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A wide varrety of user rup.rircmcrrts in nondcsmc[ivc

assay field applications can be mtisfrcd by carefully specify-

ing n small number of standardizui hardware and s’~fuvarc

modules and their interfaces. Examples of this philosophy

will L prcscnrcd with a novel, small multichannel analyzer
(M~A) as the fourdatitxr. The psmtutypc M~A is io cm try

20 cm by 9 cm and includes a dctcztor bim supply, amplif-

ier, and battmy /1/.

h-r.field measurcmems arc generally mrsrc challenging

than nlcasurcmcn~ made in a cm’rrrollcrl labrram~ environ-

ment!. II is more diffiiuh 10 gcI god msuhs if the instrument
is hmught 10 IIW item tn hc measuruf tmlwr than if Ihc item is

brought to a well dcsigrrcd menr+ummem station. In addition,

field mcawsrcmems suffer Imm IWmr comml over the sample

gc.rwrsemyand chemiurl fo. m; oflen even the wrmplc Ioca[ion

i’, not well known. Ilowcver, certain needs run nnly he ssrl-

isficd with infield mrnsurmncrsls, and in-field nmmurcmcnts

urn hc mtmsxivc 10 Ihc Iwihly opcralorl

Currrnt technology offkrs a choice bclwrrn muhipcr-
wm opcrnti{m and slmplc, primilivc oprrH!wr, Eaisllng

cwmpnc! multichannel srrmlyzcr (M CA) tcchmdogics MC
ponal~lc hut [ypirxslly require uddilionul ~rs{mnel or Iriirts
portutinrr uIds or troth t{) htdd Ilw ti-k.ctor, thr dsun nxlurtltm
Imd ~t(sril~:ccqmhilily, nnd IIIC mIscclluncmI\ iwms thnl nrr

Iu-rds-d “I”hc ulwrnnllvr hnrdwnrr symcms lt~r ptw!srhlr

npm ;Illtm hy Msinglr pvrs(m trmd 10 k 0[ Ihr “g(dno go” {w

!utr nwmr Iypr Ihm nrr suv:cptlhlr 10 him cl fccls, Ihr ,Ilm

plr iIIIrrIImIvc .JIIII(M dlstln~ulsh which isrm)pr c:msrs IIIr

sIgIJnl. I’rmprrlil,lrr nml lmttrry Irvcl uhrsngrs CIIII cnusr

Ill flnlullllrs 111;11Irml III Uulltmh(lilldr hInsrs In Ihr mr;Iwm
Illrlll Ir!lllls,

MrnnwhIk, uwl nrrtls l~n htIIIIIIp }lwnsurrnwm~, p)

(’r.;~ 111(11111111111}:,illvrllttvv vrrllllnlum, nml rIIvll[mnwIIl:ll

wIIvcv\ mr gIIIWIII}: III 1111envlrlvmwnl id In,.vrnilllp. UIII

twn f{II hrnllh nml snlrlv. Iwllllv IIlm:llt]ls mr ntlIIwlrIl h)
III lIrhl nmnwlwmrn!s 111,11}!rnrl:llr Irsi mIxrIl wnslr UIIII

lrqtllm Irw hIltlI1lltl~ nnd I; III, IUI{III c~psmulr Ihnll Irnlhll(llwl

1(111111II HIIII :Innlvwi ( hn KII;II IS III pIIIvldr Iuudwwr nnd

\llllw:llr l)llllllm~’ Ill{h’h\ 111;11IIWI $ W4(I arr 11[11Irl’111111’:lllv

r~ltrll Ill Ihr IHIcIIINI {Irlilllf IJII mr u) u)lvr II vntlrly 01

lll~djlrnli

LEYdYLuTdnQIQw

The advances in electronics and sof[ware arc mtm
rapid and more impressive every year. The M~CA tfcvclop-

mem cffon is Lrcncfl!ting from spin-offs fmm [his market-

dnven advancement. Some of the spccifrc txsrclware dcvcl-
rrpments arc smaller and faster procc csors low-power

rcquircmems, and compact storage and conwollcr unils.

These readily available pieces can be inlcrconncctetl with

mmiaturc, stnndsrdizcd interfaces md allof this capability is

kccxning available at crmrinually dccrea$ing unit cows.

Compacl Iow-rcsolmion demctors with shielding thal

weighs nnly 2 kg nm avhilithlc from commercial sources /2/,

Bar-code-madcr wchnology is bmng widely used tor ilcms

[hat must bc inventoried on a rcgulirr busis, and some har-

ctrdc traders can pcrfmm simple cwmsl and smrage func-
I ions.

Srrflwarc dcvelnprrmms arc prtmcd;ng srln crrmmcnsu

rate pace, New commercial 1001.s, such as powerful tin(f

flcxihlr dalahtsws, exhihit cnhnnccd features [hiu tiskc aslvan-

Iugc of [he hardware impmvcmcms. Mwry products can lx

used ucrt}~~ wvcral hardware plalfnmis and with sliffcrcm

npcrmin~ syslcms. lhc dam files of lhc Iwtmr soflwtirr CIIII

k iscccsscrf by siiffcrcm progrums, Ihrss helping m rducc
Ihc sumrgc of mmscripti[m errors,

Wt= drvclopd n rlltlllillilllrnsi[~lltil usrr nerds mnlrix
t[~r portuhlr gnmmmrsy nswys ISIIduompnrd It III Ihc hunl-
wnrr mltl sIlllwnm ~l{lysihililics, om g[ml wus I() drsign

rrqunrrncnts for II kw slrnplr Immluk$ !h:u CIIIIM IX ,IWCIII

III.*II ire{} wlulions IUldIrSSIIIM rhr vurious nrcd$, ‘1’hc mru

smrrrmnl :wds rnngcd fnml lmrll’tiluv wslrlv 1[~;u”rxnml:dlil

U) nmnsurrnwtm I)illcrcw is{mqws urr 01 Inlcmsl l{} dillrr

rnl tucllllms, wmwtlmrs mIwr thnn {IIIC ISIIIIIpr .nrusurd

III II I!IVCI1 [Il)l]llt.iitl{)ll, Nrrd\ 1(1111111(111II) ;III .ppl IUIIIIIIII\

wrrr slnlllr hmdwnlr lrslntllw illl(l 101111):1(1, I(d)llsl Ilcl(l
In(xluks I;,ncll mm rc,.pmm nssurum.c Iiml Ihr dnln nfr VI III(I
IIS ttikrll, hut drImlrd tctlut,[itm ISml rvdtlulunl id IIK {Itiln

uwnlly [n(wr hurl. 01[ IIIIC ( )prrnlltml slIllpll(Ilv Is rswn

Ilnl. In yrnrlnl. thr Irsi rtpllpmrnl rfilrlrd IImI Ihr Iirld IIIUI

Ihr Irsi l’nnlrtl mlt) potrnlml I’{llllIllllIll:llltlll ;Itr;ls, Ihc hrltrl

AlI cquipmrnl Lhnrlmd 111111Ihr Imld mII\I he n-lrllllr

“Ills- mrml Illtw hrtwrrn Imfdwnr fnilmrx mll~l hr II. lvvwl

ni (N hrllrl Ihnu ihr llmr 1111Imdrln Iltl(lrnl ln*:~ImIcnl

IIlirthllr rlr(,lrcmu~ nn(l drshnql IxnlllllllrI \ II li m~l ml -pl

;Il]lr 1111ltt;lllllrllntl~.r mltl mlmIl 1.11*11III Iv ;I w}:nillt.mll :,(lt

lhm Ill Ihr Illsulltnll(m L(ISI I.n[ilily IIprINtt II I tIIIIIImIm lltr
. ....-. . .. ... ... ....1- .1.- l“. .:1:,.. ...-.,..,,,,,,,, ,,”,,, . ,., ,,,.,,,, ,,,,,,,,,,
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msrrtsmems. Rcpmirrg measurement campaigns &cause of

cquipmerr[ f’ailurcs is nol a popular ac[ivily. Modcm, low-
powcr electronics exhibil vasdy better rcliahilily than prcdc-

ccs.sorclectrtrnics.

Srsf[warc module! arc becoming availisblc that art

:ndcpen(lenl of computer platform and operilling syslem.

These proparns have identical user u’ncrfsuxs indepemkst of

!hc syslcms Ihcy run on. This philosophy should tsr

cxlended 10 new harslwarc unmi as much as p-rssible This

philosophy can be asslsmf by defining simple imerfaces Ihw

~uirc compatibiliw wilh several syslems. The advwuagcs

of mahsies that are mdcpcndcnt of compmer pltilfcn-m und

operating syslem LSRIhal Icss rraining is required frsr ncw

users, new msxIulcs can be used with existing equipmem,

ml it is easier IrI asscmhle Ihe modules Inm new insu-rs-

rnenls.

Wr are Implcmenling a rrdultir crsncepl wound isnew

miniahmr rnmlular ~ (M3CA) /1/, A small number of

harslwure and soflwurc modules will form a m-d ki[. This

I(sol kii will use simple, standardized imcrfaccs [hat can

couple m diffcrenl c(mrrollers. The simple serial irnerfaces

will allow u varicly of plmf(wrrrs m be coupled m Ihe M~CA.
Each npplicalmn will stm with primary mmhles from the

[(ss)1kit, which should suilsfy lnnst of [hc ~pplictill(m’s

needs, The rekstivcly smull am(nsrtl of applicalmn spm-ific

dcvelopmcl,l will k dIsnc ;I$ rcqund on IScus!tmllmd htisls,

“Ilc CIIIIICC (d which mwlulisr huikfirtg hhwhs II) usc
wIIl~ the M KmA IS dmcnnmcd by Ihr quxific ;Ippl IGSII(m\ Nml

Ihr ilvilililtrlr h;mlwwr. I holdup mcttsurcmcn[s, vrrlli~iltl(m

lllrilSdlrlllCrsls. illlll pll KCSS nl[mllormg ilrC lhrrr :lpJlllCill M1llS

drs~’lilwd Irrlow,

kl—MblLuQldd*lslu

1hll(l!lp l!. rrsldu:ll 1111(’lrilr mnwrl;d rrl:llnril bv lwtucss

rqulpmrnt nflrr oprrilll{m I holdup ;ltcllllllll:ltll~n~ 1“110br
Slglllllc; llll llrUilll W illl:lll illll(lllllli ~~1 111111ilIr;l Lll#ll ll)llllWl

lhllnl}:hIml lw~r lm.lllllrh grnrrtlllv udd Up 1{1I;nxr illll(llllll$

/ !/, l’rrl~nhc mm(lrslrm”llvr iIwiIy (NI)A) ~,f h[d(lup pIIIvIdc\

Ilwllslllr(l II IIClr I*l lnillc II:Il qIIaI)l Illri I(w invrnl(nv Irtx)nls

iIt:Il for tviilrilll[y sillr!~ /,1/ Kclrnllon 01 salr qIImIIIIICS 01

II IIIlri II m:llrll:ll, In mlllipmL III nv[mls unmxr~smv ;IIUI

(’(filly rlr;mtutti illlll mltlilllims l:l{ll:llilrrl (I[)w’i II) t)prrm~)li

A vI,il)lr 1)11)~:1,11111{)1 (Iuitnlllilllvr nlr;lsillrlllrnl~ III

llIIIIltI~) IrI]lIIlr~ 111(111..;llltli{Ii )!.lllllllil I;IV mr;liulrmrm~ Ill il

ilIIIIl lIIIIr, Ilrtlllrllllv wIllI Itnll!r(l :1{’(rss III tll;lllrll}!lll),

cnvll[lllmrnlj Irj!utr I ih{wvs ;1 uwl slnluliuln~ ;! Iylltt”:ll

Il,rw.ulrll,t.nl ‘I”hr IIWI lr-ilullr~ rqullwlrnl III;II II IIIRNrd,

Irll:ll)lr. LIIIIljl;Ii.1, il~lllwrl}:hl. :iml ilnl]llr 1{1Ilw 111}!rmvill,

(ollllllrl(.l;lll} :tl;lll:lldr. ihlrhlrll, h)u lrwdulltm ~lrlrt l~ui

Illr Ilwtf, ;l~ illl,wt) Ii! 1,1}! I Illnvrvrl, II Ii driillthlr I(I

hsvr thr h Iltlw:llr rnll:llllllt} III fIIlqlIIll Ill}!h lrwll IIlm Il

llclr(’llll\ w .II II I,. ,1111]lll,.IliI III lrtlllllr~ llwIll “Ilw Illlxlllv 1)1

llw ilsx,linl 11.11.I [1.,l,lliwtl 1111111Ilmw i]iril\titrltlrill~ 11111~1lx-

a~iIIlrIl ;IIIIIIIII;I III ill!J ,11111llIr II;ll; l Iltnll rm’11 Im-;tiutrttwl,l

IIIIIS( hC lllJILhCl[ I(I lhC $IKCIIIL I);IKCM C(~llllllllrlll,

I;W 1, A usrr smmlann~ u mcusurrmrnt of Ihr nurlr:u mwrrlisl
h:lldupm vmulauon plpmg,

( I ) rllllhrilll(lll of Ihr hanlw:trr.

(2) ilCqlll SIIloll ISlld slor:igc 01 (Iillil Irt)m ll{)l(lil~l

dqmssll nlcmwrrnlrnls, unil

( 1) ll~tll Vlll~ LJlld(Illilll!llilllvr illlillV!+lS



M~CA setup and s~csrum analysis irrfrsrma[ion, the rcfer-

cncc infm-mistirm for lhe daily measurement-control and

quidityssssurance ICSM, and the generaliud-gerrmemy cali-

hrdllon consl.anrs

To iscquirc holdup darir. a palmsiz crrmmcrcial, pro

grammahle bar-code reader/data-logger replaces the W as

[he M~CA crsmrrsller. The miniatum crsnmrsl unil is pro-
grammed [O set up and conrrol !he M3CA. aulomule the

iscquisilion rsf .mrmrna-ray spccmu, smrr the reduced spccrnd

dam, unrf perform cerlain lCSIS m assrsrc spcrrum quality.

Ilrc pidm-size cnnnrrl unit kcrsmes cnabluI for scrvicc when

Ihr NDA expcn narssfcm the pnmmetcr file m the comrol unit

hy serial link, The sofwarc program for the trsr-code reader

i.. iI u-uncistcdversion of II MSII. I Irs!dup field mcasurcmerm

mus[ Iw pm-fm-mcd in rapid succession in a hostile environ-

ment with all rquipmcm carried by a single user who M rcla-

tlvcly unfirmdiar wiih NI)A m?hxfology. BssrC(KkS affixed

m each mezrsurcmem hxmr.inn nrc Iocamd and scarrncd by she

user who then initiales tie corrcspomhng measurcmem. Tire

har code is stored with the rcdul.ccf spccual dam in [hc ba.r-

codc rcssder memory. l~ler onalysis, ormide !hc pmcmially

conr.aminakd ma. uses Ihe har code to march rhc dam with a

spccilic prmess hca[i(m and wilh cquipmem details that ~
rcquirrd N} cnlculalc u rrsuh. The user ~rfmrrls holdup mmr-
surcmrnts w hnr-cmfcd kscatmns until time or [he memory

i~ll(~ilt~d for slorisgc 01 dtIIa hiss hcen ~xhilusld. “llc user

rrlurns Ihr hilr Ac reader/dutis logger m the N I>A cxpcrr

who serially translrrs [he sfaur (Iypically srvcrul hundrcrl

mrasurrmcms) U} thr 1)(’, which can rcmrrin mrl~idr. OIr

Il(mlilc cnvmmmmrt. Iwlh)wlng (htil trirnsicr, thr srrml Il:lk

lrrlwccn thr M ~(’A ;tnd !Ilr p;ilnl -si~c r(m!n)l unil IS rrcstiib

ldml, uud the usrr rcsmnrs mewmrrmrnls until all hwalmns

Ilavr Irrt-11nlc:lsurrd.
Allh(mgh thr M ‘(”A M noI used in the [hlrd strp. Nlih

\N-p IS CSWIIIIIII 111using Ihr M ~( ‘A [or htddup mcl!surr

IIN-m\. A wnglr user nlIxhi prri(mn n$ munv m I(NM) htd(lup

nlra~urs-mrnls In un II htmr shill. ‘Ilw Ih]rd slrp quwllltlcs

;111(1ilrl’lllvrs Il(lldllll VillllC\ Ililsd (111nwnsurrmmm hy SCV

rral uwr\. ‘Illr I IMSII sollwaw uscs a dutN Imw tlrvrloprd

I(N r:ull Iil( IIIIy Ihst Iillks IIIr ~(luc.ml mrluurrmrnt (liII:I WIIh

[lllYT.l(il! ;Illll nlrchnnlcal [ICIXII!; Ill llllllVldllill Illr#SllI?lIlrlll

lInJII(III\ III Ihr pnxrwr\, ‘Ilw I lMSll SOIIWUN rIIIrruI\ thr

Ililla I{)r vmI{Ill\ gr[mwllv !md ultrnunllon rllrtls. qIIIInt IIIri

IIIC Imllvidunl hIIld Iq! iIss:IV It, sIIlls nml Imtrllulntws, 41111

l.(ImluIIe\ txmlIgu{uI\ qIIIuIIIlul Ivc rrsults uppl{qnirrlrl) II)

ylvr llIt’ ht)lIlllll ,Iu,lnlllv ;Inrl Ili Imtrrl:,,mv 101 ril,’11 IImtr 01

twllll~linrlll, lmtrrs\ lInr, (u mulrtl:ll 11.tlitn(.r ulr:l WIlh Iml

(lnlu lllallil~:rilwlll, Ilmw vIIIIlt IIc\ LII Ilals wIIItl{l lIr III Illtlr

11’lc

Examples of vwifrcatimr of nuclear maurial quantities

in prrrcess or smrage Irrca[imrs by pmahlc gamma-ray mcu -

srsrcmen[s have hren slcasrncn[ed /i’,N/. These cxismples
hhvc involved hyperpurc germanium as WCII irs Nill(Tl)

dclccmrs, each with diffcrcnl clccwonws m ilcqulre find

rm.fucc spccr.ral dala. Rccisusc of lhc modular :IMI flcsilhlr

design, she ncw M14CA Iinkrd m Ihc approprur[.’ murol unl[

salisfics Ihe needs of all of lhcsc appllcirtions mu! sigmll

camlv reduces sim wi!hou; compromising o[hrr fcwur-es.

Continuous, unallcndrd gamma-ray and neutron mcir.

sur?mrms have hccn pcrfomml on-line for rcisl-mnc mstiy

of nuclear mrrlcrisds in prnccss smcisms/7,9,10/. These mra.
surcmems monimr process opcriuiorw prinwil y m conlrol

Ihr process, Production hcncfim of continuous pr[~css

monimnrrg irrclrssk nptimlmd prmducts, minirnimd waslc urrd

rcugems, and minimized delays (from rcmow irntilysis of
process samples) in processing. ~Jnalmndcd quirnti[istlve

usssrys rcducc nuclear mmcrials handling find Iransfer

Iequircmcnts associated with the removal nf prcass sam-

ples, thcrchy cnnmihutitlg IO rudiulion dose minlmimlion and

improved safcguurds. Ilrc rrfil- Ilmc rcadoul of nuclear mutr

riul quulllltics cnn irk c(mlrihulc 10 Krw-rcisl.llmr nuclcxr

mrm-risl trccourrtahility

In common with rcquirrmcms for holdup und vcrifwa
Imn measurrmrms, asmy cquipmcm fnr process monitoring

must hc rugged, rcliahlc, und compucl. Nw-mul opcrrilimr

musl hr indrprndrru of usrr Inlrrvcmmn; in Ihr cAlslIIIg

M I(”A design, user Input n rcqrsircd nrsly m iilrnlilv u nrw

nw,lsummcnl Iuc;ltmn or sumplc. ‘1hr m{miltn lllg tunclmn

npplms n) u I Ixcd Iucutmn .soIhul mtrrw’:itm IS nm rrqmrrd
ulkr inilitsl Siiirl up, A furlhrr rrqmrrmrni for !tsr monlmrrng

!Ilnr-!ltm. thr auttmluwd msurancr nl IIW qII:IIIIy of diIIU

ijl~t;llnrd during r{mlmmms [qrcrirll[m, IS also Illlilt into Itw
M ~(’A, “1’hr M I(’A nl[nlulr h;is hrru th.slgnrd III Inrhuk

(Illly rssrnt]ul grnrrw fcnlmrs. AllllllCilll(Ml ytrt’rflr lrmmc~

Iwt(mw IIIIMIIIIUI plug III t~r rrlmnr uddillims, ‘1’hmrhwr, Ihc
M !(’A is lqlllllll#rll lt~r pnnrss mollll(ltln~ tM”l’SUSC mnxl

IIllmtl rrl Iuhllllv :Itl(l Illlllituln.(1 u[~lll~llrallv ulr rsprt’lrd {it

Illillltlllrlll:llltlll Inslullml [HI Ihr pnx.rss Ilnr ‘1’hr slqdllslit,:l

Il(m (V ISUU1rrn[hmts, I(II rxnmplf ) rrlplllrd u) Inllllr-nwnl
privrsk UIIIIII(II lIIIIrlIImS will Irshlr wilh mtrlluiml hsIIl

w,;ur 111111IS Irtlltm 1111111thr M ‘(“A

I:llhdwd MllllirlullGslloll

“1’hr pI(MIuvlw M I( “A :ulthrisri [hr Ir{lultrtllrnil (II
IHJIIIIIIIIIIv UINI r{jllllmrlmii 1111htdIlllll Illril\illrlllrlll\. vrl i

III ululll lnr:!~lllrltirlllt, ulltl ln(x’r~i ltltmll(uill~:. 11li \l~nllI

I Ilullv inlnllrl ullIl Ii}:lllrl Ihilu lIlr-vlIIII\ Illilllmwtlls wIlh

rtlulvulrm Irulutri AIhl II IImx! III II II; IIIIIIIIIIIIIII II II II IIN-11tIII
l~B) \ /lIWlll 111:1}.,.1111hl l(’A rvrtl tmnr IIWl IIl IIV lIIIWIIIII!}!

II~NII I(fl rvt.11 nnur IIII:L llIIIl\



Measuremcm nads s~. h as port.ahlc holdup assays

und quurmtmivc process monilrming involve rapid acquisition

O( huge numbers of gamma-my spccma tha[ muw he evalu-

tiIcd in near- real -[imc. The prmmypc MJCA lranslers

rcduccd s~md dma kcause i[ has a Iimi[cd memory and

su]rage capability snd is currmly limited by scrid daut mans.
fer roes, Thrrefme, each spectrum is first suhjecmd m dktg

nostic Iests (s~tral data can kc subscquemly adjusted) to

ussure [he quidi[y of Ihe reduced und triinsferred dis[a. Ile

test prn~m resides in Ihc controller unil. bo! the M~CA cul.

culatcs the spcrrrum-qualily paramcwrs and aansfem shcseKS

the corurollrr unit for lhc diagrms[ic mstmg, Adjustments
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