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MODELS FOR GAMMA-RAY HOLDUP MEASUREMENTS AT DUCT CONTACI ●

G ~, W212uSL P. A. Russo, T. R. Wenz,
M. C. Miller, and E. C. Piquette
Los Alamos Na[ional Lahmoty
bS AktIos, ?kW !kkKICO 87545 USA

The uscof gamma-ray rrmsurertwnts [0 nondestively
assay,spccial, nuclear material holdup in DOE prcmessing
facdincs has Increased recensly. A rrwasuremen[ approach
that is relatively insensitive 10 deposit gcome~ involves
withdrawing flu det.cam horn the holdupbring qsiprmm
far enough 10 valida[e an assumed pint-, line-, or area-
-e deposit geometry. Because of facilit)r constinrs,
these generalized gcomeuy procedures are not xlways fol-
Iovd and sane ducts arc nwasmd al CCMUXI. @lXINiSXdVC
interpretation of contact mcasurenwnts requires knowledge
of the width of the deposit transverse 10 the duct axIs.
R@k FlaI.s personnel have inualuced a rmdd 10 olxxin
dasaL which this width can ~ daluced. It involves sak-
ing measurements in pairs, with the detector viewing the
holdup dcpmit m comact from above and Mow the duct.
The inte

r
tmion of the top and Imttom ttwsurerncnts to

give Ihe posit width S[ each location rquires t nmdcl f~
the detector’sresponse10 radial smuce position and a model
for the deposi[ geanetry. We hsve derived a rclmionship
Mween the top-m-btom count me mtio and the depmt
width dm approximates the dclatcn response and trdels
rhc deposit geomcuy M a uniform strip. TM model wm
validated in conuolled expcrirrtcnt~ that used thin foils of
high+ruiched uranium tmral to simuh duct k~iu,

INTRODUCTION

The U* of garrtnwtay rmuuretmm to ndcamcu “vely
assay s~iaJ nuclear material hofdup in the exhaust duct-
wcwk in DOE processing facilhlea hu increud rcccntJ .
Ocrtemlizcd (point. line, or area) depodt Seomeuies WId
the dctata’s c Ilndrically collimatd fkld of view are rec.

LLmttmrtdcdfa Mu u$ays.1.~ The generalizul gemMty
approachRC@9 A L wing thedemctm ftosndw holdup
bmring cqulpnmnt far enough to validam rite aaautnd @nt.,
Ilrw, or area+ource geomeey, Auays of @rtt, line, and
Lr?#depositsvied by cylMkaUy multi ~ am
MuI on ce.libratiom obdned with point mfmnm sources
0#Bup6#lln\uclear metarM In the Cellhdott pJcdJra,

r
w is the wclghting factor dut muldpllea

tilmmndanmamhti-tilsudm-

f
utc the “effective wMth” w ‘“effective ~“ respectively,
w the field vlewd by the IM=w. ThaM efkdve g--

tldc pmtlterurl m Uaal with w Sneuurd cmmt mu fm
the point reference source catted In the detector field of
v:ew to @v@the amay cdti for he utd areasource%
The MMY mUlilS ~pOttWlg ~ d’tepdnh IitW, Xld _
~~mrmtries are @van in mu, mast per unit Ienqth,

IK
unit ~ rmpatively. i% the llne d arm

depodth
&d

xmy I;Ittlte must b multipllal a depah
Ien d ere& rca@vely, to 13Mirt the MI

P1% J analysls USLUMI tht M depoduUeprhdip %%ii
rthebottanWf~I of the ducts and tltst tlm dqtoe t thkk.

nemas are uniform and thht enoush thst the effecIs of
galtxnwray Self-stmnuadm can b mglcmd

‘IIIh work h uqqmrted by ~e US Departmnt of Energy,
Ofnca of Safeguardsand Sacurity.

F. X. Haas, J. B. Glick,
and A. G. GaITCU
EG&G Raky Flats, Inc.
Golden. Colorado 80401 USA

Aldtough many ISLWCISof the generalized geometry
methodology are used in holdup measurwmnts witiin [he
ME com Iex, other proculurcs are not always performed

rbecause o facili[y constmims. Cenain procedures estab-
lished u h Rocky Flats plen[, fm insr.ante,rquirod that tie
ducrsix mcuured at ccmact. The ducts at Rocky Flars V-
in dkn,eter imtn 4 to 15 in. Piping and other plutonium-
hring prcnxss fixtures ue closely s

F
or Interwoven

with tie ductwcwk. 11’tetivanta es o measting W ducts
&at contxr using well-collimmed Iectota xre improved sig-

nal-m-background mdos and fixai dem.ctof-educt (but nor
rwccssxrily dctccsor-csourcc) geomernes. However, con-
Wt mcasummns9 suff~ large uncertaintiesftmn lad varia-
tions in the mass of the deposit. Thcrefae, s Iqer numb
of contut tmasumncnrs is ra@red to Whim= the smnpling
quivalent to rhm cbtained wmh * wider field of view at a
X distance. Funhermm, quantitative in~rpretstion of
contact meuumments

3
uitm knowlai e of k width of

the deposit transverse to e duct axis. A ia is because the
~ ic not 8uffkknLfy distanttoncglat the*pait tith
amlvelldxtethelhwacxrrceaswnpdmasinthagencdizcd
gccmwtryxppmach.

Rocky Fists pcmonnel have introduced a rncthod4 10
obtaht the width infomadon ra@rd for quantitative inter.
~rettdon of contact mcuurerncm data. ‘llm technique
revolves takin memrremerrts in pairs, with the detector

Lvicwirtgtfwho pdcposit xtconwt t%ornakweartd bbw
the dum The htor cdhuta WU designed 10 that, at a
dluanceofcme dutdbttmtar, dtedbmetarof rhedet=tcw’s
fkld of view wu sII lly larger than the dlarmtor of Ihc
duct. Flgtsraa l(a) Xnr l(b) ilhsuruc the mud

%r
Uy ::

lkChCtfmtCbthfCt OfhOdUCtXtIdhlde@L
Th depicted u a continuous ribbt alon~ the Lmttcano he

duct,

Becetm thedut dhttmwr la dgnlwl$l :lll’grw’me
cdlimetor apvrntm, the dupodt
suretmnt frantha lmttanofthoductis dtscrlu u M
;m$;cmm. The hold mau p= titme (XIWXIdmhy)

tmuumnnt &ahed bymultiplying the tamom
cmmt rete by the ~ sourw cs.lktion conMnL [f tk

T
h la thin erK@ thu wlf-absmpdm is negll ble, this

?v~ w II a @ esdtnxte of the ueal holdup dens t whhin
rthe detis Ilmitd flald of view, Unle8s there I cartfl.

dutW thU d16C@Mit h Uttifm xkntt the dtm the Ltil

i%ql%J=%xt%xm’r ‘f “mp’e’

whentheda~tcu lspoeidcrndontopofrheductloolo
in~ down, h views a l-, W therefbre trmfe m~wnta.
rive, dupoah Mllt#e, Howevor, the da

r
h from this view

II unlikely to fill the &&tm Md of w, Applic~don of
:~ ~ an U*.

DETERMINATION OF DEPOSIT WIDTH

llwlntqretWm dtimputdbtcmt nwxsurcrWnUto
8ive tha deposit width m each htion mt@m I trdd b
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thedemctot’s responseto tad.ialwurce position and a malel
for the deposit geomesty. C)ncc a dcpsi[ width has Ixen
deduced, it CIUIbe multiplied by [he area-source assayresult
to yield a masspcr unit length at [hat duct Iccation. Then the
holdup massIxtwccn each pair of adjacent Imanons is com-
puti by multiplying tie dissanc: lttwecn them by the aver.
age of [heir mass-pcr-unit.length assay results. The IoIal
iso[opc mass in the duct is obsaind by summing the holdup
masseslxtwecn ail adjment * of measutwtwm Imaions.

Rocky Flats Approach

Rocky Flals personnel have intc~remd their :op and
tusom consactrneasumrtmts by assucntngthe following:

(1) The deposit is on the Imtorn half of the inside surface
of the duct.

(2) ‘The de[ector field of view is filled by the deposit for
the measurcnwntfrom the boctosn.

(3) The demaor field of view may not be filled by the
deposi[ for the rrm.surwmnt thxn the top.

(4) Viewed ftmm the top, she deposit is a uniform disk
ccmcenoicwith the detcmm field of view,

(5) For a given distance from the detector, the detector
resfmnscis constant for all md.ial locations wishin the
detecrm field of view.

With these msum tions, it is simple to derive We tdscion-
tship bstween the epsit hxlf-width, rd, the radius, rp of the

topdctccttisfield of view m the hmom of shed- and the
mu.surcd net count mtcs, CB snd CT, fm the ixsttornsnd top
masurcnlellu, respectively:

(1)

This relationship wu usedin sheRmky FlatJ nwtlsd to
determine the deposh width, 2.rd, llds width wu multiplkd
by the ammource USAy result (isoto~ ntus PCSunit ares)
detcrmittcd franthe topcounttatc to OMtsthcim~~
psr unit length ●t the tswumctswm Itmsiasm

Allortsatlve Approtch

GIvrn SIMSths detuxm/colllrnator dlnmndons are smsll

P
Cm totlleduct dlattWtm andtluttha dlnmWsoftha
fle s of view for tlw top nwasufenmnu us sli tly Isrgef

IPk h dtm dismsmm assmpdom (2) ml (3) h above
tpprsmchue reamstable, Howavar, rasl.i~ dsposhsshould
tend to & continuous slong he length of ● dwt rather thau
tppcuing u cIAshhpd

T’
of* dlsmem cmccn-

dC With Sk de@CtOffie Of VieW. F~, dM SS-

T
sum cmofaconuutt datoctmrm

/%
maUossshe&tector

fiel of dew dcpuu sl@fkuttly thetruaresptssls
Indicstd In Fig. 2, Ths fohw-lng sAsnplaaltmmdves to U-
surttpdonI (4) and (s) UC -:

(4’) Tha -It ISa unlf&tt suip runttln~ don h dwt’s
tdIengththrou thasxmerofthamfb ofvlaw,

l%llta~l gd’sspanItha detaXfbklof vlewsrbd
Its width 10lessthsn the duct dJ~.
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Fig. 2. Respon.rn of cylimdricnlly collinuued sodiumiodi& ktector

(234-cm dimut#r ad 1,27 cm Ihick) to ih radial positwn c#a highly

tnricbd wmkm pint svwce, Colltir is I M cm in Wur ad

3.81 cm hap ad RO .40 cm Solid lbw and sqww Micate ma.
wed rqawu, Tk &ukd cm h Ikjlat &uctor r~ asnuud

inik origimd Rocky Fla.’s width -1. Tk &ttcd cwu & tk criM-

@v re~nst awmud by tk m La AIMvs width &l,

(5’) ‘M tktcctaresponseis oi4ngukr, with unit rcs~sc
at r = C and zero response at r = rl. Thus, the
nomuliud rcspnsc funcdon for positive values of r
is

/(0- 1.:
(2)

Assumptions (1), (2), (3), (4’), ursd(5’) can bs used to
obtain tn Im wed expression that rclatoc the mcssured

rcount rstc$, # MCI C , to the dapoth hslf.width, ?$. First,
“ ddetermine A , the e CCtiVC”deposit UC4 dewd by h top

rd~~hcuxt~ :e~ttg On tha oqmdt SlUfK4 welghmclby

where x ■ r#l, Sad, detenn!na AB in t SMIU manner
fa the krmlm &mtor



. .

The ratio A#A8 is qual to the count-rate ratio, CflCB.

(3)

I%e results of this model are plotted in F@. 3, alongwith the
results of the Rocky Ftats MOM. The model predictions
agree when CF/C8 = 1. Thk is the case when the dCpOSit
width viewed from the top is equal to the diameter of the
detector field of view. As the count rate mtio decreases,
however, a large deviation is observed between the two
models, with the Rocky Flats model giving the larger deposit
width for a given top-tMmttorn count rate ratio.

TESTING THE WIDTH MODELS

Preparation of Meaaurentent Standarda

Holdup deposits wesemocked up using a setof usartium
foils enriched to 93.15% in 23SU, The foils, nominally
46 cm long and either 3.8 or 7.6 cm wide, range in thick-

V
nest from 0.027 g/crn2 to 0.056 cm2 (see Table 1). They
were laminated between sheetso O.LXJ$cm-thick plastic to
protect them and to control contamination. The foil thick.
nesses were characterized b measuring the transmittal
intensit of a well-collimated

i
L of 122-keV gamma ra s

Jtlom a 7C0 source, Transmission measurements on e
7.6-cm-wide foils were msde at 216 equally spaced loca-
tions. The 3.8-cm-wide foils were measured in 108 places.
Table 1includes the mean thickness and standard deviation

12
— Oflgmal McUal

-----”- NOWIA&l

--0,0 02 04 Oe 02 1,0 1.2
rcwcowrmmwoowa (c*

Table 1, HEU Foil Specifications

tdentilcation Thickness Effective” 23SU
Number gjc~2 * 1 @ Thickness (ft/cm+

0.03588 k .tj032 0.03256
; 0.02743 t .0020 0.02504
3 0.027?6 i .0018 0.02490
4 0 J3534 t .0026 0.03209
5 0.04844 * .0019 0.04356
6 0.05047 * .0020 0.04532
7 0.051 14* .0018 0.04590

0.04781 k .0024 0.04302
; 0.05093 t .0016 0.04572

10 omoo6 * .0017 0,04497

“Corrected far self-attenuationof the 18fikeV gamma ray.

for each foil, along with Lle effective 235U thickness. The
latter is the nwan thicknessmultiplied by theenrichment ad
corrected for self-attenuation at186 keV.

Meaassremant System Calibration

The gamma-ray spectrometry system was calibrated in
thernuuwr
surements.=~LZ5=e?~ZuY4Y~Yrn
iodide detector 2.54 cm in diameter and 1,27 cm thick. A
cylindrical lead shield around the detectm reduced back-
ground mdiadon, and ● tungstenC-ollimtor 1.9 cm in diame-
ttx and 3.8 cm deep restricted the detector’sfield of view to
the same solid angle viewed by the bismuth germ2natedetec-
tors uad at Rocky Flats. A

r
Ie multichannel anal zer

wasaetup toacquirea Oto - ikeVspectnmtin512c an-

$
MIS of memory. Re ons of interest were set around the
60 keV peak from a lAm reference source, the 186-keV

e
from the deca of 23~U, and a background region

tween 227 and 271
9

V, Before measuring the detector’s
mdial responseto a ~ ~U standard, we made a 1000-9
backpound nmaurement. We made 300-s radial response
nwuummnts ● 24m intetvetsaJonga ndicularto the

Tdetectoraxis, 40 cm from the detector. e normalimd
radial respottsocurve is shownin F( .2, 71tecalcthtod

+effecdve length end area were 17.3 cm and 308 cmz,

&%%48 g.dcm?
tively. Th am-source calibration constantwas

Simulated Holdup Depodt Meaeurementa

Pipes14,20,24, and27 cm in diameter- Selwtd to
simulateexhaust ducts. MS wentIsAdin thebottomsof the
pipesparallel to theh axes, By la n8 the foils ad]ecemto
-h oh?, hOMUp

%?
$tsupb3 Ctnvdda(dependhtgon

i dlestmr)were
SF

dated me tMecta Wu positioned
8 cm from the bottom of the pi Itgkhg verd:,d~y

upward fa a bottom mewremm %%
f-’

.
&actedcount mte In the 186.keV region of ntere.t was
recoded. llten a spwum wu acquiredwith the detector

r
skioneddiametdcauy

w
ita to the flrat posidon, also

,00 cm horn the pi ,
r

e paired meaaumrnentt wem
-- rl#mmh;c#t foil Combittadonsu couldb



In addition, data were udcen with foils held flat by a
Lam cover plale. Measurements fmm 5.08 cm above [he
foils were made 10 simula[e Imttom measurcmen[s, and
spears were acquired from 21 to 34 cm above die foils [0
simulate mp rswasurcmcncs.Care was sakcn to assure rhat
the foil(s) filled dw demctor field of view durin shesimu-

!latex!bmrn measurementsand thaf tky did not ~ k fidd
of view dusing the“imp”mcasumrncms.

Ruultn and Discussion

llse mp-MxmcmI ccxsmmtc mrios were compuud for
each mcmummcm pair. The ratio of [he cotnsponding
SCSUS.Idepositwidth ad geometric field of view is ploncd as
a function of count TSICratio in Fig. 4. The width ratio
prcdicud m equation (3)

7
ically errs from dw scrual mtio

of deposit widf,h to fi?ld-o -view radius by less than 10%.
Nac the rclarive inscnsitiviryto dcpsit curvature: the nmlcl
reliably predicts dcpit WIMI regardless of pip diameter
ad even if sheskposit is flat.

Having dcmomsmtcd *at tie new wid[h makl de-
quatcly prcdicu tic widdsof rclaavcly ~ifmm ckpoais30it is
USCfld to ~tamine she sCC-Y with wh~h hokhsprn#M per
unit Icngshcan be estissssud.lhis is done ‘3ycomputing the
mass per unit aru using she&mom countrateandthe tre.s
cslhntioss constsm,and muhiplying by the deposit width
determined by solvin Eq. (3) i~ratiwly SI the cusTcapcmd-
ing count mu ratio. k CSUIISare shown in Fig, 5. Fm pur-
posM of comparison in Fig. 5, she~ dstc src intcrptd
using the originsl Rmky Flats sp~h, which pred.lets
deposit width from Eq. (1) snd ccmputea M area’s density
using she

?
count rate. NOWsht ths Isrge owcwimasc of

deposit wi th evident in Fit. 3 is punidly cffsct by the
usukmadmasc of * dcnsiry IJmtresults from using Cr to
calculats il. even when the cktcctofs field of view is not
find.
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tiplied ~ tk wuss p? h awa &riwdfiom I& w COVIUrat lo giw

Ik “~imd M rwmiu. ‘Nw e“ rmdu Mr, obmiwd U@

IhtlQIALauvs wUsh&and IhmSUpu whtvsa&dwd JkmI

Ik hmonv COMS mu. Tk pranut of dti@ 4m @uJ af ●uh

aclml 23SfJ wuw pw As Isnflth b Lwnbusubb u d@rau pips

~.

Scutsushc foilssmnotal lthesan wthkbmss.itiadif-
ncuh to confl~ ~ simuhtod &pSit thas has a unifaus
thicknessMOSSk ‘llw mf detmw is rclsdvclyhtmnstdve
to this probkm bcausa h sm a lar

tl!V
amatitmuiato

reghtarm “ava# mum mu frcml Cndrcfoil Ssny. If
‘stussasud dsincmdsickfoili sindtecestmrofdte UT8y,
Wlwre h “L douctor’’viewslLthtabiad Wdmue

J2
of ewherthe ds t width or W SmAldensky can result.
Thcanalmba pOhttslnFl&ssmprclbbiy sSaibumbk
~~~.

Furthw testsof ths el!fats ti nonunihm dapsit tMck-

W%’&g%%L%r’r’2!!%!#o’%%%%&&s
d~, thstopdn3tmmanlncmmmdowuotmwvadtobs
~tas thanOsm.Naluter width m Is q?plkabk in M
CM, Applylngeitk b with theusuc@On thu CfiB
= I resultsin a LMP negative Mu In the holdupastirnue,
lnvcrdngtha ~topstularn thuthadqxmit lsht Uta
~dhd~-titintdostiad~w,bt
givu9d#sw results.

fouu’my wastihtttwoun mtlunitwu

lmL
Onshedgw,c c Wmschervc dtobsrmctio no furdty,
A@cadon of Alsssu*lmsadtd httmlow
bhs In the holdup uaihtsmtm7%s R~ky FIAu methcnigave
holdupesthmse8thuWQ lc%to 13% N@s.

CONCLUSIONS

Pa hobdup dapshs that mati u Unuaut stdpl in Ihs
bX’tOMof the dw~ h MW Width tit d6scd~ SbVO
waamhbkssndtalfot bqmitsgduatbnucut-

7i’Y&%i%iL!%%i!wR%wy’%%



lcchnique 10 nonuniform deposit lhicknesscs, however. lim-

!
its its a plicarion to [new cases in which reasonable assur-
ance o deposit m-tiformily cxis[s. Where Cr/CB 2 1, or
where *cm is evidence of a nonumforrndeposit gcomcuy. il
is preferable [o v{ithdraw [he dclcctor horn contact With SJ’IC
duel to msurc a line-source gcortmy.
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