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me purpose of t>ls paper 1s to stlultito
dlncussions 00 the subject of simfeguardlng large

quantities of plutcfr:rm ccntalnad in spent fuels

to be dimposad of in jaolqlc repoeltorien. All

kho spent fwl diapos~l scenarloe •r~ined her.

puaa a variory of mafqua:ds problem, ~ of

which are adequately ●ddrommed by the lntorna-
tlonal safeguards c~ lty. The ●pant fuolm fra

atco-thlaqh fuel cyclen in Underground raposi-

rorlam -Id bec~ an lrtcroatlngly ●ttractlvo

target fo~ dlvaraion becau9a of tholr plutonl-
cmtent and decrmamlnq radloactlvlty. Current

design of the first geologic :.poaltory in tho

U.S. will have the capacity to ●cc~at. uastos
●qulvalant trr 70 000 -t of uraniut fr- c~rci41

and defense fuel cycles. Of thl-, ●pproELmataly

62 000 MC uranius equivalent will be c~rcial
Ipont iuel, conralning ovar 500 Hr of plutcmltm.

Interltatlonal safeguards cmltments may reqtr’rm
UB to ●ddress the rrafequardm lmmwm of dlsprminq

of much Iarqo quarrtitlms of plut~miuza in ● 3a-

!Ogic ropomicory, tiic> has tha ~tential to

bac~ ● plutonl(= ❑in. in :fic Luturo. This pa-r

hlqhllqhts ■over~h lemuas that should h addr~ssed

in thm rroar t,.rm by I! ‘;. lndumtriee and the MN

bafor. geologic reposltoriafi for spent frmlm h-

c- ● raallty.

In the internatlcmal arena a broad spectrum
of pcrnnlble national, multinational, and interna-

tional arrange-ants for spent fuel management haf

baen diacusned. 1-3 Thu international safeguards
●s~cts of ttrarne facilities range frcn benign

lnternationol oversight of national facilltle5 to

arrangements for bilateral ●nd regional coopera-

tion, ●nd ● ven to the craatlm of ●ntirely new

lnternatiomal lnmtltutlonal machanlama.~~z Sa-

cawo of tho lntroductiom of breeder reactorm in
s- Statan and the lndaclslon regarding raprK-

esslnq, spent fual Mnagemant wan not one of the

●cute problem of tha Intarr\aticmal Atcm!c Ilnergy
Agency (IhW), ●nd tha cwtceptrn for safeguarding

s~nt fuels placed in gmloglc repoaltorlen have

ecr far only received ●cademic ●ttentlcm. At tha

s- the, r-actor facllitlam ● ra rrxmlng out of

lnt~rlm storage mpace. ●nd thin mltuatlcm ham
croatod sorloua problems &t 9evQral facllltlau,

lncludlnq a larga n-r of roactorrr in the U.S.

ficrsforc, tho focus ham shlftad frcaa long term

dis~mal Lo Short-tmrm managaoent or spent fuels

●nd [elated safsquardm lmsuarn.4-12 -g varl
ous storage -OS propomod ●nd studlcd, -t stor

age in pwis,~,4.7 ●nd dry surface ❑toraqe in alr

crxlad t:askc5,7 ●nd vaults2 havo bat- rh~ most
accoptad lmthodm. Also, norm of tho ●afeguards

studlomn-12 ●rnaociatad with tha zpart fuel pro

qra havb - far ●rldrossad tha Immuos of long
term ~loqlc d“npural of mpont fwlm. At tha

time of l:ho Irrtarnatl_@! Fuel wcle =#aluatlem

●tudiam (19-)7 00), tho c-cf,pt of pcrman-nt din

poaal (if apant fwl had nd bawt ●elwtd by any

of the mwbar ?ltares of tho IACA.2

(1) Ilwtepdrlltanl q.(~ I nq 1r- r-pon!r(>[ l-n wl!hlr) a

!TlaI@ -I, ltl@lvaiy for dlmponlnu (,f -palll



Sweden are presently embarked on such a pro-

gram for the disposal of spent fuel in igne-
ous rocks or other suitable geologic forma-
t ions.

(2) Geologic repository within a state for the
disposal of spent fuel Fran 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-

sible participation by other Ruratm ~rs,

(3) C~rclai venture by .s State to operate ●

geologic repository for permanent dispxsal

of spent flels fra other Statom. the Peo-

ples Republic of China offered such a ser-

vice, and sate of the European natlmn did
●xpress an interest in such a venture.

These spent Fusi disposml 5cenarloe pose a
variety of safeguards problem, none of ~lch ● ra

adequately addressed by the international safe-

guards c-unity. Recently, Bultler, ●t JI.15.

and stein, et al.lb frcm vast W!rmny, and R. M.

%ith and D. U. Jtrng17 frc- Canada braqht forth
several new ideas for tho IAttA to consider in de-

veloping safeguards approaches to q~loqlc ra~i–

tories. The geologlc uamte reporilory proqr- in
the U.S. is ulng foruard without adequate dis-

cussion of the lwtg-tarm safeguards issues ral@-
van t to much repo~itorles. The purposw of this

paper in to ntimulata thinking and discusshme cm
the subjact of safeguarding large qumrtitl.a of

plutonl- contained in spent fwla to be dlapsed

of in geolqic rap99itorlas.

In the lnt?rnational safeguards ● rana, eov-
ereiqn Statas ● ra considarod ~tcntiai divmrters

of nuclear matorlals. According to pr.ment gulde-

line~ for intornatlcmal ■afeguardm, systx do-

-~qned for aafequardinq special n~loar meterlala
,s~) should be ●blo to ●ccount for tho praaence

of much metorials, ●nd much ●cctxntlr~q mu-t km

lndcpmdently vei’l?lable by ●n ●gent of the IALA.

Several l~rtent lsmres of Ionq-tarm ●afequardm

● asurancc fur spent fuel disposal ● rm riot d-
drcaaod in tho IMA’a guidallnes for intorne?, irxral

eaf~quards. 10, 19 -vor, l~roved dwslrabillty
of spant fwls aa ● ●urce of plut~l~ is w1l
krrcum. ●nd tha fata of ●pent fwlm -Id b ● K-
Min@d in tha ccmtaxt of (1) ● Icmq-tarm ●Itenmlon

oi rhe rror-prollfaratlrm traaty (~) beyrnd 1993
and (11) rho poomlhla termination of tho NPT ■-

time In tho future.

IASA ●afaquardm ● r- ●ppllad to u.3. facil

lti@9 ~n r-npumma to an crffcr meda tIV Prmaldcnt
.Johrrmon in 1967 am ●n Induc-mr: to countries.

and fuel fabrication facilities, and almost all

research reactors, critical assemblies, and test
reaCtOrS in the U.S. However, because of the lbr-
iced resources of the IAEA, presently only a few
facilities in the U.S. are chosen for IAEA safe

yuarr!s at any one time. and this list of facil-

ities 1s changed periodically by the IAEA in con-

sultation with the u.S. In applying safeguards

at U.S. nuclear facilities, the [Au employs the

s= sch- as if the facilities were located in
non-nuclear weapons States.

111. sAFmArMDE Am Us. SPm m DISPOSALPnQ-
URM

Frequently t ha torts “safeguards” is used
9ylWtl~S1y with “security of nuclear nraterials. -

Houever , nuclear material safeguards 1s an inte-
grated system of physical security and carefuily

denlgned ●dmlnlatratlve weasurem. The artmlnlstra-
tive measures should necessarily include systems

for dctactlcrn, ●ccountability, and materials ccKl-

trol daslqned to dater. detect , and respond to

unaccountable losses ●s wil ● s unauthorized pos-

sostrim or ■irruna of nuclear matariais.

Current design of the first guoloqic reposi-
tory in tha U.S. (doslqned ●xclusiv-’y for thm

dlmpoeal of nuclmar wamtes fra U.S. fuel cyclan)
will have tha capacity to ●cc~ate Uamt-s
equiva~ant to 70 000 Mt of uranlrm frcm c~r-

cial ad defonma fwl cycles.22 Of this, nearly
62 000 Mt urani~ equlvaiant wlil be cmkrcial

spent fwl, curtaining ●pprox:mtoly 500 Ut of
plutonlrn. International ■afequardn cmittints

require tho U.S, to addrcsm naf~guards lENWS of
diapoeing of such large qwntitics of plutcmltm

in geologic raposltories, uhich have the potential

to becm plutomltm ●ines in the future.

no Nuclear Waate Policy Act of 1982.23 ind

:he Nuclaar Wante P.iicy ACC ~n~nts of 190724
● ra tho Congr.malorral etendatarn foi ●ll progr-

ln the U.S. for tho dinpoerl of upent nu~lsar
fualfl ●d hl~-level wacl-n. Malther of the.ea

Iegislatlona hav~ ●ddrmssod tho iBmuou of lonq-
term intarnatlalal safequardm for fipcnt fuel! in

geologic rcpoaitoricfr. ~vmr, prkor cmltrmentm

by tho U.E.20921 to open all nuclaar facili:itrs.
rt~clwdlng only t-~ with dlr?ct ~ational ●ocurlty

riqnificmce. for IAEA aaf?qu 8 ,-lid require

trra g-lrqic 9penr. fuvl r~p~ll !n thw U.S. to

be off-red for IAEA maf~~!?ids

Tha u~or ●leoentn of fha [1.s. proqr~ for
the qeoloqlc dimposal of rarfiowtlvo wmtam that
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Fig, 1. najor .Imnts of th. U.S. pro-
grrn for tha gaolcqlc dlspsal
of radioactive wantom.

include various options for packag! B ●nd trans -
~rting tho spant fuals fra raactorm to tho geo-

logic repository. Almomt ●ll tho ●ctlvltlas lod -

ing to tho final dlnposal of sportt fulm do ●ffect
t ha long- tarm safeguards WOl~ for tho spent

fwlm. Pr~r ●ccounting of flnmimtrl. matnrlalm

in varlouo catmgorias of ●pent fual-dmrlv- -mtt

for-, such ●m in-tact mpant fuel 6-0-110s,
can!mtorwl s~nt fwl ●nstillos, crxraolidatol
rcda, and non fwl baarinq m.storialm, 1s required

by tlw U.S. MIoar Regulatory ~lmmlcut to sat-
lnfy ttla noads of *atlc mafo~rds, Prmmont
❑afoyuards r~uir-nts by tho [AM muld addl
tlcma I1y raqulra t% statom to nav. contalrnnt

●nd survslllanc~ ●nd to ●lla p~rlodlc v@rlflca -

tirm of tho derlared SW values by dlroct rnasura
nntn or by item ●c-rrurtting. n. M- fOr ilId@-

pandcnt vorlficmtlon cmpablllty ~oa addltirmal
r~ulr-rrtm; thin. requirmrttm will ua crmsld

●rably Mr. dmtallad ●nd intrumlwa If rd conaoll

dalh.mt is practiced. Figuro 1 ldantlflam ● ●ini

M of Sim ksy -m*uramnt poirttn r#mra ?hs -
r-at.rtt of sp+nt fwln or ¤~nt fuel dmrlved ~mto
folm Ilavo to be acrm.untmd for ●ith~r throuqh
d!rqc .gragui~nt or by itm ~-ttitlrrq utwn prior
m-*nur Zrttm ● ra uaablo. KMPC tdlrrq un tha n-r

of volume reduction locations and monlcored re-
trievable storage (~s) facilities, the veri Eica -
tlon points for the entire waste management system
can gr~ to a very large nwnber.

Orte of the issues that 1s ccamplicating safe-
guards implementation for sFent fuels at ccmtter -
clal nuclear reactors in the U.S. is fuel pin
consolldaticm. According to an Independent study
by the Itlectric power Research Institute,10 “a
substantial burden will ba Imposed on the utility

if a requirement for independent verlflcatlon of
container contents (after rod consolidatlcn) 1s

Eorthcc-ing, am ●ight be anticipated if th~ fxll-
lty 1s salacted for IAltk safeguards. ” A detailed

site-specific study (for the Yucca ~urrtaln Site
repaltory) of the effects of fuel pln consolida-

tim cm g-logic disposal of spent fuels has dem-

onstrated the undesirability of consolidation.25
tivor, ● n-r of nuclear -r plants in the

U.S. are c+lled to resort to ccwtsolidation snd

storaga bacauso of the Ihltatlorts of existing

sp.nt fuel storage facllitlos and tha lack of

alterrratives. llwmm ●fforts to consolidate and
store spent fualm make the safeguards i~lementa–
tion efforts ●ll rho mre CQIQX and expansive.

rnarefore, it unAld sea prudent ●t this tlms to
ccmsidor lncorpormtlllq prog~- ●lements in the

‘).Y. spent fwl dispoa.al progr- to address the
lSUWS of Iong-tern safeguards for npwit fuels

~lac~ in gooloyic re~itorles.

v. D6xRaBiA --- CIrma

since the lntornatlonal c~ l:y 1s gener-
●lly calvincad of the valuo of safeguard for

fiamilo matorlols, lt. 1s ~rtant that ●ll on-
~inq proqrrn for tha dlmpoaal of spent fuels

Rtart diacunmiam ●bout tho need to nave interna-
tional safeguards for tha geologic re~sitories

containing large quantitlem of plutu’il- ●nd other

fimmlle ●lawntrl It ie wI] rocognlzd that the
prollferatlal rcmlsterrce of m~nt fualm decretses
with stora~ t- according to tho total burnup

●nd dac~y tlmn. The IARA ■tild provide quldance
to Statom ● s to the requlrmntm of safoguatda

for ti~rqround fllm~al nlten. while tho IAKA

h tlm rent of tha Irtternatlmal c~ ity in
dcwlopinq ● ccmtnonsum, the on-~lng proqruss for

spent fwl dls~l ahwld recognize chat spent

fualm will bee- ● doslrabla mrca of plutcvsl-

ln tho futuro ●nd prcmxed to incorrwat~ pr~r~
•l~ntm to ●ddrmmm iong-toro safcguardn 10I
nuclear matarlaln to be placed in thase qeolnql[’

re~ltrxles. Connlilmrlng tho currant elmnts
of ttto U.S. waate managa9artt prcqr=, s- of t;l@

uamur.s thrrt ehould be initiated to ●ddramn mare
uards ~orrrm ●~premmad here ● ra the Collrwlng.

Because th. lALA ham yat to offnr guidmllnas
to the States on tha ciafeguardm raqulromnts

of gwloqlc rliapoxal faciIitian f.)r Ypeflt

fuels. discummlorm wltli lho IAEA should b-

initiatw to for-lato Icvq tarm mafaqilardn



meas~res for underground disposal of spent
nuclear fuels. The existing quidellnes for

safeguarding SNR 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 international

discussions to develop a consensus and a

strategy to address issues of long-term safe-

guards for geologic disposal of spent fuels

is a nece%sary near-term undertaking.

2. The Non-Proliferation Treaty (NPT) is due to
●xllil e in 1995 unlnas lt is reneued on d

timely basis. ~ 1s the oppxtune time to
●rmine posn~ble safeguards reghen asmming

(1) that the N’P7 will be extended for an in-
definite per!d, and (ii) that the NPT will
be cerm\nated ma time in the futttre.

3. Consolldatim of fuel rods destroys the lnieg-
rity of the amrsembllas as an accountable ltea.

Yhrrefore, lt becmm necessary to verify the
flsalle content of the c~solldated packages

thrwgh nrmdestructlve ●nsay techniques or by

other mathcxls. If consolidation 1s urtamld-

abl~, the ●ctivities of VOILDS raductlcm ●trd

COntainCrlZatiOt’I of spent fualm should be l!m-
lted to ● fw locations to ●ddress veriflca-

ticm Lsmuea of iniernaticma) safeguards. It
nay ba poasiblo to carry out ●ll WIU raduc-

tlon ●ti cmtain.rlzatlrm of spent fuels at

centralized ~S Cacilltlas and trarmport ●il

spent fuel to tha raposltory ●s soalad ltama
aftel proper ●ccounting ●t tho ~.

4. If no malor chanqam in th. present ●vmta of

5

6

J

!ntarnatl%al sa~aquards oc&r, it &ruld be
n.cesm~ry to rtiintaln praswtcc of interna-
tlcmal inspectors ●t the geol~ic repository

durlnq all t(ansf-rs into and wt of r@pal-

tory. Alternatlvcrr to thlrn raquir~nt mlmtJId

be examlm?d to ■lnLmlze tha burden om hth

IASA ●nd the Stat@s.

fian the tlma cms to close the rmpmitory
~rmanontly, lt may be nocommary to seal ●ll

entrances to tha repomltory in ● predar.armirrad
manrmr in ttw prcrjence of lnt.rnatlwtal in.

mpmctorr and ●st#,bllah ●pproprlata comtain

marrt/murvwlllanco rnamures to ● nnure s.etQl-

quar48 .

iu pr-v~rrt tha rmoa for p~rlodlc IASA inm~=-
! iw-1. it wrn.rld ba daslrablo to dovmlq and

install a r~tm mnltorlnq mystam to d~twct

any rnlntnq M(:tivlriem Or intruslm in ?he

vicln!ty of ttm .qmloyic rmpomltory ●ft-r th~

r~posltory 1s saalad.

Macauuo it 1s i~rtant for tho US. to ●msura
nafaquards to tha lntcrnatiomrnl c~nlt V.

w 1P tha tha to cmlnidsr alt.rnativos that

would redura tha cost of saf~quards ~amuros

for qcolcqic ra~mltorles { rrntminlnq larqa
qualll ! r la,r of plut.. llm ●nrt r)ttrnr f!mai!c

sar.rlalm.
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