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l) ET12a10N AND MEASUREMENT OF GAMMA-RAY
SELP.ATTENUATION IN PLUTONIUM RESIDUES”

T, H, Prwymn, 1. A. Foalcr, and R J. Estrp
h AhmcM NaIlmml bbO~tO~

La AYsmoL NM S’7S44 USA

AUSTRACT

A now tncdmd to coma fOrMlfatmmht In gmnrttwmy
nustrysof pluumdurn Is pmoutod, TIW UndoTlylng
awwrnptirmsnftha !ochnlquowo W on n slmplo hm
acanto physical modol of plutonium roaidwh @iou.
lady pyochcrnkcal SSIU In whioh Ith AUUMd ti ho
plutonium ic dlvichd lmo Iwo pomlom mch of whbh cm
h Irewd nqurately lhrn th~ smndpoinl of Umnmwny
analysis: a portim thal is In the fum of plulrmlum meld
shol; snd a dlluto portiomtha it mlxad WI tho matrk
TIWpdXllmW dthotocimlqu91a oValuWd uoln#
*WY- of plumfvlum rmldum by tmnographlc gunmt
mnnlng al ho Lru Alsmoa Plutonlum Fncllky, TIM
rMIIty of tho methml to d.etcctmmrdon condltkm In
,Xamlnrd!

1. INTRODUCTION

~rwhmlled Icchnlqws hsvo bon tmod oxtorulvoly In
Ilw IXW ctmIplwI ror plutonium rmtrvcry A furlflctilrm
Iho reiiduoi fhwn thw poc~ uo Impure, conminh~
h@h CCd’iCOnWUhl Of A.M.241, md inhWt10 I,

rcunsluln~ of m ml~luro of plutonlum rrrml u WI
p)ulunium dinmdwd k the uh. FIW exmrnpb, hl ho
mohon sail OXIm-”kn (MSli) pmCOU, am.wlalum Is
axtmcwd b lrnpum plutonium metal, @uclng t
mlallwly pun rnwul Product urd MI imfmrc hull rmldur.
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Fig 1, fkmtww tmdpia@WI ME d curdd out w k Lw AltrmcuFIHIO.MIUMFdlhy: (d tin .wntairtirwrhm.b IIJ
gall: (b I Iqr pmtwhu qj phlonium mtld kt$itrvaftd $ M lb MUIFIT ul.q a IWW. (t) pWIIflV8 that pmsfd through \ht
~w H, (m’iudln~ lb Al nrtmh d’onwmkllld WIA Llm#?icium tlnd phbnhinl L“hhlfih

(1)
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condmu with tho controlled arrparimatttshi tho Iabom.
tory, Lwnpcorrwted T@i aaoaysof miduosand TRU
wmt~ conmining salm with woil=oalabliahedrothwwe vah
uoawore binned low and tho ninglo=lumpcize modoi wu
found to bo woeaiy inoonsiatontwith the artarw4apend.
am TfJS data. Tho muits warn very simiiar 10 thoao
oinervod in iumpcormwd 50S ansaysof #omkai
IWIIS. TIM comactimrfhctti fbr iumpsbaaudon thoratio of
tho 1294toV to 414*koV roeult was eomswhat emalkr
than tho cormtktt tktor obtain-d using the 34S”kd/ to
4 I &hvV ndn, ml IIW mwsevii{m rik~ showed II tii$linrl
increasingtrend with otwrgy,

In thh papw, we T c a simpic hyporheni~fir the
ohwrvetivnrialiond t m wrmolhm War thatitConaiti=
twit with tho dmcription of pyroohamioal *W provirki
by Otristwraorr and Mullinc. “IIM hypothcait Iemiz to s
slightly rcvhed lump modoi nnd a cormuliurt I@.Withm
hit \wc am test lb a wida mrlgd of plutonium msidwuh
tncludln~ pymchamicnl mlta, ilo data neededto test the
new nigorithm were obmlned RI the Loo Alarm.
PiuIouium Fueility udng n prutotype T(IS, In Iwlditilm
III proving uur hypothe~it, Ih. rornuhnof Ihc anal}misW)
k UNX!10 provide n proiimmam amessment of the F
tomtance O?I us tor pyrochemi$ulIIalm

II, ‘1’111’wltY

I{lpwrhl’:ls I+IWI Itw dwnlpuit!l lW :lmmnmryNDA,
JIlw plulouiIIm m pyrothemieal &alIn,M othor plutonium

romluos @uchM Wdern, oan be dlvlded Inlo a porilon thol
Wt!lBLt M plrmmium metnl ~hot nnd n dllule pottiutl dh!l
is mlnmlwith dw Immix mfilerid (i *, *R Pu(.it)

Olo

Fig 2 Ktwqw froelloms jiw plutmwm
gammaws as u fmrlion t+ fpwlude site

@ tphwtcal, autdllc partdw

wherep is the ofllwtivo sim of thomettd hot md u in the
fhacdorrof dmtotalmaw of Pw2J9 that is in tho form r#
maai. l%. nmv modal is nimilw to the oid modal in that
ith aenumedthat the motel shot can ba raproaaad hy n
minglelump siao, t%ornprior axpmkoo oonootiniI drnu=
isted Qemyeof aarttphawith disu’ibutedpanicio siaos,thin
XWnption is m,onably ~urate.’ l%e rww model
diha 8om dtc oid model only in tha treatment tf
putiai~ of ittfittitostmal SW, Attanuadon hy dilute
piutorrium mixed with the matrix is amumod to be titiiy
accounlml rif hyha gnmtu-my Irntmmiasiuoamdy~ia IInd
is expected 10 pmduca no obeawable ~ variation.
twr ‘l’US, whero the assumptions of untfoctrdty and
h[}mogenciry sjrply to mhtdvtiy small voiurnw (on the
order of 1 cm fiw cans and I 2$ cm} fiw drunm), this
nbsumpdotr Is o&pectod to ba vtdid, ospeeially when low
ticrumy piutorrium cmnpourds are distrtbumd over Imgr
rwgirrns!

A#sBy rosrtltmat thrae enontios ate requlmd to tiotennine
the parameton of rhc model. i.urnp nkc can b? dmrrnitwd
hy cxwnininn tiw ratiud difhrtttva Mwrcw ntmnyIrsuh*
W dirtbnrntUammmay anar~ies, ror wwupidl tht
?ollowng equattfmcan bo nolvddto dctmmhm nunpmtm



wo wk, mSWEU$10 flt Eq. (2) w the dcm u~in~
weighted la squares to dcMnlne ho unknown
ptunrnrwi’c.TIIO wuighb m dulm’mhwd hy GOMbhtlIVg

IWOPCrW-d cMMW crrwa cnd CWMWS of W
instrumenmlunmminty of the UeCy lk * ater$y.
Conmdarson dOfdW fhted-mearw impowdto
nvoidinikdblc aolutiorm lltis qpoach woe *II of the
datn10 d@OrmhC the ~ddm nnd is ~kbtily m
robuel tbnn rhc dlrcctmelhd

Ill. EXPERIMENTAL

A Fotw l’GS dUWdO@ by he Loa Alamoa S&
gwda lWgr8m Ii cwcatly m the Lao A14rnoePlutonhrm
Fnclllry and is uncb’rgolnglcedng mm! wnluakn LO
IMWSShe suhnbilhy of TGS fix mieyin~ IWMLIC9 d
waslc In cen-slzcdcontoinomand 20S-1dnum. TIM TLIS
techniqueUJoeUonwlllcelm Computdzsd wm~phy 10
(mm th-dlmondonul Irnnuet of gmnma+cy uItcnuaIlrw
Inamrhdi ThIm Inftmnmkm lo ubod to card emission
mmogrcphk detc * nmmnlfnrm arlonumlon by tha
mrdx, remdda~ 10 aWulBteo thme=dlmeneional
rcCOnMrUCtbnsof Ihe Wdbtdorr d nuclmr mnmrid in
[ho sample. Uoth k trmmlukm cnd amlaalotr modes
usc hlgh+csolutlorr_WCY C#OC~OW (llRaS). As
In Xi% HR9S dlowe tbo Imondty of sdectud ~n

my 10 bt rhlmnhwd vary mwmamly, fhrcama Imlh
nmmnlform attcnuml~ by the matrix W Iho
location of W amimlcn SIWSm acomuwd (w, T(JS Ic
wry accuruc fw d9rm9mrnplefllmam nunumlhtm rmd
Inhomngancmm f’ktalkrd dcncrlpdorrsnf ‘KM LWI hc
luund m Rehwwos 10, 11. and 12.

“rhq prmtmypc T(M wns wmf!~ m CMy cm.rdmd
swnplm (.: 20 cm In dlmnctor), Innunhdcm and
cmlworr tomo~phlc * em ware OcquIredushrg M
AJ,Wbla collimsmr whh hl@r wioludurr ~I J mm
tqwrrwc) nnd low mwlull{m (2 S mm nprtum) tsllhr~sl
Ihs Iow”mwlutlou nc.am. whl~h corwpond to hnatio~
wllh I W Iux 16 VOMM Qlmverrls, mc aumphtod in Iam
than an hour, Ilw hl~hcr=wsokrllun Bcurtiwmcsfnmdmg
III 2flk20n12 chmanl knnBan AM cnmplored hI Aght
houm ‘Iha dcto wIll be umd 10 ●smtmstha Impwtnnca if
rnpmlnlrvwhmon for pyroclwmlcal uII CBmayUm

‘IK;S Imaprn of a cwr.nlmd wrnpla, ruu@dy Xl cm III
dmnwlm and ccmtalnln~ olaclrcwellnln#call, arc ~hown m
Fi#, J alum whh iwdWrcpht O( h suit, llw wsmlt.
Am hmqw wm Ihrdtmd udnu Hrulllnumw upenhr~IIf I ?
mm, (’hunks 01’ ball utd Ihe bmmdary of Ihc Inrwr
conmumrcan b9 mm In the Imwel [he -mmnton Imaa*
Wn! IllItnlllQd Uhhl n Wllhlmhrr opwtlnrn d 23 Illrll,

1
I“hu

hlghl) Iucahd d PIIIhuilun uf fdumnlum Iu Iha nmuplu
tlt)~k!d d !ha hntll W OXMUnOd.

wirh buth high end low rewluhn collimator set[in~w
Rrsiduc CdC’@~~ htchldc the fOlhWin&

Moat of th WI@, WWCeawyod by CfliOrhlOUy 10
ohiairr rukencc valum needed 10 ●smm tlva nccumy ~
TCIS, ~ SCMPkMwau aho C+’Od Udtls !WS and
pasalve noutrorr cobmkhcc coumlnlh In nddhlon, I!
OMSM number of tho ccrnploa hnvc bocn asaaycdusing n
neulmn muhipllcly COUMOTopIimlmi kr pywhcmkal
salts, Only a pnmlon U( Ihe T(7S and neutron
muitlpliclty da!a hae bcon cnalyzcd. and a Ml
bncrcomparimm WM bu mfcllnbb only * ho corm
pludon oftho momurumcnl cunpal~, Prdirnlnaryrmulm
fm TCl!i oMalnad by CllCiyW IM Iho dcm Iakon wllh lho
low resdltlom emthlu m Ovallobk Ond m Uwd 10
evaluate tlw nmv lump-cwmtkm model.

CallbraUon of 111S Ibr rha Iump.cormchr snuly was
WC@khed UOUIUcomaucd SW fitwrdardsdcscrltwd by
HmIQ,a ml. ” For aalf+rrenuwion annlymis.cm muw be
Inhomm melml nlnndarrh ihnl hnvr wnnll pnnlcle du.



.Self-attenuationin ptwticloswith dkrmtcrs as small as
100micronsis not negligible(seaFig. i). The panicle
size in the SGS standards wss detomirtod using
desouctivecrrulyds and is npproximalelyS miorons,
With thosestandards.selFsttomtatiaris negligibleUtrall
of the gamma rays of intaresL Moro sophisticated
Cnllhtlm tecbttiquos that dstetmiae pwticle Sias along
with the calibration cunstatrt f= each cn~ ~ under
dovelopmenfi these techniqueswill emnblcthe reewichwr
on pcrtlcle size to be rolaxod,

IV. RMiULTS AND DISCUSS1ON

Twtmty-six samples ware andymd using both tho old and
nuw Iump-cmection algorhhms and the results of the
conwtions were compared with calorimetry. In the fd=
lowing discussion,WHwill &r to the old mothud in
which nll of tho plutonhnn is ewmod to be In lhs form of
moral lumps aa LCM. Th* now method in which rho
plutonium is cawtnedto boa mixtureof metal lumps and
plutonhmn dissolved in th~ mmrix, will be ti to
1.CMIX. RCSUIMuf two raprosentatlvosamplesare shown
m I}ig. 4,

In theilnt cam (~eeFlgura4a), LCM wssfoundto poorly
tll Ihwdata,‘tlM lumpdlamcterdeterminedIn tha fitwas

360micronsand tho vduc of rcducad chl-squard ( ~~ )

tiwthis fkwas3 with two tipoftkiatn (VW2 ).
Bud ofi Ihe standard“fpodrress-of=tlt”teat, we curwlude
~hntit is /!nllkely thnt the awumptimmundodyingI,f!M
ttfc vnl id. The LCM algorithm alto fhllodto bnprovo
\ho 1’(1S mxsy, The 414-koV rWNdt W* blascd iOW by
: I% and the Iumpcomeetmlresultpruvldedby the LCS
nlgtrri~hmmduml the bitrs by a wnnlt nrmumt (1%), In
mhlllion, llnr rtttlo method dovolupedby Sprlnklo and
I Isue produced Incr-mdstentcomectionfactrm ‘fbe
correctionfnetoraobmlnod udn~l rntlou wxs 1,07 fur th~
17WWV III 414.keV rntlo, 1.13 fht the 203.W 10414-
kcv rullo, w}d 1,34 tbrlhOJ45.kuVto414 kcV rntlo,

6,1 mm. Despitethaexcellentftt, IK!MIX mmrwstlmnted
tho total amount of Pu=239 by n substantialmargin
(24%),

Refm acwptingthis result, we @orrned a lest /ii matu-
ration, Plutoniummetal particleswith diarnotora-m
thanObOUt I @tl CUt be COtUidOred htfittitdy fhlck, caus-
ing dto assay at ewh e- to suumte(that is, the away
does not chungoapprecinhlywith hcreasing panicle
diamotor), Conaoquently,tha awtdtiv{ty of the aasayto
fMdCIO SiZO is VOty ~ when ths flCltiCiCS m I-C k

Fig, I), To toscfbr satumtion. we simply assumedthat
the true lump s&e wm lqe snd fh the rornminirq,t
parameters(a andAd)to thodcw Wtr arbitrarily~htd
thodiameterof the lumps to be 20 mm, “fhoremtfting&
is shownIn Fig. 4b (clrclos)und is very similar to th$
ori@t ftt wMr& p wm Ilveted m * free purumetw, In fuel,
the raducodchl=quarodVSIUOfor tho aatumtkm tom wm
1,0 with two dapreesof !leedom,a hlghlvreproducible tk
In general, saturation can be detorminwl by cwnpsring

the%: vnhm ohtnlned by LCMIX with the vnhK

obtainedIn the %aturatlort test” @2f)). If the dltliswm
is smaller thtm a threshold vatue [fix uxamplc,

AZ ~ < 1), then saturadwt cnn be cswttmd.

LCMIX WM appllcdtn correct●ll 26 amsays.liach cube
wasscreemdforsaturationusingtlte“goodness=of41t”test
described above, Srmvedonwus detected In nix caseu,
mch vI’ which wex rejectedL$ a candidu fur lump
corredon and markedM urmdtablo tbr “I(M anatysis,
Rssultsfor tho romalnhttt20 sarttplosareplottedin FIB, 5
for h~th LCM and t,CMIX, llmre urwMlmr~cIIUUIheI d
cwws h which LCM produced relatively small uurw-
tlons, tn eachof thesecasm,quallty of’tho tlt prodwd
hy LCM was found to be quite

IY
r, The total amuum of

PII.2.W (mmmwl over IN oft e wmplm) predluted by
1.CM la loww than the calodmetrlc usmy b) about 10’?k
In cwnparlso,l,the lmal amount ot Pu 219 baaad on the
4 14.keV Lwcy IS Ioww thnn thr udvrhnvnic way by
Hh(Wl :?()*m
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Fig, 4 .MtglAitwp-slzt d mitlwe ttmbblsJW*d m mnhbwwr~ ?’(1~iissqwfor twmsumple.v i wo rtmv art r?pmraated ‘

(u) the lumP corrct-lim hu.wd M the mdure model (M’W.IV ww butcedul. fld sutnrdivm twdltiwavwm dmwd h>
Lc’,4fl.V,

method rind cm ho ~OttddCA a Iovw!r bound Kw the
vorhtion in rho comected mnss. Methods davolqrcd
previously for esthrtlng 1))0 vatiancc of consuained
eslimnluh IW Iwing udnptwl m provide H complete
wwltivity anitly$is for LCMIX, 1’
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correction fwmrm (detwrninod by the rntio method
davvhped by Sprinkle and I Inue) Ihrllrw wtpports
LCMIX, md 1sconslacentwith tho assumption thuf Ihwv
IS some plutnlum in tic sample thnt causesIittt@ or no
self=attwtuarlon. L~MfX also ir,lomtifk ctmeqin which
mhtmtintt Cmdh hm$ are prewn~ which Is eswwlhl fir
twllablc klttp COtTeCtiOttS,

TIM primmy Iimhrtkm of LCMIX is thut it mtiulrwr
assays tor throo nr rnnro 1%.239 gumnm rays
Clntsequcntiy, the mchniquc may not work otKecttvoiytiw
S0S, which cm} ha blued conxidombly W iOW ~ (*

cxnmple, 129- and 203.keV), lhu teclmique i%ultimtrtely
hrtcmted !dr use with ‘1’(1S, which cun prrwidc nwumtr
Mosuysat all energia for a wide nut~e of moterials ht C*
ml (inmbdd wmplcu, Resuit* or dle mTWIIl evwiumiwr
will ix usedto opilmin the cwrflguration uf the prtthltylw
I’!JS and to dosl~ now hmtmtnonts that utu cqmhlc d
nMnyht~ pluwnlum rcsidvti with improved accumcv,

Another undid uppliculkm d’ the LCMiX nmdcl i~
detmtrltttmon of tho tuetul content ot wslduus tur rocuvm
ml slnbillt~i)ion, lhpendiry! on dw potms uwd, h is
Iikci) thtit tha Ablihy IU rWNU tduhmlum thm wiI* i~
strongly cottwiatad with the umwml of Inchd uimwdy
present In the tnatwloi, Samples with small quantltlw m
m@Mlwy noI he VMIII rcwovwin~, Thi* I (’Ml X model,
WtlhhtW! with i) n%!tww lCchn@IC such AS LAi(Whnctry,

cnuhi be umti m a notttlc$tmctwckurvc. provwllng
t-t imute~of the ~iw {d’thr nwtnl partivim and the portitwr
of Ihe plutonium lhal i~ ill Ihe fittlll IW Iwvlrd
Lltiormtelriu wsy wnuid prot de sn ncwnt~ Lwthndc d’
[hv mast, Ieavlng only two pararneten (u ml PI m br
ti~twlnitlml hy I .t%ll( fhml ‘Ill% duln. 1 II* resullq t~”
wpplying thip Wdmh$lu$ tIJ tIw mmpicm itmq WI in tlw
I IM Aiaww Piumntum I;nvlilly nrt shown m I Ig 6
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