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APPLICATION OF NEURAL NETWORK AND PATTERN RECOGNITION

SOFfWARE TO THE AUTOMATED ANALYSIS OF

CONTINUOUS” NUCLEAR MONITORING OF ON-LOAD REACTORS”

JssAnn HOWC]], George W. Ecchxon, Jarncs K. Halbig, and Shirley F. Kloslcrbucr

Los Alamos Na[ional Laborato~, Los Alarnos, NM 87545 USA

Tcd W, Larson
California Polykchnic StaIc Univcrsi[y, San Luis Obispm CA 93401 USA

ABSTRACT

Aummamd analysis uting pnucm rccmgni[iun md ncurnl

nclwork .w(Iwarc can help inrcrpl clam, call aihxs(inn u)

pormtisl ubumsdics, and improve safeguards c[fc.c[ivcncss,

Aummamd wf[warc armlysis, bawd on palicm rm-ognition anLI

ncurid nc[works. was applied m daur COIIMWXI from a raditihorr

core discharge moniror syslcm kxauxl adjaccm IU an ml 10MI

reacl.or cwrc. f-hmlmndcd radia[iun sensors continumml y ml

Iccl &la 10 monilo: un-line rc.fueling opuralinm in lhc rcwlor.

Tht huge volurnc of da[u cullucIcd from n numtrcr 0[ radimion

charmcls makes il difficuh for u snfcguw(Ls inspcclor It) review

i! all, check for consistency wmmg LI’ICmc~surumcm churmcls,

and find smomalics. I)u[mm recognition nrrd neural nclwurk

sof[warr cnn malym large volumes of &la from conlimmus,

unallcrsdrxl mc.asUrwrwrlL\, IImrcby improvlnl: anLI automating

~hc dc[ccli[m O( anornal its. Wc dcvcl(@ o prouNyIw pa[l~’m

rccnkniliml progrum lhul Llclcnnmcs lhc rcticlor Imwrr Icvcl

and itlcuhlics Ihc limes when lucl hmldlt.$ rim pushed Ilm)ugh

Lhc core during (m Ilnc rclucling, Ncurul rlc[work models wcrr

tilso dcvclI@ It) prrdicl ILlrl hundlc Iusmup It) t.dculnlc Ihr

rcgitm tm Ihc ml Iowl rcwlln Incr lli)m wluch furl Iumdlci

w’crc dis~hm~cd bawd {u] Ihc riullaln!n \Igntils, Irl lhc prcllilll

narv dal;l Sri. which wm Iirnllml ml!l comislwl 1)1 Itnlr IIlwm( I

Imrmql rc~lom, lhc rscur;ll rwlw{)rh III,NIC1 :I)rrcclly I)rmll(ld

Ihc l~lrnull rc~l(m wllh 1111w(wrtity Ill 92(1.

. .. . ..
●-’I’l II\ wink mqqmn!r(l by Ihc I I S Ih-lmrlmrrll III l;mcl~v,

()(IILc Ill XnfrKunl~l* SSI{I %( IIIIIy HIIII (MIILC Ill Alm$ ( ‘~mlrt)l

nml N~)lllnolllt.rllllt)rl

from rhosc in IISCUnilcd SIAM, in dmI opcra~rs may rcmo~ly

uhlnin access IS] rhe core frum bmh emds, mwl tic r~uns can

hc c-onlinuously fueled widunu shuuing hem rk)wn. Such an

npcrnlilm uffcr mfuel manngcmcm ●dvanugc, bu[ a safcguartLs

challmrgc, FSCCWMCi[ provirlcs a grcamr u~)rrunily I’m IIW

divcrsimr or rmclcar malcrial.

(h load rc-lors arc well .suilcd for producing pllilo

niurn from Ulcir stmwkrrrl fuel bunrllcs. Safeguarding an on

kmd rcaclur requires keeping irack uf (UC] m il is pUdlLd

hrough Ihc con: When a fresh fuel hur-dlc is Pushed in imc

side, a slnvll fuel tmrrdlc is sinusllancrnmly discharged inlo is

collection mcchwllsm on rhc oIIscr SKIC. (Jsin~ Ibis furling

.schcmc, a [ypical on Iosd rcacwr will discharge 55 m 65 Iucl

bumllcs pm week. Figure 1 shuws mcnnccpual diagrnm of Ulis

[uclin~ cyc’lc. %x’ausr Ibis is an ongoing pcrss, il is Isshw

mlcmivc ([w a safrguudm~ ngcrwy k) hi+vc an insImll)r (Ml

SII1, 10 clmllrlu(nrsly Illlmili)r rc Iurlillg,

I’”INI (“1IIYl qmtll [Ihl$t (Irrl (1(/udl?l.4’(“}’(’1(”

/“; /:,,
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To povidc daIn dm arc UScful so impumrs, IScore
discharge monimr (CDM) sys[cmi him been ins[sllcd on tic

on.load remmm. The CDM CO]]WLS darn conlinumssly and

auromarically km radiation sensors thal monilor he rcaclor

core mrl Lhe fueling prrxcss of hc on-load rcacmr. Curremly,

SISCCDM slain ase marrusrlly examined by rr safcgrsarsfs inswc-

Ior using graphicsd review soflware [o de~nninc when on-lirw

fueling activiry occurred. Because rhis syslcm hsu tie plential

Ic gar:rale mmsive quantities of rha. efticierli aulomalic

algorithms would help make inhxpemrhms. These algcrrillms

could cxuaci irrfsmrralion from tic dam, reduce rursdysis limes.

and relieve imsprxrnrs from time-consuming manual dsmr

reviews. Automakl qumtiustiuc analysis programs cuulrl help

sarcguaroing agencies gain a he[mr pcmpwxivc on the com -

plclc piclure of Lhc fueling aclivily of an on-losd nuclctu rcac

lor. These pro~rams could provide a cosl-cffcclivc soluliorr Ior

aulomtilcd mrmilm-ing LrfLrn.lowl rcacmrm jignilicanLly reduc.

ing persunncl lime and cNorl. In Lhis paper wc discuss prols)-

Im pmem rccogni[ion md ncura] nclwork sof[wssrc dcvcl-

ofrcd 10 Icsl msromalrd rlalfi analysis and provide a 1A for

inspcclms. The psmcrn rccogni[ion program WM developed m

Iesl dw. fcnwbilily of analyzing (-DM CIUILI 10 idcn(ify WIWI,

fuel burrdlu pushes occm rcd Lhsr:ng on line rd’ucling irnd Ii)

moniior k powm ICVC1 (Ii IIICrcwmr. Ttw rwurnl nc[work

rmxlcl was dcvclrrpxl Lo Icsl Ihr fcmihilily of drlcrminin~ lhc

rc~iorl un Lhc rcmlor fw-c from which cuch [UC] hundlc scl was

diwhurgcd and [o Uy 10 pxlil [ IIW hlmup (II fuul hundlm,

‘rt)cM=progriuns wrvu Ir.wd usirlK prrhminitry Slilrl up Llilh

LXdlLWlLSdIrom u C1)M syslcui msltillml {m m on Ioml rcssclor,

(’OEIK DIS(”llAR(; lt MONITOR” (( ’I)M) SYSTEM

cure arc on WC CLL..I and wcs I sides of drc building. Fueling mkus

plwc from easd 10 wes[ or WCS( 10 CLLKIand each GRAND Llcrccmr

array is dcsignat.ed by ils location in relusirmship 10 [hc nsrc, cirhcr

tic souhmsI (SE). norrhcml (NE), .SOULIIWCSI (SW), or nonhwcs[

(NW) awrrcr as shown LI Fig. 2, The GRAND qxraLcs continu-

ously, ccsllecl-ing daLs at discrclc lime inlervsls from Lhe cklccrur

arrays. l%csc arrays munimr radiation signals from tic rcswmr rhtd

show rhe discharge of spcm fuel from the reacmr core, The dma arc

~ansmimx! LO an MS-fXM computer for pmm.rscrrl rccorrling,

archiving, and analysis hy inspmxors.

F~ch GRAND colltc[s nuclear rndia[ion dam from IIW dc[cu

w erwlosurc, filmrs iL iimc s[umps il. and tcnlImrsrily s[orcs il. The

LISLSarc rhcn fcd 10 dw ccllcchorr cornplm upr requcsl for mnrc

~mlancnl smrugc. AI a laLcr drrrc, dala csn hc ofT-lmLIed from LIW

collewion cornpulcr for rrff-line review, The LIclccmr LMa [cd from

drc GRAND uwnsisl uf (ivc chanrwls of inftmnalion, Ttw chunrwh

arc Itih.lwl ns follows: Iissiwr chanrlwr A, fission charntwr fi, fission

chamhcr (’, ion chamtmr 1, and ion chruntw-r 2. Fission uluwnher A

awrcslnmds 10 llw firsl nculron dcmcror in drc dwcclor cnclosurc.

Fission chsmbr R is arulrlwr view of rhc fiisI ncuutnr dcmc.[l]r,

which Curl k used for Ismpcr :Icltx lion, ‘rtrc second nculrlm dC~L’

lnr in vm’h dc[cclor Cnck)sl.ru is 18hm]L-d as frssion chnmlwr (“. Ills

ncumm drkwmn is nu[ wircrl 10 iLs cmrcslwnding ( iK AN1), hu!

radwr U) Ihc (; RANI) on USC[Ip[x)sirlg IISLT, I:or rxssmplr, Ilw Nll

fis%ion chmnlwr (’ is wired inm :Iw NW (; RAND. md Ihr NW IIS

si~m chumlwr (“ is wird irlll~ Ihc NE (; RAN1), This provl,l . IIIC

(wcrull sysmlll wih u luwkup, ill case Ihc (; RANI) for {m{. III IIW

drl~-clors (,lils. ‘his cn, w Wiring is slu>wll in [:ik, 2 trs llw Slllwt, 11)1

Im-[wvcn IIW IWII (; RANI)s (m rnch \I(lr IW Ihc ruis~hu ctvu.
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‘[k L; RANI) rmtmh LILI cvcry 10 III I I smxmls rcquil

ing umund I(M) mL’giIbylcs I(I sltwr itll Ilw dtilir plin(s uIIl!Mctl

fronl on.’ rutwlor [or W dtiys: normlly ~lmislically insigmli

cirnl dul14 urc filmrrd so lhc acluul duld mmmn[ $Iorml is CLIW1

11) 10 It) 20 rncguhylcs p-r Q() tl.lys. II is illlilriM’llL’ill hm inspcc

Km 10 qmrllililllvrly Ulhdylr Ibis much IIdlu SIl(twll Ill I“lg J!

mrv grqlhs O( IIHIH I’rtml lw{I LIISIULII II* during (IIW purlitulw

duy. [k h Iqc sl)iht. (m IJw ~liIIIh ctmmpmtls 10 ii p~lr (I[ lucl

humh twing dI.wlInrgLNl Irolll LIIC Icm [tn SIIIJIILOI spikr~ or

(lCL’ilV L’IMVLX or In)[h Im Illr gr.lld) lllil~ ttlllmlullltl h, (Illlrl

acl Iv IIIc\ VIM. h us Ihi’ rt)lulltm 1)1 Ihr II WIIIIF II IW,IIIIIL’ III llw

riull(uu lIw d(wtiy III h’ qnv Il Iwl IWIIIK lIc Ll III h IIIUIIIIK

mwhirw (Iurlllg iI ICl III’l IIIg (ll)t’ltlll(~ll Kt.;u [ln IM1-CI II-v I-I I iIII

CIIul h’ drltvllllnlxl 11{)111Illr (1;1111Iwt’illlw 111(.hill L)!ltlllll,l Irvrl

IIIC drlrch)rs urr u.llsin~ <(vrcslnonlk III Ihr ( UIIm Il Ixwrl

Irvrl (, I III(, rcwh)r, ‘1’11(, l!,uh~rIIllml Ill Illlx L(IlllI,ll l\ ( (m\l(l

rlcxl III Iw Lllr nrlllmlll III I mllillIIIll Illr li’IIL 11)1 rlllll.s * IIml Ihl

1111.I I\ IWI.WIII 11111.*IIlts (II Ihr tIIIC A WIIISKIIJIIIS IIIVWIIJI

L’11111111,1111’II II IIllW (II \lIIhr* 1111llIi’ ~rillh III (lrlI.rllllIIu IIw lIIliIl

Illlllllwt (I1 Ilwl pll\llH Illt’ Irllt I(U Illiuh’ Ill H Imllll Illm IIJ}

“l”lIr ,( IIIIIIUII Itllll}lrr III 1111’I lnhlI[’\ II. 111(,II LIIIIIIMICII 1:1 1:11II

IIV tlr( lJIIIII~IIm I(II \IIl(m~II; nil\ V(oCIIIt .III( III AI I HUIIIIIIIIIr(l l!,,

i’rk< (,111 i(lll\ltl..1dlll\ rl. (llkd Ill,” IUIIll}\l K lllllt’ rllt,l liCll, .1

Wlrgulll(l,. llls~wl 11)1 11’vlcw 111(. Inlkr tlllulllr 01 ( ‘Iml 11.IIJ

Al l’l”()~fA’1”11:1) S( )1:”1’W,AI{I( AN AI. }’SIS

WI. dlwrllll!dwl I!II!IIIIYIM’ lul.llvil~ \llllullll” It, lllvl”~ll~ill,’

III(* Il,n%lllllllv !11 1111-Illll(lwllly, lll!p llvr\

1 Idrlllllvlllp. <n II!III* Ill Ill!” ( .Im! (111111 I!M nll

ItIqm.I II!r 141C\ WIIIIIIU III KIr IIIIQI (lrl IIIl,

.] lilt dlll~ Hlhl tlulllllll~ 1111,1 Inlll{lll’ llll\hl. \ IllIll

,Irlrlllllllll l}: *III 11 111(,} In ( 11111’(1.

{ I)cllvlllllllllg 1,’,1( [,11 Iblwt,l Il,t(,l ,l\ ,, 14,1( ,.,ll .1,:!.

(11 11111Imlwrl.
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CDM Analysis ma.kcs [WO passes uver tic CDM dau

during irs scurch for areas of imcrcst. in LIw firsl ptsss, il slirJcs

urs nveragc akn’rg lhc signal Iuoking fur signilicanl L’hEIlg~s.

Whmr Ltw dope of Lhe slgntil J.unps above m beksw Lhc sliding

average by more lhan 10%, h dn~ puirrls are flnpgLd fur ]nIcr

cxaminaIion. in rhe firsl PAW, a large quanhly uf da~ may bc

flaggal as inlercs[ing. To rcducc t.hc clu(w~. a second pass is

mdc over jus[ lhc areas Wa[ were flaggmt. Arcns rwwr each

olhcr in tic lirnc series wc chsslcrcd logcrher wiLl I.h maxi-

mum du[a@rr[ Iwing marked as rhc middle uf hc cvcru. Frum

tic rcsu)lirrg Iird, a rcprl can b gcncraled :u srlcrl Ihc safc-

guurcls invcs[igak>r rn spmific areas uf the cha. Rudiu(ion

spikes caused by refueling are fnund hy aci[irs~ dle scwch

r.fmshold very high (50%). This [cchniquc pruvidcs all (hc

frscling spikes fur srgiven dam SC[.

MONITORIN(; REA(’TOR W)WER LIiVK1. AND
POWER LEVEL CHANGKS

once Lhe arcsrs uf inlcrml arc idcntihed, pmwr ICVCI

mmil[wing is suuighlfwwiud. ~hm m uvcms m imurrillg,

Ihc hackkrmmd risdiinkm smscd mrrcspu[ds I(I LIw rcnul(~r

p>wcr Icvcl. ~hL” avcrugc ill 11](’ llilChgroUlld c.iill IN 11$4!(! It)

compulc Ihc pwcr level hy u~l;ltdishing ~ Imclim rcwling of

whtil is uunsidcrcd 10 k’ full lxlwrr ‘1”111sImwlinc is conqmlcd

hy cxmminillg d~lil lrllni u rrilcltlr I.hnl is IIlxrilling al u Iixc(l

p)wm willu~ul filtl L1u15i.lu lhL” L’till’. ‘1’IW ilV17il~C Vtlllli,

rcctmlcd by CK’h (lCICL’l~~r is U\LYl il~ 111L’ hsM’llll L” ‘lh I\ lliLS1-ll ill’

is I)larkttl (III (ht. ~riiph ill 11~ ~ tw ii h(Ir I/ III Ili Il II IIL’. Ii llIL’

nvurugc vahw of lhc tsuck~r~mml III(IW \ Ii(lin lhI\ biL\cl IIIc.

IhCll I]lL- ]u}WL’I IL. VL” I IS L’hllIl~lll~. “l”lIt- (liIlil ]IISV1’ $IU!WII Itlill

IN(M l~,wcr L41JIINCS IWIWII(Sil III iI SIqI wiw I“ASIIIIIII [”1 )hl

AIIJl~SIS (,Villllilll’* 111(’[xIW1’I L’11~11~(’% Ill 1]1~’ flIl]IIWlll~ 1111111

m-l. II III(s rrlh Ior In)wcr 1~ Imw!l (II l(lwl’rwl, llw ~ltqrc (11 llw

lSVC14k(m luu. k~roun(l \liIIl\ lo )wx’41111v \’ImlY \lcql “l~ll\ lt

Illlllhl’il m Ihl’ lw~lllnln~ i)l II IMIW(’1 ( 11.111):1’ Wlwll lhl\ Sl(yw

H;lllcll\ (1111.I}:illll, 1111’(-1111111 Illi’ [Mlwcl ,’tlmly,c l\ Inluhrll ‘Ilw
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new value al which hc rsvcragc background corncs M rcsl is

umsidered h ncw pDwer level 0( Lhc rcrnclor. The average

background as a percentage of he prc-defined basclirrc is rhc

~rccniagc of full puwcr al which the rcamr is running.

Currcnrly, CDM Annlysis dues no[ examine more rhm,

tmc charrncl on cme dcmcmr when mnking i~ ~wcr ICVCI

mmpu~tions, In a Pruductiun-qua]i[y anslysis package, his

~rceiltage slwuld h an average of all lhc ~rceruagcs corn

psmd hum all channels ,n all dcmcrors. Fly ut.king pwcr ICVCI

muuremerm frum all sislcs of rhc reacmr core and avmagin~

Ltrmn, WC couk.1 ohlain a rnorc nccurwc pwcr Icvcl rmding

bcn [huugh examining yr.sl r-m chsnncl gives a fairly accu

ram rcding, wihin S%, caamining all chanrmls is a much

bemzr suwcgy tmcause ii provides a rwlwdancy check. Figure

6 is an example uf tic Ix)ww Icvcl uf a rcncmr hcing ramcd

fmm starusp h full puwcr. No[icc IJsa[ Ihc p~wcr chi.ngcs

uccur in mul[iplc S[CF. CDM Amlysis is alsu capable ul prinl

ing a rcpm draI dcmils each SICp 01 Ihc pwer Ievcl change

anu Ihc ln~wer Icvcl m which drc rcachw muvcd,
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NEURAL NETWORKS FOR SOLVING Ttllt
FUEL GEONIETRY PRollLHbl

Ncr.Ird nc[wurks arc bawd on a malhcm~ticsd mode]

Lhal is dcrivesf rrrrm CCII biology. 4 Tfmsc nclworlus arc orga-

nimd inm Iaycrs consisting of scvcrsd ncurnns (nodes) cwr-

ncr[cd witi~ adjuslublc wcigh[s. Essch Iaycr prforrns a panicvs

lar funclinn. The inpul Inycr ~ocesscs Ihc data being fsrc.

scnmd 10 tic ne~wcsrk, rsnc or more hidckm IHyers cncodc “fca-

h.ms” in fic rhuI, m-d LISCMIIPI Iaycr holds tic rcspr.sc of

tic nclwork LOa given inpu[.

Two phases of opusion arc required: tic Icarning phsrsc

and tic lcs[ing and recall ph~sc. fxarrsing con.. isLs of prcscm-

ing a slimulua (an irrpu[ vcclor) LUtic inpul Itsycr u)gclhcr witi.

a dcslrt!d r, q.urrrsc. The nc[work dlL’n csdurhrlus a rcsuh using

drc LWITCIII wcighLs aml kivcn inprsl vsducs. This “susswcr” is

ncxl curnparcd with lhc desired response, If a diffcrcrm of

su(ficicnl nlagllitmk exisL$, drr =cighl values arc acljlls[ul,

over Iimt, as (his lcamillg prmwss is rcpcwcd witil more

VUL.h)rs, the wcighL$ will convcr~c, and dlc nciwork is said U)

k Waincd. Durirsg lhc lcsli@rKull phmc, similur c~amplcs

arc prcwnlcd h) IhL’ rw(w~wk [t) ICSI wlwticr IJIC trirlnhlg wn\

adcquirlr ‘1’lw llllTurcncc h,lwci’n ht. (Icsircd ml UCIWSI(NII
}wl is u MC ILSlit C of sl~ccss, widl diffcrrnrcs (If srnnllcr magni

Iudc rcprcscnling grculrr S1lL’LCss Lharl IJlosc (II Iargcr

magnlludc.

WhL.n UL.IIIX ncmal Ilclsv[lrks, (mc MW.I llhl~ln WI

A’(lllal(’ Sll t~l lrilllllllg (l;ll :1. II Is ,1111111111 10 qmmlily Ibc

UIIIIIUIII 111 llilllllll~ dills rqlllicd 1(11 gl>(ui rcsulm ISCL’JLIW 1111.

qumlily lIL’IswI$ WI Ihc c(mpk’xllv Ill lbc rcc~mlh ml Ihc

nunltwr (If “lttilHri.\” CllllWtlilL-ll 111 lllLm (Iillil. “HIC ~() llil~~ (II

isv;liltlhk rt’ilL’hlr ([!11!1 vl~l(h~l 11111Y ] 70 CX.llllpk\ ill illl-]

tllwllur~:r (.v~,IIls, whit Ii w!, l(ln\ldcr Illlrlllllal (Ill mhIIIlitlt.

lr;lllllng :IINI lmllll~. 111 dthlltm. lhL.w cvcllls cdmc l“IIml tmtv

12 3456 7891 OI112

A

B .. . .

c ..
D . .

E .-. .—
F —.
L1 - . ..—. —,
H

[ . -- : : z F -

I ‘- —- ““
_ .

J
—. .

K
—., . ,—. ,. .—— ...— _-

{“ ‘“”” ---- !——

M
N -., - ,—- —.

0 . — ——
p

- 7:-””“:-(2.:. ,,-.“-”. .—R ““l-1-----..—9, ~~I ----‘ - -“
v
w
x
Y

I’J
I . . . -.

‘ “1

“1 “-1--’~

.- -

.—

90 or Lhc 460 a~’ailablc fuel charrrscls in Lhc rcacmr core md

rcfmscrslcd n slarlup aclivily rIS~L7 Lhan normal rd’uelmg,

Even wilh time Iimilarions. wc were SIIII able to ufiin u ncurid

rsc[work lo classify llw dam inlt) (Isffcrcnt regions on Ihc face

of rhc rcacror.

The Iirsl neural ne[work model divided tic chnnnel map

imo cighl rtgions. This chmncl map and the cighl regions am

shrrwn in Fig. 7. Alrnosl uII rhc regions were chosen hecsrusc of

tic diswibution of he pims in LIW avaihshlc clara. Ffc-cause

dcrcarm rm onc face do not rcliatrly .WC cvcms un Ihc opp.)s

ing face, only I () channels horn ~c same fswc OUI of tic 20

mral channels were used in tic neural nelwurk model, The ion

chamtwrs nc[ M noise during WC rraining pr(wcss U) help

scparaIc [hc inpul vccmrs imo srppropria[c calcgol its. Rack

fm)pagalimr was chosen as [hc modeling ptiadikm txciiusc Ill

iL\ ahilily 10 usc rca]-valued iTIpULS.5Tht ncurd nclworks usLii

in his ~m~f-rfprinciplc were mcawd using NcurdWmks

f%)fcssionsl 11/Plus,6 n comrswrcial neural nclwt)rk rkvch)ll

nwn[ LOOI manufwurccl try NcuralWwc, [IK.

NKllRAL NETWORkiS Felt FIIKI, tl[JRNl~I’
PREDICTION

13wausu il may h imptanl I(J dclcrmmc if n Iwillly IS

diwharging IIIW hurnup foci front Ihc rcac[i)r, WC twill o ncurul

nulwork mIsdcl sirnil~r U) lbc ollc dcscrilwd ulxwc 10 prc(lI1’1

fuel burnup, II 1$ th(licull ro ctmlmlc an tulutil V;IIUC [(n l!w

hmml) (if CUCII imllvldufil I“IICI Inll)tllc Iwl.wsv Ihc qlih~.

rsxx,rtkd by Ihc (’I)M IS un iIdd IIIwcVIIIUCIII IMVI)bundlm

h.lng diwlllu~c(l sillltlllunctlusly. In IIIIS dilu s,.!, Imr;lup lrll

irlltl tmL, t~( foul (Il$lincl rcgltlllk “Ilcrrliuc, wl’ lwIll il Iwllrill

rw[w(nk III clwsify h[lirlui) 11111, IIIIC tIl IIIC IIIUI l,:uuk~lrlcs

tsmw,l u~n]u [hc (’[)M dm, IL\ $hllW’11 III IIX #
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Fig, 8. Four cakgories of rtmmkd burnups in .wmpk ddu

.Scnlalivc of LJrc mcawucmcnl period. In ahlilion, dilTcrcnl

Iyps of neural nc[work rnodcls should hc uic:l once a rcpc

wn(a[ivc a.mounl of dam hus IXzn ubmmcd. The pur[ahili[y O(

neural rmlwork modc]s LO olhcr rcu-hws of IJW same [yp:

should also bc inv~~tigiud. Ncuml nc[work rnodcls hold grcal

promise for I’UILUC WOI k in tic area of cmrc Lli.sclmrgc monilt~r

ing d aulimlfllctl Cxwliniullm 01 lurgc Volunws 0[ conlilm

ously r(lllcclml dala 10 improve nuc lcar sa(cKuarcls, Wr

tirmly hclicvc lhHl a c~mmlcrciul.grtulc 1(s01 for monitoring

Ixlwt,r illl(l c(lunlink I_llcl hull[llc, Irtml (-l)M (Iulil slnluhl In’
iltVC]olM,(].
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