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Ammacr

An ●swmntial stop in the davdopmant of
inbrnaticnal eafaguards tachnologiam is the
d-onstration that safaguardo ●lmwts ●r~ cost
●ffoetive and oporationall y ●ucaptablo in
●ctual nuclomr facilitlam 8 and that ufaguardm
data oan km vorifiod in*pn&ntly by ths
Aganuy. N-r-r@al-tim ●ccounting is baing
pumuod ●m a rnthod for improving tha ti=li -
nou and divoraicm detection ●onmitivity of
eonvmticnml ●wountlnq prouodurea. Acaopt -
ability of naar-real-tima ●aaountinq for int9r-
r~tional nafaguards dopmds on I

● Davelopmant of maamwomant tochniqucn (pre-
oass uontrol, lUM, laboratory) thinkprovida
tho roquirod ●anmiktvity and tirniinmmm.
Tha rmasur~nts mmt ●ddraaa tranmfarm
thrmyh tha Mtarials balanoa area (MDA)
mnflmtarisl in pronosm. Tlm latt-r oft-n
can limit 3otaction ●onmitivity fw short-
@r= divvmion.

e Prapr aonmIdmration of masurant aontrol
proqrama ● Tha callhratla proooduroa and
froqwneias mra important in wntrolling
uorr.latad maasurmnt .rrors, and signifi-
cant imprwmntm in dutmction mmfiitivity
oan ba roalisod thraqh ohmngos in tha
mamrent ucmtrol program.

.-
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● Mvalopmant of ●tati@tic611 tachnlquou to
evaludta. maaaur-nt data. TIM sta+.iatical
●ValU41ti= pZOCd’Ur9S should to,t ● S~C-
tr~ of diversion soanarlos (abrupt or pro-
tractd) and should ba ●daptad to th
●pacif!ic prmsss and unkrmtned by aafa-
guarda paraonnol.

● -natration that the rntariuln ●cammting
r~wlts can lx verified intipandatly by
ths Aganq v In&~n&nt vmrifiaation
ahauld addrass pomsibla dlvoraion thrcwgh
data falsification and divor~ion hlddan in

maamxrament unaartalnti9s.

● ~nmtrmtion of tha aafoguarda syst*m
\rn&r o-rational plant aaditiona. -om-

●tration of tha ●ffactivanaas mhmld
●dUrmss procass oparaar raquirannts with
raspact to improv~nts in proaamm control
and minimal intrusion an protons opara-
tiona ●

Each of thama ●rms is oonsidarad in tho ba Alamoe
~vdopwant program for near-raal-tima aaoounting
and im d.iacummmdin the pa-r.

1. D~MENT OF MW~~ P~ECKIRES
Moat faaility, IYtatm, and international aafquarda =ta -

r ials ●aaomting systam provida raquira9ants for moasurw ant

of ●ll macioar =toflaAs tramfars into and at of an ~~.
Par uorwantional wtarialu fiaaountinq them tranafm mamu.r9-
mnts ●rm ●u~ntad by par~od.ic invatory aaaour-nt-, Mdu
aithmr diraatly or by alaming out diffiault-to-namu.rm pro-
ODaS oqui~nt ●O that battar mamu mntm uam b parfomd,
Thoaa ahutdom, ulaanaut invantorias ganarally ●. parformd
●t intamda kmtw.n mm vnd tvalva mtha lonq. TM funds”
marital diffaranoa batwaan aonvantional and mar-real’ti~
●oaounting im that in tho Lattar in-pmoass ntarial Am
rna’mrd mrr fraquaitly and withuut aqui~t alemout.
‘1’h.-,tiulinem in uloaur- of m?ariala Imhnom, an4 htmoa
sensitivity to *ort-taru dowatia of matarhh loss? 4s
improvod.

Tranmfor-mamixmnt raqulr~nts for naar--l-tin
●aaountlng aro ●s-antiall v th - aa for aoawamiam

aaaountin q, with tho psiblo afdon that H uasura-

-ts, ● .g., bawhd waatoa F my roquka mm. fr~t n-
aurmt. Produot trmafar wmummnta for MA mrmtiomal
and naw-raal-tin ●aomting g9narally am WAmd by tho
mot ●oourata and prwho amdytiod mthcda ●va$labh ~
usually in analytical labra-iaa with .kA had ~ysta.
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Tho najor praotiaal differanoa batwm convatlonal ●nd
near”zul.-ti9 ●ooounting is th r~rmnt - rnasuro tha
in-~ooaaa invmtory, of tan ~ilo tho procoaa uatinuos to
o~rata. ~uo -asuruntn & not havo to ba of the mama
quality am tranmfar -amur~tm, and My ba pOrfomad using
pr-ss-oontrol or ~A ins~ntation. ‘lnvamtorietiin tanka
oan be obtainod if tho tanks ma inatrmmtod with procssm
lmval and &nnity probas. Thus wasurannts can b9 updated
with ~ro rofinad laboratory maasuramanto u thy boc-
Waihbla ● -r ooaplex aqui~nt such ●a solvant-attraction
umtaetors p pradiotiwo -dols using proeoas msamramants oan
pravido atiquata ●stlmata@ of in-procasa invantor:” [1]. Hold-
up in prooosa oqui~t such ●s proaipitators and filters can
h rnasuraf uainq rnA tmchniquaa or My ba utim8tad using
Prodidva Mdmlm [2].

2. NEAS~ _~L
Co-in guiding princdploo @vorn ●ffoctivo -tariala

aatrol and accounting in any nuol-r ~toriala promm. tach
rnasur-nt is tiportant for ita iupaut on tho sensitivity of
1089 dotactia. Tho dosird quality of each ~amurmnt
ahald b judqad by ●ymtamtiadl.y analysing tho anticipated
●f f ●uts on matarLals-aeuountinq =anaitivity.

In >Igh-thraqhput prooaosoa ~ tha ralativo ●ccuracy
batwom foad and product msasuraaata lid.ts tho long-tarn
&toution oarmitivlty of bth oonvantional and nssr-r~l-timm
rntarials ●oommtinq [3,4] . Conmquos.tl y, ● ●iqnificant
●ffofi ahald ba diroutod ●t ountrollfng lonq-twm rolativa
biases botwaan food and pre3uut maarurmonts. Thaormtically,
the lidtinq fautor ia tho Unoaruinty in the rclatlve bias
batwaon ths physlaml ntandards uaad for th.a~j maasurwnta,
whiah -y ba ~ 0.10. Ta ●pproaoh this limit, Muraos of
?mg-tmm maaaurnant bias oth.r th m ●tandards mat b con-
trolled by saraful &mign of tha sampling, Buamurmnt, and
aalitratia hardwaro and proaduros 15-9] . Fad and product
●ooountability VUPO1- msst k -miqnad for ●acurata oalibra -
tia and should ba ●~oasmiblo for oalilwation uhwks and
patiodiu rooalibrations. TM hst mva.ilabla aampllnq ●r 2
9SMMY uthnds ●ust h usod~ and analysts -t ba oarofully
trained An tho US8 of oali~ation and analysi8 proodw’u.

Fbr n-r -real-tl- rnmrials ●amounting, tha ~rouimion
of tha in-prooosm Inv-wry ~mur~nts and tha variability
of my mManur4 hol&p uo tho limitinq un~rtaintioo in
Aort-tarm *tootion [4] ● mm mjority of th, inwntory
dwuld ba in tanka ●nd V088018 that ●ro inatr~ntod for on-
Mna -sur.nts, Th-a -anurrnnto naed not ba of hiqh
quality, prmaishu of 1 ta St qonarally bainq ●daquatam Ha-
●vor, ●vm with vary praimo masurents, lar~ bff.r-stor-
•~ tanks for intamdia- pro&Iuts oan introduoa lmq@ abm-
lutm ●rrors thst aorious? y ~qrada tho short-tarm dstootlon

WUitivlty. ~ tho othar hand, rolativaly minor holdup- and
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sidaetreama will have little effect a detection ●enaiti.vity,
and .atiute* based on historical data can M ueed until thaso
cmpomnta are meaaured, for example, durbg a @yeical
invantory.

If all rnjor in-process-invantorf and process-stream
caponants are -asured, timely wteriale balancae can be
drawn arcund tramferm betmen tanks and ●croaa vaasals. Such
!ulancas may not have the relative precisia and accuracy
usually associated with oonvantional accountability ~ but they
can be both ●naitiva and t~y in ●bsoluta terms.

proceon operating -don also ●ffmt Mterials-accounting
aeneitivity. Well-~f ined input and output batchae facilitate
●ccounting; if the pracmes ia ~ratid oontinuoumly, Mtch
dnf inition requires ccmltlnuoua str~ maaaur~ts. If there
are significant recyclm ●trmma, in-t -output correlation
will be of limited value.

3* STATISTICAL TBCZMIQUES TO EVALUATE MBAS~ DATA
l%. atatictical taete used to ●xantine wtorials ●ccount-

ing data must be spwially structured to met oparating and
esifmguards proeodural requirmts [10]. The taak aan b9 made——.
eaaiar by recognicinq that rntosials ●ccounting ●ctivities
occur in thr~ stagae I detaetim, ●smmmment, and ●tat~t.
The overall statistical prof?edurewet eatiafy, ●t laast, five
criteria:

● timeliness,

● flexibility with raepact to ti~ interval and 108E
p~tti7N,

● ●vailability m demand of thm materials ●ccounting
●tAtum. ●nd

● quantifiability of par fomn~.

Tlm Procedural requirenntm lietad ptavioualy ●ro ●trin-
gent and eeweraly oonetrain tho nhoioo of ●tatietiual taste
fer dateatim. Tasts having well-dafinod valuee of falae-
darm and Ataation prababilition arm ~rtioularly deairablo
beuuuse the dateotion ●=w is tho initiator of ●beoquent
●vwtr, auah as amomsmnt, that my havo ●ignifiaant oonso-

qumluu ● Howver, the athar orit,ria foroe mnel~atia of
prmdura that ●ro mmewhat mro ~lioate~ than thao
usually maomterod in tlm literakuro. cuxTmtly, preliminary
r~u?,ts gr~ -rk heed an meqmntial toetinq pxweduru ~in9
● ta9t thrdmld *rived fra *O law of tha itarated 1~-
rithm tire u.mraging [11] .

During tha aesosamnt ota~, aatimtion of tho div-wion
mum and tim patt8rn ●m of primry imwat. Cam =et-
Iy, loea emtim?arm play tii ~t roh , ma mwua 1-
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eatimtors axtending war all posmibla tAn intervals will
hava to be used W cover ●ll Ioes paktarne. Genarally, the
emtlrntion al~rithm cen be cerriod out ●quentially in tim,
u mterialn balances becom ●vailable ~ and th~ra are ●dvan-
ti~ * tiing so [12-17].

Tha statennt stage shmld calmlnate in a report of the
rnariala ●ocountiqj rafiults~ that im, ● katesmnt of the
rnterial maocounted for and its limit of uncertainty. fie
statennt can be made ●t specified pointo in tiraacovoring the
-xiaua ti- In-rval ~ or it can be mada following a *tection
and ●ssasrmt that a aignff icant loss haa occurred. one
~msibler rnthod is to report tho -at significant results in
the mxim4D tirm interval ● This technique is being invastl-
gatod ●t the pr-ont tirn.

4. IATA VERIFICATI~
Matarials ●ccounting for international safeguard depands

on th. Inapactor’a ability to vgrify the operator’8 Mtorials
●ocoun’dng reeults. Tho IWA verif Ication of tha oparator’s
nucl~r mterials ●ccounting syst- is based m ●xam.ination
of tha rntsrialm balanoe equation ‘.#ithrespect to:

● divarsion hiddan by waauxement Uncertaint.ien and
● divermion hiddan by falsification of o~rator’ ● data.

Diversjoru hlddmn by measurement unoerttiintiu ●ra POX-
sibla bocausa of tho statistical unceztminty of the rnterial
unaccomted for (MU?) calculatim. It ia bprtant Lhat mea-
suraant unartaintieu be reduced to Ckcraiam ths amount that
could be divartmd, but that tho ●atimatms of mawrement
Unar-intha be r-liatic to rnintain falme-alarm rates at

an ●aaptabls lovai.
Ccmmrnm with diveraiort hid~n by falmificaticm Df opara-

tm’s datm fall into threa umtogorles I

● understitommt of inputs,
● wmretatemat of outputs, and
● warstatrnnt of tho current invmtzmy.

~r consooutive ~AO, f alsifIcatlcnu aro oorrelat~d frcm
aa -A to tha ●ucceodlng ~A. Thus , an w9xstatemnt of out-

puts fra ona ~h will result ir~ en warmtat~t of inputs
to tha next ~A. KMtaction of divmroion in una BA dapands
a •~uacy of eaf~guards in adjemtit MDAa, and oorrolation
of verifiaation ●atlvitiam rnng ~Aa ibrimportant.

Verifiaatia teohniquam of individual meaeuremants, which
is mtimes ualled authentioatlon, &~nde m the ~tai~ a of
-ah mmaurenent, WIiuh is diotatad by tha particular type of
f ●aility and its loomtion b that feaility. l’ho folloulng
exeqlo is taken fra a study of intarna%ional aafquarde for
rqwweadnq plants [M] .
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lb rntter what kind of materials accounting is used, the
impactor mat vuify the operator’s accountabil Ity tank -a -
muremants ● lbr tlm qravimetric procedure, the original fuel
fahLcator’8 data nust be varif iad ao that they can be cor-
related with the uranium and plutoni~ concer~tration meaaura -
nnta in the accoun~bility tank. For tho volmtr ic proca -
dure, the plutonim and uranium cmcentration naaureme.ntm and
tho volm rnasur~nts, for ~le, tho operator’s liquid-
10VC1 and density meaauremntm, muet be varif led. The u.rani~
and plutonium concentration my be verified by proparatlon @f
rexin-bead aamplea that era mh.ittad to the oparakor or
transferred to the Agency laboratory for Msm-apactroMtrlc
●nalymia. The inepector my ●lm neasuro tha uraniml-to-
plutonium ratio by ● rapid rnthod ouch as x-ray fluorescence
spoctr~try or dntermine the plutonim cuicen%ratlon by a
simple ●pectrophotontric rnthod.

5. S~UARDS SYS~ D~TRATION
The effactivmess of any propsed safequarda ●ymtem can

be ●valuated thrmgk. c~ter modeling and simulation of pro-
coss operation and rnterialm rnasur~nts. Flouevar, thaee
modcle are ●ablectiva, and my not reflect ●ccurately ●ll
Procems and =aauroent variables and interface. lho oonfir-
mtim of ●ffactivanema cmen fr~ field d-w ‘ration end
o~ration. The International Working Crap on ~procossing
Plant Safeguard [191, in idontifying ●r(:aa of further ~rk,

he~ roc~ndedl
“Dam~mtration in operating plants, hginning with the

si.mplor Cmoapta of In-proaeea invantory meemrement and
#elactad flow nmnitoring proqre#ming to mre complete near-
raal-tima accountancy ●ymtaM# ●hould be continued h order
ti ●-moms the parformnoa and utility of naar-real-tirn
accountancy. “

??ear-r-’.-time aocf)tmting in bming applled or ~wmn -
●t-rated ●t eeveral facilities ●round the wrld. Loe Alamom
“n&m participated in field b=nmtration, m of near-rrnl-tim
●ccounting for nuclaar fuel raprocassinq at tha Allied-Genaral
Muclwr Sarvioem (AGt%3) f●cility at Barmen, Sath Camlinc.
Tboee ●xparimcntm consisted of eeven one~k operation of
the plutonium purification cycle ●t AGIW. Mperinnts were
omductad ueing ● m3dified flouaheet ta Proceso natural
uranium. Loa Almm P8rtiaipation in these ●xperiments
included:

a ~valo~n,t and &-nstrution of ●mtirntion teuh-

niquae for ccmtietor inventoried,

● ●valuation of ad’mnod data analymia and Ulvumion
detaatia toehniquee, and

● ds-ctration of n9ar-real-tim .aooountAng oomoapte
and prinoipl-.
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5.1 Ccmtacbr Invamtory Eat-tion
~o pulsed colms in the plutonium purification aaction

cmtain approximtaly lElkg of pluton.t- during no=aal ~ra-
tion ● If not rnasurad, this invantory ~m ths ~nant
fact-r in limiting short-tarm divarsion senmitivi~. Untir
tha s~aorahlp of ~ Al-s, tach~iqne for aatiwting the
invmtory in pulsed-colwm ccmtactors uoro davel~ [20].
&porimnntil verification of th-o elm at MWS using ura-
ni~ Indicatas that tho colm uthtoa an gad to 5 to 25s
for individual col?xmm and to tit 10? z!or the total column
invantory. Additional verification of tho plutoni~ invantory
aatirntion =thod tmlar raa12stic oprating condition 10
required.

5.2 Evaluation of Advancad Data Analymi@ and Divmrsion Datec-
tion Tochniquas
The Loa Alams-davalopnd computer codas stud-lad during

tha AGNS a~rimants Includad ● prograr callad -EL that
estimtas alum in-procama Invantory fra procoss ~aauro-
mants and flagm maaawamuit anmlimm8 mch aa plu~ad dip

tubes for vol~ and ~nsity rnasur~nt, and tha ~cision
●nalysis progr~ =CAHAL. MCANAL [13-15] calculates suffi-
cient ●tatimticm containing ●ll accounting Ini?omtion, Sets
dacisia threaholda, and Wats aquantial data for losacs.
The DECAIQAL output fnclu&ls varioua graphical displayn that
localiza 10SOU, zhw tha ammnt of 10SS, and Indicata the
slgnificana of tho 1O-S, Tarot●tatimticm incmrporatad in the
CO* includa the Shouhart chart, CUSUM, uniform diversion
taat, and sequential varianca ta8t=

5.3 Dmonstrationa of 190ar-Raal-Tima Accounting Concapts and
Principles
Accounting ●tratmgimm ●tudied by Iaa M-o included

&fining ●avaral unit process ●ccounting ●roaa within the
plutonim purification procoec and closing matarialm balancaa
hourly. Thoaa ●tratogios -r@ oaloctad to dammmtrata tho
a~lication of aequantlal data analymin tachniquan to ●r-s
*ara divoraion dmtocticm could ba lccalizod. T?M UPMZ
●~dimd includad:

● the full procams,
● @sad colmna,
● pulsd oohana and concmtrator,

● lBP aur~ tank, and
● any individual tank.

5.4 NIR8 ~nmtration ~ry
TM LIX Al- ●qrl.mmtm ●t A$2NS~natratod thctI

● nsar-r-l-ti- ●amounting oan dotoct and Iocalls-
divarmiona fr- V1OX bulk handling facilitlam wah
u raprooossing plants,
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● process-contrd-quality flw and concentration rna-

Ourements can b wed to ●mtimata Uranim concentra-
tion in pulsed columns to %16s,

● procema-control-quality meamur~tm can be used to
-asure uranium con~ntration in tanks under process
op9ratlng condition #

● the UPAh concept is helpful f%r btection and locali-
zation of lomsea,

● analysis and display mthods are a neceaaary compo-

nent of a near-raal-t- ●ccounting and process con-
trol eystam, and

● the design of a safequarde materialm accounting
myst~ &panda on the procass operntion and existing
prmoss and nuclear rntarials accounting ~asure-
ments.

6. stmlARY AND Cmafusxow
Naar-rea 1 -time ●ccounting in being considered for

facility, 8tati, and IAEA aafoquarda •ymt~ in future, hiqh-
throughput , bulk-handling ndclaar facilities= ~muraent
●ymtema wing ~ chination of procos~, ~A, and analytical
I.abor,\torydnta can be developad for wmt facilities and with
minimal in~rference with procass operation. Btatietical

tachniquea for tr-ting maqmntial data and cloming rntarinlm
balancea at frquanciaa satisfying short-dmt-ction-time
cri~eria are well in hand. Additional work ia requlfed to
&valop verification technlquos that allw Agency ina~ctorn
to rnintiin continuity of knmledqe of ●ll nuclear mterial
thrmqh a facility. Finally, tne tachniquee for near-real-
time accounting r~ire d“~nstration under actual plant
oparating ccmditiona.
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