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INTERNATIONAL SAFEGUARDS RELEVANT TO GEOLOGIC DISPOSAL

OF HIGH-LEVEL WASTES AND SPENT FUELS

K. K. S. Pillay and R. R. Picard
Safeguards Systems Group, MSE541

Los Alamos National Laborato~
Los Alamos, NM 87545

ABSTRACT

Spent fuels from once-through fuel cycles placedin
underground repositories have the potential to
become attractive targets for diversion and/or thett
because of Iheir valuable material content and de-
creasing radioactivity, The first geologic repository in
the U. S., as currently designed, will contain approxi-
mately 500 Mt of plutonium, 60000 Mt of uranium
and a host of other fissile and strategically important
elements This paper identifies some of the inter-
national safeguards issues relevant to the various
proposed scenarios for disposing of the spent fud.
In the context of the U.S program for geologic dis-
posal of spent fuels, this paper highlights several
issues that should be addressed in the near harm by
U.S, industries, the Department of Energy, and the
Nuclear Regulatory Commission before the geologic
repositories /or spent fuels become a reality, Based
on U.S, spent fue! discharges, an example is pre”
senlecl to Illustrate the enormity of the problem of
verifying spunt fuel inventories, The geologic dis.
posal scenano for Idgh-level wastes originating from
defense Iacuities produces a “practicably irrecover-
able” wasta form, Therefore, safeguards issues for
geologic disposal of high-level waste now in the U.S.
are less pressing.

1. INTRODUCTION

During the last two decades, the problems of
nuclear fuel cycle wastes have become prominent
polmcal, enwronmenlal, and soclo-economic Issues,
resulting In systematic efforts to dwelop smhgles
for the Iongderm morageldlsposat of almost all forms
of radioactive wastes, One strategy Ior Iong.term
mana~ement d nuclear wastes adopted by the U.S.
a decade ago Involves direct disposal of spent
nuclear fuels m geologic formations. All the present
scermos for the disposal of spent nuclellr fuel pose

‘This work s~pporfed by fhe US. Department of
17nergy, Of ftce of Safeg~ards and Securny.

uniqu~ safeguards problems that are not encoun-
tered in safeguards systems for bulk handling facil-
ities or in item accounting facilities.

Presently, 28 nations have commercial nuclear
power programs, and almost all of them still consider
the recycling of fissile and fertile materials contained
m spent nuclear fuels to be a method of extending
valuable fuel resources. The U,S. and Sweden have
changed their policies based on uramum market
values and reprocessing costs to directly dispose of
spent fuels in geologic repositories, Although the
current U.S. policy allows the development of com-
mercial reprocessing facilities in the private sector,
the plutonium recycle possibilities in the commercial
sector are paralyzed by tha termination of commer-
cial breeder reactor development and the lack of
support for advanced fuel cycles using plutonium. In
Sweden, the politically preferred cption o! a once”
through fuel cycle is considered an interim opticm
because it allows future ul!ernatives,

Canada, probably because of its abundant ura-
mum reserves, is pI esently leaning toward the geo-
logic dispostil of spent fuel, although a decmion on
Ihe subject has been postponed, possibly until Ihe
next century, France, the U, K,, the U. S,S. R,, India,
and Japan have proceeded with large-scale projects
10 commercially reprocess spent fuels and extend the
plufonium fuel cycle to reuse the plutonium in both
fast and thermal reactors, In addition, other coun-
mes, such as Argentina, Brazil, China, and Ilaly, are
actwely pursuing the reprocessing of spbnt fuels as
part of the fuel cycle for generaflnq nuclear power, 1,2
The Federal Republic of Germany (FRG) recently
decided not to proceed wllh the construction of new
reprocessing facditles bulto use reprocessing the
sources of France and the U.K. to continue plutomum
reuse In their nuclear fuel cycle,

Al!hough Ihe present policy of Ihe US IS to per-
manently emplace Spt?nt nucle~r fuels from llght -
wnfer reactors (LWRS) IrI geolcglc reposltorws, very
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few member Slates of the International Atomic
Energy Agency (IAEA) have adopted this policy. A
few states, such as the FRG, Finland, and Italy, that
are considering geologic emplacement are consider.
Ing it as an interim measure; they could possibly use
the spent f~el In the future. In all these ca: es. it is
Important to safeguard the nuclear materials con-
Ialned within the spent ~uclear fuels to prevent
nuclear proliferation and the diversion of nuclear
materials to rmpeaceful purposes,

In civilian nuclear fuel cycles, the time from the
removal of spent nuclear fuels from the reactors to
Ihe fir?a! stages of nuclear waste management spans
several decades, Safeguarding nuclear materials
contained in these spent fuels during this period
varies with storage modes, methods of packaging
and transporting the fuel, end treatment of spent fuel
either to consolidate or recover fissile elements
within it,

In the contex! of the U.S. program to manage
spent fuel, it is important tG consider immediately the
requirements of safeguards, assuming that the spent
fuels are to be placed in geologic repositories for an
Indefinite period, Tho United States, with the largest
inventories of spent nuclear fuels in fhe world, has
yet to give full attention to nuclear material safe.
guards as part of an overall program for waste dis.
posal, Safeguards issues relevant to spent fue! dis.
posal are quite different from those of conventional
bulk handling facilities or item accounting facilities for
the following reasons:

, th6 extremely large quantities of fissle materials
Involved,

. the attractiveness of the spent nuclear fuels,
which increases with the age of the fuel,

. the requirement to malnfam safeguards In perpe-
Iully,

* the extreme difficulty and very !arge uncertainties
In quanflfylng special nuclear materials (SNM)
contents,

, !he inablllty to verify quitn!ltles of SNM during
various modos of $wrface and underwater stor-
age, and

, Ihe Impossbtlily of dlrecl vemfication after the
spenf ruclear fuels are emplaced in ~eologlc
repositories,

All spent fual disposal sc~rmrlos presen!ly ex-
ilmlned pose a vnrlely ot safeguards problems; none
me addressed adequately by nny of the nahonal
progra!ns or by the International safeguards corn.
fllunlty l!le current design of the first geologic
mposlo~ III Iho U S prolectg a capnclty 10 accom -
IW)d:IIO wnsfes oquwnler, t IO 70 000 Ml of uramum
frorll cnrnmownl ;Iml dofons~ fu~l cycles Of this,

approximately 62 000 Mt of uranium equivalent will
be commercial spent fuel, containing over 500 Mt of
plutonium, International safeguards commitments
require us to address the safeguards issues of dis-
posing of such large quantities of plutomum in a geo-
logiC repository, which has the potential to become a
plutonium mine, This paper highlights several
aspects of int6mational safeguards relevant to the
geologlc disposal of spent nuclear fuels and high-
Iigli!s issues that should be addressed in the near
term by the U.S. industries, the U.S. Department of
Energy (DOE), and the Nuclear Regulatory Commis-
sion (NRC) well before the geologic repositories for
spant fuels become a reality,

Although the most recent revisions of DOE’s
plans call for repository opera! ion to commence In
20!0 (see the New York Times, Ncwember 29, 1989),
the DOE has already entered into contractual agree-
ments with U.S. utilities t~ accept spent nuclear fuels
beginning in 1998. Considering that the decision to
~hange U.S. policies from reprocessing to the throw-
away fuel cycle was made more tharl a decade ago,
the time available for designing and instituting a reli-
able safeguards system for the spent nuclear fuel
disposal program is rather short,

11, SAFEGUARDS AT THE BACK= END OF
THE NUCLEAR FUEL CYCLE

The back-end of the nuclear fuel cycle offers
considerable challenges to Iong.term management
of a variety of wasla forms, The last two decades
saw an increased awareness of the problems of
nuclear fuel cycle wastes as well as an increase In
systematic effofls to develop strategies for the long.
term storage/disposal of almost all forms of radio.
active wastes. Among these strategies, the one
Involving the direct disposal of spent nuclear fuels
poses one of tha mGst dlfficull safeguards problems,
Although spent fuels continue to be highly radio-
active for many years af!er they are discharged from
reactors, the radioachwty level decreases consider-
ably after several decades,l and plutoruum extraction
from such aged fuel becomes relatwely less haz-
ardous (see Fig, 1). This characferlstic of tha spent
fuel makes II a umque safeguards problem,

In the International arena, n broad speclrum ot
possible natiomll, mul!lnallonal, and Inlernatlonal
arrangements for spent fudl manngem+wt has betm
dlscussed,de The Inlernatlonal safeguards aspects
of Ihe Ionq-lerrn stornge tacllmes for sp~nt fuels
range from bemgn Intarnatlonnl oversight of nallona~
factlmes to arr~ngemonts tor bllmeral and rogmnal
cooperauon, and even 10 Ihe croahon of entirely new
Ir}lernallonnl Inshlutlonal Inechmllsms,d ~ 13ecause
of ttle Introduction of brwder reactors III some SI,WS
;!nd Itlti Indecision rflgardlnq rr+prcmrswnq by othi+rs,



Fig. 1.
Decay of radioactivity in spent fue/ discharged
from a 34000 MW&Mt light-water reactor. 6

spent fuel management is not one of the acute prob-
lems of the IAEA, and the concepts for safeguarding
spent fuels have so far received only academic attem
hon.

At the same time, reactor facilities are running
out of interim storage space, creating serious prob-
lems for several facilities, including a large number of
reactors in tho U.S. Therefore, the focus has shitted
horn long-term disposal 10 shott-term management of
spent fuels and related safeguards issues,7-1 5
Among the various storage modes proposed and
studied, wet storage in pools, ~17110and dry surface
storage in air-cooled c%ksa, 10 anq vaultss have
become the most acceptad methods. Also, none of
fhe safeguards studiesl 1’15 associated with the
spent fuel programs have so far addressed the
Issues of long-term geologic disposal of spent fuels.
AI the time of the International Fuel Cycle Evaluation
sludies (1977430), the concept of permanent dis”
posal of spent fuel was not selected by any of the
,member Slates of the IAEA,5

Recognizing the difficulty of arriving at an inter.
national consensus on long-term spent fuel man.
agement problems, several Slates, including fhe
U.S., have embarked on a variefy of domestic pro.
grams for the Iong.lerm managen,ent of high level
wastes and spent nuclear fuels,lo, 17 Presently, in
the International arena, Ihree scenanos are under
consldera!ion for geologlc disposal of spent fuels.
They are:

I Geologlc roposllorles wdhm a Slate intended ox”
elusively for disposing of spent fuels and wastes
orlglnatlng horn Its own nuclear fuel cycles, The

United States, Canada, and Sweden have em-
barked on such a program for the disposal of
spent fuel in igneous rocks or other suitablg geo-
Iagic formations.

2. A geologic repcsito~ within a State for the long-
term storage of spent fuel from a State. The F17G
has such a program involving a salt repository for
nuclear wastes, including spent fuel, for possible
participation by other Euratom members.

3. A commercial venfure bv a State to operate a
geologic reposito~ for permanent disposal of
spent fuels from other States. The People’s
Republic of China has offered such a se,wice,
and some of the European nations expressed an
interest in such a venture,

These spent fuel disposal scenarios pose a
variety of safeguards problems, none of which are
adequately addressed by the international safe-
guards community. The literature on safeguards-re-
lated technical issues of relevance to geoloqic dis-
posal of high-level wastes and spent fuels is ex-
tremely limited. During the past 3 years, several
papers have appea’od in the open literature,

expressing concerns and some new ideas for
technology development.la.ae Until very recently,
the U-S. geologic waste reposito~ program was
moving fomuard without any discussion of long-term
safeguards issues. Ttle DOE’s Office of Civilian
Waste Management (OCRWM) has recently
indicated that several interagency discussions have
begun with the objective of formulating policies and
progmms.aa Adcfitlonally, OCRWM is exploring with
the Office of Safeguards and Security (DOE/OSS) to
use their vast resources for systems and technology
development to address the needs of international
safeguards .30.33

Ill. INTERNATIONAL SAFEGUARDS FOR
GEOLOGIC DISPOSAL OF HIGH= LEVEL
WASTES

The term hi~h.level wastes (HLWS) generally
refers to sludges and composites of all liquid waste
streams from spent fuel reprocessing and plutonium
production or to waste forms derived from them.
HLWS primarily contain non-volatile fission products
and actinides that are not separated out dunnq
reprocessing, Of the present inventory of app(oxl -
mately 3 x 105 ma HLWS m the U. S., 1sss than 1%
‘was derived from civilian spent fuel reprocessing, II
IS only this small fracti~n of HLWS in the U,S, that
may be subleoted to international safeguards, The
amounts of fisslle maferials m Ihese wastes are too
small for economical recovery, However, In the Inter.
nallonal safeguards arena, economics IS a not an
acceptable criterion for decldlng whelher to continue
or to terminate safeguards. There!ore, .practlcably
Irrecoverable” IS the mterlon used to determlno



safeguards termination. g7 Small amounts of fissile
nuclear materials present in high-level liquid wastes
containing large quantities of fission products from
KrprOCOSSlflg dre considered “practicably irrOCOVOf-
able” when the liquid wastes are vitrified to form
glass or ceramics or when they are conditioned and
immobilized to form solid matrices for geologic
isolation,

IV. INTERNATIONAL SAFEGUARDS

IAEA safeguards is a verification system within
the framework of international nonproliferation policy
applied to peaceful uses of nuclear energy, In the
international safeguards arena, sovereign nations
are considered potential diveners of nuclear mate-
rials, According to present gui(lelines for interna-
tional safeguards, systems designed for safeguard-
ing SNM chould account for such materials, and the
accounting must be independently verifiable by an
agent of the IAEA. The desired result of effective
application of IA.EA safeguards is the assurance of
non-diversion of nuclear materials by a State from
Peaceful applications to weapons. This goal is dif-
ferent from that of domestic safeguards, which relies
on the State’s own physicai protection and materials
accounting measures. The independent IAEA verifi-
cation provides assurance that the States are com-
plying with their commitments concerning peaceful
uses of nuclear energy and therefore contributes to
the Increase of confidence among States.

Several important issues of long-term safe-
guards assurafice for spent fuel disposal are not
addressed in the IAEA’s guidelines for international
safeguards .~n.ag Although the 1987 edition of the
IAEA Safeguards Glossa~ still lists plutonium con.
Ialned in spent nuclear fuels as “direct use material,”
several important issues of long-term safeguards
assurance for spent fuel disposal are not addressed
In the IAEA’s Guidelines for State’s Systems of
Accounting and Control of Nuclear Material,
However, the desirability cf spent fuels as a source of
plutonium is well known, and the fate of spent fuels
should be examined in the context of an extension of
fhe Non-Proliferation Treaty (NPT) beyond 1995 and
~:;u:eossible termination of the NPT some time in the

IAEA safeguards are applied 10 U,S. facilities in
response to an offer made by President Johnson in
1967 as an inducemem to countries, especially West
Germany and Japan, lo sign the NPT,40 The U. S./
IAEA Safeguards Agreement41 was endorsed bv the
U.S. Senate and entered Into force on December 9,
1980, TCI prescribe polIcIos and responsibilities, the
DOE and the NRC have Issued orders and rogul+
tlons for compliance with lhls agre~ment. d 2
Accordingly, fhere are nearly 200 nuclear faCIMleS In
lha U S, that have !he potential to be under IAEA

safeguards, These include all commercial reactors
and fuel fabrication facilities, and almost all research
reactors, critical assemblies, and test reactors in the
U.S. However, because of the limited resources of
the IAEA, only a few facilities in the U.S. are chosen
for IAEA safeguards at any one time, and this list of
facilities is changed periodically by the IAE.4 in
consultation with the U.S. In applying safeguards at
U.S. nuclear facilities, the IAEA employs the same
scheme as for facilities located in non-nuclear-
weapons States. Implementation of U.S./lAEA agree-
ments on nuclear material safeguards is detailed in
10CFR75,

V. SAFEGUARDS AND THE U.S. SPENT
FIJEL DISPOSAL PROGRAM

In 1977, the United States adopted a national
Bolicy of indefinitely postponing reprocessing pend-
ing an evaluation of proliferation concerns. This
policy was reversed in 1981 when the private sector
was encouraged, once more, to develop this parl of

the fuel cycle. During this period, the U.S. iludear

development policy shifted away from demonstration
of commercial fast breedor reactors and plutonium
use in the commercial fuel cycle. In this context,
there is no incentive for anyone to develop a closed
fuel cycle including reprocessing and recycling plu-
tonium in the commercial fuel cycle. Hence, the only
viable option for the U.S. nuclear industry is to throw
away spent nuclear fuels as a waste form.

In response to tho 1982 Nuclear Waste Policy
Acf,43 the U.S. government entered into contract with
the industry to accept spent fuels and wastes from
nuclear power plants in return fol a fee in proportion
to the amount of electricity generated, The collection
01 this fee since 1983 obligates the federal govern-
ment to carry out the necessary research and devel-
opment for interim and Iong.term management of
high level wastes and spent nuclear fuels and to
develop interim storage facilities and permanent
geologic repositories.

These obligations and commitmerm by the fed-
eral government have shifted responsibilities away
from the nuclear industry for long-term waste man-
agement. Furthermore, the U,S, nuclear industry IS
generally unaware of international safeguards com-
mitments because vey few facilities have been sub-
jacled to interrw!ional inspections, and for only shorl
durations. Therefore, there is a need for a concerted
~ffort to promote awareness that the commitments of
the U,S. lo international safeguards would apply to
the spent nuclear fuels discharged from commercial
nuclear power plants.

The first geologic repository In fhe US. designed
exclusively for the disposal of nuclear wasles from
U S. fuei cycles WIII accommodate nearly 62000 Mt
of uranium equivalent of commorclal spent fuel,



containing significant quantities of fissile and fedile
materials along with a variety of other strategically
lmpoflant elements. ~~ Assuming this design is typi-
cal of other facilities, it is possible to est!mate the
Inventories Of SPJM and o!her valuable materials !n
such a reposito~ as shown in Table 1.45,46 It is diffi-
cult to estimate the true value of all the materials
contained In spent fuel. The 1985 market values of
some of the rare elements of strategic importance are
included in Table 1.46 There is no established ma~et
value for most of the other elements (uranium and
transuranics) that could be readily recovered from
spent fuel during reprocessing, In recent negotia-
tions to reprocess spent fuels from the FRG to re-
cover plutonium, the agreed upon reprocessing cost
IS approximately $100,000 per kilogram of contained
plutonium.dz It would seem that an overall strategy
to recover and use all these valuable materials may
be justified on economics alone. Disposing of such
large quantities of fissile and fertile elements, as well
as other strategically important elements such as
palladium, ruthenium, rhodium, and technetium in
geologic repositories, has the potential !O create a
mine for these materials in the future. nternational
safeguards commitments require the U,S. to address
safeguards issues of disposing of such large quanti-
fies of plumnium in geologic repositories.

Table I

Approximate Inventories of Valuablo
Materials In a Typical Spent Nuclear Fuel

Geologic Repository

Material Inventory Value
~J.ULMILLIE&Mll

Spent Fuel 70000 NEMV”
238LI 66000 NEMV
235u 800 NEMV
Plufonlum 500 NEMV
Nep!umum ~g NEMV
Arnencium 5 NEMV
Curium 2 NEMV
Rhodium 30 19,4””
Ruthemum 150 4,8””
Palladium 85 5,2”’
Technellum 50 NEMV

‘NEMV - no established market value,

“’ I 985 market value.

The Nuclear Waste Policy Act of 198243 and the
Nuclear Waste Policy Acf Amendments of 198748 are
ths Congressional mandates for all programs In the
US, for the disposal of spent nuclear fuels and high-
r+vel wastes. Neither of Ihese Ieglslaflons have
dddressed Itle Issues of long4erm Infernallonal safe-
guards for spent fuels In geologlc reposltones,

However, prior commitments by ihe U. S.40141 to
open all nuClear facllmes, excluding only those with
direct national security significance, for IAEA safe-
guards would require the gec.~glc spent fuel reposi-
tory In the U.S. to come under IAEA safeguards.

V1. SAFEGUARDS REQUIREMENTS OF THE
SPENT FUEL DISPOSAL PROGRAM

The major elements of the U.S. program for the
geologic disposal of radioactwe wastes of relevance
to long-term safeguards are shown in Fig. 2. Also
identified in Fig. 2 are the two major waste forms-.
high-level wastes from reprocessing and spent
nuclear fuels from commercial reactors--and various
acclivities involved in the transfer of these waste forms
to the same geologic repositoy.

Present plans for the spent fuels incwde various
options for packaging and transporting ?hem from
reactors to the geologic repository, Almost all activ-
ities leading to the final disposal of spent fuels affect
:he long-term safeguards goals for [ham. Proper
accounting for fissionable materials in various cate-
gories of spent. fuel-derived waste forms, such as
Intact sp9flt fuel assemblies, canistered spent fuel
assemblies, consolidated rods, and non-f uel.beanng
materials, are required by [he U.S. NRC to satisfy the
needs of domestic safeguards, Present safeguards
requirements by the IAEA! would additionally r~quire
Iho States to allow periodic verification of the de-
clared SNM values by direct measurements or by
Item accounting, The need for independent verifica-
tion capability imposes additional requirements,
which will be considerably more detailed and intru.
swe if rod consolidation is mwticed.

Figure 2 identifies six m~?surement points where
the SNM content of spent fuels or spent-bel.denved
waste forms could be accounted for through either
direct measurements or by Item accauntlng when
prior measurements are usable, Depending upon
volume reduction locations and monitored retriev-
able storage (MRS) facilities, the verification pomls
can grow to & very large num~er, However, though
proper system design during early stages, it is pos-
Slble to limit the number of measurement points to a
mlmmum.

one of the Issues complicating safeguards
Implementation for spent fuels at commercial nuclear
reactors In the U.S. is rod consolidahr.m, According
to an Independent study by the Electric Power
Research lnstWe,13 “a Subslanllal burden WIII be
Imposed on the ullldy If a requirement for lndepend-
~nt venflcahon of contalrwr contonts (after rod con-
sohdatlon) IS forthcoming, Lls rnlghf be anticipated If
the facllily IS selected for IAEA safequnrds. ” A
Wtmled sltespeclflc sfudy (for the YUCC~IMOUIIIiIIII
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Fig 2.
Major elements of the U.S. program for the
geologic disposal of radioactive wastes.

Site reposito~) of the effects of consolidation on geo-
Ioglc disposal 01 spent fuels has demonstrated the
undesirability of consolidation.49

However, as part of Ihe research and develop-
ment on spent fuel management, several Prototypical
Rod Consolidation Demonstration Programs (PCDPj
have been funded and a selected few have com-
pleted hot demonstrations. The next phase of this
effort is to develop facilities and equipment for large
throughput operations. These efforts 10 consolidate
and store spent fuels will make the safeguards imple-
mentation efforts all the more complex and expem
sIv~, The pros and cons of rod consolidation were
re-examined by the DOE. They concluded that the
on-going consolidation etforts by utilities are not
consistent with the waste management system re-
quirements and that spent fuel preparation for dis-
posal should be performed in th6 federal waste
management system rather than at reactor sites, The
DOE has, however, resewed the option to reevaluate
the deslrabdily of consolidation during the advanced
conceptual design of the repository and Ihe waste
package. so

V1l. AN EXAMPLE OF SPENT FUEL VERIFl-
CATION

To design credible safeguards sy5temS, it is nec-
essary !0 analyze diversion scenarios and develop
sciemifically sound approaches to achieve thor-
oughness in safeguards implementation. Although
some States may consider diversion scenarios as an
affront to their commitments to international Safe-
guards, it is important to recognize the relevance of
the analysis of potential diversion strategies to the
credibility cf international safeguards. ~l In domestic
and international safeguards, “timely detection” and
“deterrence” aspects have become prominent and
are even seen by some to be the overriding objec-
tives of safeguards. However, the fundamental
requirement of international safeguards is the
“assurance” that they are effective by the ability to
demonstrate the continued presence of nuclear
materials within designated boundaries, This re-
quires the establishment of a system of accounting
for and controlling nuclear materials within spent
fuels and thereby enables both the state and inter-
national regulatory agencies to verify the safeguards
system.

Large quantities of plutonium are involved in
spent fuel safeguards within a State. Iri principle, a
State could divert material and conceal the diversion
by data falsification--l. e,, by accounting for material
as if none had been diverted, To counter this pos-
sibility, the IAEA’s mechanism is to verify the special
nuclear material content (in this case plutonium) by
making independent measurements of fuel assem-
blies and comparing those measurements with the
declared (book) values of the facility. Such compari-
son allows for detection of anomalous actiwties, such
as diversion or thetf,

As with IAEA measurement of nuclear material in
other forms, detection sensitivity is limited by two
factors, The first factor is measurement coverage,
Resource constraints lead to IAEA measurement
coverage much less than 100°/o, Consequently, a
large plutonium diversion could escape detection
unless it were uncovered by contain ment/survell-
lance activities. Such activities, including use of
optical devices to momtor stationary storage wlthln
spent fuel pools at reactor sites, are among presently
accepted adjuncts to direct verification of the Iacllity’s
accounting.

A second factor Iimlting detection sensttiwty IS
the measurement uncerlalnnes for fhe facility’s aild
IAEA’s measurements, This factor IS important for
potential diversions involwng small amounts of plu-
tonium (as fuel pins) removed Porn large number of
assemblies.



To place these issues in a more concrete setting,
consider the following idealiz~d example based on
spent fuel discharges from U.S. nuclear power
plants. In early 19d9, there were 111 operating reac,-
tors In the U. S.--74 PWRS and 37 BWRS. Assume for
simplicity that each PWR discharges 30 spent fuel
assemblies and each BWR discharges 74 assem-
blies every Iwo years. With a burnup of approxi-
mately 30000 megawatt-days per metric ton of
heavy metal (MWDIMTHM), each PWR assembly
contains approximately 3,0 kg of plutonium and each
BWR assembly contains about 1.2 kg of plutonium.
Again, for simplicity, assume that only half of the
reactors (37 PWRS and 19 BWRS) discharge
assemblies each year. The total amount of pluto-
!Ilum involved In these discharged fuel assemblies
from 56 “active” reactors is nearly 5020 kg annually.

The facilities accounting for pluto,lium is based
on burnup calculations,sz assumed to correspond to
a so-called systematic error of 0.5°/0 (relative) apply-
ing to all assemblies State-wide ar?d a so-called ran-
dom uncertainty of 10/0 (relative). The IAEA’s verifi-
cation value of plutonium-content is assumed to be
based un neutron measurements using a fork detec-
tors and IS assumed to have associated measure-
ment uncertainties of 1°/0 (relative) applying to meas-
urements common to a single facility and a random
measurement uncefialnty of 3°/0 (relative).

Idea!ly, all assemblies In all facilities could be
Inspected, thereby provldlng maximum sensitivity to
f.letectlng possible diversion. In practice, however,
lnspGctlon resources are Iimlted, as IS a facility’s tol-
erance of interrupted Operations. For this Illustration,
we consider the case where 40 inspector-days per
year are available for InspectIon. In the Ideahzed
U.S.-based example, we feel such an InspectIon
effort allows for momtorlng 10 of the 56 “aclive” facll.
Itles selected on a sta!lstlcal sampling basis.
Because the quantities of plutomum per facility are
approximately the same In thts example, a simple
random selectlon determlne~ the facilities to be
momtored: It this were not the case, a stratified
sample based on plutonlum amounts might be more
appropriate. Note Ihat m this scenano, It is assuimed
that fhe spent fuel storage pools at these reactor
!acllltles do not have any old Inventories of spenl
fuels, Ihe presence of which would make lh6
verlflcatlon exercise more complex,

At each of the selected facllltles, the IAEA
measures 13 Gf the 30 discharged assembles (If
PWR) and 33 of the /4 assembles (If BWR). The
r:lttonate behind this choice IS to allocate available
wsources so as to Inspect roughly the same quantity
UI ~lutomum at each faclhty and to use all avallabie
r~sources for Inspection during Ihe year. Such an
111’;ptictlun plan IS Los Yd on what IS called, in the
‘;!i Ill SlICS literature, “two. stmge” or “cluster” sampllrlq,

In the safeguards literature, the term “randomized
Inspection” is sometimes used.54 By sampling In
stages, It is possible to make more inspection meas-
urements for a fixed amount of resources than for a
simple random sample cf all assemblies State-wide.

The IAEA’s data analysis involves calculation of
a D statistic. A “discrepancy” is computed for each
facility by multiplying the average Inspector-facility
difference per assembly by the total number of
assemblies for the facility. Then, the average dis-
crepancy per facility is multiplied by the total number
of facilities to estimate the State-wide discrepancy.
The statistical question is to decide whether the
State-wide discrepancy is larger than can reason-
ably be explained by measurement and sampling
uncertainties. The mathematics underlying this type
of calculation are addressed elsewhere55”56 and
need not be elaborated here.

In regard to detection sensitivity for this idealized
example, the bottom line is that the D-statistic has a
standard deviation of roughly 245 kg when there is
no data falsification. Although this result is based on
simplifying assumptions, a more de!ailed calculation
involving the specifics for each facility would yield
esse ltially the same Conclusion: that falsification of
plutonium equivalent to the content of several
nuclear weapons (several ‘significant quantities”) Is
unlikely to be detected unless by this inspection a
gross falsification (i. e., a large falsification for an
assembly that is inspected) IS clearly revealeo.

The major Impediment to improved venficahon is
the comparatively Iimlted inspection coverage (over
800/0 of the facilities and 900/. of the fuel assembles
are urlinspected). Also, there IS a large “systematic”
uncertainty In burnup calculations (1.e, 0.50/0 of 5020
kg IS approximately 25 kg of plutonlum: a small falsl-
!Icatlon across all assembles would be confounded
with this unceflainty, even If there were 1000/0 ln -
spechon and the IAEA was capable of error-free
measurements). Importantly, any potential dwerter
could, !ollowing straightforward statistical pnnclples,
use such calculations as a guide In determining
attractive diversion strategies. Obvious strategies,
such as remowng large amounts of plutomum from ~
number of assembhes In a Iaclhty and relylng on the
>80% chance of no inspection or remowng small
amounts of plutonlum from many dssembhes state-
wide and relylng on this to be concealed by mess
uremenf uncerfalntles, offer an excellent chance of
successfully evading detection,

Improving on this disconcerting stuatlon IS
clearly possble. Problnm areas, In approximate
order of importance, are

f 1) low InspectIon cov~rage (only 10 of 56 “active”
facllltles Jre in~pected per year),



(2)

(3)

the Inspectorate’s measurement uncertainties
(although 1”% and 3“% relative uncertainty values
are good in the context of relative errors, the
large plutonium quantities involved lead to a
large absolute uncertainty); and

the 0,5°/0 Systematic uncertainty in the burn-up
calculation.

The first problem can be addressed, obviously, by
Increasing available rescurces for Inspection. Also,
by making Cerenkov radlatlon measurements In
storage pools, a method currently emplcyed by the
IAEA,PT at many facilities not monitored as above,
protection against large falsifications IS ~rovided
Advances In measurement technology (should
they come to frumon) and the related instrumentation
If It IS permanently Insralled on-s,:e, could allewate
the first problem by allowlng the inspectorate to
measure all assemblies before being packaged and
sealed. Finally, scme oeneli! would accme If it were
possible to measure previously unlnspected assem-
blies at the disposal site at Iatw times, thereby con-
tinuing to hold facilities “at risk” beyond the time of
Inlflal disposal: however, this prospect appears un-
Ilkely based on the presently considered strategies
for geologlc disposal of spent nuclear fuels.

Vlll. DESIRABLE ACTIONS

Because the International community values
safeguards for fissle materials, It IS Important that all
ongoing programs for the disposal of spent fuels
begin discussions about the need to have inter-
national safeguards for the geologic repositories
Contalnlng large quantities of plutonium and other
!Isslle elements. It is recognized that the proliferation
resistance of spent fuels cl~creases with storage time
according to the total burnup and decay time, The
IAEA should provide guidance to States on the
requirements of safeguards for underground dis-
posal sites. While the IAEA and the rest of the tnter-
nallonal community is developing a consensus,
ongoing programs for spent fuel disposal should
recognize that spent fuels WIII be a dmrable source
of plutonlum In the future and proceed to Incorporate
program elements 10 address long-term safeguards,

Some of the Issues that should be examined to
address safeguards concerns expressed here are
the following:

1. Domestic safeguards syslems should consoler,
among other things, the following diversion
scenanos: (a) removal of spent fuel elements
from consignment after they leave the storage
areas at reactor sites, (b) removal of fuel during
IIS stay at mondored re!nevable storage faclhlles
and consohdatlon facilities for spent fuels, (c)
removal of consolidated fuel elements from
Sforage or shipment or both, (d) removal of fuel
elements from Interim storage at repository
sites, (e) removal of fuel elements from an

2.

3.

4,

5.

6

operating repository, and (f) removal of spent
fuel from geologic repositories after the reposi.
tory is closed. In the case of domestic safe-
guards, possible diversion may occur as a result
of insider actions or collusion between insiders
and outsiders or both and possibly by actions of
outsiders alone.

International safeguards systems designs
should consider (a) that a State might a!tempt to
divert spent fuels; (b) that a Slate may not
declare all the quantities of spent fuels or not
de~,are all the facilities involved in spent fuel
management; and (c) that secret agreements
between States may result m ciiverson of spent
fuels for clandestine use.

Because the IAEA has yet to offer guidelines to
the States on the safeguards requirements of
geologic disposal facilities for spent fuels, dis-
cussions with IAEA should be initiated to formu-
late long-term safeguards measures for under-
ground disposal of spent nuclear fuels. The
bxistlng guidehnes for safeguarding SNM in the
rfist of the fuel cycle ha~e to be modified, rec-
ognizing the umque requirements of spent fuels
placed in geologlc repositories, Participation In
international discussions to develop a con-
sensus and a strategy to address issues of long-
term safeguards for geologic disposal of spent
fuels IS a necessary near term undeflaklng.

The NPT will expire in 1995 unless It is renewed
on a timely basis. Now is an opportune time to
examine possble safeguards regimes assum-
ing (i) that the NPT will be extended for an inrfef -
inlte period, and (ii) that the NPT rray be termi-
nated some time in the future,

Consolidation of fuel rods destroys the :ntegrity
of the assemblies as an accountable item.
Therefore, It becomes necessary to reestimated
the fissile content of the consolidated packages
through nondestruchve assay !echmques or by
other methods. If consolidation is unavoidable,
the actiwties of volume reduc!lon and container-
ization of spent fuels should be limlt6d to a few
locations to address verification Issues of inter-
national safeguards. It may be possible to car~
out all volume reduction and contwnenzatlon of
spent fuels at centralized MRS faclhtles and
transport all spent fuel to Ihe repository as
sealed Items after proper accounting at the
MRS.

If no major changes In the preserlt system of
International safeguards occur, It would be nec-
essary for International Inspectors to malrlaln
contiiluous presence at the geologlc repository
during all transfers Into and out of fhe repository,
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7,

8.

9.

10.

When the time comes to permanently close the
repository, it may be necessary to seal all
entrances to it in a predetermined manner m the
presence of international inspectors and estab-
lish appropriate containment/surveillance meas-
ures to assure safeguards,

To reduce the need for periodic IAEA inspec-
tion, it would be desirable to develop and install
a remole monitoring system to detect any min-
ing actiwties or intrusion in the wcimty of the
geologic repository after the repository is
sealed.

Although it is importan’ to assure safeguards to
the international community, now is the time to
consider alternatives that wculd reduce the cost
of safeguards measures for geologic reposi-
tories containing large quantities of plutonium
and other fissile materials.

Although th~ present U.S. direction is to de-
velop a geologic repository for the safe disposal
of spent nuclear fuels, it is prudent to consider
the safeguards requirements of alternative
strategies should the nation change this stance
in the future, Just as alternative strategies for
long-term spent fuel management are numer-
ous, so are the safeguards requirements for
each of thoso strategies.

Accomplishing these safeguards objectives is
not an easy task, especially under the present condi-
tions in the U.S. where a variety of options are being
considered for interilm management of spent fuels
and numerous options are being explored for fuel
consohdatlon, packaging, storage, and disposal, For
the spent fuel management program In the U. S,, a
comprehensive safeguards policy Specifying StageS
of spent fuel management activities and safeguards
requirements at each stage are essential to avoid an
overwhelming problem for safeguards at some later
time,
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