguards criteria 

and procedures appropriate for this material. 

Document Co-Chairman/W6.1/20D i s a statement \>y Lite 

Agency concerning safeguarding of heavy water. The paper also 

mentions studies in progress for the IAEA; undertaken by two 

member states, concerning accountability and control of heavy 

water. Canada 1s one of these states. The Canadian study now 

in progress is being guided by the following considerations: 

1. For safeguards purposes the IAEA has classified nuclear 

materials Into "direct-use" (highly enriched uranium, 

Plutonium and U-233) and "Indirect-use" (low enriched 

uranium, natural uranium and thorium) categories, depend

ing on the extent of processing required to produce the 

explosive component for nuclear explosives. Logically, 

less stringent criteria are required by the IAEA to 

safeguard indirect-use nuclear materials than direct-use 

. . . /2 
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materials since complex and time-consuming processes are 

required to convert the former to explosive-usable form. 

Since non-nuclear materials, e.g. heavy water, are even 

more remote from nuclear explosives than Indirect-use 

nuclear material, 1t appears reasonable that safeguards 

applied to non-nuclear materials such as heavy water 

should acknowledge this reduced sensitivity. 

Heavy water is not a nuclear material 1.e. is not fis

sionable and therefore not used directly In nuclear 

explosive devices. Like graphite, heavy water is 

only one of the many items ccwpHilnj a nuclear 

reactor. Hence, In addition to graphite or heavy 

water, a potential diverter would require a sizeable 

reactor, a fuel fabrication facility, a fuel processing 

facility, and a source of nuclear material 1n order to 

produce direct-use nuclear material. I t Is worth noting 

that, where relevant safeguards agreements apply, nuclear 

material in such facilities 1s subject to safeguards. 

For economic and safety reasons prudent operators of 

heavy water facilities apply stringent controls in order to 

promptly detect loss. These controls can se-ve equally 

to detect significant diversion in timely fashion, 

without imposing significant new requirements on the 

reactor operator. 

. . . /3 
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4. Considerable data i s available on the operating experience 

of heavy water moderated reactors. This data is being 

collected to establish guidelines for the evaluation of 

heavy water losses in normal operating circumstances. 

5. Approximately 20 megagrams of heavy water is required to 

maintain in operation a small nuclear reactor capable of 

producing a 'significant quantity' of Plutonium in a year. 

Based on the above and Canadian experience in controlling heavy 

water, i t is suggested that the IAEA safeguards follow the principles 

below: 

1. States holding safeguarded heavy water would be required to 

maintain accounting records which show the isotopic composition, 

quantity quality and location of this heavy water and 

submit to the IAEA an annual inventory report. IAEA 

inspectors would have the right to audit these records and 

witness this inventory. 

Eased on the annual inventory reports,, the annual audit, 

the physical inventory, and the normal operational data, 

the IAEA should have sufficient Information to judge if 

the safeguarded, heavy water 1s being used for Its declared 

purpose. 

2. States would be required to report to the IAEA any abnormal 

. . . /4 
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losses of heavy water and the IAEA would have the right to 

make special inspections respecting these losses. In 

evaluating the significance of these losses the IAEA should 

be guided by considerations (4) and (5) above. 

3. States would be obliged not to transfer safeguarded heavy 

water to another state before the IAEA had made appropriate 

arrangements to apply any necessary safeguards to the heavy 

water in the receiving state. 

4. As required by existing undertakings, special fissionable 

material produced by use of the safeguarded heavy water 

would of course be subject to IAEA safeguards. 

The annex to document Co-Cha1rman/WG.1/20D makes reference to 

certain preliminary conclusions that are contained in a draft report 

prepared by another member state on the feasibility of safeguards 

measures on heavy water in production plants, reactors and storage 

facilities. We consider conclusions "a", "b" and "c" realistic. 

However, we suggest that the instrumentation development program 

proposed in "d" could be a very expensive and time-consuming under

taking to achieve a negligible reduction 1n proliferation hazards. 

While improved Instrumentation for safeguards purposes should be 

generally encouraged, such effort should continue to be focused on 

nuclear materials and associated production and conversion processes 

1978 October 13 
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I. Introduction 

Heavy water is the neutron moderating material and sometimes also the 
coolant in various types of nuciear reactors. Its significance for nuclear 
proliferation is due exclusively to the thoroughly demonstrated technological ca
pability to produce plutonium suitable for construction of nuclear explosives in 
heavy wacer-moderated reactors (HWR) which burn uranium fuel of natural 
enrichment. Enrichment :C the uranium in the isotope B—235 is not required. 

In contrast to natural uranium, reactor grade heavy water (> 99.75 mole Z 
OjO) is available from only a limited number of suppliers in the quantities 
required to charge even a small research HWR and is one of the most expensive 
components. Conditions of sale or supply, if based on the Nuclear Suppliers' 
Guidelines (see Section III.C), would require the application of safeguards to 
the plutonium produced as a result of using the heavy water. 

The objective of this survey is to identify technical aspects of heavy-
water production and usage relevant to non-proliferation of nuclear weapons and 
to investigate the feasibility of safeguards measures on heavy water in produc
tion plants, reactors, storage facilities, and reconditioning facilities. 

II. Summary 

As a result of the large-scale development of heavy water-moderated 
reactors, commerce in heavy water has become a necesary part of the nuclear fuel 
cycle. Consequently, concern has developed over the potential role of heavy 
water in proliferation of nuclear weapons and in clandestine production of nucle
ar explosives. Supplier nations have responded to this concern by means of 
domestic control measures and export regulations; safeguards provisions 
addressing the problem have also been included in pertinent bilateral agreements 
with recipient States. The IAEA has exercised its statutory authority to apply 
safeguards to heavy water upon request although it has never done so in the case 
of a production facility. To be consistent with the IAEA's current safeguards 
practices for nuclear materials,' safeguards en heavy water would center on mate
rial accountancy complemented by containment and surveillance. 

In this survey it is suggested that the quantity of safeguards signifi
cance which is analogous to the IAEA-defined threshold amount for nuclear mate
rials is about 12 te of reactor grade heavy water. (The weight of deuterium 
atoms contained in 12 te of 99.75 mole X DjO is about 2400 kg.). This is approx
imately the minimum amount of heavy water required to initially charge a heavy 
water reactor of a design which might reasonably be selected for production of 
plutoniua and which would be capable of producing enough plutonium in a year to 
make one nuelear explosive. 

The amount of separative work required to prepare reactor-grade heavy 
water from material of lower deuterium concentration does not establish, non-
arbitrarily, a deuterium concentration below which material partially enriched 
in deuterium is of essentially no greater value than material of natural i*otop
ic composition. However, such a beginning (OT ending) point for safeguards 
might be agreed upon on the basis of practical considerations. Degraded heavy 
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water is not normally discarded at reactor s i tes but is disposed of in rela
t ively small quantities at reconcentrati&g f a c i l i t i e s where discard or dilution 
to valuelessness might be witnessed by a safeguards inspector. In the produc
tion of heavy water, essential ly continuous concentration gradients from less 
than natural isotopic composition (0.014 mole Z deuterium) to greater than 99.7 
mole Z are encountered. A consistent safeguards strategy for heavy water ap
pears to require some consideration of the extraction process as a source of ma
teria l for clandestine enrichment to reactor specifications even though material 
balance accountancy i s more readily applicable to the finishing processes, which* 
involve smaller flows of material at higher deuterium concentrations. ' 

Deuterium and heavy water are mentioned expl ic i t ly in the "trigger l i s t s " " 
of the guidelines for transfer of nuclear materials to non-nuclear-weapons 
States which have been adopted by the nuclear supplier nations. Trigger-list 
items would be transferred only when covered by appropriate agreeoents for IAEA 
safeguards. The tr igger- l i s t specifications for deuterium are 200 kg of deuteri
um atoms contained in any compound in which the ratio of deuterium to hydrogetffe 
exceeds 1:5000 (0.02 mole Z) for any one recipient country in any period of 1^^ 
month*. The amount of 2400 kg of contained deuterium atoms, suggested in this 
survey, i s reasonably consistent with the ratios of other IAEA-suggested thresh
old amounts to amounts specified in the trigger l i s t s . 

On both technical and economic grounds, nations contemplating an in
digenous heavy water production capability must seriously consider a technology 
based on extracting deuterium from the bulk of natural water by hydrogen sul -
fide-water exchange (the Girdler Sulfide or GS process), followed by d i s t i l l a 
tion of the intermediate product (anywhere from 8 to 302) to produce reactor 
grade material (99.75S) (the Dist i l led Water or DW process). 

It appears di f f icult to achieve meaningful material accountability 
goals in GS plants of current design in view of the size of both flows and in-
process inventories. The problem l i e s primarily in the need to measure accu
rately small differences between the very large feed and waste streams in terms 
of both quantity and D20 concentration. Although material at the top end of the 
plant (1Z DjO or more) would be most attractive for diversion, a GS plant 
exposes many points of vulnerability to the kind of experienced personnel wh^fc 
might participate in a national diversion scheme. Safeguards strategy w o u l d ^ 
have to rely heavily on containment and surveillance techniques such as monitor
ing the declared operational status of the plant and perimeter control. 

i 

Accountability procedures based on accepted state-of-the-art measurement 
technology and inventory practices are in effect at the DW plants operating 
today. In order to deal with circumvention of accountability measures by 
experienced fac i l i ty personnel and to counter diversion strategies bised on 
introduction of undeclared feed, effective safeguards strategy would require use 
of containment and surveillance to complement material balance accountancy. Com
plementary steps which would promote effective safeguards include development of 
instrumentation (both production-oriented on-line equipment and portable devices 
for inspectors) and design modification* for future plants (both GS and DW) 
which would limit accessability of material and reduce vulnerabilities inherent 
in both size and complexity of the f a c i l i t i e s . 
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Since the inventories of heavy water associated with research reactors are 
relatively small (15-70 te) and since loss rates are normally very low, current 
inveutory practices, aided by routine control measurements and checks on the 
reactivity and performance of the reactor, appear to form the basis of an ade
quate safeguards strategy. It would be necessary to distinguish accidental 
losses of material and legitimate reasons for inoperability of the reactor from 
diversion of heavy water. 

Power reactors contain substantially larger heavy water inventories (ca. 
1 te/1 MW(e) for CANDU-type facilities). In addition, stack emissions and leaks 
represent significant absolute quantities of heavy water and thus conceivable 
paths for disguising diversions. More recent CANDU reactors, as well as those 
under construction, are designed in a manner which minimizes these discharges. 
AECL is at present completing a report for the IAEA which will review the heavy 
water safeguards posture and suggest new approaches for heavy-water nuclear 
power reactors. 

All types of facilities considered contain sizeable storage inventory of 
heavy water, usually in 55-gallon drums. Although this material varies widely 
iu D2O concentration and thus in degree of attractiveness for diversion, it ap
pears important that such inventory be subjected to formal accountability 
practices, as is already the case in many instances. These practices should in
clude item count of drums, sampling and sealing of drums upon arrival in the 
storage area. Such procedures should also be applied to separate dedicated stor
age facilities which exist both at heavy water production plants and at other in
stallations where storage space in reactor buildings is inadequate. 

III. Significant Quantities, Significant Enrichments, and Timely Detection of 
Diversion 

III.A. Significant Quantities and Timely Detection 

The objective of IAEA safeguards is the timely detection of diver
sion of significant quantities of nuclear materials^»2). At present the 
overall "goal (of the IAEA's safeguards procedure) is to detect, if it were 
missing in a State in a period of one year, diversion of the quantity of nuclear 
material needed to manufacture a single nuclear explosive device".'" 

In consideration of an operational approach to its safeguards ob
jective, the IAEA has proposed three quantities of significance for nuclear mate
rials—threshold amount, detection capability and goal quantity^). The thresh" 
old amount represents the approximate amount of nuclear material required to pro
duce a nuclear explosive. The detection capability represents the loss of mate
rial or the bias which can be detected with nuclear material accounting tech
niques and measurement systems. It is the target limit-of-error for closing a 
material balance and might be stated as a percentage of inventory or throughput. 
The goal quantity is the diversion detection goal which would be established by 
the IAEA secretariat for each material balance area, facility or State. It 
would be determined in consideration of the threshold amount for each type of nu
clear material and the detection capability for that material. The goal quanti-
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ty should be based on an overall inspection strategy which would consider fac
tors such as type of facility and total quantity of material handled. 

As proposed by the IAEA, the term threshold amount is applicable 
only to materials from which a nuclear explosive can be fabricated directly 
(plutonium, high enriched uranium, U-233) and to materials, such as uranium of 
low or intermediate enrichment and thorium, which can be used as feed to interme
diate processes producing directly usable materials. Since proliferation scenar
ios involving heavy water always postulate its use in production of plutonium 
for fabrication of nuclear explosives, the safeguards-significant quantities for ' 
heavy water should be related to those for plutonium. In this section a ration
ale is developed to establish an amount of heavy water of safeguards signifi
cance based on the threshold amount of plutonium and an assumed period of tine 
to produce such quantity of plutonium in a HWR. Other sections of this reoort 
consider the accuracy with which material accountancy might be carried out In 
various types of heavy-water handling facilities. The concept of goal quantity 
is considered only briefly since in addition to the significant quantity of ^ 
heavy water and the detection capability, it should be based on facility- and 
state-specific considerations such as type and number of facilities within the 
State and a consistant overall inspection strategy for each State. 

The value of the threshold amount for plutonium currently being 
considered by the IAEA is 8 k g " > " . In order to estimate a lower limit for the 
amount of heavy water required to produce 8 kg of plutonium, the rate of produc
tion must be considered because both the plutonium production capability and the 
heavy-water inventory of a HWR depend on design parameters such as quantity of 
fuel, neutron flux density and power density. 

The IAEA's stated objectives^*' imply that IAEA safeguards proce
dures should be able to detect diversion of nuclear materials at a minimus rate 
sufficient to produce one nuclear explosive in a year. Since clandestine produc
tion of plutonium at that rate represents a similar threat, the safeguards .sig
nificant amount of D2O, analogous to the threshold amount of a nuclear material, 
might be defined as the minimum amount required to charge and operate a HWR capa
ble of producing enough plutonium in a year to make one nuclear explosive. 

In estimating the quantity of heavy water of safeguards signifi
cance in this way, it is recognized chat there is a degree of arbitrariness both 
in the assumed minimum production rate, enough for one weapon per year, and in 
the amount of plutonium required to fabricate a single weapon, 8 kg. Estimates 
of safeguards significant quantities for heavy water developed herein reflect 
the same arbitrariness but can be readily scaled to accommodate different 
assumptions. As a practical matter, there will also »e arbitrariness in the 
period of time over which diversion of a significant quantity of heavy water is 
to be detected, as discussed later. 

Although safeguards significant quantities are discussed in terms 
of heavy water, they are easily translated to equivalent amounts of deuterium in 
any deuterium compound. A* noted in another section, many enrichment processes 
use deuterium in forms other than its oxide (D2O). Diversion paths for any 
safeguarded facility might include removal in chemical forms of deuterium other 
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than those normally used at the facility. 

The threshold amount for reactor grade heavy water should be typi
cal of the minimum inventories required by heavy-water reactors capable of 
producing a significant quantity of plutonium in one year. It has been esti
m a t e d ^ that HWRs of modified designs based on the Swiss DIORIT or Swedish 
Agesta reactors might produce 6 kg or IS kg, respectively, of plutonium per 
year. The designs of both reactors have been published and analyzed in the open 
literature. Design modifications for similar reactors to be dedicated exclu
sively to the production of plutonium generally constitute simplifications of 
the original designs and, in the case of the Agesta reactor, would result in a 
reduction of the required amount of DjO by a factor of about two. 

For the same power ratings as the original reactors, it is esti
mated that a reactor of modified DIORIT design would require a heavy-water inven
tory of about 12 te and a reactor of modified Agesta design would require about 
25 te. The 12-te D2O inventory required in the DIORIT-based design is among the 
smallest for BWRs of similar power, 25MW(th), and hence able to produce 
plutonium at a rate sufficient for manufacture of one nuclear explosive in about 
15 months. By design changes such as improvements in the heat-transfer 
characteristics of the fuel, increased coolant flow rate or provision of addi
tional heat exchangers, it is possible that the power level, and hence the 
plutonium producing capability, of a DIORIT-like reactor right be increased some
what without increasing the size of the core and the heavy-water inventory. 
Therefore in view of possible design modifications to increase plutonium produc
tion and considering the degree of arbitrariness in the value of 8 kg/yr as the 
minimum rate of production required to support a credible weapons program, the 
12-te inventory of DIORIT might be considered as a conservative lower limit for 
the amount of reactor grade (> 99.752 D2O) heavy water required to produce 
plutonium for oae nuclear explosive per year. The estimates quoted for the 
Agesta-based design indicate that a reactor of greater power, complexity and 
cost could produce plutonium at well over twice the rate of a DIORIT-like reac
tor with only double the heavy-water inventory. 

In consideration of the objective of timely detection of diver
sion, obviously a divertor would have to acquire the requisite initial charge of 
heavy water before a plutoniuo-producing HWR could be operated. Strategies for 
acquisition of the necessary heavy water might include abrupt diversion of the 
entire requisite amount or continual diversion of smaller amounts over a longer 
period of time, for example, the period required to design and build a clandes
tine reactor. A safeguards system for heavy water would be designed to detect 
diversion of small amounts over the longer period of time. There would be no re
quirement of rimelines* for detection of abrupt diversion because a safeguards 
system capable of detecting long-term diversion of small amounts would also de
tect abrupt diversion before sufficient plutoniua could ~- produced in the clan
destine HWR, recovered and fabricated into an explosive. 

The DIORIT and Agesta reactors were constructed in about 3-1/2 and 
A years, respectively, excluding time devoted entirely to design. Timely 
detection might require that a safeguards system for heavy water be able to de
tect diversion of 12 te of reactor-grade heavy water, which a DIORIT-based de-
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sign would require, in a period of several years, or an appropriately calculated 
fraction of that quantity in one year. For example, if it is assumed that the 
variance of a material balance grows over < period of years as the sum of the va
riances of the annual material balances and that there is no covariance among 
the annual amounts, the annual goal for closing a material balance might be 6 te 
in order to achieve an uncertainty of 12 te over a period of four years. 

Although deuterium is used in reactors in the form of heavy water 
(D2O), the safeguards considerations apply to any compound in which the ratio of" 
deuterium atoms to hydrogen atoms is greater than the natural ratio. The weight 
of deuterium atoms contained in 12 metric te of 99.75 sole Z heavy water is 
about 2400 kg. 

Discussion of the amount of 12 te has been based on requirements 
for essentially pure D2O. In considering significant quantities for deuterium-
containing materials of lower enrichment, one possibility, which would result in 
a very conservative lower limit, would be simply to adopt a fixed amount, e>S^fe 
2400 kg, of contained deuterium regardless of its concentration relative to ^ 
hydrogen. Thus so allowance would be made for the deuterium content of waste 
streams, since no enrichment process with a finite number of stages is capable 
of total recovery of material, or for hold up in process equipment, which can be 
considerable in large distillation columns, for example. 

At the present stage of consideration of safeguards for heavy 
water, it is probably premature to pursue in greater detail practical quantities 
of significance for deuterium compounds of various enrichments. In the next sec
tion are considered concentrations of significance and possible beginning and 
ending points for heavy water safeguards. In anticipation of the discussion in 
the foil.wing sections there would be precedence for limiting the applicability 
of quantities of significance to deuterium compounds in which the ratio of deute
rium to hydrogen is greater than 1:5000 or 0.02 mole X. (Natural abundance is 
typically 0.014 mole Z.) 

III.B. Deuterium Concentration and the Starting and Ending Point for 
Heavy-Water Safeguards ^k 

The amount of separation performed by an isotope separation plant 
is measured in terms of separative work, which has the same units as used for 
amounts of material. Many of the factors which contribute to the costs of 
isotope separation equipment are proportional to the capacity, i.e. the rate at 
which separative work can be performed. Since the cost of feed material for eco
nomical deuterium enrichment processes, i.e. natural water (possibly requiring 
preconditioning), is negligible, the operating costs of a heavy water plant are 
also proportional to the separative work performed. (If the source of deuterium 
is not natural water, e.g. ammonia or hydrogen from a fertilizer plant, the cost 
of producing the deuterium source material for the heavy-water operation must 
generally be borne by the primary process in order for a parasitic heavy-water 
operation to be economic.) 
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Starting with water of natural isotopic composition (0.01&5 mole 
Z deuterium is used here although there nay be considerable variation from one 
location to another), Figure 1 shows the separative work required to produce 
enriched water of sufficient quantity to contain one mole (20 g) of D20 as a 
function of the mole-percent deuterium in the product. Over 902 of the 
separative work required to produce reactor-grade heavy water is completed in 
raising the D20 concentration to only 1Z so that the economics of heavy-water 
production are dominated by the extraction process used to achieve enrichment to 
1Z. Because of the high financial value of intermediate product above the 1Z 
level, commercial facilities may use a different finishing process to complete 
enrichment to greater than 99.7SZ selected on the basis of design criteria such 
as minimum loss of process material, ease of control, high reliability and 
simplified safety and maintenance problems. Because of the flatness of the 
curve in Figure 1 above the 1Z level, there is design and operational 
flexibility in selection of the final enrichment to be achieved in the 
extraction process. 

For safeguards consideration the attractiveness of material of in
termediate deuterium enrichment might be judged in terms of the effort, relative 
to material of natural isotopic composition, required to prepare heavy water of 
reactor specifications. Obviously material containing 1 mole Z deuterium or 
more would be extremely attractive since over 90Z of the effort, as measured by 
the required separative work, would be completed. Although the required 
separative work increases rapidly for feed material less than 1 mole Z deuteri
um, there is no sharp cut off below which concentration the material becomes of 
no value relative to material of natural isotopic composition. 

Except for the spectral shift control concept,* Hints are charged 
with heavy water of high deuterium content (> 99.7Z D2O). In these facilities 
it is essential to minimize losses and to maintain the isotopic, chemical and ra
diological purity of the heavy water. Although outright losses may occur, usu
ally heavy water is not degraded to the point of discard at a reactor. Normally 
the degraded water or the "waste" from the upgrading facility, with which large 
reactor installations are equipped, is returned to a central reconcentration fa
cility where it is concentrated to the limit of economic feasibility. The waste 
stream from the reconeentration facility at the Savannah River Plant (SRP) has 
a maximum concentration of about 2.5 mole " D20 > vhieh represents a recovery 
of 99.7Z or 98.3Z for feed material of 90Z or 60Z, respectively. Since the 

*ln a spectral shift controlled reactor, whose core would resemble a light-water 
reactor more closely than a heavy-water reactor, the reactivity of the core to 
compensate for fuel burn up is controlled by diluting the D 20 concentration of 
the moderator from about 8SZ to 21 between refueling* depending on the fuel 
cycled. 

** The maximum waste-streaa concentration allowed for the reconcentration facil
ity at the SRP is now 0.4 sole Z D2O, which represents recovery of 99.92 
or 99.7Z for feed material of 90Z or 60Z, respectively. 



Figure I: Moles Separative Work Required to Prepare One Mole of D,0 from Natural Water Vs. Concentration 
of D-0 In the Product. 
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waste stream contains traces of tritium, i t i s discarded rather than being re
turned to the production process for virgin D20. Severely degraded heavy water 
may be dis-arded at reactor s i tes in quantities small relative to the proposed 
safeguards significant anount; at the Savannah River HWRs, i t i s estimated that 
up to about SO kg. of contained D2O at concentrations less than 1.252 might be 
discarded per year. 

Heavy water i s not normally degraded either in reactors or in 
reconcentration f a c i l i t i e s to the point of uselessness according to the 
separative work criterion discussed above. Material conti£ai=iy at most,«..sever-^ 
a l percent D2O, is discarded in small amounts as waste from central 
reconcentration fac i l i t i e s or at reactor s ices . In order to terminate safe
guards on hejvy-water wastes, i t would seem feasible for an inspector to witness 
di lution of the material to che point where i t s separative work content were in
signif icant, for example, a D to B ratio of 1:5000 or smaller. 

In heavy-water production f a c i l i t i e s , essentially continuous gradi
ents of deuterium enrichment ranging from below natural concentrations to . - -
greacer Chan 99.7 mole S are encountered. Different enrichment processes arc 
used in various parts of the concentration range. As has been noted previously 
a preponderance of the separative work i s accomplished in the extraction 
process, which dominates the capital and operating costs of heavy-water produc
t ion . The product of the extraction process always contains at least several 
percent deuterium; in the case of the CS extraction process the product normally 
contains 10-20 mole i D20 • Therefore in terms of the total separative work 
required to prepare reactor-specification D2O, the product of che extraction 
process as well as some of the intermediate material has great value, relative 
CO material of natural isotopic composition, as feed material for clandestine 
enrichment act iv i ty . Obviously al l the material in the finishing process has 
similar or greater value. If clandestine heavy-water enrichment capability on 
Che Stace level were a safeguards consideration, then the extraction process 
should not be ignored as a source of clandestine feed even chough safeguards pro
cedures such as material accountancy apparently might be applied more 
conveniently to finishing processes than extraction processes. 

The economics of heavy-water production might permit the to? P2O 
concentration achieved in the extraction process to be influenced by safeguard* 
cr i t er ia . Maximizing the deuterium concentration of the extraction product 
would minimize the flows to the finishing process and fac i l i ta te accurate ac
countability by batch. On the other hand, minimizing the deuterium product 
would reduce the attractiveness for diversion of material in chat part of Che 
entire process where material accountancy i s l ikely to be least precise. 

III .C. Ft'seedents for Quantities and Concentrations of Significance 

On at least two occasions groups of nuclear supplier nations have 
communic.ited to the IAEA procedures which would be applied to exports of nuclear 
materials to non-nuclear-weapon States.»*»9) Both times the procedures con
tained "trigger l i s t s" which identified materials co which the export procedures 
would be applied. The l i s t s included, inc»r alia, nuclear lucerial , as defined 
by che IAEÂ * , and non-nuclear materials such as deuterium and heavy water. 
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Both lists are identical in their specification of "deuterium and any deuterium 
compound in which the ratio of deuterium to hydrogen exceeds 1:5000 for use 
in a nuclear reactor...in quantities exceeding 200 kg of deuterium atoms 
for any one recipient country in any period of 12 months." These quantities 
correspond to one metric ton of D2O contained in water at a concentration 
greater than 0.02 mole Z. Reactor grade heavy water (> 99.75 mole X) is 
essentially pure D2O. 

The discussion of Section III.B. suggested no obvious concentra
tion below which low-enriched deuterium-containing material becomes valueless 
relative to natural materials so that any lower limit for concentrations of con
cern must be somewhat arbitrary. From the separative work curve of Figure 1, it" 
can be seen that feed material of 0.02 mole Z deuterium represents only 72 of 
the separative work required to produce rector grade D2O. 

In Section III.A. it was estimated that about 2400 kg of deuterium 
atoms in the form of essentially pure heavy water was required to initially _fe 
charge a HVR of a type which would be a reasonable choice for producing a b o u t • 
kg of plutoniuo in a year. As discussed in that section, the amount of 2400 kg 
of contained deuterium is probably an underestimate of the amount required to 
bring a clandestine HWR into operation especially if the material diverted is of 
much lower deuterium enrichment than reactor grade. 

Table 1 shows that the trigger-list amounts are considerably 
smal.er than the IAEA-suggested threshold amounts. Without examining the 
reasoning used to establish any of the amounts, one obvious objective of the 
trigger list is to preclude accumulation of material for non-safeguarded activi
ties through many small, but legal, transactions; therefore trigger list amounts 
are smaller than threshold amounts. 

In the case of materials from which nuclear explosives cannot be 
constructed directly - natural and depleted uranium, thorium - the threshold 
amounts are about 20-30 times greater than the trigger amounts, and for directly 
usable materials the ratio is much greater. The amount of 2400 kg of contained 
deuterium, which was suggested in Section III.A. as the quantity of safeguards 
significance analogous to a threshold amount, is 12 times the trigger amount A r 
contained deuterium, 200 kg. This ratio seems reasonably consistent with those 
for other non-directly usable materials. 

I1I.D. Conclusions 

1. The safeguards significant amount of heavy water which is 
analogous to threshold amounts for nuclear materials is about 12 te of 99.75 
mole % heavy water or 2400 kg of contained deuterium. This quantity is an 
estimate of the minimum amount of heavy water required to initially charge a RWR 
of a design which might reasonably be capable of producing the amount of 
plutonium, 8 kg, necessary to make one nuclear explosive per year. 

2. At the present stage of consideration of safeguards for heavy 
water the same quantity of significance. 2400 kg of contained deuterium, is sug
gested for any deuterium compound in which the ratio of deuterium atoms to 
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TABLE 1. Comparison of Selected Threshold and Trigger Amounts 

Material 
Threshold 

Amount*' 
Trigger 
AmountbJ 

Threshold/ 
Trigger 

Pu 8 kg 50 g 160 

U-233 8 kg 50 g 160 

U (90Z U-235) 27.8 kg 50 g 556 

D (0.71Z U-235) 11 te 500 kg 21 

0 (0.25Z 0-235) 30 te 1000 kg 30 

Th 20 te 1000 kg 20 

*> Ref. 3. 

b ) Ref. 9. 
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hydrogen atoms exceeds 1:5000. For materials of low deuterium enrichment, this 
amount is believed to represent a conservative lower limit on the amount neces
sary to bring a HWR into operation because no allowance is made for the deuteri
um content of the waste streams from any further enrichment process or for hold 
up of material in process equipment. If heavy-water safeguards are applied to 
actual facilities, other safeguards significant quantities should be defined as 
suggested by the IAEA'^) for other materials and on the basis of actual 
circumstances. 

3. The amount of separative work required to prepare reactor-
grade heavy water from material of lower deuterium enrichment does not estab
lish, non-arbitrarily, a deuterium concentration below which material slightly 
enriched in deuterium is of essentially no greater value than material of natu
ral isotopic composition. However, such a beginning (or ending) point for safe
guards might be agreed upon on the basis of practical considerations. 

4. Extraction processes for heavy water usually achieve ^ ) 
enrichments well over IX, which concentration represents over 90Z of the 
separative work required to prepare 99.75 mole Z heavy water from natural water. 
This suggests that safeguards for heavy water should not be applied exclusively 
to the finishing processes, for which material balance accounting might be more 
feasible, while ignoring the extraction process. 

5. Heavy wfcter is discarded at reactor sites only in quantities 
small relative to the proposed safeguards significant amount. Normally it is 
reconcentrated there or at central facilities where, ultimately, water contain
ing several percent D2 0 and traces of tritium is disposed of in relatively small 
quantities. If necessary, it should be feasible for an inspector to witness at 
either reactor sites or reconcentration facilities the dilution or discard of 
heavy-water wastes to ensure destruction of the separative work content and 
terminate need for continued safeguards. 

6. Deuterium and heavy water are mentioned explicitly in the 
"trigger lists" of the nuclear suppliers' group guidelines for nuclear 
trensfers'8,9). The amount of 2400 kg of contained deuterium atoms is ^ 
reasonably consistent with the ratios of the IAEA-suggested threshold amounts^ 
to the amounts specified in the trigger lists for materials not directly 
usable in nuclear explosives. 

IV. Accountability Elements Common to All Facilities 

In the following sections the feasibility of direct safeguards mea
sures for heavy-water production facilities, reactors, separate storage areas 
and rework* facilities will be explored. Current IAEA practice would require 
that safeguards neasures center primarily on material accountancy complemented 
by containment and surveillance. The following issues will be addressed for 
each of the facility types identified above: 

* The term rework (or upgrading) facility refers to an installation of limited 
size in which partially degraded heavy water is brought back to reactor-grade 
specifications, usually either by distillation or electrolysis. 
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a) Problem areas in terms of vulnerability to national diversion. 

b) Current accountability practices and the extent, if any, to 
which they are* responsive to the vulnerabilities identified in 
(a) and permit independent verification by the IAEA. 

c) Additional or alternative accountability approaches which might 
increase the level of assurance of detecting national 
diversion. 

d) The extent, if any, to which containment and surveillance tech
niques including perimeter controL would contribute to safe
guards on heavy water. 

e) Promising areas of research and development, if any, and 
possible safeguards-related design modifications for future 
facilities. 

The next section will discuss briefly measurement technology pertaining to 
heavy water and the subject of records and reports. Both these areas are among 
the basic elements of an effective accountability system, independent of the spe
cific type of facility under consideration. 

IV.A. Measurement Technology 

Bulk measurements of heavy water throughout the industry are car
ried out by accepted state-of-the-arc weighing ( + 100 g for a 55-gal drum con
taining about 230 kg of heavy water) and volume measurement techniques. 

The most commonly used method for measuring isotopic composition 
of heavy-water samples is infrared (IK) spectrometry, which depends upon seasure-
ment of vibrational absorption bands of the HDO molecule. This technique has 
now advanced to the point where a routine precision of _• 0.01Z or better is ob
tained in the reactor grade region (about 99.8" D2O) and* i~2 parts per million 
in the region near natural water (about 140 parts per million). The 
instrumentation required is commercially available to most nations interested in 
heavy water technology; it can also be built or modified, where desirable, by 
competent laboratcry personnel. Use of mass spectrometry is today limited 
mainly to monitoring water at the lowest deuterium concentrations in production 
plants. It is also used to provide standards for the IS method. Differential 
refractometry is used occasionally for rapid order-of-magnitude process control 
measurements. The most accurate methods, based on specific gravity measure
ments, are time-consuming in terms of equipment and sample preparation and tem
perature equilibration and are used only under special circumstances.* 

* A densimeter manufactured by Mettler is being evaluated at Savannah River. 
Density is determined from the oscillational frequency of a quartz spiral 
filled with the liquid whose density is to be measured. The density of heavy 
water of any concentration can be determined to 5-6 decimal places; a 
measurement to 5 decimal places requires about 5 min. 
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Since many heavy water facilities are largely inventory-dominated, 
measurements of in-process inventory play a large role in heavy water accounta
bility. These measurements rely heavily on liquid level determinations in 
tanks, distillation tower bases, etc. by means of level gauges and sight 
glasses. Invencory in distillation towers is obtained from experimental curves 
relating volume of holdup to the race of boilup and from measurement of the 
liquid levels in the cower bases. Appropriate calibration procedures relate 
chese methods to conventional bulk measurements. The uncertainty commonly ob
served in Chis type of invencory measurement appears Co be *_ 2-2.51 on a monthly 
basis. ~" 

From a safeguards viewpoint, advances in heavy water measurement 
technology are most likely to be achieved along Che lines of instrumentation, 
and chis is considered a fruitful area for research and development. 

IV.B. Records and Reports ^ 

Since Che applicable U.S. provisions^11' define deuterium and its 
compounds as nuclear materials, cransfers and inventories of Government-owned 
heavy water are rouCinely reported to Che Nuclear Materials Management and Safe
guards System (NMMSS) by way of Haeerial Transfer Reporcs (NKC/DOE-741) and Mace-
rial Status Reporcs (NRC/DOE-742), respectively. Accordingly, U.S. Government-
owned production and reacCor facilicies maintain internal record systems which 
do not differ significantly from Che ones in effect for accountability of 
Special Nuclear Material (SNM). In the case of heavy water transferred Co a 
foreign nation, che government in question is notified by copy of NRC/B05-741, 
as are the appropriate safeguarding organizations, i.e., Euratoa and/or tae 
IAEA. Vich regard Co che privace seccor in the U.S., Che Nuclear Regulacory Com
mission (NRC) does noc impose reporting requirements on heavy water equivalent 
to Chose on SNM and source material. Accordingly heavy water sold by che U.S. 
Government to che private seccor (industry, universities, etc.) is no longer 
•ubjecc Co chis control mechanism. Presenc tocal domestic U.S. heavy water in
vencory is about 2,000 te DgO, of which less Chan 100 Ce is in Che private 
sector (loan, lease or sale). 

AECL facilities report receipts, shipments, losses and inventorVft 
of heavy water to the AECL's Chalk River Nuclear Laboratories (CRNL) each month, 
on a per-month and year-to-date basis. Reports are made to Che Atomic Energy 
Control Board (AECB); they include only receipts, shipments and losses, on a 
per-month basis. No speeial forms are used fox any of these reporcs. AECB does 
noc report stocks or transfers of heavy wacer within Canada to che IAEA. 

Since an effective information system is an essential ingredient 
in establishing international safeguards, any follow-on study should include 
exploration of current heavy wacer reporting practices in various nations and 
provide detailed recommendations for adaptation for international use. 
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V. Safeguards on Heavy Water in Production Facilities 

V.A. Description of Heavy Water Production Methods 

In view of the very low abundance of deuterium in natural sources 
(about 0.0142), the production of reactor grade heavy water (about 99.752 D2O) 
is a large scale and expensive undertaking. A great many production methods 
have been proposed since substantial interest in heavy vater first surfaced. 
Table 2 lists the approaches which figure most prominently in current thinking. 
The table does not include novel techniques based on laser isotope enrichment 
which are in the laboratory development stage and which may pose new safe
guards-related problems at a future date.*12' 

Technical and economic considerations have shown that a combina
tion of the processes known as GS and DW is the method of choice for D2O produc
tion, except under very special conditions. In this approach DjO is first 
extracted (extraction process) from the bulk of the natural water by hydrogen 
sulfide-water exchange; the product (usually 10-152 D2O) is then concentrated to 
reactor grade specifications by distillation (finishing process). Table 3 lists 
the major D2O production facilities currently operating or planned; it is seen 
that Canada today accounts for almost 852 of the total global production. (The 
Table does not include plants of significant capacity reportedly being planned 
by other nations, notably a 440 te/yx CS-DW plant in Argentina'*3'.) Table 3 
also indicates that the GS-DW combination is a heavy favorite. Despite the 
large physical and financial outlay associated with GS plants, this combination 
will almost certainly be the future method of choice for any nation wishing to 
est£blish an indigenous source of heavy water even on a limited scale (the 
Savannah River GS units can each support an annual output of 25 te of heavy 
water). CS and DW plants have been operating reliably and continuously for 25 
years and all of the necessary technical information for design, selection of ma
terials, construction and operation of such plants has been published in ade
quate detail. The principal prerequisite would be the existence of a success
fully functioning process industry petroleum, petrochemical, heavy chemical or 
synthetic fertilizer—from which competent and experienced management and tech
nical staff could be drawn. Expertise in heavy water production technology per 
se would be secondary. Even if a nation had to rely on imported process equip
ment, much equipment is readily available and not unique to the GS process; it 
could possibly be procured on the basis of specifications with respect to materi
als, dimensions and very general performance characteristics. Other methods 
listed in Table 2 possess several disadvantages, either because of the advanced 
technology and highly specialized equipment required (hydrogen distillation) or 
because they are unreasonably costly and energy intensive (electrolysis; water 
distillation starting with natural water). Although chemical exchange processes 
based on systems other than GS are less subject to these drawbacks and have been 
implemented in some countries (notably the ammonia-hydrogen exchange in France 
and India), a non-industrial nation would still be more dependent upon imported 
technology than in the case of the GS - DW combination. The subsequent discus
sion will therefore be limited to this process; Figure 2 shows a schematic 
diagram of the GS process and gives sone idea of the mater*' *1 flows involved per 
100 kg of product (the numbers are typical of SRP operations). 
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Table 2. Principal Methods of D20 Production 

A. Physical Methods 

1. Distillation of hydrogen 

2. Electrolysis of water 

3. Distillation of water (DW process) 

B. Chemical Exchange Methods 

1. H2S - H20 (GS process) 

2. H20 - H 2 

3. HH3 - H2 

4. Amine - H2 

• 



17 

Table 3. Major Heavy Water Production Plants 

Name Country Process 

Glace Bay 
Port Hawkesbury 
Bruce A 
Bruce B 
Bruce D 
La Prade 

Canada 
ii 

n 
« 
n 
n 

GS - DW 
11 

n 
n 
n 
11 

Savannah River U.S.A. it 

Kota 
Mangal 
Baroda 
Tuticorin 
Talcher 

India 
n 
•• 
n 
it 

n 

H2 distillation 
NH3-H2 exchange 

n 
11 

Norsk-Hydro Norway Hoi ) electrolysi 

Design 
Capacity 
(te/yr) 

400 
400 
800 
800 
800 
800 

200 

100 
14 
67 
71 
63 

20 

Startup 
Year 

1976 
1970 
1973 

UC, 1978*| 
DC, 1981*> 
Mothballedb) 

1952 

UC, 1978*'c) 

1962c> 
UC, 1978*'c> 
UC, 1978*»c) 

UC, 1980a»c) 

1934 

a) UC - Under construction with projected start-up date. 

b) The plant will be mothballed before completion of construction (R. Smith, 
private communication, September 1978). 

c> International Data Collection and Analysis, prepared for U.S. Department 
of Energy by Nuclear Assurance Corporation, Atlanta, Georgia, Task 1, 
Vol. 3 (Draft June 1978). 



18 

Figure 2 

SIMPLIFIED FLOW DIAGRAM OF A TYPICAL CS-DW HEAVY-WATER PLANT 
(figures in parentheses denote quantities of D2O; the 
other figures denote total aaounts of liquid per 100 kg 
of final product) 
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V.A.I. The GS process 

The GS (for Girdler Sulfide) process ' 1 ^ i s based on an ex
change reaction given by the equation 

H20 • HDS * HDO • H2S. 

This reaction takes place in the liquid (£) phase between 
water and dissolved hydrogen sulfide. It is essentially instantaneous so that 
no catalyst is needed. The equilibrium constant Kg for this reaction is depend
ent upon temperature and may be written as 

HDO 
£ y]t v £ 

~8DS1 

I > 
1.01 exp 

where the brackets represent concentrations. 

(¥)• 

Making appropriate approximations for the situation where 
hydrogen sulfide gas (g) is bubbled through water and equilibrium is reached, 
the separation factor, a, stay be written as 

O -

HDO 
£ 

HDS 
g 

1.01 exp (?) 

Although a monothermal process has been considered, lack of an 
economic method for producing chemical reflux has so far prevented its adoption. 
The GS process as currently implemented is a bitheraal one which takes advantage 
of the negative temperature coefficient of the separation factor. Briefly, 
feedwater and hydrogen sulfide pass in countercurrent fashion through a cold 
tower (30° C) where the equilibrium favors formation of HDO and transport of deu
terium to the liquid phase. The liquid phase passes, in similar fashion, 
through a hot tower (130° C) where the equilibrium favors formation of HDS and 
transport of deuterium to the vapor phase. The effluent waste water is stripped 
of hydrogen sulfide and discarded after heat recovery. Although Figure 2 shows 
only a single-stage GS process, in practice fractions of enriched liquid and/or 
vapor phases are tapped off after exiting from the cold or hot tower, respec
tively, to feed the cold or hot tower of a subsequent stage. 
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Details of the process have evolved gradually since 1950 when 
it was first introduced, ia the united States (the Dana Plant) on a pilot plant 
scale. The major producers of heavy water have adopted designs which differ in 
the manner of staging the production units. A unit in the present SRP facility 
consists of two stages, with the various towers (each about 35 meters high) laid 
out in a row. The first stage is made up of one cold and one hot tower of about 
3.5 meters diameter each. Feedwater (0.0145Z D20) is enriched four-fold, to 
about 0.06Z in che first stage. One third of the effluent passes on to the 
second stage which consists of two cold and two hot towers, each 2 meters in di
ameter. Because this stage has more than twice as many plates and operates in 
a higher concentration range, an approximately 150-fold enrichment is achieved. 
Product is stripped of hydrogen sulfide and becomes feed for the DW facility; it 
is usually withdrawn at a D20 concentration of 8-10%, although the design capa
city is 15%. At the present time SRP operates eight parallel units of the type 
described. This level of operation is capable of supplying enough feed to the 
DW facility for an annual production rate of about 200 te heavy water (25 te per 
unit). 4fc 

Operational experienceat SRP has led to a number of potential 
process modifications and improvements^' for the design of new planes. The Ca
nadian facilities, notably Bruce (three plants, each of 800 te/yr, owned and op
erated by Ontario Hydro), have incorporated some of these modifications, espe
cially the larger dimensions of the towers. This has led to a different manner 
of staging. Each jlruce plant contains two units of three stages each. The 
first stage consists of three parallel towers (8.5 meters diameter, 116 meters 
high) which have cold sections at the top and hot sections at the bottom. The 
second stage consists of a single similarly designed tower, while the third 
stage is made up of one pair of separately laid out cold and hot towers. 
Product is withdrawn at 20-30% D20*

16*. 

The SRP towers were originally provided with bubble-cap 
plates, but these have now been replaced by sieve trays. Both these items and 
other auxiliary equipment—such as heat exchangers, compressors, pumps, and 
centrifugal gas blowers—are used in the petrochemical field and in other 
industrial processes and are not necessarily unique to the GS process. 

V.A.2. The DW process 

The distillation (finishing) process for final enrichment to 
reactor grade heavy water (about 99.75% D20) has been proven dependable for many 
years and is now generally used as an adjunct to the CS process. The SRP config
uration consists of five stages (vacuum distillation columns) arranged in series 
for continuous operation. CS product enters che first DW stage at a feed point 
of matching concentration; several such points are provided to accommodate varia
tions in the CS product concentration (see above). The process accomplishes sep
aration with a bottoms fraction of reactor grade material and an overheads frac
tion which is recycled to the GS process. Each stage comprises one or two 
bubble-cup plate towers, a reboiler, a condenser and a vacuum eductor. Just as 
in the case of CS process equipment, none of these items is rare or unique to 
the present purpose. With regard to the Canadian installations, one Bruce plant 
uses sieve trays while the other Bruce plants employ a proprietary corrugated 



21 

wire mesh packing (manufactured by Sulzer) which greatly cuts down liquid inven
tory. Again there are differences in staging, as compared to the SRP configura
tion, which have no major impact on safeguards considerations. 

The reactor grade material withdrawn from the DW process is 
purified by refluxing over a potassium permanganate solution and then distilled 
into storage drums. Again this is a conventional operation requiring standard 
engineering equipment. 

V.B. Accountability Measures 

V.B.I. Current approaches 

a) GS plants 

Inspection of Figure 2 indicates that GS plants are characterized 
by very large flows of feed and waste water, with product and returns from DW 
constituting a small difference. It has therefore not been considered practical 
to maintain GS installations as a material balance area (MBA), and measurements 
are made for process control only. Accountability is further complicated by the 
large in-process inventories t*t large us 10 te D2O in the 200 Ce/yr SR? facil
ity and somewhat less on a relative basis in modified plants). These 
inventories are sensitive to changes in certain process parameters; for example, 
a change in the ratio of liquid to gas flow can shift inventory between hot and 
cold towers. From an operational viewpoint such changes, if not detected 
promptly, can lead to significant losses of separative work. 

b) DW plants 

DW plants are characterized by much smaller and more constant 
flows covering a less extreme range, and by material containing no less than 
about 10% D20. Material balance accounting is therefore considered practical 
and such facilities are commonly considered as MBA's. At SRP, although not at 
Canadian facilities, feed is batch-transferred from the GS plant to the DW 
plant; each tank is weighed and sampled prior to processing. Final product is 
collected in a tank and transferred to the purification facility. Purified 
product is stored in drums which are sampled, sealed and provided with serial 
numbers. Samples are analyzed for D2O concentration. Returns to GS are subject 
to similar accountability measurements. In-process DW inventory in the SR? fa
cility is about 40 te D2O (relatively less in modified plants). Inventories are 
performed on a monthly basis by procedures described in Section IV.A. 

*A1though this discussion applies broadly to all GS-DW plants, it is based 
mostly on information pertaining to the SRP facility. 
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V.li.2. t.vr.luaCior. of accountability measures 

a) G5 plants 

In the case of CS facilities it is difficult to establish 
meaningful material balance accountancy. Consider, for example, the material 
balance a.-ound the GS portion of the plant shown schematically in Figure 2 but 
with the amounts of materials shown scaled to represent a plant capable of sup
porting a DW output of 200 te/yr, which is about the size of the present 
Savannah River operation. The molar concentration of D2O in all streams might 
optimistically be determined to 1 part in 10°, which is the best accuracy attain^ 
able in the concentration range of the feed and waste streams. If the 
integrated flow over the period of a year for each of the streams shown could be 
determined to 1%, then the annual uncertainty in the material balance for D20, 
i.e. the uncertainty in KUF (material unaccounted for) for D2O, would be about 
18 te assuming no covariance among measurements of the various flows and concen
trations and ignoring changes in the in-process inventory. Tnis amount of D2^V 
if it were further enriched to reactor specifications, represents about 1.5 
times the entire inventory of the DIORIT reactor discussed in Section III.A. At 
production facilities, with flows of 800 te/yr, the material balance 
uncertainties will, of course, be proportionally larger. 

It is uncertain whether flows as large as those of the feed and 
waste streams (19000 te/day for a 200-te/yr plant) could be measured with an ac
curacy of 1% or better at a cost commensurate with possible safeguards benefits. 
A simple, but costly and operationally intrusive, method would be to measure 
feed and waste into, and out of, the GS process through basins of known volume. 
Ultrasonic methods based on Doppler shift of sound waves in the moving liquid 
have bae.n used to measure flows of similar magnitude with accuracy better than 
1^(17,18,19)# Calibration independent of the facility^7*^) and tamper-
resistant design might make such instruments suitable for independent verifica
tion of material flows. 

It is recommended that the accuracy with which material balance 
accounting might be applied to GS facilities be studied more thoroughly. The 
costs of various techniques should be evaluated in relation to their contrihu^fe 
tion to overall effectiveness of the safeguards system. ^ ^ 

b) DW plants 

Although formal accountability procedures are currently 
implemented at DW facilities, they could be made more effective. DW equipment 
could be designed to minimize the flows of GS product and DW return (Figure 2). 
It enn be shown that if the DW plant referred to in Figure 2 could routinely 
accept 15X D2O material from the GS plant and return IX D2O material to it, 
these flows would decrease Co 106 kg and 6 kg of contained D2O, respectively, 
per 100 kg nt product. 
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Transfers of material between SS and DW processes are made in 
batches, and DW final product is removed in batches. The physical arrangement 
of these materials in storage should permit random access to the entire popula
tion to facilitate inventory verification (checking of seals and serial numbers, 
sanpling, etc.) and should facilitate use of surveillance techniques to saiataia 
continuity betveen inventory verifications. 

Advances in the area of on-line instrumentation could undoubtedly 
enhance the usefulness of accountability measures in terms of their contribution 
to effective standards. AECL is engaged in a significant effort along the lines 
of advanced IR instrumentation, with the goal of developing industrial grade de
vices for continuous and unattended on-line monitoring of DjO concentration. 

V.C. Containment and Surveillance Measures 

The roles of containment and surveillance are to ensure that mate
rial moves along declared paths through key measurement points and to detect 
introduction of undeclared feed and removal of undeclared product or process ma
terial. Considering the apparently insufficient sensitivity with which material 
accountancy presently could be applied to the GS and other extraction processes, 
it may be essential to use containment and surveillance techniques to provide as
surance that deuterium containing materials have not been removed illicitly. It 
is recommended that applicability of containment and surveillance techaicues and 
the level of assurance which they sight provide against diversion be studied in 
detail if the feasibility of safeguarding heavy water is pursued. 

For facilities in which material accountancy may be inadequate in 
sensitivity or timeliness, safeguards techniques based on monitoring the opera
tional status of Che plant with respect to its declared status and operating 
records are being investigated. The CS process is con-rolled by adjusting the 
liquid and gas flow rates on the basis of the ratio of deuterium concentrations 
in the liquid streams at the mid-points of the hot and cold towers in the vari
ous stages^O), Records of these process control parameters, as well as the 
feed, product and waste concentrations and flows, might be examined by a knowl
edgeable inspector in order to estimate in-process inventory and to verify that 
a plant had been operated as declared and that production levels were as stated. 
It might be feasible to develop instrumentation which would provide records of 
process variables and process control equipment which would be verifiable 
independently of the facility operator. (See Section V.B.2.b). 

If product is withdrawn in batches both from the GS process and 
from the finishing process, it should be possible to use surveillance tech
niques, coupled as necessary with intensive inspecti -n effort, to monitor the 
product withdrawal areas so as to ensure that product had been removed from 
those areas only as declared. However, any material containing sore than about 
1 mole 1 deuterium would be attractive from the standpoint of diversion for clan
destine enrichment to reactor specifications, and there are numerous places in 
at least GS and DW processes, other than the final product withdrawal areas, 
where experienced plant personnel could obtain access to material of that concen
tration. CS process material, of course, is saturated with noxious, toxic 
hydrogen sulfide. It is possible that plants could be designed to facilitate 
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both human and instrumental surveillance of such areas. Since heavy-water pro
duction technology has been described extensively in the open literature, inspec
tors might accompany maintenance personnel without danger of revealing proprie
tary information. 

In using perimeter surveillance techniques to detect undeclared re
moval of deuterium containing materials fiom the site, it would be necessary to 
consider that essentially any kind of tank, barrel, pipe or hose could be suita
ble for transporting heavy water and that deuterium might be removed in chemical" 
forms other than heavy water. If a production facility were located in a large 
chemical processing complex, it would be important to isolate the heavy-water fa
cility to simplify perimeter surveillance. During construction of a new plant 
it would be important for the safeguarding authority to verify the facility de
sign and to ensure the absence of undeclared piping, process equipment, etc. 

for perimeter surveillance, it would be extremely useful to have 
available a penetrating non-destructive analytical technique which would detect 
deuterium in any chemical form and which would not require sampling of potentnl 
deuterium containing materials. Such a method might be based on vietection of 
neutrons produced by photo dissociation of deuterons with a high-energy gamma-
ray source^*'. 

Surveillance techniques should be complementary with whatever 
level of material accountancy is feasible. If declared flows of feed water to 
a GS plant could be measured with sufficient accuracy to preclude understating 
the feed, it might be necessary to consider methods for detecting feed from 
undeclared sources in quantities which would permit undeclared production in 
excess of safeguards goal quantities. If material accountancy proved completely 
impractical, there would be no alternative except to attempt to detect 
undeclared removal of material from the site. 

V.D. Conclusions and Recommendations 

1. Although at present material balance accounting appears unable 
to detect the diversion within one year of 12 te of D2O from a large commercial 
scale plant of current GS designs, it is recommended that the accuracy with 4fe 
which it might be applied be studied in greater detail. Costs of various 
techniques should be considered in relation to their contribution to the effec
tiveness of the overall safeguards strategy for heavy water. 

2. Material balance accounting based on conventional bulk and ana
lytical measurements is routinely implemented in DW plants and might form the 
basis for an effective safeguards strategy. Complementary containment and sur
veillance techniques may be able, to some extent, to ensure that materials move 
through key measurement points and to detect introduction of undeclared feed or 
removal of undeclared product. 

3. Containment and surveillance measures for both extraction and 
finishing processes should be studied in detail. The cost-effectiveness of vari
ous techniques should be determined. 
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4. Advances in heavy-water measurement technology seem most 
likely to be achieved through improved instrumentation. Research and develop
ment work is recommended in the areas of (a) production oriented equipment for 
on-line monitoring, (b) instruments which would be of use to IAEA inspectors 
(including both portable and installed devices), and (c) instrumentation which 
would aid periaeter control and other surveillance functions. In addition to 
present work on IS technology, attention is called to work on measurement of 
photoneutrons produced by the ?H (y,n) |H reactionv21)# 

5. Consideration should be directed toward understanding design 
features which would facilitate application of safeguards. For GS-DW production 
facilities, design modifications should be diverted at, for example, facilitat
ing flow measurements and application of containment and surveillance. 

6. Along more systems-oriented lines, mathematical node1ling of 
production plants might contribute to development of effective overall safe
guards strategy incorporating techniques discussed above. Some modelling has 
been carried out, both at SRP and in Canada, but so far has concentrated only on 
plants at equilibrium. 

VI. Safeguards on Heavy Water in Reactors 

VI.A. General Remarks 

In contrast with production plants, reactors are inventory-
dominated facilities with respect to heavy water. Most of the inventory present 
within a reactor building at any given time is inside the core as moderator. If 
heavy water is also used as coolant, another part of the material is pumped 
through the core. In either case, the heavy water is contained within a closed 
system equipped with only a limit number of access points. Even small losses or 
degradation of moderator will significantly affect the reactivity. In addition, 
the material is tritiated to a degree depending on residence time in the reac
tor. The resulting radioactivity is routinely monitored, both in stack effluent 
and other discharges; in addition the heavy water becomes subject to health and 
safety precautions in handling. The combination of these various factors 
automatically limits somewhat the vulnerability of heavy water in reactors 
to diversion. 

It is customary to distinguish between research and power reactors 
based on considerations of both size and design. This distinction will be 
adopted in the present report. 

VLB. Research Reactors 

VI.B.l. Design features relevant to heavy water safeguards 

Table 4 is a list of some representative heavy water-moderated 
research reactors of interest for the present purpose. Although NRX and NRU 
were designed originally to be fuelled with natural uranium, they were switched 
to enriched uranium several years ago. The last two reactors listed are typical 
high-flux research reactors designed for use with high-enriched uranium. While 
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Table 4. Sone Heavy Water-Moderated Research Reactors 

Reactor Location 

Chalk River, Canada 

Year 
Criticality 
Achieved 

1947 

Thermal 
Power 
(MW(ch))a> 

40 

Water 
Inventory 

(te) 

KRX 

Location 

Chalk River, Canada 

Year 
Criticality 
Achieved 

1947 

Thermal 
Power 
(MW(ch))a> 

40 17 

NRU Same 1957 110 65 

CIRUS Trombay, India 1960 40 20 

DIORIT WUrenlingen, Switzerland 1960 20 11.4 

JRR-3 Tokai, Japan 1962 10 27 

HFBR Upton, New York 1965 40 30 

HFR Grenoble, France 1971 60 15 

*' Data given represent current or typical operation. The NRU reactor, 
for example, is capable of much higher power. 
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reactors thus fuelled do not produce plutoniua, they are nevertheless potential 
sources of heavy water in the present context. 

The following discussion is based mainly on information regarding 
the two reactors at Chalk River Nuclear Laboratories (CRNL?, the oldest and most 
established heavy water-moderated reactors operating at a power level exceeding 
10 MW. Information has also been obtained on the HFBR at Brookhaven which repre
sents a totally different design; considerations regarding control of heavy 
water are qualitatively similar. 

Both NRX (light water-cooled) and NRU (heavy water-cooled) feature 
elements of the basic CANDU design on a small scale.* They contain pressure 
tubes inside a calandria vessel filled with moderator, with coolant flowing 
through the tubes past the fuel. Reactivity of the NRX is controlled by the 
moderator level in the calandria; the NRU employs control rods and the calandria 
is normally filled with moderator. 

An important feature common to all research reactors is their rela
tively small heavy water inventory. As indicated in Table 4, the inventory is 
always substantially less than 100 te and in some cases less than 20 te. 
Losses of heavy water are no higher than 1Z per year and are normally closer to 
0.5Z in most reactors. 

Heavy water inventory in storage inside the CRNL reactor buildings 
consists mostly of drums of either degraded material awaiting upgrading or 
makeup (reactor grade) material awaiting reintroduction to the core. The amount 
of such material does not exceed about 350 kg D2O per year (2* of the NRX 
inventory), and its residence time in the reactor buildings is short because the 
AECL central upgrading facility and a special storage area are located at the 
CRKL site; in addition NRU has its own small reconcentration unit. This situa
tion does not necessarily prevail at all research reactors. For example, in the 
case of the Brookhaven HFBR about one-third of the inventory is replaced once a 
year to keep the tritium level at less than A Ci/kg. Since this material must 
be shipped to (and replaced with- fresh heavy water received from) SRP, the stor
age inventory at the KFBR will average 1000-2000 kg degraded heavy water and 
about 500 kg makeup material. 

VLB.2. Accountability considerations 

Accountability at research reactors is maintained by inventory mea
surements of the type described in IV.A., but tailored in their details to the 
specific situation. For example, at the NRX, inventories are taken during the 
four-day shutdowns scheduled about every six weeks. Most of the heavy water is 
dumped into one of two storage tanks and the residual level in the calandria is 
measured to + 40 kg. Holdup in the piping has been predetermined from the dif
ference between an initial loading of the dry calandria and the volume of liquid 
in the storage tank after dumping; it has been demonstrated that this quantity 
is constant to within ± IS. In the case of the NRU, inventories are taken 

* The KKX and NRU cores are 267 cm and 310 cm in diameter, and 315 cm and 300 cm 
high, respectively. 
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on-line (at essentially constant temperatures) once a month by reading the level 
of an expansion tank. 

In addition to these measurements, heavy water samples are taken 
about once a week and analyzed for D20 content at the CRNL reactors. An ambient 
air sample is collected once a day, condensed, and analyzed in similar fashion. 
Weekly liquid samples are also taken at the HFBR. CRNL has recently installed 
a prototype of an on-line IR monitor for reactor grade heavy water in the J5RU re
actor, where it samples and monitors the moderator on a semi-continuous basis. 

VLB.3 Conclusions 

For safeguards purposes advantage can be taken of the limited quan
tities of heavy water associated with research reactors to limit their 
attractiveness for diversion. Removal of heavy water from a reactor in quanti
ties approaching 5 te would be apparent from loss of reactivity and degraded per
formance of the reactor. The normally low loss rates would make it difficult^fe 
disguise diversion of significant quantities of heavy water as losses. It 
would, however, be necessary to distinguish true accidental losses and 
legitimate reasons for non-operability of the reactor from possible diversion of 
heavy water. This requires further study. For example, it might be possible to 
distinguish loss from diversion on the basis of operating records of the 
reactor-system and environmental monitors and from performance of the heavy-
water recovery system, some of which features have been described above. 

A safeguards system based on current inventory practices, 
supplemented by various control measurements, observations of reactor perform
ance and routine tritium monitoring, appears adequate within the context of the 
present study. The inventory of heavy-water stored at research reactor sites, al
though limited in quantity, would be subject to formal accountability procedures 
and would be amenable to IAEA inspection. Material accountancy would involve in
ventory by item count of drums, sampling and sealing of each drum on arrival, 
and storage in a manner which would facilitate inventory verification procedures 
and surveillance to maintain continuity between verifications. 

VI.C. Power Reactors 9 

VI.C.l. Design features relevant to heavy water safeguards 

Table 5 lists some typical heavy water-moderated power reactors 
currently operating, again without claim to completeness. The first six reac
tors listed are of the CAHDU type; the Atucha reactor, designed by Siemens A.G., 
is an example of a pressurized heavy water reactor which features a single large 
pressure vessel. Several additional 600 MW(e) CANDU reactors are expected to go 
critical within the next few years, for example, Gentilly-2 (Canada), Cordoba 
(Argentina) and Wo1sung (Korea). The present discussion will be limited to the 
CANDU concept. 

Tne central feature of a CAHDU-type power reactor is a horizon
tal cylindrical tank, known as Che calandria, which contains the moderator. The 
calandria is traversed by a large number of pressure tubes which contain natural 
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Table 5. Typical Heavy Water-Moderated Power Reactors. 

Reactor Location 

Year 
Criticality 
Achieved 

Power 
(MW(e)) 

KPD Rolphton, Canada 1962 25 

Douglas Point Tiverton, Canada 1966 220 

Pickering A 
(4 units) 

Pickering, Canada 1971-76 540 ea 

Bruce* 
(2 units) 

Tiverton, Canada 1976-77 791 ea 

Rajasthan* Rajasthan, India 1973 220 

Kanupp Pakistan 1971 137 

Atucha Lima, Argentina 1974 340 

*More units under construction as of 1978 
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uranium fuel and the circulating primary coolant. The feature of most interest 
in the present context is the large heavy water inventory associated with these 
reactors. As the concept has evolved over the years, the heavy water require
ment has decreased from close to 2 te/MW(e) to about 1 te/MW(e). Depending on 
the specific reactor, the moderator accounts for 55-65Z of the heavy water inven
tory; the balance represents the coolant. Since as little as 12 of the invento
ry may represent more than 5 te of heavy water, power reactors are a more attrac
tive target for material diversion than research reactors. It is also at least 
conceivable that diversions could be disguised in measured operating losses. 
Such losses actually represent only a small fraction of total measured dis
charges, about 80S of which are recovered. About 85Z of the discharges 
originate with the coolant system, both as stack emissions and fron leaks at 
pumps; discharges from the moderator system occur mostly from valve glands. 

Experience gained with the Douglas Point and earlier Pickering 
units has led to designs featuring a minimum of valves and other potential leak 
sources, with some sacrifice of compactness. As a result total discharges in^P 
the newer reactors are on the order of 12 per year. 

VI.C.2. Accountability considerations 

AECL is preparing a report for the IAEA on safeguards for all 
CANDU-type reactors. Therefore this section will be very limited. 

Improved inventory procedures are expected to result in an 
uncertainty in the in-reactor inventory of + 2.5Z on a monthly basis and better 
than + 1Z on » yearly basis. It is seen, however, that this still represents 
very substantial quantities of heavy water and that the MUF values would prob
ably exceed 12 te of D2O for the larger power reactors. In addition, large 
amounts of heavy water may be in storage in power reactor buildings awaiting 
vograding, for example, about 10 te in the case of Douglas Point. Such invento
ry should be subject to formal accountability procedures as outlined in Section 
V.B.3. 

Advances in instrumentation will contribute to a more timeb^ 
and effective safeguards system. For example, one of the on-line IK monitorSW 
under development by AECL will detect heavy water vapor in stack effluent 
directly without prior condensation; a prototype is currently being tested with 
simulated effluent at CRNL. 

VII. Other Types of Facilities 

Although production plants and reactors are the major components 
of interest in connection with control of heavy water, consideration oust be 
given to storage and rework facilities. 

VILA. Storage Facilities 

The facilities considered under this heading comprise all storage 
areas not physically located inside reactor buildings. Large storage facilities 
are an integral part of all production plants; they serve to store both final 
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product awaiting shipment Co reactors and degraded material from various 
sources, including tritium-containing reactor returns. Smaller storage facili
ties in other types of installations serve Co supplement storage space inside 
the reactor buildings locaced on the site, but they stay also be used for addi
tional purposes. For example, Che sCorage facility at CRSL (capacity 800 druns 
or about 180 te of liquid) serves as an adjunct Co Che AECL central upgrading fa
cility, also locaced at CRSL, and is therefore used Co store heavy water from 
all AECL-owned facilities. It is a separate building and constitutes a separate 
MBA. 

Storage facilities contain large amounts of heavy water covering 
a wide range of D2O concentrations and tritium levels. Much of this material 
would be attractive from a national diversion viewpoint because it could be 
upgraded in a small undeclared facility without too ouch difficulty. It is 
therefore recommended that formal accountability procedures be adopted in stor
age facilities. Inventories should be performed by item count of drums, and 
drums should be sampled and sealed upon arrival. Details would have to be tai
lored to specific situations; for example, a storage facility and an adjacent 
upgrading plant could constitute one MBA. 

In the case of storage facilities associated with production 
plants, surveillance measures should be considered, as recommended in Section 
V.C. Other types of facilities would have to be studied individually to deter
mine whether and to what extent such measures would contribute Co safeguards. 

VII.B. Rework (Upgrading) Facilicies 

The facilicies considered here are installations in which 
partially degraded water is brought back to reactor grade specification by 
either distillation or electrolysis. Except that the material being upgraded is 
apt to contain tritium, safeguards considerations are Che same as discussed in 
Section V.B. The reason that rework facilities are discussed separately is Chat 
they are also encountered at sites ocher than production plants. For example, 
Che AECL central upgrading facil-ity at CRNL, which is an electrolytic plant, has 
a capacity of 400 te DjO/yr, with an inventory of about 40 te D2O (about 100 te 
total liquid). It handles degraded material from all AECL-owned reactors, i.e., 
the research reactors at C3SL and Whiteshell, and the NPD and Douglas Point 
power reactors. In addition, Che facility is used at present Co perform the 
final concentration step on fresh heavy water (94-97Z) withdrawn from the DW 
units of the Slace Bay and Port Kawkesbury production plants. This upgrading fa
cility is therefore a major and intricate installation which constitutes a sepa
rate MBA. It is designed in a manner which strictly separates the tritium-
containing reactor returns and Che fresh material from the production plants. 
Every drum is sampled on arrival, and monthly inventories are taken by means of 
level gauges on process equipment and item counts of drums. 

Despite the face Chat much of Che material contains some level of 
critiuo, it is concluded that such separate rework facilicies are also subject 
to the safeguards considerations discussed in Section V.B, 
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VIII. Conclusions 

1. Material balance accounting appears difficulC to implement 
with the required accuracy in currenC GS-Cype heavy water extraction plants. 
Lioics of accuracy with which material balance accounting might be applied at GS 
facilities should be determined vith greate- certainty, and the cost-
effectiveness of various techniques ascertained. Possible design modifications 
should be studied which would make intermediate and product material in future 
GS plants less vulnerable to diversion. Applicability of containment and sur
veillance techniques at existing facilities should be explored if safeguarding 
of heavy water continues co be pursued. . 

2. Although material balance accounting based on accepted state-
of-the-art measurement teehnolcgv and invencory practices is routinely 
impleeiAted in DV-type fi.nishiag plants, «i effective over-all safeguards strate
gy would require complementary containment and surveillance measures. The tf^c-
tiveness of accountability measures could be enhanced by design modifications^^ 

3. Heavy watsr in research reactors is limited in quantity and 
subject to minimal losses. Virtually 100Z of the inventory is needed for reac
tor operation so that diversion of any significant quantity would be apparent in 
reactor performance. Currently implemented inventory practices, aided by rou
tine control measurements and observation of reactor performance, appear to form 
the basid of an adequate safeguards strategy. 

4. Power reactors are more vulnerable because of their large 
heavy water inventories and other design features. AECL is preparing a detailed 
report on this subject for the IAEA. 

5. Substantial storage inventories of heavy water exist both at 
production plants and at other facilities. At all storage facilities 
inventories should be based on item counts of storage containers and on sanpling, 
sealing and storage practices wnich are amendable to international inspection 
where the IAEA has entered into agreements to safeguard heavy water. 

6. Research and development activities in instrumentation shoJB 
be encouraged, as means to both upgrade and complement accountability measures. 
Such activities would stress, but not be limited to, infrared technology. Empha
sis would be placed on development of (a) production-oriented equipment for con
tinuous on-line monitoring, (b) portable equipment for use by inspectors, and 
(c) instruments which would aid surveillance functions. 

7. Detailed study of various national reporting practices for 
heavy-water accountability might be carried out as the basis for development of 
an appropriate international reporting system. 

8. Some situations where technical options appear of limited 
effectiveness might be compensated for by on-site inspection. 
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Heavy-water accountability 

Dear Sirs, 

According to the IAEA safeguarding rules, the problem of heavy-

water accountability is of prime importance for the supervision 

of heavy-water plants. We shall try to answer and comment on the 

associated questions insofar as they concern the UHDE process. 

Balancing the heavy-water production via the incoming and out

going streams would certainly constitute the easiest method. 

In the paper of the working group it is pointed out that a 

measuring accuracy of - 1 ppm of the deuterium content can be 

obtained. This is certainly correct for measurements taken under 

laboratory conditions and making rather complicated analyses by 

mass spectrometry. It is, however, doubtful whether methods exist 

that permit continuous analyses within this range of accuracy. 

No reference is made to the measuring method used or to a respective 

publication. But even if this accuracy of checking the incoming 

and outgoing streams were possible, the calculated production 

rate still has an inherent high margin of error as can be seen fro-

a simple calculation determining the maximum error. 
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These considerations show that it is hardly possible to 

determine any missing amounts accurately by checking the 

incoming and outgoing streams. Checking the streams within 

the plant, e.g. between the respective process steps, would 

obviously contribute to reducing the error limits but would 

also be very costly. 

Furthermore this nethod of checking would work well only in 

continuous operation. During shut-downs of the entire plant or 

of individual plant sections, however, when the hold-up of 

the plant is returned to storage vessels, such a method of checking 

would fail because in this case it cannot be avoided that the 

values either exceed or drop below the respective measuring 

ranges. It is a common feature of all heavy-water processes 

that the hold up expressed in the daily production rates is 

considerable higher than in normal chemical planes. 

In principle, the above considerations apply to all heavy-water 

processes. However, attention must be drawn to a significant 

difference between the 6.S. process and the UHDE process. The 

G.S. process operates- at a relatively low pressure and with a 

liquid phase which stays liquid,i.e. water, under normal conditions. 

As a consequence, it is relatively easy to collect any undesired 

or intended leakages in slop tanks. As regards the UHDE process, 

both phases - ammonia and hydrogen - are gaseous under normal 

conditions (atmospheric pressure, ambient temperature). Leakages 

evaporate immediately and can therefore not be collected easily. 

This means that such leakages cannot be collected without any 

special devices and taken outside battery limits by an unauthorized 

person. 

Moreover, a complex process is necessary for transferring the 

jr deuterium, with which the hydrogen and ammonia are enriched, 

,; to water in order to obtain heavy-water. 
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In botht cases, water distillation is the final concentration 

step. The water distillation unit is a relatively small unit wh5ch 

is normally accommodated in a separate building. Supervising this 

unit appears to be relatively simple. 

Concluding, it can be stated that, in principle, accounting for 

the hevy-water inventory of a plant is possible, but that the 

accuracy of the analyzers required for supervising such plants 

must still be considerably improved. Some characteristics of the 

UHDE process point to the fact that supervising the production of 

a heavy-water plant based on the ammonia /hydro£en exchange can 

be effected easier than for the hydrogen sulfide process. 

We hope our considerations will be of use to the competent 

committees for elaborating the accountability procedures. 

Yours faithfully, 

U H D E G M B H 

Y ^ A ^ Y ^ i.^M^v 

c . c . U.K. Garg 
Bhabha Atomic 
Research Center 


