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Simulation and Analysis of Plutonium RcproccsslngPlant M@
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11 WI W diMrlt for Ior#a Ihroupbpul ropnx~np
plaau 10 nwt Intarnauonal AtomiG Rnargy A#onoy
(WA) dowttmr #oals h ptrwd dlwnillft id plu.
mnwm by rnatcnals mxounung alunot ‘fharofwa, tlw
lAEA M wmatinn$ 8qqMncnuW Irndtlumal nmtorml
balm ansl)us with rmalyds of solution mai?nnru
dnm (froqunt’ napshtti of such Wutwa paramotomM
Iavol, awly, and totnpmtum timall MqlmrpnMEa ws-
WISL AnklyM8 of SOhltlcmmOtUtmnJl (14taw Orkuoo
ufomwch by improvlas aaomaly ddcctwa and romhb
mm, mdmkning wllnuhy d knowlodsm WI VJIIW
m~ and Improvln$ nwuuremcnt cnw modols. llowwrg
thwr n rods aauuwul with axownp ml malying
[h dw. ‘III mlmnw thaM ~[ti, unAIyMMmallmlh
blwuld IM asu4unplda WIpmdhlo. muplc m m@emrnl.
And rtqwrc hlllc tumnn tl’totl. &I II SICP tiwod Ihd
@, we hnw mlplwtwnltd dn@o unalydmmathmk for
w’ man“dHmo” mmotm, lIw molhuh UM du-
mm Iml IN rowurwcmqlotlank 4vMas, awh u
Lmk.hwnk Irknnhn and wnpllng In W pap wc
IWrtto Umr applkatlm Id rdhtk wnulatfd data (IIMI
Imwhnds wcrd duvdoprd hy ubutg Mh ml WI mmu.
LM data), W wt ptosunlwu bluontltiabtcIxnctk d
~tl~l,~ l~ll~lng,

1. Intfoduotlon

‘llwI14Wd ubmit IM’WOWdam Imm thd lBMW ~mumlm
Iur ialcsuardb purpumuMb Man atlvwmrd b Yurnu Imt

d number 01 tam. 1 W nafttmardl putlwaw wc dotltw
wlulmn mumwmu m tho rxwwtillv rmrumfw mm
MrrIW tt) thf lm d, Jfnmym d tt@?frWurf n~wdnlmtr.~
M d tuth m Ihr IImrw M i’tmtim tIr awukl (WIfthwru
Mtxllurdl TWfnlltitillt Umlntltlrs Uf MAW vfith rlul.
I hw mcmuwmwu~ dwuht * wltwnlkwwl ml mw
pmlunuv wnllwl,

r~h tank 1~ wpppml WIIh pmwrwtncosrm
ment dip fulw duu pdc u dmwlty (DJ M
I&l W) mmwvnwm,
temprmuru tT) in IIIW rncuuumd;
(l.,D,’r) Clsl#Mu lwbwrdwlhuqwntly (WWy I .5
mmu[m] ((mall key tub duu contain tw #nuld
ronlnln II ntgdhm nmum of l%;
Ihc wdurrm(V) h *sind [mm thwL trmrb
ummomnviu a tank cnhhoilun IWUWAAW:unu
Ihn RI crmwmrwhm is Mmtrcd ddm? m.line

I I ::
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2, swt’lon Mofittorillg (.II pCfi”WIIICOIIIUICnCy clwcks on all tank events, am as

Ilw makn lhrm alpcwwhum, whkh fur dtru~wd m
( I I h! all lank mwmc, (2) elnmlfy nll umk mmt~, tind

“Ilw Evomm FIndu nwuhdedonufhw n sq@l
mm chanm m an L mrasurmwrt u% an
WpalMed “tvcnf” and Ihlds Ilm aplwoxllnmc
wx @ sroppoint ot’rhat “cvcnl.”

‘W RvenU C*km rrwdulc rhmuss mc
cvcms found by Wcnrs Finder by comparrng
the 1. hohnvirrrto u SMMIIIdmry d rccognhed
L hahawom. M omrrrple, samplmu cwnrn
should Oxhihl a mud-w drnp m 1,, Mluwed
within uhow M) rnmulen oy a rmum m newly
[ha @ihud L.

m~ uwta Rzmndlrr IIdIle tkt h} IWt 1111

cilo uuuh avmt widr M wrumpwying mwm,
cidwr m hu mmu hrnkifoi mmpling ewrm~ IM
in umrh ~k (I’M lIkllMfWh”l Ftm curmplv, die
rvwnuilar will wwmpi m firnl lhu rwoivw u@.

(LW WII “ship-m 4unh””wmm. “Ilw VMrmc m
muhM(mas+ = %’● ~) Aippct Iti-rlw’l diflrr.
WIL6 drould mq FU”FA %Ullrv Iullilblv
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Ffg, .imFlow Awuarrr at mm prociw am al npmcssm pkwt.



with (nr &JkI on I similar uvcnrs t’or rul~s I(I bc Wr-
mrcted w chamcterrm the cvwr[. For example, transfers
from “~ank I to Tank 2 might be known m ulwnys
mYolvc qproximatcly tWfl L, hut \he expected
mtrrstcr.volume range around MOO L should UISOhe
used m the rules. Thit module, then, is csscrniallya PM-
tern Avr$itier thnt uscs an Wxpcrt system” approash
twscttmt h;storlcrdly observed cvwtts. Evcrtts currcntls
recogni~d by Events WrMkr arc $hlpments,rcceiptst
shipments to sample. receipts from sample, and
unknown. “Shlpmcrtl”’and “rcccipt” rctcr to trrtnsfcrsto
and fmrn nthcr W&i or to and from M plant. kkdtrts

Wsslfrcr udtbran “E\crrt Class” dumn tothedata set
produced. u rahi)~n m TrMc 1. AS our understanding

CVOIYCSand a hu+tnnculdatabaseM solution monmmng
mtimrumorr trcw)ms~ avuilablc, I“her owrt~ can hv
WA to the I-ind turdClassdy modulewi such M mm
mg, sp.arging,cwlpnrrrmm,rrnttdwmwal ildlUStlllL!lllS.

2.2.3 TtM Evontfi Raoncllw Mostulo
‘f?to fhcnb Rcroncilw MOJUIC pnwcssis cat h ovcnl
found by IIVNNJJI:imlcr and klAsshkd by l?~cIIts Cliis$i.

licr A ,mcmpts M tinJ ,morhcrcwr! * Ith wlti~h it will
h~ con*i3tcnL or rwoucdcd, Rccom ikttinn is biuwdw
IIU.P.(jtl~IICd ,I!Iowo.I cnwrx in MM*CS ((w wdurnc.s)

d)ippcd us compwcd 10 thow ru~clwd. II M ,wwncd
Ibid Mew errors uro rclatcbtM how W II W nwrrbutcIhc

Icvcls, ktrmsitlcs,ilnd wdunwst ‘1’rilnsfGrs nnd mmphng
mcnts c.m bu rcmwiled on Ilk! Imsis d’ wthcr uuw
,~1 V,)IUl~~c,‘1’o rGsoncilc onc {}cnt with nnolhcr, Ihc
muhdc mIIM dINIMI Inxb mt]k PI;!*”cwilhin II rqwitiwl
Iimc inkwrl. f.hcn irppropinlc ,rmmplim wl his.
I(,ry, ICVG13CIIUM rrlMIbc uwd ns II bwus fur rwwn~dur=
li(m, U’ ,m cwnt ctmnoik rciwnrikxlt ii IS Ilirggcd .1s
sush tbr invwdifn(wm hy dw inqrwtor 711ctutum vtduc
ti~m) lhi: I?wml$ IW nl)i Ilw umhrlc t’t)r d Uikcn vkwil

may be True, Mtlsc. or I}ijsslble. In Tuhlc 1, Ml eventsarc
recuncdert. so Itw artry mm W F.vcms Rccorrcdcr
module i~ “flue. (“”PossIMc” wmdd mdwde thru mrothcr
evenl orxurrd vdin tho speciticd time window but the
masses or vohrmcs of the NW events dld not agree
wuhin tho spccuicd Iimlts -although tktcy dtd ugrec
wtthin somcwhm larger limits. ] Whanuver an ewnt I*
rc~oncilcdt Events ltcconwlcr alsrr ktentlhes Ihc nlbx
event (rtnd the other tiank; scc Uthr!r.tank colwnrr in
‘Irrblc I ) with which this event WM rcctmckxi :mt frr,).
\ ides mforttmuon on the volumes antVor IIIUSCStr,m+
terrw,l, so lhut records uf dllfurcncwq includlrv!
cumuhrlwc Aftwsnce% can he kept, Such miorm;mlm
can W used Ir.wawhtmn d’ Iunk cuhbrutmts wrd pIpc
holdup IpIpCholdup IS mmrttd ht rmww m I!IC i>il}c~

that connect ~hcWrkw

I(.I cherh. lmr I14wA, WC use mrcrilctivc gruphicv III
“miuwully” tiIvJ irnd Awify nll urnk uvmr; WC tlwn
~.tIIHp;UrI d14Jse IMUIIS with the rrmhx ~li Evcnl.Find,
UVVIIIClnmlfy, nndflvcni,Re\{ revile.

TAftl,t? 1. TAfll,F 1, Tlw t%d It ~VV!ltH FIIond II) l?wwh Flndtw hlwlnlv for TIwh 1
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[ IAT) -h flM OUfpuf *h%uWahility rank. This ymw
S* ~ c- scverd Mks, a t~hmrrumrindliiml

sapmtkm ~y~k, two purifimhrr cycb ml ~n evqm-
racor(SCCF@. 3),Becduso [k itign hm rcltilivuly rw
twlkrr and fhc output acwrnr,ahility [rwrk ix emplimY
fmqucmly, k pm area k a rwhcr wrurll in-
prrmu phrmnium Irrvmnsy for a hwilily havirr~ !his
lhrOu@psrf,

-m d W dsiwr Why Ww umuhud hy rncuu
of tlro S- Sysmsss (%nup’n fwagmrn ~WSim,
Far.Nm rd a Conlinuurrkldiwrcto-cvcnl nimulannrr ~
gram bkvelopad for mluulirl# ~sd. Md rnmcmls-
atwumisrp oporatrans at fmlimxr rhnf haadlo nucfoar
material. 11IS fmilily=mdqmdanl, wrmlcrrm C++. and
opcmtos on ltJMK cnmpafiblaeompurm. Wa YMvo
prcwoudy ropmfod m Mu FhAm applicafirm (for

cxrrmplc,sc.cKafs. 2-41.

Ilw qmarbn of rho fscility h defcrmincd hy a tines of
tliwmm evmts-rfmnely, lb Midrm rmd termhsafion
of tlnwr [hnxrgh pipes, Bcrwetn hem! discrete ●vcrnd,
drc *yslcm cvnlwx ctmdrrumrslyin a wrsyrlewrrnirrcdhy
u coruplc~ set {If Isydlmlyrrunut .md chwtial prtwcsws.
[w IIE sinmlslilul it in MMSmCd Ihnt miamg in mnk~ is
r~tuierri, MI rhnt H tnnk”s IWpul corwwmwiorw !~ .UIIU.
!iim rmnmwrh UIU h Lnnw UN h mnk’$ msumrunrrnn
rweni~ b.lmccnlruliim~IIf lhImc btmdilmrlri. [n wrhli.
Iiim. it is dkrwwrwl dml dw iwlpul wwcwrurrlilws fvr
Iwlwd uolrrnumurc prqmrliw)al 10 heir inmnfmrww
uvetnW wrwenrrmmsw, wlrh psqmrliwrnlhy crm~lrnlh
that duprrrd on rr cohrmrr’s (inwlkm. ‘llu~ rnwumprwm
NIIIW4 Ilrv L’1ldllllwrl tlr dlr L’tmlcllrmIlr [mlmh!l WWI* Ml
IW Urwrllwd hy sywaIrI IIf twlirwtry dlrfcrerrlltil qua.
Ii\m* F’irrrdly,ii WI rrmumwl Uml a pifw’rI tIuqurI Lvusmvt.
Irn[i,mt nm W@ r(l il~ hr[wl cnrwermrrtiwtmm dre linw
ltrr mrrmrlmlvnwwd Itw @pet Illih nwurnpriurr irrllm

I Ilh r+ Mlwnc mm.ltq’niuy irw lhr! rrptslnlnh dwwhq
IIIF ~ywm, hut Ilrw drm cwnIw tlvrrwd rmtIy Sirltply II)
●III :ng IIIWitIIlrS~lfllillvvwli:d c*I Iitiitiil wdunlm~

‘IIw cval.wmIw hivrrntwy r~ackl qqwltmtatc cqrdlh.

riurn m km Ihrnn4 days. The Iml 10 duys of Ilw xlmu-
Iulml qwrslirm werw used fm Ihc dufiwr.rrwrrimmrg
smdles; tfurin~ drix pcrimY uf “’skdy-mrue” qremtiarr,
Ilw Iufal imprxwss pluroniunl m~ntay vanes hawecn
about ICKId Ifrll kg of phrmnium @upcndurgrm Ihc
phrue d Ilw irqmshnpm uyclc), about 7 w 12 kg ot
which ih in pip.

3s s=PwsToalkltforArialyds
Our molkir is wrilrcn m SJLUS, M @ccI.IrMIIcLI >IJ.

Iislical and gmphrd pru~nunrnmti Iurruungc.W two
wrrrkmg vctions for tnuh UNIX work Mnliuns and fiw
K.ir with Wmdow~ 3.1,3.11, ‘J%ur NT only W [!NIX
arrrYWindows J I I vermnns hdvd hewnfrrid. Bm”duw
wo tmgmally pldnndd m mqrlemerrl NW Wdkil m (’}+,
wc LIU YMVC SOSIM C++ cl~scs desiypwdthat could hr
used ar norm Iafor wapa. (lu Irmlh h “bcucr rhan wc
llCCdfUr m.h.nrsrrudd’ bt M)f yO1adllhk) f[# ~L.ttHU[

UsO.’ Tk “Wti menu, MM rrudmhph i~ drutvn in
I:ig. 4 (IIM () rroulimr mdica[ct Ihu[ rmdmarrl.f i= ●I

S.1’1.[1S hrndiwr) lti roahnup4) drmwnu Item %pt.
iiahztd dnalysdd”Iri Mown m VIB S Wr U.U*k ‘Ml”

Aorcr IU ulinune Auppcr.mwetvbvA:’fwtnccs (Sltl)i
fur cash lank,1o Irmk lrarmfw Iur Ihc wrdy~a KIM*Wm
,S4xtirnr4, ‘llw fhrcc rswxhrtcsdcwsfwd m .Scbwm 2 m.
unrlorIhu rdrnap( ) suhrnonu“pmhrmnory mdysch.”

4. Qwntlfkblo BonofltOof
SolutlonMonltoflng





crrorl fcwlhnk 2, and simihuly frx the Ybnk 2 WXWS.
Notc kt wc w a simplikd model Ih,tt nasumtt k

atmdlllc Wrors am pqortknat tn h mr: Vdurnm ●nd

[hat Vlr is ItE same far dl shi~ni~ We An *~uInr

mat all Jm=umWm errwrs arc RpprWMtcly nollnnlly
&tnMed.

We kude the hka-crxrccfrd volume diffcrema

mrms, bay SJFFpr~r . If Wo Writ.t an Crrnr JJlcMtclfor

w SCC Oral if WC kt Sil), w Ml.), - Sliiip,rr. lkn

r.hcaprcquu cmnlraddmetly emce!tf

~W?l -~r~? = n , Udbrtmmtety,Wmcm FqMt only

Varhbm ●qMat tu (CSJVRI ~ a%??m,,,,w ● In ctm.

~e~t, w will PI a rmn-&s<mrecmd und a him.
~MWCd ~ti. Assume rhatwe nmnimr Ihe Tirnk. I -
to-lhnk.2 shipmerm (or cumulative ({NW I YC!UJ
vulunm.

Cast 1: NtJ Bim C&rertion

lt IS simpk 10 h thut Ihc cumuktivt (nrmual~

UICASU~lt’lCIIMmX $tdrklml tktiatim i,

‘At’, cumnlaliw -

W~rC VT,,,U, isu,e Mat Irue wlirtnr dupprd du(lltg

.



“Ilssrki and “Ihnk 2. if she MBA irwludes Tank? m Wit

il m sliphsly more rhfhmrh lo prcdicl w14ex Flas cur-
recsii is a god idea M we explaia blow.

More k~-t.k.lecticm resullx. k scvernl lass Rxrhuitm,

are provitkd in Rcf 5. As ulways. mhrrJpI h-n arc

cnhicr I{! &lecl Uum frntmxcd li~ ml are wmicr

*I ill if W! w solulilm monil(wing data. OW irnp~anl
iwbucSJuslwe will m~ - b ii k de or rnalerial
(hot&p) in shcpi~ rharGutuwl riw!smnks.It ix he~ for
MS dctcctknr if Wdup quickly incre=x to n quasi-

uquilihriunr value and tin tlwtuiUeK Sanhmly around

tlms vahw wish aouw moricst ( I(P% rclntivd staralssrd

dvwititi. Anodwr qwrtant i-uc h IJMI lank uarmfer~
from ‘fknk 2 III lknk 3 are mm challenging because
“J’knk3 ojwratcs in hch remipr, cmirrumra chip rncuk
(W), For exnmpjc. tha ~urmncnt uncertainly for
IJE ammmi received by Tank 3 mum irwlude tlw uncrr.
minsyin nur mtirnaseof Itm amoum tharIknk 3 shipped
during its reccipi from ‘lknk 2. I% mm Itl dayn or sim-
ulated Ada, ha m~nduni dgviation nr the ‘fknk-l -m.

TJ&2 ahipntcntsi, 7.9 (shcorrsiwl is 9.2h and hu itm
Tank 2.to.Tank 3 shipments it is 10.4 (UworatiLaYi, 9.2
plus a hasd-m-quantlfi amount 10 allow h our method
of tibiima.tinkdrc amount dripped by lkuk 3 during its

rmxipa). We woukd shorefmw use 3.S ~ 7.9 = 17.71. m+
our shreabdd v&Im SRD for trasdcm frmn Tanti I m
Tdk 2 ●MJ 36.4 L rhr ~arvifer frurrr fink 2 to Tmk 3 lt,

monitor JMure rransfcrs (using fkO!W4!Wfalse Arm
IWAJWIY) rl~ Ill-o m== dwW hdddq ~lM~-
qwrd h *Iut S3 g ami 109$ rehpcctivciy, d pa.

IJsinv III,* Ilumhrkh, we uun dclevl dwu~ Iumm of

17.7, S5.4 dml R311 1. (IjWw Iwo), nnd Illlcc limes dw
lhrcdh,ld \*lue) Willl Imthdhtlitim (d O..’W.0Y4, amt
0.97, lchfMiw~;y.

mrrmxksts are pumble only il we know [ha some m.
xmablo number of tranefms have zero volume low
llterei sa!kulon coti’lrxba rneriorrcducl~ u~~:

p$x bddup @tW* {* Finally, our wurtr drm rms
COIUMdiCIkt & which conctu&s that there IS nu

dvamago ia Scrsna UCjwutrwti Inw dalwion in clew

inRMBs f@ttsmly or around MviduaJ tank% Our
Tknk. I -to-Tunk.2 csampta m ha ‘“nu-biawmrrcctmn”’
cw ccmld have roiwrarnd stw Ref. tl rcMIiI. TJw “YMJS.
comecuor’s”w wuaSSUIc{mmlcrwt m Rd. K
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