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SAFEGUARDS INSTRUMENTATION FOR CONTINUOUS, UN 4TTENDED MONITORING;

iN PLUTONIUM FUEL FABRICATION PLANTS*

H. O. McrIlove and M. C. Miller
LOS Alamos National Laboratory
fk)up ?+1, MS E540
Los Alarmrs, NM 87545
(505) 667-2182

ABSTRACT

Nondestructive assay (NDA) systems have been developed
for usc in an automated mixed oxide fabrication facility.
Unique fertttwrx have been dcvclopcd for the NDA systems
to accomrmdatc robotic sfimpk handling aI, 1 rcmom oper-
ation. in addition, the systems have been dcslgncd to ob-
tain Intcmatimlal Atomic Energy Agency Inspection data
without the need for an inspector at the facility at the time
of the meusurcmcms. 71SCequipment is being designed m
operate continuously in an wra!tcndcd mode with data stor-
age for periods oi up 10 one month. The design, perfor-
mance charstctcristics, and authcnticatiorr of the NDA sys-
tems arc dcscribcd The dam rclsttcd to reliability, prec-
ision, and accuracy arc prcscntcd.

HNIROI)IJ(,Y1(>N

During the pust dcctsdc, th: lnwrnutional Atomic
Energy Agency ( lA}i 4) mspcclurs, nationul Inspcrtors, irnd
fucilh y qrcratms tuivc ~scd neutron cmncidcncc cmmlcrs 1.2
cxttnsively [0 rmawrc the plutonium content of vssnous
J’orrnr of nuclcur malcriuls in tht fuel cycle, Of spcciul Im
ptu’tancc ((w thesr verifwatmn n~cuwcments SIrCthe lnpu[,
o,ltput. ~ml In process Inventory of nuclear fist)rlcntlt)n
tncilitms

!Jtirgc. nut(;matc(l fticiltlics for fnbrwtitlrrg plutunitm~

tuel present both s.flffwuhics und tjpponunltms tor lnlpl(wcd
t:ontnd and ifvllwctmn of nuc Iear tnlstcrilsis, Ihe trudltmnid
nmth(rds ot stimplt mcn~urcmcnt% mplln,lg the transfer of
Ihc stsmplr from tht produclmn Ilnr to the mrwsrmncnt
sttrti(m urc II(M po.sslhlr In most cilxes. ‘the n)tM)tics Im(!
for automnt!(w rrqui”r qrrcIal contmncrs h)! nuclcnr mntr
Ilnl Ihal CUIIINMbc t wily Ilml)vr(l t’rom tllc p!(Mhl CllOll Ilnc.

Also, wskty nnd IIUI:UIN)II pr{)trclltm cnnsderntmns rrIpIIIC

thnl lIN- nwuwrin~ dcv ILr\ Irr Instnllrd In the turl pr{rduc
twll lines Irrunuwb Ill ~tll~riil, prrwmnrl (’ntlnl}t trc In lhr
fuel hitndllny, turn with nu~lcnr l~]ulrrull I’hcw l~pcrnlumni
(’on!illullll\ ilrr r’(m}n)oll Ill Il}nnv (d I!lc Ino(klli tu(:llllms

T. Ohtani, M, Scya, and S. Takahasht
Power Reactor and Nuclear Fuel Dcv. Corp
319-11 Tcrkai-Mura
Ibaraki-ken, Japan

lhut have been designed for fabricating and processing plu-
tonium fuel.

To accommodate these facility features and to rcducc

the hsspccior’s workload, wc have dcslgncd the non-
destructive assay (NDA) cquiprncnt to bc autori:r’’cd,
stmcndablc to unattended opcnttion, and wi[h a size irrrd fuel
mass capability ~fi match the robotics f(;el maniiml;itors.
Authentication techniques have been incorporntcd inlo the
NDA systems so that the data can k used by indcpcndcnt
inspectors such as the IAEA.

The stwtdardizcd contisincrs and prognsrnmcd fuel
movcrncnts in autotnatcd fucilitics make ii possible m per.
form mum accurate nondcstnctivc assay ( NDA ) mcasurr -
mcnts than ure possihlc in c(mvcntionssi norruutomistcd
facilities. The N1)A instrumentation cun bc cusIom de-
signed untf optimiz.uf for the particular mcasurcmcnt gmd
m the automtsmd Iucility.

INSTRUMENTATION

AI the Plutonium P’ucl t .Iuctl{m l;ucihty (1);4)1:) m
Jupan, NDA Irrsnumcn[s h~l . hccn infitnlicd 10 gtkc ~:i)lll -

pletc nwusurrmcnt Covcrul:r of ull the plulomum III thr RI
cillly. Tsshlc I lists thr Insuwmenis und t:lc mensurc~llcnt
k~ntions within the plunt In ufldlti~m tn the input imd tmt
put Incutiolls, more diffwult 10 ncL’css ltscut)~}lls Su(’11il!

ghwc hoxr%, pnwcss eqnipmrnt, nmf (m n tlliil Ims[i, wustc
Lxmtsuncrs uIe mcludcd in lttc Intwsurcmcnl cuvcnl~c
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Figure 1 shows J dlti~qwrl of the NL~A svs[cms and
[heir applications In [he fircil:ty The mutm-ral cis[egorws

tha[ are measured include the input mixed-oxide (MOX)
powder and [he outpuI Iuel assemblies. The process-llnc
MOX powder, pellet trfiys, and scrap w-c measured inside
the glove. box hnes using detecmm outside [he clove boxes.
The MOX holdup in glove boxes, furnaces, and process
equipment IS measured usIn&z large slab detectors on Ibe
oulslde of the equlprnent. Small-grab sumple> destlneif for
chemical iinalysls also are measured In the NDA sysIems
before analysis

_.

#’iK. 1 [>icj~rmi o{ fht i’11’1 fwIIIIv MOX wutfrrt<ll 1(I( umrs

wui Ihc ((>rrr>pondmx /J[)A .~v,$Irm\ I Iv nurnhr,s.r cfvre.slumd
III Ihr mrmturtmrnl ,tv.!lrnk$lJtitd III Idblr I

All of /hc detector syswtns lIstcd III ‘Iahlr I fire bawd
on piissIve nrutron colnct(icnce c(wntln~ ()! lhc 240PU.
cffcctlvc- mass using ‘I{c c(mntcrs. Ncutnm mul(lplwtitmn
cx)rrectmns are IIliidC ;Is ncmfcd. “Me piutonlum Isotopic
r;ltws urc oh[illrlC(l by m;iss sprctrowopy” 01 \f,rilh SiiIllplC$

andjor gilMlllil r;iy sl)eutlt)w’(;py

/iltrr IllllltlllliCil lloll corrcctl(ms, Ihc coln(l(kncc ncu

tr(m ylCk! Ih (Iircclly pr[)l)olll{)llill 1[) thr 2401’11ctfe L’Ilvr
111;1SS ‘1’hU\, by mcilsurltlx lhe coln(.denlc neutron vl\.ld

Itonl ;111 of Ihr I)lul(mlilm In the filCllllv, wfc c’illl vmty lhc
ctttlm plIItonIIIm Invcnlory ()1 S[)CClill Nlglllflt’dllcr for thr

l’l;}’l. lilClllt~ Ii lhC tilpd)illty 10 llldkC rouli,lc (lllil Illltiltl VC

mrasllr~ll)cllts 1)1 Ihr Ilol( lull illl({ wastr rn:ltcrml$

‘1’IIc (iil)l\t(,l ((nli)lrr (1’(’AS I WIN\ (lcvclolW(l t(II nic;l
‘iIlllllfi 1)11!1011111111 I)ow(lcr (’olllillflC(l Ill ‘llolil~~ ( ;Illlitcrj

‘[11($ 1’(IUIIICI Wil\ (fr~i}!nrxl toI ll)\till liltloll Ill rhc Ill?ll(illl{)ll

I)l:irlt ll\ I)arl of IIlv .1lllolllillll.1 cilnl\tcr lr,ifl\lrt \V\lclll

};I(II {illll\lt’1 ((mlillns It(lltl IItlc to Iour Ci)t)$ 01 hlo,X (11

I’11( ),1 “I”lw IIrtitl(m L(IillItrr tllr-;liiirt’~ Itw il)orlt:ttwi)uf tI\

il(nl rillC Ii(m) Itlr 1)1111(111111111,;111(1,w!lcll llll\ l\ ( otill)lrw(l

v.Itl I Ilk- I\4)tol)II 1111I()\, tll!. I)lllt{)ttliltrl tli(ii I\ Ilrtcf II II IIc(l

I’he \v\lclll Uilll II(( {)mlllo(l!ltr pllll(lllllllt) lllil(llll J:\ Ui) to

[() k}!, w’1111‘1k},, IR-lll}[ il IVI)I( ,1! I();l(llllt: so flW’ill~ lliI\ I)c(’11

Ilrvcl\qw(l 10 prIIIIII II I(- t ollrtl,ll(vl\ II Il;lll CIIIlr(l olsct; lllor)” (II

IIlr \v\lrlll

‘I II(’ \v’,trltl (lul\l,,t\ of
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FIgurY 2 shows the posIuon of these component.” Iris II!c. tht

ekctronlcs cirblrle(, The elrxtnmws of [he sysIuIIl JW \ImI
ksr to those ot”the }iI.NCII {

T() accomn)ndatc the sh~pe and he]gh[ (It the jiirl]plc

Lonlirlner (cirnlslcr), It wds necessq to rlcsIgn thr dewrt)r

hdy [() fit in an annulus defined by the cunlwer c:lrl tr;lns
fer fxrrrel shown In FIR 3. The delccmr llt\ fsr[~ccrl (hr
centriil concrete shield and the outstde steel wiIll

The canister IS lowered ]nto the dr[cctor by ;I,, ;Iut(I
mater.f overheisd mmtlpultitor. After the wmpk IS ~l~itS~d,

k combined sample, detector, illld wm)slrr ~drt mow h(m
~.ontirlly for severul meter\ to the sirmplv Idcnllt’lcu[ion
cirmera The neutron mr~suremcn[ is pertornwd (iunng ttw
triiv~l of the transfer citrt ‘l%u\, the pr)wcr ;Ind s:gmr! lInc~

ctmnect]rrg the detec[or to the electronics :IIK drs I~ncd to
rnovc with [hr n)hr)tlcs sys[cm

A Zfz(’f nel)tr{)n sl)ilr~c i(Willr(f lll\ldc> ;Ill clllpl~ (’:11)1)

[er IS used to check the c,IIIhrirIII)n iilld pertorm,lncc 01 Itw
system “Jlre piant n)t)otlc~ systcnl cirr] iIUl(MlilIIL’iSll~

b--a

Jig J I’h, )t,,nf,,ph (I! III, (.lc( 1,(1111,I ,In,l , ,1/,, wI M!v,{ t,,, 1),.
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plutmslum mass 1s dclcmllrrcd. The system L“iir) iiCCOITlnlo

date pluIomum I(xtdlngs up I() 10 kg. “I”hc clecrromcs id

software for [he c;ipsuk ~.{wrtcr arc idtmnciil [n the compo-
nents for the cturlswr cuunkr in Iht cwslhter counter
dcmrplltm secmm

The capsule c[)un[cr IS designed tn acc(lmrn(xfiile the
S-m-long ctipsules (hut hold the !uel asscmblws ‘rhe cap-

sules arc Iowerc(f in[o the detcc[or from (werhead by the
capsulr ruhot]cs sysicm When the Ixw:wn of Ihc capwic
reaches the fkx)r kwcl, the plutonium msc IS several mc[ers
above lt; thus II was neccswry tn build u support stiind fur
the dctcztor to hfl It up m the fuel mne

The chpsulc counter IS shown In Fig. 6 ‘I”he dctcctur
IS split II]U) hiilv~\ to uIIOW Ins[alla[loll around the f~~ll[ty
~I,uIdc tube. The drlcct[w h(Kly IS made of polyethylene
with through holes f(v twelve ‘I{e tubes. TIc neutron
c(msturg cfficmnuy {)1 the drwcmr IS I(I, I W.

Bcctsusc of Ihc well de flncd f[lcl ColTl~OSlllol)” illrd

g(MX1 starrdiuds, lhc isccuriicy for flrl il\$\-rllbl~ iISSily 1$ hr!

[cr dun I %

‘1’IIC detector op~riit~\ In !hc COIIIIIIU:IUS mode w[th

Atfi dunrpi cwry muIutr The lotill\ r:itr l!) the (.(motrr

IIK t) I’II,II,INI,IIIII III fhr t ,I[*SUIP , ,IumeI <IrIr, t,$f ht,t,l <In,l

St, I,ll!b ( ,l\,rt

thus gIvcs [i tm~e history of the mtwemrn[ t~f I)uo? In (I1C

rfx)m or nearby arefis, The dewctor IS unshlckfcd and lI;I\

an exterior surface area of about 18 (HH) cm~, w]th :in

mrrrnwc efficiency of iitx IJ[ 10[1 , so the scns)tlvltv I\ high
for dcmct~ng neuu(m source mtiierl~l in Ilk- ~lrlnlt> (II lhc
dete.ctur

Fuel-h AwIy system

The fuel pln tis~iiy systcm [ITAS) nwasures [hc plu

tortium content of MOX fuel pins In tray+ c(mt:ilnlng up to
24 puss. The FPAS 1s similar In cent.ep[ to the tmgmul plIl-

trdy cuurrter. The F1’AS cxmn[cr :Kxunlm(xiistes IKNII JOY( )
timi MONJU fuel pIIIS with a slnglr cxmntcr conflguratl(m,
and so must hiIV(l rclfitlvcly fl:tl resp(mse tor I.2 ul Nlcil
suremcnts rn:iy he t:ikcn cilhcr isttemied or uniittended. (1(

unattended, pnwlslt)ns :irc bclrlg midc l~v the c(}llntt-r It)
tnggcr u mncri 10 isutonltitullly rec{mj the trdy Idcntlficil
tmr). Tri{ys wrlulnlng pins I() he i~ssiivd isrc removed
from thr swmgc tirr;I MM! Immght In(t) [he countrr hy ii
robotic conveyor.

‘IhrW[lllji{’v t)! lhr Mj\( ili Ioillllvl\ I\ III Ihr t; ItII:c of
1 {IX, ,lrlN,lI,lIII)! ~W 1111 iurl [:llr~(lls

(;il)w-lh)w Iloldup ( ‘Ount(m

‘lo IIIr:l\IIII. Illr })l~Ivc II(II I\t\r, Il\r Ilclr( I(,I I!lill l,.

n:ovr(l III ilnl Id III (Ivrt tlw ~hr~ll(!l illlf,uc III tlII. }:l(~ir INI,

U}lll}! II I ‘r p(l\llloll \i 411111)1 II 11111\lIc l~lk ‘1IIC IIllr}!l:lllllll

(II lhr \\;Itl l\ 1)1{11)01111111.11 III llw II I,i\\ (If “’(’1’11 ellr( ll~fr

Illii(lr Ihf f:hwr lMI~



I%e gl(we hox assay system (GBAS! calihrtttmrr mea
surcments show a rcmarktible !ndqrcndence from the par-
ticular glove box. The new sc,mnurg proccdurc averages
OUI differences in the sc~tttnng he[wrxn hexes c(mtiunlrrg
hoppers. islcndrrs, calclncrs, grrnders, and filters. A com-

parison of the calihriition coefl wmnts for all nf t hc glove

hnxes gtsve the remarkable result that the avrr~gc vanil[ion
In the scptir~tc c;]litsratmns was tmly jz5%.

Wl[h this m-w n~eiisuremen[ ctipahilitv for glovebox

holdup, IAEA Inspectors cisn trca[ the holdup M venfrcd
]nvcn:ory A sample identlflc~u(m numhcr will he asslgncd
to each glove h)x. During rmrtjrrc mon[hly Inspecuons tit
the facility, [he IAEA WII1 lncludc [hcse gi(we-isr)x samples
M part of the mcsssurwf lnvcn[[wy Thus, ii Itirge sour-cc of
lnvcntory unccrtillnly will he cllm]na[rd, Untl cnllcalltv
control liunng prtwcss opislums will ix lmpnwrd.

Wwk-l)rum Assny System

The process Ilnc wustcs are pliscmf In 2(KI f drums
lmd measured bcf’Imc Icavlng ihc plisnt. ‘I”hc wasle ~rum

iissiiy systcm (W I) A,S)~ uscs [he ~!iissl Ciil NI)A n]~(h~d 01
pusslve ncutnm cwncdcnce cmintln~ 01 plul~mlum hul hai
ii ncw “d4-u-s(mrce” fCiil UK [() Impr:)vc ttlc Jccuracy tor

mtitnx cx)rrrclltms IInd llc W SliIll StlCil I Icuhlllqilcs I(I In}
~:r(wc the I(JW ICVCI Lirtcu[:lblliiy lImItS

“1’hr isdd a wmrcr Ic( htl Iqur Inlr(hiuccs a mIIlulc
sour~.c 01 ‘$i(’f ( 10 N g) 10 I! It. cxtrrn: ii Sllriil(r of (I1C ‘+illll

I)!c drum, ilIld IIIC Pcrtlllt)illion I)? (}1C (irurr) 01 Il)r’ -’~2(’1

COII IL. IdeIICr (0111)(111~ r:itr provl(irs thr (liII iI II) nlilk~ J
m:ttrlx corrrulion” 101 thr pl[ll(mtun] In$I(ir lhr (irum ‘[h”
crrl~r\ lntr{Niucrd It{>lll IIl;illlh lllilt Crlill S 111 2(!X f drumi
tlilV~ tWCfl rr(lillC(l NV ;111OI(ICI ot lllil~llllU(lC 11S1!)}! IIIC il(ld

il s(~urcc 1(’L’I)III(IIIC In Ud(llll(m, Ihr iuld :1 %( I(IICC Inclhorl

cull dclcL’1 ttlc prrscncc (Ii Unrxlrcrtr(l ncull(m \hlcl(llng

lllill~rlill Ill>l(ic thr (lrum Itlill llll~hl Illdf: !tlr’ pre!rncr 01
SNM 1,01 111~II) I)liint II)\t;tiliitII)II ilt 111(. }’[1’1 hl( )X liIIIl
II\ iI) J,illiin, IhC {lCICLIiI!lIIIt Y II III; I I:, () 7 I1]X ~~{l!’!] (or
? 1 nly, plllt{ml~lrll) lot :1 I \ ImtJ Illr;l\l)lrtllrtll10! ;1(1111111
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The soflwarc cons]sts of tw[~ miun progr,]mj x (’01
1.I{LT controls [hc shlf! rr~lsier U) collect diii~ c(m[lnu(wsly
in the unattended rnndc. REV!l:W is run tihout once u
rn(mth tocxarnme the Iiirgc wnounls nf da[iic(~llccted ‘rhr
Rl;VllZW programa ls(}cmatcsd atafilesl hiit cat) Mln[)ll[
Intn the IAF. A high-tcvcl neutron c(nncl(frncc pn)gr;im I()

u~lcultitc gmrnsof~)lu i(}ll)urn m the sismplc Scpiir,iilng lhc
Soflwarc into two progrdrns iilloWS the lnipe~lor to $prrl(f
mlnlmd ume In ihc rw.IIisII(siI iireil ~olletit\ng da[ir ‘1’hr (iiit;

tr{)m (he (X11.1X(7 program un k e~illlllrlrd Ill a morr

uomfortahlc” cnvlr.mrncnt WIIh the RI; VIIIW worhstistlon”

cxwlputcr.
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COIIIII)IIOUSIY, ” I) Ill It tlil\ ild(ill lollill CJl)ilt)llltl C\ lrl il(f(fltll)rl
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dcrector head under inspccmr seal:
visible and unbroken cable runs between detector
head and electronics cabine[;
scaled ekm-tmics cabincu
modular electronic components that arc compati-
ble for mplaccmerrt with standard IAEA cquip-
men~
continuous data collection;
software replaccttblc by [he inspcctcrrs;
software diisgnostics for imcrrupticrn of or tarnpcr-
mg with the signal;
califomium-252 check sourws and normalization
sources for verification of total system pcrfor-
mancc; and
con’uinmen! arrd surveillance (C/S) systcm over-
view of dctec[or and electronics cabinet.

These mcastrres give an ~n-depth redundancy in au-
thenticating the NDA systcm.

The continuous monitoring of the room background
gives a r-word of any movemcm of MOX In thr room, Be-
cause the rtcordirrg of MOX movement UISO is part of the
C/S system, the detector glvcs iin ]micpcndcn[ method to
partially authcnticalc [he C/S system.

SUMMARY

Pmsive ncutnm coincdersce counters hiive been de-
signed und implcmenm(f to measure the plutonium input,
oulpi]t, process Iincs, ht~ldup, ssrxlwissles of an isummatcd
MOX fahricatmn facillty, The counters operate in a colI -
tlnuous and unattended mode wjth full l~uthcntw:~tion for
Indcpmdcnt ln~pecmm agcrvtes,

The systems hisvc hccn mlitrblc with m) failure lead
ing to loss of inspectmn datis durin~ the imtlid three yettrs
of use. The accuracy ISnd fmcision nl the systems ttmt itrc
instsdlcd In the ~utomi{tcd facility am better Ihan can be
ohuiinrd wllh poriishlc NDA cqulpmcnt, Repeat mctssurc

mcnts with the l$l(’f umtroi sources huvr dcnmnslrutrd u
prcclsl{m <lf (). I % (slnr,durd dcvmtmn) with(ml tiny mwmiil
I{JIII{)II ovrr the I!llllill Iwo vcurs t~f oprrntltm

The continwn]s nlf)dc opcr!~tiot] wllh iIultmIi Itcd dnl;i
c~~llectlon, sttmtgc, nnd c{mvcrllenl mnrvnl has mn(k II

pvisiblc fnr Irlsprct{)rs It) sprnd Ic\s llmr in lhc pluttMIIum

lilcIllly wllhotlt nny 10ss of ttmnsummrn[ Cllpiltllllly Ill

IllCl. lhC wsmplr cor)Slrilllll\ Ill S17~, Illlls\, III)(1 Colllilllllllrlll

(Ilctlucd hy Ihc plum Il)t, ollL’\ Syslcnl have mil(k It posslt)k

I(I ot)tuln n hl~hrr n{curucy NIM.I pn-c IsI(m with thr NI )A

svslrm~ thitn hn\ Iwn pr~~~lhlr l~w (Wh-1 Lxmvcnmml luiIl

Illrs, ‘1’hr prnlsi(m told ~thhillty {d the lmulr~n~ sywr n\ 1$
() 1‘F, to () 7{,!, 1*1111Ihr :11’L’IIIIICV (lc])rllll\ (11) Iilc Iurl Cillr
}!()! y M[)s! Id Ihr NI)A \vxI?,It~s lt\Ictl III ‘1 ~hlr I (qrcIrttc
tomlnmw\lV III Illr unuttrn(lc(l m(~le ~)vln~ nrnr tcIIl IIIIW

Illl(lin)nlloli (m Iilr l)llllIn\lllil) Illvcnlory ill lhr IRLIII!v
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