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\BSTRACT

‘m-rent mclhods W the non-dwitructivc ms~y iN DA) IJf

Peciid mwkirr tnilt~ritils (SNM) in 201VI. drums ~iln give

ssay errors of I (M)% or Inoru wheli [he drum mimix i\nrl/{)r

idit>nuclidc dislrihution is nlmunlform. To iddr~ss this

roblcm, WC hiiv~ dtvclopd[hc t(}i~logrtiphic- gun]mil-scilnncr

T( ;S) method t{w ;Issilying hctcrogclwnrs dI~IIINIWd SNM.

‘GS improves on the well-cstublishul scgmwmx.l-gtimmti-

wmcr (SCIS) nwthod by ~r(t)rming low-resolution

)I]]l)grilptlic emission iln(.i lrilnSllliSSioll SUilIIS (Ml [h! drum,

iclding ~[~ilrst. three-[liil]c[lsi[)ntil i]]lilg~s IJI’ the miltrix

CllSlty iill(l dl(lllllUllLIL’ distrihuti(ms, ‘1’hc ltllilg~s ilr~ uw’d 10

)ukc il~~(lrilt~.. poinl-lo-point ;Ittcnwltil)n cwrcctions, “rh~

‘(;S gm)nwlriu cl)llnling ~“lfiuirn~.y Is ()()’1 IIlill l)t” il lypiUili

(W drvicct :Illowillg il “I’(;S ilSSily tinlt” ()[ (Jllly 21’I min p.rr

runl with il t~l]~stll~lc’~’lt~rSVSI1’111.‘1”(iS lllil~ ill SI} k Ilw’1111for

1111.tl(.strlll’ti’.’t:~’~ili]]tllilti{}ll ( Nl)l\), ( ‘Ilrrrllt [y, ‘1-( i.$ i%II)(S

nlv prm.lil”id IIILSIIKN1 Id” Iltlq:lll): SNM III Arums.

IN’I’R( )1 )[ 1( “1’1()N

Currcm methods for !hc NI>A (J1SNM~R[ ‘ ~ii~[~ in
J08.L ~~ms rely on [he assumption thut both lhu drum Ill;lfrlx

und the SNM~RU rar.lionuclidm ilr~ horrl{)gcn~v)llsly distrih-

u[cd within the drum. When this condition is not rtwt :Ind thr

nmtrix is mm-lwnign, lilrg~ assily mors Cilll nwh. ‘I-his is Irw

for ncu[ron-triisd NDA nwthmls ils WC*II iis for g;lmnm-r;ly

spcctrosuopic methods. llw pn)blcm in cith~’r L.;IW is [h;I[ lIw

ll)iltri X ~ffWls iwc Sllhilntiill ml d!pcnd sL*m\itivL’ly (m IIIL’

ilCt Uill rJistri bution of riulionuclidcs d m;urix m;ll~’ri;d$, w) ;I

humogcncm.rs drum ussurnption is not jllsti[itxl in gcn~’r;ll. “I”()

Aln!ss I+is prohlcm, Wc hil\’C devcl{)ptxl 1111.t(ml(~gr@lic-

gillnlnil-s~tinn~r (TCJS) Il]dh{d [l)r iiss:l~il]g 11~.[c~rog~~il~’(~lls

(Irumlmxl SNWI”RII Wilstc,

l.ikc IIIL’ WC1l-1’StilhliStlCLl SLsglllVllll’llgillll! llil-\L’illlllL’r

(S( ;S) Illcthod, th~ ‘I”(;S nl~thod UW\ ii I)lgh pIIrIt~ gl.rll]illlililll

( 111’(k’) (lL’[L°C’[or 10 L’{)llllt gilllllllil-ril~ l’tlli~il{ltl~ I’r(ml Ilk’

(1111111;11111to 1111’ilWIL’ [hi” [I”;IIISI1lISSIIIII of p;lll)lllil Iii) \ Ihll)llgll

lhL’ drum Ir(m :111L’KtL’rllill s(mrl.c, “]”hL’p;l~sitl. (11111)1l’llll\-

~itms ilypk’nlly Ir(m) “’’]’11 ;Ill(! ‘1’[1, il]l~lllll~ll llL’ill”l~ (l!]~

}Iilllll]lil-l’llll[[l’f Cilll 1~ ;ISS;IVL”(I) illt’ till” ll~l\l\ [“~11”Ill{’ ;l’+~il~.

wllilr Iht’ Ir;lllsllllssl(ul lllL’ilSll rClll(’lllS ill’L’ Ilw.tl 10 (“(mt’L”l 1’(!1”

t[ll” illfL’llllillliJll ~)1’~illlllllil rilv’+ Ill [111’111”11111lllilll”l X. “[’11(’S( iS

IIWIIMM1 Imlkils :1~il~}llr I..Iu~II[ l’~u(s:I(.11R;II II II1;I r:IY Id lllt!tr~”~l

III IC;ICII tit”w.vt.rnl hol-i/~)nl;ll Iilyi’rs 1~1’llw tlrIIi II ;IIIII I.\lIII;;Ilt’\

;Itwmlnlil)n (I)wrlun)m IXIA (III ;I II II Ilf)Inl l;Ivt’I ;I~\IIIIIpl III II.

“1’lw‘1’(;S Itwllnxl ittq)n)vm Im III(. S( W mclh(~l In lwI tIu Illllu!

l~IW’ lrsolulitm l(llli(l~ril[)hil” (.llllsii[)ll ;III(I ll;ItlillII~~ltIll Q.lll’l

(m [’m 11I;ly(*r, ywllliil}! l.():lrw. llll;lfi(.s 1)1IIMSltl;lll Ii (lL*II\Ilv

;ItKl l:l(llotlll~’lill{. [li~lrll)lltloll~, “1’111”IIMIIIIK (1(’llilti IIII;I!I,I’ l’.

IIW’(1 10 L’(ltllplllr 1).11111II) I)oilll :111(’IIII;IIIIIII ~“olf(.t lI(III\ III! llh’

(.llllfiil)ll Itll:lj!(’ 11) 0111(’1w’ll(ls. 111(-~:;lIIIIiI;I I.IV Itt(’llllollltlll

(’(11”1(’(’IIIMIS11s(’(1 Ill 111(’‘1”(i,s 111(”111(1(1!Il(’ Ixlw’11 1~111111’,1(’111;11

(l I\t II III III(m 01”l:l(llollll~*li[l~*\ ;IIIII ;II)VIII)III}: II IbIt I It, 1,1111111tlI, III

1111 :1 1)11[” 1’;1s(. ill\ ;Ill ;lk,\lllll[)tl!lll ;11)(11111111’(ll’ill 1111111(111 1“111’

ll”\llll 1~ il \l}!lllll(’;llll 11111Jl(l V1’lll[-lli Ill ;l.’..l\ ,1( I 111,1(I 1(11

ll{-ll’l ll}!(.11(’oll~ !1111111s,——-—... . . .. . .

I )prl:llr(i !Iv 1111.I I s I qlllltlwlll Ill Im(vyv l)\ 1111”I ~111W-l\llv

III ( ‘iIIIl(IIIII;I II II(IISI I {NIII;II I W /,lo\ IN( i W



L-UICdrum s~ilnn~rl Jnd [m [hc construc[:t)n 01”(w t’ull-sc~lc

:oll-i.,-dnlm experimental proto[ypr scanner,: Since thiu time.

he sctinner contlgurtttion has bee I modified to givu signiti-

ilntly improved counting cftlcic:. cy, ln [his pitper, wc report

m the perforrmtncc O( our prototype device as it is now

onflgured. we itre currently constructing u well-cnginccrut.

ield-ready TGS systcm thut hits the sume birsic contlgurution

s our prototype. This turnkey s~.wmcr, which is scheduled [o

e rewly for testing and eviduiuion in [hc summer of 1993,

Jill hilv~ essentially the silm~ il~~ur;lcy iis cmr cxperimcnml

rotrlype,

[. EXPERIMENTAL DETAILS

A. Scilnncr Configuriltion

In its current Contigurilli(m. our cxpcrimcn[itl prolmypc

‘GS US~Sit 15.2-cnl-dcq~ collimator wilh u 2.5:1 i]sp~~t rilt io

.wmparcd to the 9:1 iis~~t r;ltio (m.linilrily used in singlc-

Ilt)ton cmissiim uompuwl t(~lnogrilphy, (w SPECT). With [his

)w-ilsp~ct cl}llinlotor, our protot yW TGS hns 60% (It th~

:~ilnting efficiency of il Iypicul S(;S using ml l’llUi VillCllt
I])~Jc ~etcclor. ‘rhus, ;I ~H-mln TCIS ils~il~ will hilvc Ihe s;lnl~

:nsilivity iIs wt iln~logous” 17-rein S(iS Msiiy. ~Wi[h ils 70f;f -

~ficicncy H1>GC dctu~mr, ollr ncwrr “[’(;S unit will il~tllillly

ilvl! il twltcr OVt’rilll scnsilivily - in (IIL’ SillllL’ ilSSily time - Ihilll

Iilllv cxisling S[; .S ullil.+, ) ( )thur rcccnt Cllilll~L’S ill Ihc scwl

mfigurilti[)n inuludr ( I ) Ihc collL*uli~Ml td’ I 50 twO-lhirds-

‘L”oll(l ColllltS (Ill L’ilCh Iilyl’r imlc:ld (}1”I (M) l)llr-\l’Colld cl)(llll\:
)) IIIL. rL.(jllutlO1l ~)j”[h~ Iilycr lhlckn(’ss III 5.7’ L’111,~lvlll~ lo

ycrs pcr (111111)inslcml {Jf 15; illl(l (3) lhr IIsr (1: m imprllvrd

llil~l’ rcLxms(ructitm ;Ilgtwithnl, ( )Ihmwisrm Ihr scmlm’r

UlfigUt_illl(Ml is 111(!snttll’ ;1sdvscrilxxl rnrlicr,:

WL. WA Ihr ~’~mlpl;lcr c.MfL. ‘1”(iS I;l”l”’ 1{) roc{mslntc-l

[ iS llllil~r~ ;Illd l)lll;lill ril(lit)llll(’l ltlr Ill;lsw’s. ‘1”(;S 1:11’ol”fur~

II IItId Wr td’ illulgr 11’(.(}ilsttllcli(}ll (Ipl t~ms, “I”hvqymxll’1}

llltnv’(1 Ilk’il’ u~t.s Ihr ill~(.llr:ll(.’ r[.~.otlstlllctii~tl Ir(’hniqur

\R”l’) lo l“~’i”l~ll’itl”llil ll:l;l~lllif~l(nl (ll(’ll\ll V t illl:li!l’s illl(l Ilh.

(Iwl’l;ltllm ill; lxlllll/; lll(ul (1’,M) Illtlll(ul lo lt.1”(~11’ll”lll”tIIN’

1(.IIII:III(m L ~)tIv(l(’11 t’llllssitm (I;IIIII:IIII(”IILI(. lllt~’u\lly ~~r

;I\\) II II; IKr\. ‘1’IIc iIII:Iyr\ prtMhI(wl hJVIS :1 rvv~lllll~w Id’ Imr

111(11(’11(I I IV’ (! I bv f 7 (’III vldlllll(’ (“11”111(’IIIS(v~~xl.1~) I)(’1

,,..r, WtI III IIIII:Ill\’ \t;III ;III ;t{lIIIII[m:Il llIV~GrIwlt}w lllt’ (I: 11111,

vlllj: :1 Itll;li {11 I “i l;lv(’1”~, {II I ;(M) \’~lK(.l\.

11 hll M’h w:l~l(’ I )llllll\

“1’1)~~\;llll;l[I. fll(, ;l{I.lll;l~ v 111[11(,“1’(;S, \V1’ IIl;lllt, ,1 N.1 l(”\

;l\);lv\ {11 ;1 \lll)!l(’ ‘)s.’) ~: 111(’1;1111(’““’I’ll \lllll(”(’ plm”(d ,1[

11”{.11’ll!h(’l~!hl . ;111(1I;llll;ll [Mmlll(m W’11111111111)1’hwil\l(*

lIl)l\ !)1 Vill vlll~ \l(’ll\ltl(’\ :111(1(1(’}!1((’%111 111)1111)$!l’llt.liv “1’11!’

,+illlll)tilul 1~.llllltl hts 1~.il i~ llIiit ;I SIIII!lr lhIIIIl \INlttI. I\ thi’

IIL’IOW:

( ‘:lsc I

( ‘ilsl’ I 1:

(’:15(’ 111”

( “;I*,”Iv:

No drum (i,u,. stmrcc n][}unll’d {m ;I I“r(w”.~tiln(lillg.

1ow-Z s[nlrcc h(ddvr),

A II II Lm(alilyt*l drum, with :1lIt)IIII}gL.III~II\ (Iillll[)

!’iilll(l lilVL’r in ttlL’ l[~wrr third {~1”1111’(1111111

(p = 2 ,() g/cnl’), ;I llollll}gl’1ll.! )ll\ l?(ll\clll\ I.’ I:L’11(.;1(1,..
I:lyrr ill lhL” middle lhir{l (1I T ()’) @(II1’), illltl ,111Ill

[ht. t(y) third.

A 11(.[c.rtt~l’111’~)~ls.lm}tll-i:llr tl(.n~it\ IlrIIIII I; Ii ISI.IIIi*

I;lvrr p .= ().2 I(1 (),1) g/L.111’) i(HIt;IIIIIIII! :111111111111111

U“l;lp. \lilll\ Id’ 5. I L“Ill Ihlch l)(ll\(”l ll\l(’llr, !Ilhl Ii!l}!(’

\lvl”l)i”(Mlll Illot’ks,

/\ 111’ll”ll)}:t’11(.(ills,hl}!h (11..ll\llv 11111111(!111’1!1):(. lll\l’l



. .. . .. .
colnpurc Ihc TCJS wsuy results for (“JSCS II iind IV \vith SCJS

ass;ly results for the Sillne source po~itif}ns in the sunw drums.

We obtuined the S(3S mctisuremerrts by modifying our

experimental prototype TCiS unit to perform SGS iissii~~. All

[his required in terms (d’ hiwdwart mmlific~lli(m ~ils rcplncing

Ihe TGS collimator with il 15.2-cm-deep SGS-type slit

cdlimtm. WC then USUI ii scp~riit~ wtlwwm package [o drive

the scanner and collect [he dd[u in SGS mode. The dat;i wwre

;ini.dyzcd using sti.mhrd SGS me[hodq,~

Our cxperimcntitl pr{)to[ypc USIJS il rclativrly w~ilk ‘ “Bil

lrim:imission source ( - ().5 mCi, cotnpild [u {hc prcfurrcd

silurcc slrenglh L)I’- 10 nCi) for ilnillysis of tht 413.7-k~V

p(~ilk in 2‘“RI, T() compcnstite, we UWLI ;I [WU- pilss ilpproti~h.

with il 21 Lnlin emission s~iltl ilnd il s~pilrilt~, 9.h cxhn.lcd

wunsmission s~iln, The resumption here is [hill il ‘~-h s~iln with

th~ w~~k sourcu is ~ss~n[iilll~ ~(l[livill~nt t(] il “ilorlnill’”2X-nlin

(~iln with il 1“1111-s[rcng[ll[r;lns[nissiotl s{mrcc, IJt)r multiple

J\ SilyS (lf IIIU SillTW drum, il singlu lrilll\llli SSioll \Ciln WilS+llSUd

(iw illl ltlc (cmissitm) ilSSily S in il writs. ‘1’his pr(hilhl~ rl’prc-

wnls ItIL’ lilrgl’Sl dCpilllllr(S l’r(un rcillislic cxmdilmns in [mr

:xpcritncrrt;ll lliltil. A “ru;il “ T(iS dl’vice, Iilw currcnl S(X

,11’vicus, w[}llld Uw’ ;1slrtmgur s[mrcc, Prt)hilhl)’ “SC illSIL!il(l ()(

“l?il. ‘1’11~ Ilorll)ill Ill(dl! 01” opt’rillloll” W()(ll(l Ilt’ il oll~-p;lSS

iCilll, in whiL. h lIIL! tr:lllst))iksi(}li illlll L’ltlissitm (Iillil ;lrL’L’t~l-

I:iguru I (;1) \h[)W~ il ‘“CO riidhlgrilph 01”[hc ~luminum 4

s~riip mock-ww[c drum (C:lse 111 in [he [CXI): l~ig, I (h) sho\v

LItt~[l~(~gr;lphic pro,jeclion (summt:d side view) of the TCJS

Iriirlsn]lssion imtigc Il)r the surn~ Jnlnl. This pr(~jcc[lon is

cquividcn[ (in concept) to the rmliograph in I (u), so the T(3S

inuqy! qlltility cm he judged by comparison. Wt. curl sw thut

while [he TGS dcnsi[y im~gc is too coarse to observe d~tilils,

il n]ilkhes thu rudiogruphecl imugc quite well itnd uccuratcly

rcvcids the gross fcwurcs of the miurix, In mlditiorr, the

cmrcsponding L!mission image in Fig. l(c) ~l~idy shows the

position tJf Ihe ~’”1% stmrct iirsidu [hc drum.

Cctl!d SirllllllilllC( lllSly.

(11) ‘“l ‘l) II ffllflqltlpll (1 ) f.l)lll\l#)fl ttvllll[:ltllll



;S. we MilLtC 52 iisW~s ,)( il tree-slanding wmrcc (Cilsc 1

we) ;It differcn[ positions within the TGS ilsmy il~tlv~

Iume (thut is, wi[hin the volume defined by u X)8-L hum).

r horizcmtid positions were more-or-less uniformly Liistrib-

‘d rididly. with some ilt the (horiznntul) cutter d’;: VOX~l,

me in-between IWO VOXCIS. some iII the corrwr of four

xels, and others placed simply at random. For c wh of these

rizonlal positions. ussuys were made tit four Lliffuwnt

tical positions in increments of tme-eighth of iI layer

7(5 cm). The ass;iys involved hctwccn 14,()(N) ilnd 20,()()()

d nel counts per ilssi]y, with corrcspondirtg stundurd

~i:ltions (in the Il)tiil utmnts) Iwtwccn (),88% imd 1,04%.

us, wi[h il uniform spiltiill response tin(l with no sttitisticill

or timplitlciition in [hc imilg~ rmwns[nwtion proms, [he 52
:Iys in this series wlmld k cxpccILxl to cxhihil ii s[ilndilrd

~iittion 01- ().()5% (th~ ilv~rilg~).

Figure 2 shows lhc mwisurcd tn-mr dis[rihu[i(m ( lrc-

mcy histt]grilm) for the scric’s of t’rL’c-stilllding-s(~rlrcc

ily!i, LIMllpilrCd with lhc stilt iSti L’ill-c~(lr-lJllly dlsll Ihutitm.
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1,1/,111(. I ( “OIIIIMIIW)II !)t “1”(is ;111(1

V)

S( i,’i ;l\’.;lv ,ll”(’lll; l(’y, l’%pl(”+l’d il~ 111(’
p

~ “
1,111!1 {It 111(”111(’; IWII(’11 1(1 1111(’ Ill; l!sh, ili

;1 11111(”111111{)1 \olll(”{” [)(l\lll!)ll I“Ill 11
;

wll~’,lr ~l!’11) }: “’’1’11.4)111(’(1 Ill Illllfllllll .1u)
l;lw’l\ 1)1VIII(1 (1) ?.() }!/t”Ill’), ml,

~)(llvl’lllylrllc lN.;lll\ (~} [),’) }!/(’11)’), :

illltl ,111 llll\ 1111(”(’ I:Iv(’l (111111)l\

1(”1(”!1(’(1Ill il~ ( ‘:lw’ II Ill 111(”1(’!1.

1:

I

:Ippc:]rs 10 be \lightly bi-lmd;ll ), hils :1 \t:mdurd dc~iittitm (JI’

1.X3’X. Assuming thu[ the s[:ltistl~ill w-d systemil[iu crews !

combine in quadrature. wc cmr estimutc thiit the maximum

standard dcviution tittribu[u “: to positional] vtiria[ion - in [hc

;Ihscncc of any gtirtlnlil-rdy iltt Clt Uilli OIl - is I .55’:{

B. Case 11: Assuys in Uniform Mutriccs

Figure 3 shows the results (expressed us ii rit[io 1)1’the

mcusured-to-trr.m mtiss) of TGS and SGS tissdys ot’ the 98. Y-g

21”PUpoint source in homogeneous mi.ttriccs of sin-d, polycth-

ylerw beMIs, and air, M a function of the (listiln~.~ [~f the simrcc

~rmn the drum center (CiIsc II), The .SCJS;~ssily VJIUL’Sfor lhc

silnd wrd for the polyc[hylcrte bc~d li~y~rs ilr~ ct)[lll~ctd with

Ashed lines [G cmphusize the Ilpwilrd [rend w the sourct is

moved from the ccntcr of the drum to [hc lm[sidr. This [rend

is L%tsily undcrsmod in terms t)l ttw SCIS hom(~gLvw(ms drllm

ilssUlllptiOrt.

I;ifzurc 2- “rhc error distrihutilm td”52 T{iS il\\;lY\ (Jt’:1 I“rcr

\l;lllllillg s[)llrcu ;11Vilri(Uls pt~sititms (( ’il\L’ I). ‘111~purrly

\lilti\liCill rrror distrihutltm, IlilSl!ll on IIIIL’IC;U’cxmntin: \l; lll\llc\

Ill IIIC rilW 11111;1,11:111;111ilVl!r:lgL’ SlillldilrLt dLQViillioll (11”[),(J5’; . ;l\

in~llc;ltl’d by th(’ t)VL’riilid gilU$iSiilll fllncti(]ll, ‘I”hr wh~ill(]ll;ll (Srr(lr

is :11111’murc(JI”tlw ulliftmlllt y (JI the sp;lti;il rt.splmw’,

,, . . . . . .
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upplied :o all suns of:1 given Iuycr. r~gilrtll~ss tltthc ridi;ll

]sition of the source, In the wmd mutrix, u source is :menu-

ed by u tktor of 12 more in [hc center of the drum than tit

e outside, so with SGS - no matter how good (hc correction -

ere must idways he u ftictor of 12 difference he[wcen the

soys for these extreme ctises. A uniform distribution rd-

Iires u correction fxxm somewhere in-between the cx -

:mes, ;tnd so the SGS assay under-cotmxts sources in the

nter wrrj over-correuts sources at the outside of the drum.

The attem.uition of’ gammfi ruys in polyethylene beads is

w sevrrc than in sand; the variation in msuy villue as u

nctirrn of p(~sition is roughly half thut seen in [he sid

ltrix. The general Irend, however, is the same. AS would be

p+xtcd, the SGS nssirys with no mutrix (air layer) show m)

:nilicimt bids ilS u function of position.
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ctfcct just described.

Figure -1 shows [he error distribution in -!S ~ssilys 01’ [h~
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iiv~rilgc standi]rd deviation in the raw dtita WiIS 1,6(Z- (m

illustrated by the overluid gaussiun distribution). The stimkwi.
dcvialion in the TGS resay VOIUCSwiIs 5.5%, implvinp ii

maximum of S.3% systematic error, This is good ti~~uril~~ ilnd
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can he obtuined even in a complex miitri~, Sti Il, [hc dmilrd
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It Io(As more Iiku [hc 5.3% error is the sum ot ;I nilrro\vcr

m-m distribution (say, 2 10 .3%) ild d SlllidlLr. br(~ilLl tmllicr

distribution (up to the Iorgcst error ()( 14(Z ),
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SGS Assays, Electronic Scrap Drum
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Ihc nllddlc). illld il rrgi(m (}I ltlW-ll~-lll(Ml~ rill~ density (:1[

top). ‘1’hL!nwgnilmk’ 01”IIIL’ wri;lliuns in S(;S ilSsily!i

wly lt)lhws Ibis Aivi\i[m, will] 1111’lilr~csl v;lriilli(}ll~ ( 1~(~111

Ic-ttw(ll” .!.2 I(N) low I() 1.7 I(N} high) in IIW high -dcmi[y

itm ;111(1IIIL’ $+Illillll’sl Vill’iil[lt~lls In lhL! h)w-dcnsily rcgi(m.

t >l~lllllilr’(1(11.vl;ltitm 1“01II IL’ (}[) ,S( ;.S :l\silys W:IS 26. I ‘%.
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ared with Ihe SGS method, is its longer ;iss~y tinw. IMausc

ven heterogeneous low-density drums (drums wi[h a mtixi-

wm layer densily of ().5 g/cmJ or less) can be irccurately

vmyed wi[h an SGS, we expect that future systems will

ombine the SGS and TGS methods in one unit.
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