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REMOTE-CONTROLLED NDA SYSTEMS FOR
PROCESS AREAS IN A MOX FACILITY
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ABSTRACT

Nondcsmccivc assay (NDA) sysrems have been
designed and insmllcd in tie pmess area of an automated
n-uxcd-oxide (MOX) fuel fabrication facdi[y. These insrru-
mcnr.s employ neutron comadence counring rnc[hds to rrma-
sum k spxmaneous-fission mot of plum+num in k powders,
pellets, and fuel pins in [he process arc& Thc SpCWItMeOUS iis-

smn me and tic plu[onium iso[opic ratios dctcmn.i.nc he rrua
of pl~tonium in [he sample. Measurements can be either
attended m una[tendcd. Tlw fuel-pin assay system (WAS) re-
sides ative [he robotic conveyor system and measures the
plutonium content in fuel pin trays conutining up to 24 pins
(-1 k of plutonium), The material accounm.ncy glove-box

t(MA B) counrcrs consis[ of two slab dcuxxrs mounted on k
sldcs of the glove hx to mcamrc samples of wwdm or pellcu
as the arc brought lo tie load cell. Samples rrwuumd by rhc

kMAC counters may conu.in up m 18 kg of MOX. This pap
descntm the design and pcrfomrmrsce of four systems: [he
fuel-pin assay system and ducc sepmtc MAGB systems. TIw
pa~r also discussc~ [he role of Monte Caxlo UMspcm t@h-
nlques in tie de[ec[or dcslgn and subsequent inurwrwm cdl-
braricm.

INTRODUCTION

Nondestmc[ivc way systems have teen developed fcu
usc in [he prmess areas of an auummated mixd oxide (MOX)
fuel fnbricarion facility, Four inmwrscnu mcuurc the pluo
nlum conrent of vmous rrwcrids in the prxess arcs such u
fuel pins, feed and recycle pwdcr, SA grean and sintcrcd pd.
Ie[s, These instruments employ neutron coincxktce counting

tahniqucsl to measure [Iw ci.rw+orrelatcd neucrws emission by
[he spntancoudy fissioning isotopes of plumnium. When the
measured coincidence rmes MC combined with tie plutonium
IsoIopIcs of [he wmple, die [OUI plutonium is obtamcd. The
fuel.pin as~y sysmm (FPAS) Irwam.rcs tie plutonium content
of fuel pins In uays contnmmg up (0 24 pins, lle counter is
rnounmd dxwe che automatic conveyor syslem Id mmsures
bmh [Y-PCSof fuel pins (MONJU tnd JOYO) in the f~illry.
Three mmrid accountancy g!ove bx (MAGB) counoers am
Iocatd throughout [he pl’0CCS4 aJ’C&10 mcLSUJ’C lk pkdunl

content of VU-IOUS process powders md pellets. Flgurc I
shcus s $chematlc of the process layout wi[h FPAS and
MAGB sysmms Ialxlcd. MAGB. I is It the feed ~wder us.
I]m, MAGB-2 is al the RC)’Ck powdcd

r
n pellet press, and

,MAG3. 3 is w dw @let press st.auon, e MAGB Syslcms am
slmlia.r so ths[ each can back-up [he other two, Ihch system
emnel-;c mf fwm tlmhd-!~!m~ nwMInrd mm!h@ Qw+m t-if Ib OIAW

T. Ohtmi, M. Scyu and S, Taka.hashi
Plutoruum FM1 Prduaon FMliry
Power Rcactm & Nuclear Fuel Dcvclopcm Cmprmon
Iba.rah, JAPAN

& @ II 1

f 1#, 1, Schsmuic #I& PFPF pCXUJ ma skuiq 10CLULCMo/ FPAS
ad MAGB cmMws.

tR3X. ‘rh6 b - CTWI~ C& MCNP2 was USCd to Op-
tmuzc the ded of k FPAS and MAGB systems, and m tie
cue of Khe a OB courmn, a.idcd h calbatmg hem, Tlc
~AS wu USctalld u she Plutcm.ium Fuel Pruductron FacdIry
(PFPF) tn Japan during Decernb 1988. Intemaoond A.ormc

‘kY,W%l$&’’Et%%#l% %%%’:
ad calhmtcd lx-n July and Auguss 1989.

FUEL. PIN ASSAY SYSTEM

The FPAS rYMaaureBdM plutonium content 0[ MOX
fuel pins b mys conLalnl.nS up to 24 pins. The FPAS Is ~imi-
laJ in concept to the cd@nal pln-msy counler,~ The FPAS

countu ~tes bth JOYO and MONJU fwl-pins with
a sirtgJe coun=conflgumdas, ad m must tuve a relatively flat
respm (W 1,2 m, Mcasurcmnu msj be uken et[her m.
[endd or unatlendai (U unmended, provisions arc Ixlng
Ill& fof d-w calmer to b+g~a a canwm to Wmlaticdly mcd
the my idendflcath). Tmys conuin.hrg ins to be awyd are

Kremoved Erom the st.oqs ares d hug t in[o tic counmr by
i roboclc conveyor. FI

P
2 shows tic detector head al tie

LAM Al- rest ma be cm S.hApnmmto [he PFPF,
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Fig, 2. FPAS &:tcw kd ar Las AIMVS MS area

nece~ to obrain a uniform response by k cosmtct OV= a
length of -1,2 m. This required 3He detector tubes with u
active length of 1,7 m, the longest s~h tubes ever sssd in ●

safeguards insms.rncm by the IAEA. In addiaon to requiring a
flat rcsponw over 1.2 m the counter alm ti to b i2sacrssi-
rive sochanges in position OVCT its width. To facili~ his M-
pcct of dsedesign, FPAS was model-led by MCNP. A simula-
tion of the counter permitted the dcsi.gn to easily k chmtgd
and the response profile evaluated WiL~OSJtthe e.xpcnsc of
faticarins the counter and then modifying it xcading to ex-
pcrimcn~ Figure 3 shows the final tube layout and rcspmsc
profdc for she x-direction (width). Uniformity of rcspoose is
achieved by exrra ‘He tubes on he sides and kss than @tmsm
spacing of the tulxs across the [OD. Graphiu end plugs ad
thicker polyerhyknc on the ends than in the mickllc flmtetd tlm

‘ mspxtw along rhe length (ydimction) of the cmustcr. figure 4
depicts she y-axis response and detectorowlirtc.Ex_saJ
datx arc plotted along wish the normsliutl results obtaid *
rhc Monte Carlo calculations, The calculatiotul data are rKW-
malizcd &cause the mdcl did not simsulatc any wnsrtx reflec-
tion other than ths counter. The data were nomalizcd by
defining the mrio of calculated to observed totals W. fm the
center of the active zone to be one (y position of 90 cm cm
graph). It is important to note that Figs. 3 and 4 present the
response of the counter to variation of a point source, whcrcu
[he actual samples arc fuel pins, and r.husoniy relative changes
ustie in:egratcd msponsc over rhe kngLh of a pin arc mkvmt to
instrumem pctiormance. Figure 5 presents tho vtition in
coumcr rqmnse to ~sirional changes (x.uis) of ~ fuel pin.
Tlte profile was obtmned by meastirtg a singk pin at d-
lmations over she possible 24 in slots, Sensiriviry to in di8-

r 7placement along the y-axis is ess than a 1% effect as ong m
the nctsve length of the fuel stays wirJsin fhe 1.2-m cousstin
zone of the detector. Changes in the multiplication
response from z-axis vaziation of fuel pins is <1% for dis-
placements of I cm or Ivss. Thcrcforc nomnd posidossal vti-
tson of a pin tray relative 10the detectcw should change the re-
sponse by 1% or less.

The FPAS was calibsatod by counan boiling w- rc-
acmr (BWV MOX pins (1.2. m active kn J )Bt Lu9Alaccm.
Because the BWR puss were Isrgcr than either MONJIJ or
JOYO fuel pins, only 17 pins could be IJON,I at one b, Th.ts
corm~tis to a mal plutonium Iosdin uf S00 g (cmnpard m

J6W g and 1000 for JOYO and MO JU uayt rm~tively).
Tisbk [ Prcsenu k results of the praalibration. Skrsuladng flm
effect of conveyor or tray so-ucmrc was not mtcmpted ih the
Los Alamos tests, However, calibrations were made with bosh
consmnt heavy mctaJ (U+ Pu) md with varhblc heavy txwal
(pin removal).
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wwca. Pin podion rehdw m cowum Lmdicatidby Itis.
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Fig. 4, Cross smton Ihmviq polythykno Jkpr ad #raphut mdpluIJ
with corre~ndin; pbt ~ couuv responM VJy-au posuion for .S;cf

pobu X)wct.

Calibration dau at PFPF were uken at the time of in-
stallation and In March 1989. Figure 6 shows the coincidence
rate (R) vs the ~opu. effecr.ive mass. Analysis of thas dAtA
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Fi#. S. Normalized nuddplicdon-corrected reals VS pin psition (x-ads)
for MONJU fud pin.
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FiR. 6. Coincidence rae (1?) vs 240 Pu.fleclivt mass for JOYO and
MONJU ful P“IW

TABLE I

SUMMARY OF CAJJBk4TION RESULTS

Rod Removal Constant Heavy Metal
MOX Paramters Rm=~2@+b R-m aMlw

Precalibration (BWR pins) a m 4,193 *0.013 a = 4.184~t).~

PO = 0.0448 b = -3,084 k 0,25

yields calibration ammeters as given in Table Il. PeUet sam-
ples taken during L March qualification will b chcmicdly an-
alyed in August 1989, and at this time panrneters for tmddpii-
cation-corrected reals (~) vs ‘OPu- effective ntaas wiU Im
dcmtained.

MAGB COUNTERS

Time MAGB counters have been developed for use in
PFPF, Each system consiua of IWO slab detectom ttwuntd
outside the glove box, and the asscciatal electronics (JSR- 11,
computer, and printer). Samples of powder and pelleu fmrts
the various process areas are @hned on the load cell inside
the glove box by (he roktc uansfer systetsx the MA(JB
courter measures !he plutcmium comm Samples may cuittain
up to 18 kg MOX. i%gure I shows the Iocadon of the MAOB
counters. MAGB- I measures primarily feed powder,
MAGB-2 measures primuily recycle mmvd- and green pellets,
and MAGB.3 assays rimafily sirttered pellets. AH MAOB

Jsystems have similar etectors so that each counter may wrve
as a back-up for the other two. Figure 7 is a photo~ph of
MAGB-I at Los Alama before it was ship

P
10 PFPF.

Software allows for either attended or unatten ~ operadon,
When

T
rated in unattendd mode, the computer wiU trigger a

camera or sample idendflcation.

A detailed Monte Ctilo simulation of tha MAGB
counter was pan of the ded n of the detector to account fw the

faffect on counteT response o materials surrounding he des~

(for example, glove tmx, load cell, and concrete wall). In
addition to facilitating the counter design, the MCNP model
also aided in calibration. Figure 8 is a cross-sectional view of
the .MCNP input geometry for MAGB- 1. Monte Carlo calcula-
tions wem used to detmrttne the exua polyttiylene at me top of
bch slabs and the redwxi Iyeshylene thickness on the slab
newest the concrete wall. R e extra polyethylene a~the top of
each slab helps flatten the detector response due to positional

variation of plutonium inside the glove box. The reduced
@yethylene thickness in the slab nearest the concmtc wall Mf-
SGLSthe enhanced response km neuuorts reflected by the con-
crete. Figure 9 pmsems IJ’IeAaavc change in dcwcmr response
for vtious possible fill-heights for samples of powder and
sintercd pellets.

The Monte Carlo nmdel gcnermcd input data for esti-
inatin totals Arid coincidence count rates for calibrating the

1!MAG counters, This hybid Monte Carl* analytical approach
has recently been dernonstmed with good success for furl as-
sembly measurements by Stewti4 [n addition to estimating
calibraaort pamrnmrs, this calculational appfoacli can also pro-
vide infonna~ion for determining physical standards for cali-
bration by identifying the most relevant parameters (for examp-
le, moderation effects). lrtitial calibration pnrasnetcrs were es-
[imaled for dry powder and simered Pellels for conditions of
variable and conmnt heav metal. Table HI contains the base

Jcase data used for the pow er astdpellet samples.



TABLE II

PRELIMINARY CALIBRATIONPAMMEERS FOR
JOYO AND MONJU FUEL P[NS

Fuel-Pin Type RUcf Dimmer Activekngh Calilmiod
(nun) (cm) CcEffkknu

FIN, 9, C&&d rtltih$ flCk~ u

funclbn qfjlll hd~hl for powdw and

pdltls,

ta.

!m.

0,9 *

O.a .

on*



TABLE ❑

BASE ME DATA FOR POWER AND ~ ~

Isctmpics

&
239P” 62.70
-u 23.83
Z41pu 8.s0
242pu 3.77
~~Am 0.62

Talliesf=effkieq,ptektim ‘dIic&hd
wengemultiplicitywere m tintos Imic

F’
GuL wbb~ in

turn, *d couot mm. abklI&VtiC&min8Jmmiwluf&
chehpcwwkald@kt

-l%case (vuimbla till height!. 9edu8ue Slmpl&tedin
Fig. 10. llte bsc fit of ~ V22%14ffwtiva is ● smai~t
linewithan~in~fmbh~dwk-
ple4aodvarAsbkh28vymetd-Wiotka intimflki@M
clunges the efildaxy of b counmr.thus violating th u-
suMpl’ilMafcaumttefMelwyio thcd@UkMa= b
dgdhtn TW V Canpuw* rewveCh,nge in h efll=
Ciency tirM8 gste -al q) with * relative ch~ in ~
IKUMtogivea CUluwM Eul licaht~

F
-P=

@8mfarhs#let Wrlpbio MN.

S“hlwCakuhal“ Swweldeforcalumt lnwylzmtd
inlmthpowd= andpcliea Beau2aths~g~
Uld Spalialdiauihltion of the Iumniumin b upie IUUK’11
f~:i’thoopn

Unr
r~ w the muld lAcadal~m

Jkefm tlmM fit IlmIlmlldp-

nsu~l
—.

18%
0.2% M:s

Pllm+u—.

SullplrMm

lok# pmc&
llkg

cmected duaualhp whhzemimemPL TnbkVIpwenU
rcsUluoftkdcUhwfu fatbecueofcaWn;t K8vyrrML
TlledU8itl TbblevImd90#’eDemd in Fig. tl.

CONCLUSIONS

TABLErv

cALmRAnoN m4uLATloN RESULTSm VARIABLEHEAVY wrAL

-VW m - T R &l

.—

I 447 168S41 4496 27s6
& I 093 l~24g 3 la 2 a2
0,50 723 Ian 1342

630 ~ n 7tw 1832 I 342
(MONJIJ km) !% 472 34244 1373 1 15s

0,s0 313 3629d ~ 737
0,23 I57 !7 380 3s9



TABIX V

COMANSON OF ~v9 d’ FOR VAR2ABIE

HEAVY METAL CASE(RIkt)

Flu e f)dx Up@.lw cf~xw@u)

0.79 0.92i 0.923

0.50 0.929 0.928

0.23 1.016 1.017

SsmphTyp Umduwllmviwn

IWl
M
al
1/1
In
1/5
1/10

WI
(MONJU - me)

3:
YI
lr~
1/3
1/10
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