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AASTRACT

The purpose of this paper Is to stimulate
discussions on the subject of safeguarding large
quantities of plutonium ccntailned in spent fuels
to be disposed of In jeologlic repositories. All
the spent fuel disposel scenarios examined here
pose a variety of mafegua:1s problems, none of
whiich are adequately addressed by tihe Interna-
tional safequards comsunity. The spent fuels from
cnce-thiough fuel cycles in underqiound reposi-
tories would become in Increasingly attractive
target for diversion because of their plutonlium
content and decreasing radicactivity. Current
desion of the first geologlc repository 1in the
U.8. will have the capacity to accommodate wastes
equivalant to 70 000 Mt of uranium from commurcial
and defense fuel cycles. Of thi~, spproximately
62 000 Mt uranium equivalent will be cosmercial
lpent iuel, containing over 500 Mt of plutonium.
International =afequards commitments may requ’ra
us to address vhe safeguards issues of disposing
of such large quantities of plutenive in e jeo-
loqic repository, wvhich has the potential to
become a plutonium mine In linc future. Thls paper
highlights several lesues that should be addressed
in the near tvim by U ‘. industries and the DOS
before geologic repositories for spent fuels be-
come a reslity.

I. INTRODUC T10M

The back end of the nuclear fuel cycle offers
numerous challennes to long-tesm sanagement of a
variety of waste forms., The last tvo decades naw
an increased awareness ol the provlems of nuclear
fuel cyrlv wartes as well - syatematic efforts
to develop strategies for the long term storage/
dispceal of almont all forms of radicective
wastes. AmONg thess strategies, 'he one involving
the direct disponsal of spent nuclear fuels puses
one of the most difficult safequards problems.
Although  spent fuels continue to he exr ~waly
radioac*ive [or aany years oftec they are ‘is
rharged ftom r(eacrors, the radiocactiivity lerel
decressen conmniderably after severial decades. end
plutonium extraction from much aqeé fuel becomen
relatively lens hazardous. This characte;irtic
of the spent fuelm makes it a uniyue mafaquards
problem
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In the international arena a broad spectrum
of posaible national, multinational, and interna-
tional arrangements for spent fuel management ha:.
been discussed.l”3 Tthy international safequards
aspects of these facllities range from benign
international oversight of national facilitles to
arrangements for bllateral and regional coopera-
tion, and even to the creation of entirely new
international institutional mechanisms.l 2  Be-
ceuse of the introduction of breeder reactors in
some States and the indeclision regarding reproc-
essing, spent fuel management was not one of the
acute problems of the International Atom!~s Enerqy
Agency (IARA), and the concepts for safeguarding
spent fue!s placed in geolougic repositories have
so far only received acsdemic attention. At the
seme time. reactor Cacilities are running out of
interim sforage space., and this ultuation has
created serious problems &t several facilitles,
including a large number of reactors in the U.S.
Therefore, the focus hes shifted fros long term
disposal Lo short-term managesent ol spent fuels
and related safeguards issues. 412 pmong varl
ous storage modes proposed and studied, wet stor
age in pooll.]"-7 and dry surface storege in alr
coolad caskz?:7 and vaults? have became the most
accepted wmethods. iAlso, nuone of the safequards
studies® 12 agmociated with the spent fuel pro
grams have so far addremsed the issues of long
term geclngic d'sporal of spent (uels. At the
time of (he International Puel Cycle %valuatlon
studies (i977-80), the concrpt of permanent dina
posal of apent fuel had no!. been selected by any
of the menber Jtates of the TARA.Z

Recognizing the diff.iculty of arciving at an
internaticonal consensus on long term spent fuel
sandgyemen!, sevaral Stetes, including the U 7 |
have ¢aarked Oon a varlety of domestic programs
tor the lung term management of high level wanten
and «pent nuclear fuelsn 13. 140 pregantly, in the

international ar~na., (hree ncenarlos for qgealoqgic

disgcosa)l of spei.. (urlis a:e under conslderatrion

Thay rre

(1) Indepandent qeoloylc reponlitories within a
Sicate  exclustiveily for dimposina ol apent
fusls and wantes ortqinaring from 1ta nu leag
“uel vyclen. The tinited ftates, Cansda. and



Sweden are presently embarked on such a pro-
gram for the dlsposal of spent fuel in igne-
ous rocks or other sultable geologic forma-
tions.

(2) Geologic repository within a state for the
disposal of spent fuel from a consortium of
States. The Federal Republic of Germany has
such a program for a salt repository for
nuclear wastes, including spent fuel for pos-
sihle participation by other BRuratom members.

(3) Commerclai venture by a State to operate a
geologic repository for permanent disposal
of spent fiels fram other States. The Peo-
ples Republic of China offered such a ser-
vice, and some of the BRuropean nations did
express an interest in such a venture.

These spent fusl disposal scenarlos pose a
variety of safequards problems, none of which are
adequately addressed by the 1international safe-
guards community. Recently, Buttler. et al.13,
and Stein, et al.l6 from wes: Guormany, and R. M.
Smith and D. W. Jungl? from canada brought forth
several new ideas for the IAERA to consider in de-
veloping safeguards approaches to geologic reposi-
tories. The ceologic waste reporitory prograa in
the U.5. 1s moving forward without adequate dis-
cussion of the long-term safeguards issues rale-
vant to such repositories. The purpose of this
paper 18 to atimulate thinking end discussions on
the subject of safeguarding large quantities of
plutonium contained in spent fuels to be disposed
of in geologic repositories.

II. INTERNATIOMAL SAFBJUARDS

In the international safequards arena, sov-
erelgn States are considered potential diverters
of nuciear materials. According to present gquids-
lines for {international safeguards, systems de-
~igned for safeguarding special nuclear materials
.SNI) should be able to account for the presence
of such materlals, and such accounting sust be
independently veiifiable by an agent of the IARA.
Several important issues of long-term safeguards
assurance for spent fuel disposal are not od-
dressed in the [AERA's quidelines for internafional
safequards.!8.19  yowever, improved desirabllity
of spent fuels as a source of plutonium is well
known. and the fate of spent fuels should be ex-
amined in the contaxt of (1) a long-term extension
of the non-proliferation treaty (NPT) beyond 199%
and (11) the ponsible termination of the NPT some
time in the future.

IABA safeguards are applied to U.3. facll
ities in resmponse to an offerc made by President
Johnmon In 1967 4e an inducemsn: to countrles.
especially Wwest Germany art apan., to al the
NPT.20  The U.5./IARA 3afequards Aqreementil was
andoined by the U.3. JGansate and entered Into
forre on December 9, 1980. Accordingly, there
ate nhearly 700 nuclear tacllitiea in the U.Y.
that have the potential to be undet IAEA nafe
quards. These Include all cosmercial reactors

and fuel fabrication facilities, and almost all
research reactors, critical assemblies, and test
reactors in the U.S. However, because of the lim-
fted resources of the IABA, presently only a few
facilities in the U.S. are chosen for IARA safe-
guards at any one time, and this list of facil-
ities 15 changed periodically by the IAEA In con-
sultation with the U.S. In applying safequards
at U.S. nuclear facilities, the IAKA employs the
same scheme as if the facilitles were located Iin
non-nuclear weapons States,

IiI. SAFEGUARDS AND U.S. SPENT FURL DPISPOSAL PRO-
GRAN

Frequently the term “safequards” s used
synonymously with "security of nuclear materials.”
However, nuclear material safequards is an {nte-
grated system of physical security and carefully
designed administrative measures. The administra-
tive measures should necessarlly include systems
for dctaction, accountability, and materials con-
trol designed to deter, detect, and respond to
unaccountable losses as well as unauthorized pos-
se¢ssion or misuse of nuclear materials.

Current design of the first gewologic reposi-
tory in the U.S. (designed exclusive'y for the
disposal of nuclear wastes from U.S. fuel cycles)
will have the capacity to accommodate wastes
equivalent to 70 000 Mt of uranium from commer-
clal and defense fuel cycles.?2 of thim, nearly
62 006 Mt uranium equivalent will be commarcial
spent fuel, containing approximately 500 Mt of
plutonium. International mafeguards cosmitment=
require the U.S, to address safequards issues of
disposing of such large quantities of plutonium
in geologic repositories, which have the potential
to become plutonium mines in the future.

The Nuclear vaste Policy Act of 1982.23 and
*he Nuclear Waste P.(icy Act Amandments of 199724
ara the Congressional wmandates for all progrums
in the U.S. for the dirposel of spent nudlear
fuelas and high-level wari-~s. Nelther of these
legislations have addressed the issues of long-
term international safequards for spent fueli in
geologic repositories. However, prior commitments
by the u.8.20.21 g open all nuclear facllities,
axcluding only thosa with direct national security
rignificance, for IAEA saf-~qu s woiid require
the geologic spent fuvl rapusit fn the U.S. to
be offered for IARA safequards

IV. SAFEGUARDS REQUINENTYTE OF BSFENT FURL DIS-
POSAL PROGRAN

The ajor elemanta of rthe U.S. program fot
the geologic dimposal of radicactive wasten that
are of relevance to long term nafequards are shown

in PFig.1. Tw major waste forms Hhigh level
wartets from repi- carcing and spent nuciesr ftuels
from commerclal reactors and varloas ectivities

involved in the trensfer of these waste forma to
the name ygeologlc reporitory are almo tdentified
in Flg. 1. Presment plans foc the apent fueis
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Fig. 1. Major elements of the U.S. pro-
gram for the geologlic disposal
of radicactive wastes.

include various options for packag) 9 and trans-
porting the spent fuels from reactors to the geo-
logic repository. Almost all the activities lead-
ing to the final disposal of spent fuels do affect
tha iong-term safequards goals for the s=spent
fuels. Proper accounting of fissionable matarials
in various categories of spent fuel-derived waste
forms. such as in-tact spent fuel assemblies,
canistersd spent fuel assesblies, consolidate)
rods, and non fuel bearing materials, is required
by the U.8. NucClear Regulatory Commission to sat-
infy the needs of domewtic safeguards. Present
safequards requirements by the [ARA would addi
tionally requlie the States to have contalnment
and surveillance and to allow perlodic verifice-
tion of the declered 3 values by direct measure-
wments or by item ac-ounting. The need for inde-
pendent verificarion capabliliity imposes additional
reJuiremwnts; these requireswents will ve consid-
erably mure detalled and intrusive if rod consoltl
dation 13 practiced. Fiqure | identifies a mini
mes of six hkey memsureent points where the SNW
content of spent fueln or spent fuel derived waste
foims have to be accounted for elther through
direct measuire==nt or by {tem counting when prior
mesfurements are usable. Dep« Kding on the number

of volume readuction locations and monitored re-
trlevable storage (MRS) Facilitles, the verifica-
tion points for the entire waste management system
can grow to a very large number.

One of the issues that is complicating safe-
quards implementation for spent fuels at commer-
clal nuclear reactors in the U.S. is fuel pin
consol idation. According to an independent study
by the Electric Power Research Institute, 10 “a
sybstantial burden will be imposed on the utility
if a requirement for independent verification of
contalner contents (after rod consolidaticn) 1is
forthcaming, as might be anticipated {f the facll-
ity is selected fcr IARR safeguards.” A detailed
site-specific study (for the Yucca Mountain Site
repository) of the effects of fuel pin conasolida-
tion on geologic disposal of spent fuels has dem-
onstrated the undesirability of consol idation.23
However, a numper of nuclear power plants in the
U.S. are compelled to resort to consolidation and
storage because of the limitations of existing
spent fuel storage facllities and the lack of
alternatives. These efforts to consolidate and
store spent fuelz make the safeguards implementa-
tion efforts all the more camplex and expensive.
Therefore, it would seem prudent at this time to
consider Incorporating prograsm elements 1n the
7.9. spent fuel disposal program to address the
issues of long-term safeguards for spent fusls
emplaced in geoloyic repositories.

V. DESIRABLE NEAR-TERM ACTIONS

Since the international communily is gener-
ally convinced of the value of safeguards for
figsile materials, it is 1important that all on-
going programs for the diasposal of spent fuols
rtart discussions about the need to nave interna-
tional safequards for the gsologic repositories
contalning large gquantities of plutonium and other
fissile eclements. It is wel]l recognized that the
proliferation resistance of spent fuels decreases
with storage time according to the total burnup
and decay timn. The IARA should provide guldance
to States as to the requirements of safeguatds
for underground Aimposal sites. while the IAEA
and the rest of the internsetlonal comsunity 1ins
developing a consensus, the on-golng programs for
spent (uel disposal should recognize that spent
fuels will become a desirable source of plutonium
in the future and proceed to incorporate program
elements to addrems long-term safeguards for
nuclear materials to be placed in thesme geologic
repoaitories. Considering the current elements
of the U.3. waste management proqram, some of tne
measures that should be initiated to addressn safe
quards concerns expressed here are the following.

1. Because the IAEA has yet to offer gquldelines
to the States on the safeguards requirements
of gqeologlic disposal facllitien for spent
fuels. discuselons with the IAERA should be
initiateu to formulate long term nafequards



measures for underground disposal of apent
nuclear fuels. The existing gquidelines for
safequarding SNM in the rest of the fuel cycle
may have to be modified recognizing the ur.ique
requirements of spent fuels placed in geologlc
repositories. Participation in 1international
discusslons to develop a consensus and a
sirategy to address lssues of long-term safe-
quards for geologic disposal of spent fuels
is a necessary near-term undertaking.

The Non-Proliferation Treaty (NPT) is due to
expire in 1995 unless it is renewed on a
timely basis. Now is the opportune time to
examine posas.,ble safequards regimes assuming
(1) that the WPT will be extended for ar in-
definite perlod, and (i) that the NPT wil]
be terminated some time in the future,

Consol idation of fuel rods destroys the inieg-
rity of the aszemblies as an accountable item.
Thrrefore, it becomes necessary to verify the
fisalle content of the consolidated packages
through nondestructive assay :echniques or by
othsr methods. If consolidation is unavoid-
able, the activities of volume reduction ad
containerization of spent fuels should be 1l'm-
ited to a few locations to address verifica-
tion issues of inlernationa!) safeguards. It
may be possible to carry out all volume reduc-
tion and containerization of spent fuels at
centralized MRS facilities and transport ail
spent fuel to the repository as sealed itenms
after proper accounting at the MRS.

If no major changes in the present systes of
international safequards occur, {t would be
necessary to wruintain presence of interna-
tional lInspectors at the geolugic repository
during all tcansferx into and out of reposi-
tory. Alternativen to this requirement should
be examinnd to minimize the burden on both
IABA and the States.

vhen the time comes to ciose the repository
permanently, it may be necessary to seal all
entrances to the repository In a predetarmained
manner in they prerence of Iinternational in-
spectorr and estsblish appropriate contain-
went/survelllance measures to ensure asle-
quaris.

Tu prevent the reey for perjodic TAEBA inaspac-
tion. 1t would be desirable to develor end
install a remo.e monitoring system to detect
any mining sctivities or intrusion in ‘“he
vicinity of the gJeologic repository after the
repository is sealed.

Becauue it is important for the U.8. to assure
nafeguards to the internationsl comsunity.
now lp the time to conmidsc alternatives that
would reduce the cost of safequards measures
for geolcgic repomltories <onteaining large
quantities of plutcilum and other flasile
naterliale.
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