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Nondestructive Msay (NDA) systems have been developed
for use in m automated mixed oxide (MOX) fabrication t_acil-
Ny, Unique features have been developed for the NDA sys-
Icrns to accommodate robotic sample handling and rerrurte op-
erauon. In addition. the systems have teen designed[oobtain
lntcmational Atomic Energy Agency inspection datawithout
[he need for an lns~ctor at ih~ facility iIt IJWtim of the mcm-
uremcms. The e ~uipmcnt is being designed tooperatecontin-
MXISly in an una[~:ndcd mode w:[h dalas~oragc for periods of
up [o one monlh. The twosystemsdrscrilxd in [his paper in-
clude a canis[cr coun[cr for the assay of MOX powder iIt [he
icput [o Ihc fxlllty isncl a capsule counter for lhc assay of
~“omplcte liquid-mad fast breeder rcumsr fuel assemblies w rhc
ouIpuI of the pltim, The design. pcrfommsncc characteristics.
Jnd .Iu[hcnuciruon O( the (WO ~ystcms wdl be described. The
d;l[ii rclwcd to rell~bllily, prcclsion, ~nd stability will be
presented,

INTROD1:(:TIOY”

l)unng the pus[ k-m.lc, [he In[cmaliunal A[omic Energy
,\gerrcv I IAEA) ln~peumrs, n~~wnid inspectors, and facdi[y
~lper;l[l)rs h;lve userj neutron comclti;ncc coumcrsl extensively
[u Illeilsurc the plutonium cor!cnt fur WIrious forms of nuclc~
Inil(crlds In [he fuel UVCIC. Of spcciul importance for these
\ crlf’iuutlon mcissuremcnts arc the Input and output of nuclciu
I:, [mcillion (acllilics.

“l’his p~pcr WIII tocus on measurement systems for the in-
pIII Jnd mIIpdI of w uumrnistcd mlxcd oxldc ( MOX ) tuel
t IIvm’;l[mn pllnl ‘1’hc InpuI is In Ihc t’unn u!’ MOX p[)wdcr
.III(I Ihc ~wIpuI If t’ull $Izcd finished fuel o$wmhlies [hti[ ,wc
x’illl’d IIII(J \lC.!l pr~)let”llve L’il~$UIC$,

These opcralionid consrrain[s we common to manv oi [he
modern facilities that have been designed for ~~bncwlng Jnd
processing plulonium fuel,

To accommodmc dIcsc facili[y fcu[ures wsd 10 rcduct [he
inspector’s work load, wc nave designed [he NDA cquipmcn(
10 be wnomiucd, amendable 10 un~[[cns.lcd operation, and w i[h
a size and fuel mass capability m match the rotwics tuel
rmmipuliitors, Authentication techniques have ~cn inuurpo-
ratcd into lhe NDA systems so that the dma can & used by in-
dependent inspector% such as the IAEA.

CA N[STER COUNTER DE! WRIIWIOFJ

‘l-he canister counter wiIs developed for mcusuling plulo-
nium powder conmincd in slorugc c~nistcrs. The counwr wJs
dtsigned for insiallalion in the f~bric~tmn pltin[ ils purl III’ [he
:Iu[cmustcd canlstcr-wtinsfcr syslcm. Each canisler ~mmlIJInS
Irom one [0 four Cilll S d mixed oxide or PuQ. Ile Ilell[rt)ll

L+ourl[er rrre~sures [he spontuncous- fission ralc lrom Ihc ]~luio-
II IUIII, and when this is combined with the plulonlum isumpw
r~lllos, [he plutonium muss is determined. The systctn C;II1
:lccmnmuda[c plutonium Iomlings up to 10 kg, wl[h 5 kg heII)g

J [~pi~ill lo~lding, SOflwilrc hus trccn devclopcLI I\ I pcr:ult Ihu
~’wttlnuous uni.sltendcdopcrii[icm UI” the sys~crn,

“Ilc system uonsis[s 0(:

. dctecmr hew!,
● sccunly,cop,
. CICCIKNIIU~~i~billc[,
● JSR. I 1 cuinclderscc counling tlectrtmics [ 2),
9 ( “t3\lPAQ Pmttihlc Ill cun:puters (2), ml
● I[psmt LQ-HS() prinkr.

I.igurc I ~huws Ihc posi[iun ~~f[hesc clmlp(mrIIIs In~I~lLI Ill{.
~)luc[ronlc”s~“;lt~illct,‘I”hcCIUCIrtmI~-S(II the $y\Icnl m \IIIIIl, II :, ~

Ill(lw 01’IIIC 111.s(’.l l,’
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T.ABLE 1

PC.\S PERFOR\LAXCE CHAKW’IERISTICS

OF THE CAWWER COUNTER

IUxrust the cistusrersm filled with four or fewer scpamrc
c:ms, [he Pu(l: Uistnburmrr M guaran[ccd to tu nonumform
:Ilmg the axis. “Ilis m~kes it impotmnl to have a uniform
~wunllng tfficlcncy. The calibrruion of ~he counter will be
Iwied on the mulrlplicarion-comccrcd reals rate (Rm) because
[hc Iictcrogcnccwts samples and variab,le uranium tmntcm affect
the nmdliplic~rlon. ‘Ilus, the rrmst lmp.@utt msprmsc func:icsn
m be uniform or llw is RM.

“ro rest Ihc system for the axial rcspm of Rmc.wc
Kim mu u can of PuO: in 5-cm steps through the full height of
IIW ,Smlswr. The can conm’rcd 321.1 -g plumnium (54.3-Y
: 11’Pu.cfIl, md [hc till hclght oi the Pu(> was -~ cm. “l~c
XWI w tis performed IIISIUC is dummy bwmsrcr.

I:igurc -1shows the R~C ~~lui ~tofilc for lhc can of PU(.)2
‘1’lw Rmr pmfilc IS llw 10 wuhln t I% over ihc W-cm stisnple
Imght of a normal .Qwrlskr,

“1.oICit [he semuwlry d’ the P(’AS IO lhc rdid diswilwmon
lit’ ItIe plLIWMUIn m [he ~w.rnlcr, a ‘~kf source was cuuntcd In

:-t .“cnwr oi [hc ~!c[ccror and [hen rcclwn red M 2 .~m~l:l~”rc.
:::cI:I$ m [he WJII, The rcsulls were uniform 10 lwtlcr til.lrl
[) j,-; In [he [~[~]s r~[c. The m~s rare showed ,1 &~.rc~.~t# t~(
.L5,UU().S% M the u dl. However, the muiupllcu[lon-c,.~me~.lctl
:.IICS ●e uruiw-rrt [o better [hart 0.5% iu all redid posiuons.

lle I(km-rhick conmrc wall Imwccn the detector ml ‘!’Ic

wnpk owmnodcrxrcs lhe detector. Thus, the Ali[io,l of }{:()
ILI [IW \lOX poudcr makes rhc dereclion e~ficiency decrt%w.
“1.!11sIS opposl[c to the HLNC-U and the original c~nistcr
K.ounl?r. both of which arc undcrmodcrated, The o~er.
mudmrion of ~hc PCAS should make the system Icss scrisln~ e
m moumtrc conrcnl in the sample because [he rnoismrc SUII
gi~ cs J net mcrwtse in (an) yields.

“Ile standards often have a different can wall lhickncss Jnd
.Ire d a rliifcrcm ma[crial than M hcdity cans. Nlcasurcmrnls
\icrc performed to cstimarc this difference. A J~:Cf source
M;IS plxxd in the center of I IC dctccror tind concentric WCCI
~.:ms were placed around the iource to observe [he chwqy In
Ihc coun[ing ra!c. A very small ncgalivc change w us
l~hs~rvcd, aS shown in Fig, !i. Thc multiplication-comccl~’~i
rcsuhs R- u even less sermive [o the wall effects lhirn w-c R
.md T

Because the system is operating in an unattended mode
wIlhmst IAEA mspcaors in the facili[y, wc designed twnpcr-
lndlc~tlng icwurcs inlo the NDA system Thcsu include dw
Iol!owing:

m
9

■

m

9

●

●

detector hed under inspector seal;
visible ml unbroken cable mns between dmcmr hetid
and clcmomcs cabirwt;
sdcd electronics cabinet;
modular clccmonic components rhiu arc compmtslc h~r
rcplaccrtwnt with standard IAEA equipment;
cwnrinuous dam cckcrion;
sotiwtirc rcpluccablc by k inspectors:
soltwa.rc diagnrnlics for inlcrrupnun Ui or Iwnprrmg
w ilh the wgnd:
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Fig 5. The not mtdi:t!d Iomls twui reds ruresus ufuncliun L# !he
wmpit contuiner WI duckttess.

● califomium-252 check sources and normalization
sources tor vcnfkxlion of total system pcffomxuwc;
md

● wrtrainmcm and sumeillance (C/S) system oven ;CWof
tletccmr wd clccmmics csbinct,

“1’hcscmctisurcs give an m-dcp~h redundancy in &whcrru-
~’:uing Uw .SIJA system.

The ~vmmnuous monitoring of the room background gives
J rccmd U( imy movement of M~X in the room. Ikuusc L~C
rtL.(wt!lng of X1OX movement also is part of the C/S system,
IIw Mector gIvcs ;m mdcpcndcnt nwth~ 10 partially aurhcnn.
L“,IIL’Itlc Sy’swll.

I“ht \.illlhr:ltl(JrtCquilll{m 1%glVCtl h~

R,”( = J %1:11)

(’ \l’s[’l#E (V){. W’K14 I) IN(.NIP-IION
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Fig, 6. The RmCcalibration line for cans of MOX measured it~

the canister coumer.

coupled 10 the automated capsule transfer system. Eauh cJp-
SUICcontains one Liquid Metal Fast Breeder Reactor(L%lFBR~
fuelassembly. The neumon coumcr measures the sponta-
ncous. tlssion rate from the plutonusm, imd when this is mm
lvncd wi~h the plutonium isotopic ratios. the plutonium mass is
dwxrnincd. The syslcm can awwmmdntc plutonium loadings
Up 1010 kg.

The electronics find software for the ctipsulc ccmmcr m
Identical to the components for the canister counter in the uim -
Islcr kwumcr dcscrrptiort section.

The capsule counter is designed IO accommodnlc [he
5-m-long capsules ~ha~hu!d the fuel wcmblics, The CUPSUICS
.Irc lowered mto Ihc detector from overhead by lhc capsule
rtdmics syswrn, When the bouom of [he upsulc rctichcs [hc
ll(~w Icvcl, the plutomum zone is scvcrnl rtwcrs dmvc m thus,
II VWISncccssug m build a support ~til Id for [hc dctcuur [O lill
II up M the fuel zone,
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CEN~R 270333 N 457 13298 1,132 1.000 I.lW(-I 1.000”
AGAINST WALL 272585 25105 I J 3-Q 1.137 1.008 1.026 I .003

The detec[or is operating in the continuous mode with dara
dumps every minu~e. The mmls ra~e in the counrer thus gives
a time hislory of the movement O( PuQ in the room or nearby
areas. The detector is unshielded and has an exterior surface
area of alwut 18000 cmz, with an intrinsic efficiency of about
16%, so the sensitivity is high for de~ecting neutron source
material in chevicinir, of tie dem[or,

The precalibrtition of the deteclor was performed M the
Westinghouse Hanford Company using FFTF fuel assem-
blies, Table IV summtizes the results. As with [he canis[er

counter, rhe calibration function is

R mc = a MZ40 ,

where the slope J is 14,9 counts/s-g ~40Pu-eff for ~ fuel
~lsscnlblics (see Fig, 10). This calibralmn changes by less [ban

2% for olher typical L\l FBR fuel isssemblies.

SL’MNIARY

P:lssive neutron ~wincldence crmnlers h~ve been designed
:ifld implcmen(ed 10 mc;lsure he plUl13nlUln Input and output of

w-i womated MOX ffibrication facility. The counters uperme
in a commuous and unaucrtded mode with full authen[wuion
for independent inspection agencies.

The reliability of the systems has been gcud with no ftilure
hmling to loss of inspection dma during the initial nine momhs
O( use. The accuracy and precision of tie systems that are in-
sulled m [he automated facility are better than can b obtained
with pmablc NDA equipment. Repeat memiremems wi~h [he
~s~Cf conmol sources have demon scrmed a precision of 0.1 %
(smndmd deviation) wilhout any nommlizittion over the inilid
six months of operation.

The continuous mcde operation wih automwed dn col-
lection, slorage, and convenient reuieval has mude ii possible
for inspectors to spend less lime in the plulonium l“ucilily
w Ithout any loss of measurement capability. In fact, [he sam-
ple constraints in size, mass, and containment (!ictmed by [he
pl:mt robotics sys[em have made it possible 10 obtain a higher
w~.urwy-;md precision with the ND,4 systems ~him h:t~ been
possible tor older convemimd facilities.

sllt%l\\ l.lldillell l% ( “[timed ‘I R
l!) \l,,
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