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MOZOI: A MOUFL FUK EVALUATING SAFECUAKLS THRIUSH MATERIAL ACCOUNTABILITY
FOR A 20D TUNSE PEK YEAK MIXED~OXIDE FUEL~KUD FABRICATION PLANT*

Russell H. Sanborn
Lawrence Livermore Laboratory, Unlwersity of Califomia
Liveimore, “e)ifurnta 94350

MU0 {5 4 ccmputer simulation medel of a proposed 200 strate various
tenne® pur vear mlaed-oxidy fuel-rod fabricatien plant 1bar has
beulh L 2d To lmvescipate the safye ding af plutomium dioxide
through material accvuntability, The compucer program apeFai=
ing the mudel wus constructed so that replitate vuns could
provide data for statlstics]l analysis of the distributions
the rondozized vartahies. The plant codel was divided into
material balance areas sssoctated with definsble anfr frrac=~
. Indicarors of piant operations studied were modified
denfoshify 2greris 1wes, vnd-oi-blend ervers Toymed by
claving malerivl Baiances betuewn hiends, and comslative sums
1 the differences between sctual and expucted perfnrmance.

gy was aysuned

5, €., was used ay

in~Iine nondestruct .- assay (SDa)

plutonium accounrabiliev, The 200

LRt

It 34 pussible thal recvelrd plutonjum in the furs of Tepratab{3tey of apgera  a~.  Tur
plutoniun divkide (Puy} derived from the reprocessing of spent reltable stativtics th. vould be
Toe) from ouclear Teactors uill be Introduced luto the nuclear traly
1uel sycle.  This has ferced a thorough eaantnation of the
pruesent methods of safeguarding Strategle Special Suclear Mate-
rial (55NM) bv the Nuclear Repulatory Commission (NRL). The
GENMO reper: (1) roncludes that atl aspeces af safeguavding
{ should te impraved, <ot onlv beeacse of the threeats of
tuelt or diversion, but ulao berawse nf the subsrantial heal
hazard of Puvy. The peal s to develep methods and statistics
povd enough ta assure adequate safepuards in thye processing of
SSEM.  Physiea) secerity of SSXM must be supplemented by idven~
tary nd wqccoupt fag techniqoes,

The wodel was expe. 4 Lo be
cal questions could be - 'ned.

development vl u reasona:
of the plant as 3o swstem. |9 the

DESCKIPTIVE MDDEL

Present day material balance accounting for the relatively

vrements and in ~atien procesiing.  State-o.
thie model (0 order oo dssess the present
lmits of PuOp ue untability. The necessaTy strimyent pay~i-
cal securlly measuns vers not under cousfderatfun for the
rodel. The prepossd Vestinghouse #ecyele Fuels Plaax

for mixed oxide (P 'UD) fuel rad fabrieatior ac Anderson,
basss of the todel in urder To test

fuel throughput pes year %111 Fequire
10 ronaes of Puz. The auremation envisisaed for rhe KiP clant
would not anly minimire WOrker exposure to Puvs and provide

som physical secority. but alsa would wreatly imarove the

pacamcters and some ste:  .re could be eastly medifivd.
strulotion reqaired o

into the problers of plutoniun 2ccountability.

Tho repan i piepmsed a1 o ducosor of work

1 by the Umtd Staley Uovesmsemt Neithes
e Umited Suter for fhe tnvrs S Bocgy

ch and Desrlopmens Adminsistabion, nus ans of
thep emplosets, nar any of ther wuntracion.
sebamten v empliyen. make oy
warenty, expren of smpbed. ot amumes 35y deqs
Babisty O responadillty fof the axcuray . ompkirnes
@ ymduloes of say wformetion, Kopecatia, prodiat or
priaro dichored. t ieprEsEnts IS itz st would oF
Wi Prvicety cwned rghs.

This paper describes a situlacion model, MU2DG, that has
bren wsed in 2 weial Safeguards Stud by the NAC 1o demon-
~guatding techriques that use auromated fwas—

tte-art tuchhel-

1 (KPP

mechods in o highly autos

miated plant aperatf, and to 2ssess the effects of sgale on

Ixed cxide (992}
sing of about

tonnes of

repeatabilizy would lesé :o
available for protess cons

and detection of  funcfions and unerprcted losscs.

weesatiic so that by
This regoired that ot

s.drraticn
d insighe

proc ¢ vbta

ine Westinghpuse 1fcense application (2) was used in con-
struceing the full. Where necessary infovpation vas lacking

small quantities of 'uwd: involved i the commcrcfal sector

n the appilcatiop, mvminal values typical of current industey

B rpeberally has lisits of sagror of the order of C.5 to 1% of Practice were estimated. {3}

J throughputl. Ulien extrapsjated to the tasnes possible in the

~ future, thewe ercors amount to kilogram quantities of SSWM,
Moreover, resu)ts ane only available at monthly or bimenthly
intervals sioue Physical inventories are required. The sensi-

; tivity and timeliness of todav's method of materjal comtral
nreeds to be greatiy

fuel-tod fabricazion involves making simteved {ceramir}
cvitndrical nuclear fuel peilels, staciing them intn rcls, and
aventuaily assembiing the rods Jnto bundles for fueling nuclear
reactora.  The unit processes for the model were ropsidered as
black boxes as far as detalled operation was céncerned. They
would have characteristit inpat and cucput lewels, factors for

Autunated accoent fug stems chat log SSNM 1a and out of scrap, waste and boldup generatior, and a delay from input to
magerial balanee areas (MBAs) improve the availibility of accu- cugput. The holdup is material chat aceumulates ia cracks and
riate records, but cannol verify the actuai presence of SSNM, ctevices and ceats the walls of the proressing equipmont. ¥lows
Periodic physical inveararles are still raquired ta reconcile otcur in discrete quantitf{es throughout the plage. Tk (rencessy

description that follews is orienced coward Pudy since the Tu2

H the hook invencory with the actual cuntent of th. XBA, Maxloum 11
: Jimiis an {nventories could be set lu order to reduce the is either nztural ar deploted in 233y, and not constdeced SSNM.
H chance vf signifleant loss. However, if Information from the

logs were put ia a time reference frame and compared to stand=
ard hehaviur it could be used for timely, sensftlve fogs detea-
clon.  is means that intimate knovledge of the process Must

be fnesrporated inte the safepuarding of SSNM.

Flowchart

The flow chart develpped for the model {5 basically the
Westlnghouse flowchart with in-line NTA medsurénents inserged
belween the unit ptocesses (see Fig. 1). Supporting services
that were not really parc of the main prohlem were Analytical k-
Services, Miscellaneous Waste Treorment and Fuel Rod Shipping.

Clean Scrap Recovery and Recyele MOy Storsge were included in
the podel.

A plunt van be divided into "unit processes” vhere mate-

M rial chafges fn form or composition or wheee byeproduct 4s
generated. e would be eonvenlent to incorporate the wit
Procuosvs {n HBAy., §f the paramecers of a unit process are
identifiabie and che time behavior {n zither a comtinuous or
discrete seass is thoroughly consistent, then r7iteria can be
developed for detecting wiexpected 1055 mechaniswms.

Fugl Roc Fabricatian

Existing plants whore Pu02 is handled utilize pilot plant

producion lince rhet use convent {0nal equipment enclosed in The M07 fuel rod Eabrieatiun process for ihe model was

glove boxes. Artemptlng to Instrumeat such process lines far deccmpoged into the unit pracesses: &
demoestrating the adequacy of new mat~rial control techniques 1) Puly Unloadirg — Pudy receiving and unlcading a blend inta N
bas been suppested but would reguire great expense and time, one of three Pu0; storage Vestels. H
disrupt the present use of the process lfaes, and produce {2y Blending — blanding of Pulz, U0z, and tacycle M0z to form i
reswlts that might not be applicable to a high~throughput sub-blends or batches and storage in one of nine MO2 =
custum-ussigned nperacion. Simylarion of plants of the future, storage silos. ¥
nowewer, 1s ome way to investigate both the plant operatians (3) Pelletiving — pellétizing the blended powder and loading
and the saterial control inserumentacion md to have results the pellets Into sintering boats and storing the boats in -
avatlable in a reasonable rime. green pellet storage.
WiGTk performed nnder the ausplces of the U.S. Enerpy Research & Development Administracion, under contract No. We7405-Eng-48.
FHetric ton.

1 -



http://aoI.Fi
http://ytr.tr
http://batcl.es

M s o s e o 8 S o

S o
7
000

PO, worouc
—

Fig. 1. Flow chart for Pul, proposed 200 tonne/yeas ixed-oxide recvele tuels

(4) Sintering — sintering the peilets of a batch in vne of
four siarering furmaces and placing che {inished hoats in
storaje.

(3) Pellet Srindicg - prieding the pellets of a batch i one
of two priaders, imspecticn and loading acceprable pellcts
onto trays, and sturing the traws.

(&) Fual Red Loading — loadicg the pellers into fuel rods,
seallng twe rods by welding, inspectlon, gamea scan for
unlforaity and quantity of Pula, and storing the finished
fuel rods.

(7) Clean Scrap Recovery — recovering clean scrap produced
within rhe unit processes and adding 1t to Recycle HOp
Storage.

Operation of the Recvele Fyels Plant

It ts expected that the Anderson plant will process a
blend of nixed oxide pawder {sbout 4% PuO) in a veek of 2@
shifts of B h each. The equipment would then be cleaned for
two shifts before starring the rext blend. The cleanout would
progress through the plant, not at the same time for all proe-
csses. The unit processes “ere sized to handle a sub-blead or
batch la ane shifr. The automation includes pneumaric transfer
of powder, location of storage vessels oun load cells, automated
feed hoppers capable of veighing, autamated conveyors for pel-
let boats or pellet trays, walking beams for moving the pellet
boats through the temperature profile of the sintering fur-
naces, and automated pellet testing and laspection.

Process Parameters

The seven wmit processes used for the computer model are
described in Table 1 by their respective ptocess parameters of
average scrap, wasce and holdup factors, nooinal discrete output
quantities of PuDy, and processing time per wit. Three Puly
storage vessels were used so rhat one would be aupplying Pudz
to the process, one would be walting far off-line analysis of
the PuOy, and the thlrd would be receiving the next shipmernt.
Off-line analysis of the blended MO} powder would require
appraximately 48 h 8o the nine ¥Oy storsge siles provide buffer

Pester ¢

peller grinders wuuld wven out the suppiv
rad loading.

COMPLUTER SIMULATION MODEL

Methadology and Progeamming

Time period modeling was chosen as the sipulation acthod,
In this method simulation time {s advanced in fixed ncrements.
After each fncrement the program cvcles through the liat o
possible events, and the time for every event Lo vecus i - o
pared to the siculation tlme, The progr: of cach ~inm
variable durlng the simulatton can be casily displased. ©
CS5L3 sirulation package, although it uses a continucas -vste
sinulacion language, was voployed i constructiay the madel. A
durmy fnzeRration was aeeded in order to make th
work properly. The run-tixze suppert packape of C
tinct advantages for run-time modiffcation of paramcters, for
retaining values of simulatlon variables ar fixed trcrements in

1 by dis-

Table 1. MO200 unit processes.

Bnit output Unit ratr Scrap  Vaste  Holdup
g PuO, b

o, Cnit process factor faccar

1 Puozllnh-e&u 2.2% {can) 2.222 o, 3.002%

2 Blandlog 9.0 (silo) 7.5 0. 0.0008

3 Pelletizing 0.36 {toxr)  0.227 0,004 0.0027 1372
& Stotering 0.% {boar} 20. 0.0090 V.00 0.

5 Pellet Grinding 0.% (tray)  0.35¢  0.0810 0.0072 0.0070
6 Fuel Rod Losding 0.080(rod) D.0625 0.0116 1.0007 M.

7 Clean Scrap Recovery 0.9 7.5 a. 0.0043  4,0021
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qiffareace batwon the curren. value and 2 nominal value was
taken as the baslc elemnt of a cyzulative sum (Cume) of the
dsfforencas, The Cusuz should avegage about 2ote {f all the
atacdard Schavior weto removed, standard tehavior $s not
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curve with 3 small sfope, T™his technique a=plifics dincrep-
ancles.  The undt provess zodel vas used to provide the
#andard valucs. Whep upll proccsses 3re operated in the
batch sude, then caution cust be used aince the (314t and
sast values In the wums may depart signlficuntly {rem the
valuos calculated (To= uning the parasprers of the =odel.

For Pu0y Unloading tn the processing of s blend, the Cumz
was defined ass
Custms = {Increnant to PuO) sgorape vesacl) —
{Measured can content)(l~(holdup facter)«{vaste
factor)).
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ing-of-shift ndicator — ky l'ul)?

Fig. 1. End-of-shift indicater, Puv: Urloading, ve time,
Case 17 theft of 0,75 kg of Tudy from second blend
(20 roplicate runs).
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FiR. 4, End-of-shift indieator. Pud; Unloading, vs time.
Case 2: thefe of 0.75 kg ¢f Puby from ueond blend (20
replicate runs).

The can content was cha value obtained by calorimecry. The
holdup and waste factors ware those used it the model of the
unit process. Fipgures 7 and B show the Cusums for Cazes !
and 2 wicth the 0,75 kg theft of PuDz during the processing of
blend two. In Fig. 7 the Cusum for each blend grew in uncer-
taincy as the Pu0) storage vessel becase full. The thefc is
evident, but not too much different from normal. The Improved

1sfon of the of to the Pu0; storage
vassal In fase 2 is clearly sesn In Fig- 8 in the reduced width
of the Cusrms of the blends and the definfte occurrence of
thefr during the second blend.

DETECTION PROBABILITY

Distr can be by their means and stand-
ard deviations. Scatistical tables of the cumulative normal
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Flg. 5. End-of-blend ercor, Fuvp Unloading vs time,  Case 13
theft of 0.75 kg of Fubz Yrom sevond “lend (30 rog)i-
cate runs},

End-of-blend error — hg l'uO;,

) ol " : .
Q 00 200 300 400 500 670 jgq  RON
Time — n
Fig. 6. End-of-blend crror, PuO; Unloadlog, vs time, Case 2t
theft of 0.75 kg of PuD; from second lend (ZD repll-

cate runs).

distribution can be used to relate the detection probabiltey of
significant deviations from the normal distributlon to the
standard deviation. (S) Figure 9 presents a fanlly of dosign
curves for the detection probability versus theft levels nor-
mallzed by the standard deviatfon. Each memher of the family
has a threshold normalized by the standard deviation. Th
intercept for no thefc [u the false alam probability. with
zero threahold, 50X of the values where no theft hus occurred
would lie beloy the mean and result in false alarms. False
alarms imply plant dfsruptions so that slarm threshelds of 3 or
4 scandard deviations would be ressonable. The false alarm
probabilities would be 0.00135 and 0.000032, respectively. 4
false alarm probability of 0.00135 mcang that there is [ chance
in 741 that a reault would cause a falee alarm. M0200 was used
in tha Special Safeguards Study to evaluate the standard devia-
tlons to be cxpected (or the RFP plant as modelled.
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Fig. 7. Cusum of fady Unloadiny vs time. Cawe 13 theft of
4,75 kg of Pugrs fron the secand hlend (20 resllcate
euns ).
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Fip, 8. Cysum of Puly Unleading vs tine. Cawme 3; thefu of
0.75 kg of Pu0y from second blend (20 raplicate runs).

SUMMARY

Simulation ham been ehown to be a useful tool in the study
of saterisl accountability in the processing of plutonium
diaxide. Jmprovements fm the plant operatlons and Pudy
accountabilicy could be made in rhe proposed Westinghouse RFP
plant in Anderson, $.€C. Concrete theft detoetion levels were
not etated slnce the model was of & proposcd plaat, sooc

otk

HLL/ Jb/eden alrige prneml om:

T T T T T T

Curve A 8 € D 1
1.2~ normalilen “ —
nreshold L 1o

Thett stgnadrg cesiaticn

Fig. ¥. Desipn curves for detection probablliry vs sheft
Tevels.

fmgortant factors were negiocted, aad she 2ctual inuzr
tivn rhat would be urilized ~lghe de quite ItTferent frum cfal
agsused in the zodel, Fxpected distributions {a the plant and
accountadilily varfables were iZportand reswlis of the =imuia-
tion rund, Theft detection capability s dira_tly reiated i
the quallry of the Jiseribuzions, 1t does appvar that sie
oaterial accounting  of lurge quantities of Puly cam av weed
A ticely cunter to reduce the Tixk of fllicit lversier o
unexpected [nsaes, cspeciadly if conjunctior with .tringent
plivsical security measures.
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Specfal Safegunrds Study: L. Harris and T, Gozanl of Sciense
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