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NONDESTRUCTIVEASSAY SYSTEN DEVEIOP?iBNT
YOR A PLUTONIUNSCSAPSECOVERY?ACILITY

s. -T. E8ua ●id H. P. Sakar
Lm A3axoa Uattonal Uboratory

MJmAInos, m 81545

Abmtract

A plutoniux ●crap recovary facility la baing
c onat ructod ●t the Savannah Mvar Plant (SBP). Tba
safeguards groups of the Los A2axom National Ubora-
tory hav- ham working ●inco tbc ●arly dcslsn ●taga
of tbo facility with SRP ●nd othar national labora-
toriao to dovolop a state-of-the+rt ●emay ●ystax for
thisnau facility, Not only will tho mat current
●ooay tcchmiquas b. incorporated iuto tho syctm, but
●lso the varioua nondastructiva a-say (NDA) inatru-
●onts ars to ha intogratad with ●n Instrmant Camrol
cooputor (lCC). This undertaking I- both challa~i~
and ambitioum; ●n ●ntiro assay systax of thic typa has
navot’ baon don. baforo in ● workiug facility. This
paper will doscriba, in particular, tho ●ffort of tha
Loc Alaaoo Safasuarda Aae?y Group in this ●ndaavor.
Our ●ffort in this projsct can ha roughly divided into

throo phamo$ NDA davolopmont, syctom Intasration,
●nd integral toating.

XDA Davaloprnont

In tha NDAdavalopxant catasory, fom instrmants
● ro bai~ dosigmd ●nd fabricated for tbio facility:

(1) Fe-d Coincidanco Counter (FCC)
(2) Low Solutlon Amay Irmtruaant (LOSAL)
(3) Naxnonitors (NcI)
(4) Wacto Coincidanca Countor (WCC)

Tha FCC is daslsnod to ●ssay tho facd plutoniux
bafora it ●tarm tha procams. ALtlmugh tha FCC it not
●m●ccurate as ● calorimtar, each ●smay roquirso only
1000 c. Tha coabimtion of th~ PCC ●nd th calori-
aatars providos mvaral pocsibla ●wmrmsnt ctrato-
gios ●abliog tha oporator to optiaise aithar tha
●ccuxacy or tho ●oasuromnt throughput, or both.
Sworal improvmsnts will ba Incorporated into tha
FCCin contrast to th~ traditional oautron coincidmm
counttr. Flrmt of ●ll, Aaptak fast ●lactronics will
bc umd to raduca tha coincidmco doadtim by ● factor
of roqhly 4. 11] This will •abl~ tha FCC to ●may
MWPIQDwith ●uch hishor countiq rates (for ●xanpla,
hi~h amriciux canplco). Sampla mlf-xultiplicatlon
correction will k incorporated into ths ooftwars.
Dia~nomic chacka [2] will aloo b parfomad In tha
Fcc● ‘ihc chock. will Includo the total-to-aacidmtah
tarot,th totalo t~n~, ●nd th~ coincidmco test,
Similar chacko lib, thama hava baan in um at tha
International Atnxic Boarsy Mmcy for uom tiw ● ●

part of tha maouramnt control procsdurc. [2]
Aftw tho dissolution, ● portion of the●attrlal

it paocad throu~h ●nion Qxchango colvmm to saparato
tha plutonim from the othar lspuriti~s, xainLy m-
●ricilm ad ~~rv, TtM ●fflutnts f;- th~aa uohmnm
nowinally contain tha majority of tha Impurltias, ●nd
oom low r,sidual lov~is of plutonim, Thm ●ra two
po~cibllitias of ●mayiq tho low plutoniua comaB-
tratiom in th~m solutions: ●onito
Lx ray., 0? .onitori~ tha 414-kaV ~J%J&Y:!~,
Th@pmsiva L-X-ray tochniqua [3] would raquirc a
chamical mparattou uhan tha amorlcitm/plutoaim
wisht ratio ●xcoadc 0,3, which 10 oftm tha cam with

thaao ●olutions. Altho~h tha plutnnitmhac highar
Intmwlty aana rays ●t Iowar ●nargimm, th praamca
Of large quaatitiao of 237u, w“nich axitB●n intanmo

208-keV g- ray, precludoa tha umofulnaam of thaoo
WDX r~ya for ●uaay purpoaam. W. aalactad tha
41&kaV g- ray ●s tha ●aaay paak. A2thoughtha
branchiai& intannity of 414-kcV gm rayn 18 rela-
tively low (3.4 x 10+4 photons/m/s), thh can ba
cmpmsatod to soxa ●xtant by usins ● highar ●ffi-
cimcy dotactor (25% ●fficiency), by roduciog tho
rolativt dintancc bacwam tha ●xplc’’and tho dotactor,
●nd by increasing tho solution vol- to ba viwad by
tha dat-ctor. This mathod 1$ moro ●ccurata than tha
L-x-ray xathod, bacausa tha highar ●arsy photons ●ro
not ●ffectad ●s such by ●ttenuation in variabla aolu-
tionxatrix. W phn to corroct for pwlm pllaupa
that rmault from tha ●uming of tha 20&kINl gama
rays. TM dmlsn basic of %ho MMAI is t25X rala-
tivo standard deviation (for ● 2000 8 asway) of ●

20w Pu/L ●xpla.
In tha procms ●raa, two typoo of NDAInatmmanto

●ra bains fabricated. ‘ho waatao sanxratmd in tha
procosa ●rm to b. naammd witi &ha UCC to ha in-
stallad in tha solid wasta handli~ cabinat. This
imtrmont iB dosi8nod to datorxina wlmthw ths wasta
can ha disposod or whathcr it should ba rocovmrsd,
dapandius on tha ●scayod valua. TIM rocyclo lWJO1 is
sat ●t 1 g of plutonim. Tha WCC 1s V*XY ●uch lika
tha FCC, ●ltho~h soxs of tht diagnostic chacks will
not ba parformd bacauat of tho gojno-go natur8 of
th:- irmtrumnt.

The ●cond instruxcnt in tha procasa arma con-
sistsof thirtom NaI dctactors. T’lwa dotactors will
ba Installad to viaw tha diosolvor tanka, tho chmical
troatmont tanks, tk ●nion sxcharu~ coluxns, ●nd cthor
miscollanoouc tanka and pipm. Thmo dotactora ●ra
dasignad to porforx ●mral functiono. khan thm Mp-
●rotion proc@ss is in prosrom, tha NaI datactors can
provida procmam information on that nucla~~ spmcias
●m baitucaparatgd when tha tmh aro bQinx fill~d
or th~ columo ●ra bahs loadad. This information has
tha potmtial of Improvim t.hs mparatit$n procass.
At th~ ●d of ● batch whao th~ various tanks ●nd col-
uxnc bavs bam ●mptiad, tha data from the NaI datoc-
tors can ba uaad to ●stimato tho plutoniux holdup in
tha variouo procam vtosalo, Xn ●ddition, tha WI
dctaators will ●lso parforx criticality aiam funo-
tiom, in that, uhon praaat ●lara lwals ●r@ sxccod~d,
t.ha faaility proatm aontrol ●ystaxu411 ba infomad
imadiatoly. ‘1’Mo softwara slsrm will ba caplo-
•mt~d with Bitqla channel ●nalymra ●nd ●larm rotm
●atorc 00 that thx criticality ●larm will kc func-
tional wsnwhan ths aoxputar andlor tho xulticharml
●nalyrnar ●ro not operational.

(1) Comumiaation protocol batwam NDA inctru-
xants and WC,



(2) Itmacurmmcat control (MC), ●nd
(3) Operator-instr-nt intsrsction.

)iomt of thmm@●rm bcscd onwbat um Iwo praviouely
dowlopad or simpla utrapohtions kbmroof.

Tbc c-umication protocol bmtuwi the various
~Alnctr=cntc ●nd the ICC In bamod 09 the FdSTMU-
tron intarrosato? tht w bCV@ imetallod ●t tlu Idab
Chaicml Proooosimg P2cllt (ICPP) Complox ●t 2dcho
Falls. [4] All co-unicationc ●ra to be imitistmdby
the ~A iast-oatt. ~COpt whn SCbtOWhd~iO# X@-
#,,aiPtd imfomction or ●endius requemtod lmfommtion,
thm cmatral caputar ia rmcdy to rmcdve mmasagoa.
&v8ral foaturaa era imcorporatad into the protccol
for chmck2cs the corroc?oass of Mcssesoa. &ch ●ss-
~c contaimc ● byto count (to cbmck tlmmmss-a
loqtb) ●nd c ChOCkCt9 (to cbmck the b~itudimcl S=
ICf the mcmcqo cbcractorm) 80 tbct the intearity of
the cmumicat~on mmmccga can be vor:fiad. All in-
formation ia tranafmrrad inASCII cberactars so tbet
● menimtolligaat tarmiocl can be ueed far dobuasimg.

To Ssouro the validity of tho NDA●ssay rssults,
it is crucial to bcva a umll-dosismed MCprosrm.
Thai’!C for the various instruments is bctod onwbct
haa bccndwclopod for tbc Los Alcmorn Plutonium ?ccil-
ity. [5] This MC pro8rcm bcc boon in owration at
LOB ALCMC8for the last fiva ymrm ●nd ●ubstcntial
ptratiomcl ●xparianca bcs bean ●cc-ulatcd. TtIa m@as-
urammt controls can be divided into two lovols.
LMVCI1 IIC is parformed at thm imdividucl NDAinctru-
nats whero ● f-w ●implo statistical checks ●m per-
formod. Tlwc checks includo bias chock, pracision
check, ●nd bcc~roumds check pa~formod ●t rasular
intervals. IrI ●ddition to tho statistical chocks,
dlc$oostic chech [6] will ●lso bm incorporated. For
gmmme-rcy systam, the diagnostic checkc consist of
detector ro~olutioa check WI scro ●nd win Stabilimr
cbeckc. For neutron coincidmca 8y8tem8, tho dia8-
aactic CbMCkC would iacluda totals-to-accidentals
t-st, totals tact, ●nd coincidanca tact. Tho dias-
nottics checke will be performed for ●very ●scay.
Lwol 2 NC 1s Nriormad ●t tho ICC Lavcl. At thic
LCVJ1, control uherto will k maintained for all tho
WA wystems to sonitor the trands of the blat check
●nd proclsiou check data. Boaidaa pcrformi~ mora
●xtsnsiva statistical ahcakm, ●ll tha NC data will ba
araMvad ●t the ICC ●nd can be ratrlavmd to study
individual iastr-nt pmformmcc.

Rmcaus@the various NDA inotrumentsaro to be
providod by Dovarsl nctioncl laboratorhs, it to iB-
portant to Utamdardist tha oparator-inotrsnt intar-
●ctiom. The ●andardlcmtion not 0M2Xwill rodum
oparator trainins, but ●l-o wil~ roduoa potantiai
comfuaion cincathe ●m oporator ●ay be ●osisnad to
run rnavsral iriotruoonta. The oparator-inetrumant
interaction 1s bcscd on our ●xpcrlanca ~n inotalliq
instriwtitc ●t th~ Los AlaBoa Plutoni- Paallity

for th pa8t fivm yaarm. During thisperiod, the
oporator-instn9mnt interaction hcs bmon constantly
Improv@d for ●ccb mewInctrumont lnctalleid in the
facility 80 thct the Inmtrummnt in more user
friendly.

Intmral Tostin&

The find plume of the project IS the Intcgrsl
testiw. For this test,●ll tha NOA instrument- will
be dtippod to Los Alemoswhmro ●ll ●ystmms will he
operated ●wl ●xarci60d togothar uith their cmunica-
tiom? to Lhe ICC. It Isaoticipatod tbct “bISC-will
bo dimcovcrtd during this testing period ●nd tha op-
●ration ●treamlirnd ●o tbct the Syatam doliverod to
ORP till pmrform reliably.
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