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IN PLUTONIUM FUEL FABRICATION PLANTS*
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(505) 667-2182

ABSTRACT

Nondestructive assay (NDA) sysiems have been developed
for use in an automated mixed oxide fabrication facility.
Unique features have been developed for the NDA sysiems
10 accommxiate robotic sample handling ai.1 remote oper-
ation. In addition, the systems have been designed 10 ob-
tain International Atomic Energy Agency inspection data
without the need for an inspector at the facility at the time
of the measurenients. The equipment is being designed 10
operate continuoufly in an unattended mode with dara stor-
age for periods o up to one month. The design, perfor-
mance characteristics, and authentication of the NDA sys-
tems are described. The data related to reliabiluty, preci-
sion, and accuracy are presented.

INTRODUCTICN

Durning the pust decade, thz International Atomic
Einergy Agency (FIALA) inspectors, national inspectors, and
facility operaiors haye used neutron coincidence amnters!.2
cxtensively to measure the pluibnium content ot vanons
forme of nuclear materials in the fuel cycle. Of special in
pertance {for these verification measarements are the input,
oatpat, snd m-process mventory of nnclear fabricntion
tncihnies,

Lerge, mtamated facthities for fabricaung platoninm
tuel present bath difficulties nnd apportuntiies lor impraved
coutrol and inapection of naclear matetiais, The traditianal
methods of sample measurements requinng the transfer of
the sample from the prodnction hine o the measurement
station are not possible w nast cnses. ‘The robotics nsed
tor automnnon regnice specml cantainers for nuclear imnte -
rd thint cnmmat e eacily remaoved Tram the prodnction hne.
Also, salety and rndintiom proteetion considerations requne
that the measunng devices be mstalled in the fuel prodaoc
ton tines becunse, m generi, persimnel cannnt bein the
tnel hmndhng men with nuelenr imnterml. These apermuanul
constrnints are canmmon m oy ol the modera Incilines
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that have been designed for fabricating and processing plu-
tonium fuel.

To accommodate these facility features and to reduce
the inspector’s workload, we have designed the non-
destructive assay (NDA) equipment to be auton:ated,
amendable to unattended operation, and with a size and fuel
mass capability '~ maich the robotics fuel manipulators.
Authentication techniques have been incorporated into the
NDA systems so that the data can be used by independent
inspectors such as the 1AEA.

The standardized containers and programmed fuel
movements in autornated facilities make it possible to per-
form more accurate nondestructive assay (NDA) measure-
ments than are possible in conveutional nonautomated
lacilities. The NDA instrumentation can be castom de-
signed and aptimized for the particular measurement goal
m the automated facility.

INSTRUMENTATION

At the Plutonjum Fuel ' Juction Facility (F51'19) m
Japan, NDA instruments i © been instulled ta give cinn-
plete measaremient covernge of all the plntomnm i the fa
cility. “T'able 1 lists the instrmnems and the meusurement
Jocations within the plunt. In nddition to the mpnt and om
pat locations, more difficnlt to neeess locwtons snch as
glove boxes, process equipnient, and  on u tral Timsis, waste
containers are mcluded in the mensureinent coverge.

FABLE | NUA Sysiems i Hse ai iie MOX Calun slimn Candng
Lo sl T Dererum :Vlll‘ll‘lk T
1 POCAS  Camter inpin
? UAAS  Unel assernlily pmingun
1 FUAS  Coel g mier
4 MAUTN Maienal accanmamy glisve boax pomner
4 GHAS  CGilive Do inldogp rismner
] WUAS  Waste b uim aneay aysicm
l t INVSiUe) - tnventory sample nenhing sind geimma assay



Figure ! shows a diagram of the NDA svstems and
their apphications in the facility. The matenal categories
that are measured include the input mixed-oxide (MOX)
powder and the output fael assemblies. The process-line
MOX powder. pellet trays, and scrap are measured inside
the glove-box lines using detectors outside the glove boxes.
The MOX holdup in glove boxes, furnaces, and process
equipmient 18 measured using large slab detectors on the
outside of the eqoipment. Small-grab samples desuned for
chemical analysis also are measured in the NDA systems
before analysis.
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Fig. I IDagram of vhe VUEF fhty MOX manenal facanony
and vhe corresponding WDA sysiems  The numbiness varrespand
1 the measuremen aviena haedn Lable !

All of the detector systems histed i Table 1 are based
on passive neatrun camncidence comting ol the 2400 g.
effective mass nsmg ‘e caanters. Nentran maluplicatum
corrections are mnade as needed. The pintanivin isatopic
raties nre obtined by mass spectroscopy al grab samples
and/or ginmnmia-ray specinseoqy.

Adter naluphication correcnons, the comeudence nen
nan yield 1s directly praportnmal w the 4000 eltective
mass. Thus, hy measunmg the comerdence nemron yield
tram all of the platomum e the Tacibity . we cin venly the
entire phatonum mvemary. O specual signmificance i the
PEPME tacihtyas the capabihity ta make rantine qpamtitative
incasteiments al the haldnp and waste matenuls

Canister Coontec Desceiption

The camster canmmer (PCAS Y was develaped aninea
sy, platomam pawder coninmen m stipe camsiers
The connter wias desipned Tor mstallatan m the Bbmieatim
plant ws pant nl the ananate:d cinnster wanslher systean
Fach camster contains honn e ta lonr cans of MOX o
'O 3 The nenton canmter measmes the sponne s hs
sint vine bram the phinommn, mnls whenatns s caomtnnel
with dhe tsonape vanms, e plinnnmnn ness asaletenmmed
The systemn can accammuckae phiannm omlings apo1a
Tk g, wath S Ky bemg avpneal oinhngs Saltwane has been
eve loped to penmm the vanmesnons aattended ape vamm al
the sysien

The sysiecmn rimsias it

* detecien heal,

s secmny enp,

e elecnmmns enlnnet,

¢« ISR vamdence sanmtimg elecnames (4,

e COMI'AQ Portable 1T compnters (1), aml
* Epson LQ-850 printer

FFigure 2 shaws the posmon al these componentiansnte the
electronics cabinet. The electronics of the systemn ae smn
lar ta those of the HINC-11.}

To accommodate the shape and height al the simple
cantginer (camster), it was necessary to design the detecin
body to fitin an annulns defined by the camster cart-trans
ler barrel shown tin Fig. 3. The detector Mis between the
central concrete shield and the onside steel wail

The canister is lowered mito the detectar hy a. anto
mated overhead manmipulator. After the sample 1s released,
the combined sample, detector, i transter cart mave han:
zontally for several meters to the sample adentihication
camera  The neutron measurementas performed dunng the
ravel of the ransfer cart. Thus, the power and signal hnes
connecting the detector 1o the electronics are designed ta
move with the robotics system,

A 252CE neatron source located mside an cmpty cams.
ter 15 used ta check the cahibration and performance ol the
system. The piant robatces  system  can aatomatcally

Fig. 2 Phaagraph of the elesomay and calnaeguved fon (he
canar vunier amd vhe cagniule oumen
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plutonium mass 1s deiermined. The system cial accommo
date plutomum loadings up 1o 10 kg. The clectronics and
software for ihe cupsule coanter are identical to the compa-
nents Tor the camister counter in the canister counter
descnption section.

The capsule caunter 1s desigued to accomrnodate the
5-m-long capsules that hold the fuel assemblies  The cap-
sales are lowered into the detector from averhead by the
capsule rabatics system. When the borum of the capsuie
reaches the floor level, the plutonium zone 1s several meters
ahove 1t; thus 1t was necessary to build a support stand for
the detector to lift it np 1o the fuel zone.

The capsule counter is shown in Fig. 6. ‘The detector
18 sphit nto halves 1o allow installation around the facility
guide tube. ‘Fhe detector body is made of polyethylene
with through holes fur twelve 3¢ tbes. The neutran
counting efficiency of the deectoras 16.1%.

Because of the well defined fuel compositon and
good standands, the acenracy tar fee] assembly assay s be
1er than 1'%

The detector operates 1 the caminmaus mode wath
dma dunps every mmmte. The totals rate m the comnter

Fig 6 Phavgraph of Ahe cagovale coumer deves oo head and
1 nyLore!

thus gives it time histary af the movemen of 'O the
room or nearby arcas. The deiecctor s unshiclded amd 1ty
an extenior surface area of abont 18 000 em?, with 1
inrinsic efficiency of aboat 16% . sa the scusiivity s Ingh
for deiecting neutron svurce material m the vicoy al the
detector.

Fuel-Pin Assay System

The fucl pin assay system (FPAS) mcasures the plu-
tonium content of MOX Tuel pins in trays contanmng up to
24 pins. The IFIPAS 1s similar in concept to the anginal p-
tray counter. The FI'AS counter acconnmlates bath JOY O
and MONJU fael pins with a single counter configaration,
and sa must have relatively flat response lor 12w Mea
surements 1may be taken either atended or vnattended. (1
anattended, provisions are beimg made far the connter ta
tngger o camery to automancally record the tray wlentitica
ton). Triays tontanmng pins ta be assaved are remaved
fram the storage area and braaght into the counter by a
robotic conveyor.

Material Accountancy Glove Box (MAGRE)
Counters

Three MAGR counters have been developed {or nse
i PEPE Fach system cansists of two slab deectors
wanited oatside the glove hax and the associated elecrron
s SR compater, and pmter). Sanples ol powder
and pellets from the vanans process aneas are posttencd on
the Inad cell msude the glove hax hy the 1abate nansta
svstent, the MAGH caanter meiesares the platonuomm van
tems. Sanples may contmn ap o R ke MOX. MAGH |
measnres ananly teed powder, MAGH 2 measires pin
marilv recvele powder an:d green pellets, and MAGH 3
assays primimly simterenll peliets Al MAGR systes have
sunilar deteciors so that each conter mmy serve as a hack
up Lo the ather twn Sattwine ailaws bin either atended o
wattender ]l aperatan When aperined monnattendel] nuxde,
the ompater will vagger o comera for sonple eleatifoa
non

The mviacv of the MAGE vcommers s i the cange of
I A% alepembing il el cnepeony

Glove-Box Holdup Conuters

A techimgne bas hieen develaped weacommely mea
s the platonraon hoddngpe msicdde fange plose o hines tiom
wide by Vmalt by G bomgs The procosilime s to posaitm
1wt b slalvadeternms come anpe e ibes i apposne
sides al the plave bax The vecnlenrcions e eler monmeally
canpiled o cnmm nenons e the enedenye e tane
coe B nwde

Ta measoe the plove box hae, the aletecnn pan e
nmverl moamream aver the extenes smbne nl the plove bos
usig w LY posinnn scan b n ol size bax The imtegranmm
al the sean s proparmanal wehie mass al SN elfeenee
msacde the plave fnx



The glove bax assay system (GBAS! calibration mea-
surements show a remarkahle independence fram the par-
ticular glove box. The new scanning procedure averages
unt dilferences 1n the scattering between boxes contaming
hoppers. blenders, calciners, grinders, and filters. A com-
parison of the calibration coeflicients for all aof the glave
boxes gave the remarkable result that the average vanation
in the separate calibrations was only $5%.

With this new measurement capability for glave-box
holdup, 1AEA inspectors can reat the haldup as verified
inventory. A sample identificanon number will be assigned
o each glove box. Dunug rautine monthly inspections at
the facility, the IAEA will imclude these giave-bax samiples
as pant of the measured mventary. Thus, o large soarce of
inventory uncertaaty will be ehnunated, anl crincahty
contral dunng process eperations will be impraved.

Waste-Drum Assay Syslem

The process-line wastes are placed m 2X)-£ drums
and measured belare leavang the plant. The waste-dranm
assay system (WDAS)> uses the classical NDA method of
passive neutron comeidence canuting of plinvmam but has
a new “add-a-source” featnre 1o nprove the accaracy far
matrix carrectnons nd new statistical techmgnes o im-
prrove the law level detectability hmits.

The add a-source techmgne ntroduces a nnate
sanrce of TYCE (108 gy 10 the external surface al the sam
pic dram, and the perturhatum hy the domm ol the 73T
camerdence conmmye rate maovides the data 1o make a
matrix carrectan o the plotmam msule the dram. The
crrors mnrodneed froom matix matenials e 208 £ draims
lave Deen rediced by am ander ab magimtnde nsing: the adh)
a-soarce techutgque. o ndditin, the mhl i sonree metliod
cmn dleteet the presence al mnexpected neanon shielding
matenial made the drum that ungln Inde the esence ol
SNM . For the i plant mstallanon ag the PR MOX Lacal
ny an Jagsin, the deteciatnlity st s 0.7 myg 2400y qar
Lo plntomuam) Tara 15 onomeasirement Tana dimm
vontimmig 100 kg ob waste, thos timslates tabont 7 0C/p
T excellent sensinviy was aclneverb nsimg a speoal tow
tack giomndhatetecun adesipn, pood nverhead shiiebitmg, and
stansneal techingques moahe sahwae e seleen ey iedner
the casmme vav neution backpionnd

luventory Sample Counter

The mvenuny sample conmadence conter (INVS)?
wirs develaper w passive by assay skl phitomam saples,
by s nennomn conmenbeam e cornting technnpes The
INVS vionnner has heen wulely nserl by the TAFA s
msperin activities ot vanons nnetein lneiies thnmgbnm
the wanld  Avabe PEPE e Bapann, ahe INVS vonner s von
pled e a samphe wers ombemeath a plove box mabie analye
walmea The asmpne vompasinon ol the sample s e
nned by gy speetiaseapy i tins men ns we .

The INVS «Mod T Japan s =« ommeter al
Weoemmnd a bewgln ab 80 e The soivethviene boxdy con

tains eighteen 4le wbes resalung m g neatran coaming
efficiency of 42%.

A 15-mn measurement gives a precision of about
0.5% and the assay accuracy vanes from 0.5 10 3% depend
ing on the luel category.

SOFTWARE

The software cansists af two mann prograns 8 COl
LECT controls the sluft regisier to callect data cantingoasly
in the unattended mode. REVIEW s rim abant once a
month to examime the large amoants of dat collected. The
REVIEW program also creates data files that can be inpat
mto the IAEA high-level neutron camcndence progrinn ta
calculate grams of plutomum in the sanmiple. Separatimg the
soltware inta twa programas allows the inspector ta spend
nummal ime in the rdiation area callectmg data. 1he dat
from the COLLECT program can be eximnned o mare
comfartable enviramnent wath the REVIEW workstanon
cuomputer.

Data Collection

The COLLECT progrinn aperates on the compaiers m
the electromces cabmet located near each detector

The mam bonetvm af COLLECT s o gather dina
cimtinmaasly, Imtat has addmanal capalnhties I additm
ta collecnng data durmg o measirement camparga, ths
pragram allaws the mspector ta capy the data Dles wa a
floppy disk lor tramster to the REVIEW pragrinn tar farthes
amalvsis. o pont cunengn simnanes ol previons dite, e
set piainmeters used me the callecnon analysis, il ta deloae
ald daticfrom the Tand dhisk - Nivoperatar mteractian v nee
cosury dunmg dida calleenon. After cach 60 s s, COLL
CECT reads data from the shnlt register and wraes it the
compnter handihisk.

Data Review

The REVIEW pragram aperi, s om the compnters
focatcd e the wnkstataom area at the PEPE The o v
tonctoans ol abe PEVIEW puapram otc ta sime alie aw
connt datn from dhe COLLECT prspram i a danaliase, 1w
vipdly mspectand nbiserve these dara, il v pemeate data
hles i mproo TAEA codes Lange smonnte al dana e
aoduced Iy the ymatewded nperanen A canyungn al one
month peodimes 3V 000w data inns Tas each shihocpas
wrfcasapicr svstem Eeach tme were proned anca hine, e
resiias b o derector wimlbd vover 780 pages The R
VIEW agenn dhsplavs dhie alata graplecally soahe
spector can gqucN v aed easaily exannne n

AUTHENTICATION

Becanse the sysiem v nperanmg e an nnanemlold
mexde witlnt TAT-A nsperinns i e Laahity, we ale sl
tamper mdiwcatong lentmes mtn the NDA svstem Lo an
thennenmon These wwhale the tollnwaing



e detector head under inspector seal:

* visible and unbroken cable runs between detector
head and electronics cabinet;

* scaled electronics cabinet;

* modular electronic components that are compati-
ble for replacement with standard 1AEA equip-
ment;

* continuous data collection;

¢ software replaceable by the inspeciors;

e software diagnostics for interruption of or tamper-
ing with the signal;

¢ californium-252 check sources and normalization
sources for verification of 1oal system perfor.
mance; and

¢ containmen! and surveillance (C/S) system over-
view of detector and electronics cabinet.

These measures give an in-depth rnedundancy in au-
thenticating the NDA system.

The continuous monitoring of the room background
gives a record of any movement of MOX in the room. Be-
cause the recording of MOX movement also is part of the
C/S system, the detector gives an independent method to
partially authenticate the C/S sysiem.

SUMMARY

Passive neutron coincidence counters have been de-
signed und implemented 16 measure the platonium input,
outpit, process lines, holdip, arnd wastes of an automated
MOX fabrication faciluy. The connters operate in a con-
tnuous and unattended niode with full nuthentication for
mdependent inspecuon agereies,

The systems have been reliable with na failure lead-
g 1o loss of nspection data during the inittal three vears
of use. The accoracy and precision of the systems that are
tnustalled in the automated facility are better than can he
abmined with poriable NDA equipment. Repeut measure-
ments with the 252Cf control sources lmve demonstrated u
precisian af O 1% (standurd deviatan) withom sny narnnl
1zation aver the imnial twao yenrs ul operntion

The contimuons makle operntion wath antouiated dnta
callecnion, stornge, md cunvement retrieval has mude it
pussible for ingpectors to speud less time in the plutonnan
fucihity withont any loss ol mensuremem cnpahihty. In
fuct. the smuple consttames i size, mass, ind contanmnent
dictted by the plint maboues system have immde 1t possilile
o abtin n higher acenrney und precision with the NDA
systems thun lms been passibile for alder convennonul faeil
mes. The precision and simbility ol the nemron syste nsas
Q1% 1 02% wnd the acenracy depends on the el cate
fory. Mast al the NDA svstems hisied o ‘Table £ operate
cantnmonsly m the imattemled mode giving nea el nne
nilaanmtian an the platammnm mventory mthe baciluy
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