
LA-UR-84-1959

LA-uI?--c4.-1959

DE04 014035

LOS A:amos Nmtonal L#borWofy Ia oPomlod by Iha Uniwmily 01 Cmlllomiafor the Unit.d s~alamhP~rlmnl Of Energy under conlracl W-7405-EP4G.36

TITLE: ESTIMATION METHODS FOR SPECIAL NUCLEAR MATERIALS HOLDUP

AUTHOR(S): K. K. S. Pillay and R. R. Picard

SUBMITTED TO INMM 25th Annual
July 15-lt3, 1984

Meeting, Columbus, Ohio,

l)lS(’I,AIMliR

Byaccrnplallco oltll!h arllcl@, lllepubllnh@r r-cognl#eI lhallho US Govarnmont ralalnn nnone~clu~lve, foyolty.lroe llcenme lopubllmh orrsproduce

Ih-pubhahed form n! Ihm conlrlbullon, rm 10 ●now olherg 10 do ho, for US Governmemuufpost~

The Ion Alafnorr Nallonel Laboratory rnqtmnlu llml me I!ublmher Identity lht~ arllcle @sworhp@rlor!r! edundef lhetuspicatollhe US Depw!merNol Energy
—. .—

?’”?
National Laboratory

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



E9TIM4TICM ~ FUl SPECLA.LNUCLW ~TERLALS HOLDUP*

K. K, 6, P1119Y and R. R. Picard

Loa Al~ National Mkratory

Lom Al~, m 117545

ABETEAa

The ptentlal value of etatintlcal *.1- for
the estimation of renidual invontori~s of special
nuclaai materials was axaminod using holdup data
frm procasslng facilltion md through controlled
exparintmnts. Although tha maasuramnt of hiddan
inventoried of special nuclear materlalm in large
facilities la a challar,glng tank. reliable eati-
Mtos of thone Invontorias can be devalopmd
through ● c~ination of good measuramntn ●nd
the uno of utatintical mdels.

“i . INTROMICTICMJ

One of the banlc ●lemants of ● syntom for
materials ●afbguardo i- matoriala ●ccountability,
which lnclurfeo manurment, ●ccounting, and other
procod~am demlgmd to prov~do an accurato knwl-
cdgo of tho quantltiaa and dinpomltion of mato-
rlals. 6cction 70.51 of Titlo 10 of the M@ of
Federal Regulation r.qu:ren. in part, that cer-
tain liconseen of spoclal nuclear materials (SNH)
coliduct at ●paclflod lnterwalm phyoical h7von-
toriaa of S)rt! in tholr pxaoaslon under t ha
licm-mm. Tha ●ccumulation of SN?I in proc9mm
cqul~nt ● s hiddan lnvantorias in tho form of
romidusl holdup follwing shutdown, dralndown.
and claanout gcnorally has •dv~r~o ●ffecta cm the
quality of phynlcal lnv~ntorioo and or) mtarialm
control progrfum. Residual holdup in character-
ized by the mat.rlals that ●re difficult to

Iocato, smmpia, Idantify, ●nalyza, ●nd qumntlfy.
The residual holdup of SN’M may h dofinod ● c tho
inventory ccmponant remaining in and about procass
●qul~nt ● nd hondlin~ •r~as ●fter thom~ collec-
ticm ● roam hava b-m prapargd for lnvantory.
Regulatory Ouldos 5.37 ● nd 5.21 provide guldmcm
for tho ●mcay of ronldual uraniuml m.nd pluto-
rIim2 In procomsi.ng facllitias.

AatcrlalB gonurally ●ccweulstu in cracks,
pnr09, and WXIOS of poor circulation within ●nd
● rwld prouann ●quipa6nt. w pr-csmos load to
tllo accwnulation of ●lzablo ●nd, mmatks, cml-
tinually incr.asin~ a.mxnta of EN?I in difficult-
to-!..covcr form Tho lntarlor ●urfacam of praoms

●Thin invomtigation was oupportod by tha U’E
Uucl@a: Rog’uiatory C-imsion.

—

vasnoln, plrnmbing, ductwork, glove boscs, and fil-
ter- often beccxaa coated with W during materials
pr=omsing. 111 ●ddltim. SN’Mmay chemically in-
teract with the ccmponenta of tho prmaus equlp-
Mnt, caunlng anoth~r form of holdup. The amunt
of SNM in residual holdup must be small for effi-
cient pr~anslng ●nd for hazard- control. In
practice, h~ver, the total armunt of SW holdup
in significant rulative to plant inventory dif-
farancos. Thlm ~lntn to the need for httar
doalgn of prccasnlng facilities and l.mproved
mathodm of holdup ●mtimaticm.

AM a rasult of rha stringant requlramantx for
the ti.maly dotoctt.on of the losoem of WtI ●nd in
recogniticm of tho dlfficultion of manuring hold-
up, tho US Nucl@ar Regulatory Carrnianion sponmorad
● reoaarch study ● t Los Almrmx National Labora-
tory. TIM primmry obj~ctiva of thit lnvamtigatlom
wam to ●xploro tha pooslbllltlos of dovalaping
nlatistlcal ●mthatlm mdolm for tha holdup of
8NM ●t processing facllitios. Tha taak of gnthel
ing holdup information ●nd tho dcvelopnant of
holdup ●mtlmatorm for ●pocific prwasmen underwent
●av9ral stagen of ●xamination. Historical data
●vallablo frm highly ●nrichod uranium (HEU) proc-

●mming facilitiom, uhich -ro qathored ●s part of
~rldic inventory davalopmant, were first c.mrld-
●rod ●s s roadlly ●vallablo sourcs of long-tarm
holdup data. Unfortunately, tha -r quallty of
thoa. data mad. this swrco of information of
Ihltcd valua to statistical model dwolo~ont.
Tha rmxt st~p in gatharlng gcd quallty holdup
data was through carafully Canlgned maanur,mants

of 8NH holdup ● t two OK tha matorialn pr~anaing
facllitioa of tho Las Almmn National Laboratory.
Solcct*d moanurornntm conduct~d ov r ● parlod of
cum yaar nhwad that certain ●qulpma,~t, such am

●ir filters md calclnors, lent thmsolv.n to @
quality ho.dup maanurm.ants ●nd Mol dov.lo~ont.
Th@ valua of th,ma mdol~ wan Curthor confirm~d
when cent-ollod ●xparlmontn wtra parformad involv-
ing high quality data collacticm umlng radloactlv-
tracers. Canplotc d,tnilm of the meamuramant
mathoda u-od during thin h-rwntigation and thu
mdmllng ●ppro.mcho~ ● ro contalnod in tho :Inal
proj-ct r-part ●utmittmd to tho NRC.3

In tha followinp ●actionm. wm a~rixa ● f-
of tho ccmtrollod ●xparimants mnd process facility



nsamuremants carried out during thin lnve6tlga-

tion. !lathomatical tiels ars prwidad to illus-
trate the different approaches used in developing
●stimation mcdels of residual holdup.

The controlled ●xperimanto uero demignefl to
maamure uranlm holdup ●ccumulated during duet
generating oparaticma af fuel fabrication. feed
dissolution procenacs, ~i~ diuranate (mu)
precipitation ●nd calcinatiom, pulso CO1- ~ra-
tion, and tha circulation of uranyl ●olutiolls

through pipas and pipe fittingo. Total throughput
of urani~ in these ●xpri.mental facilities ranged
frun 50 kg to about. 5J tonnos. Tha quality of
maaurcd holdup data during theme ccntrollod cx-
parknta was improvd by at least an ordsr of
magnitude through the us, of carefully ●nlsctad
radioactive tracere4 and mp+cially dauignad cali-
bration 8tandard>. .fracoru, at concentration
levels of nbout one part-per-billion, uara hcxroge-
naously incorporated into the procesn mator~.ais.
Considerable attention was paid during there ex-
porimnto to fabricate instrument calibration
dtandarda ccnnpatible with the squiprnent manured
and the distribution of holdup therein. This
improved the quality of holdup data frcm nonin-
va~iva, nondestructive a~naym ua ing gamna-ray
●pectruc+try.

Four unit procemson chomen for controlled
●xparirc.antal ❑tudy ware

(1) ari ~U prouipltation and calcinaticm proc-
● sn,

(2) a dust generating operation at ● HKU prcc-
●asirig facility,

(3) ● liqlid-llquid cxtrac:ion nyntomi ●nd
(4) ● solution lcmp systcm circulating ura.nyl

Solutiorln.
Cunplote deucriptimn of thonc ●xparlmonthl facll-
ltlos ●nd ciaiailod ditcumsionm of ramults ● ra
pronantad in Raf. 3.

Bocauoo of cpaca limitaticmn, only tha oxparl-
mmtal study pf holdup frcm ADU pracipitatlon and
cslclnation im conmidcr~d in detail l~aro. We
●imulatod tha qonarir: prmans lr,wolvod in ADU
precipitation ●nd calcinatlon ●nd naanurod th-
hcldup of uranlua .n ● dlmsolvor, ● batch praclpl-
tator colmn, nsveral Ciltorm, a calcinnr, ●nd
s.vara! calcirmr trayc.

wring thic ●xparh.mat. 46SC wan umd ●m t
tracar ●o maanura tha ramidual armuntm of uran~m
in tha p~oc.moing ●quipmont using rboninvasivo
~- ●poctrcmotry, Th@ pracipltation colm used
for this ●xporiuor,t ~an ● stainl~nn stool cylin-
d~r, 20 cm in diameter and 1 ❑ in haight. Axmo-
ciatad ●quipmart um~d for pr~cipitatim of MU is
●- ●chamatica!ly in Fig, 1,

U3C@ MaB uawd as tho starting mator~al
for thim ●xporimant. Each batch ccmtalnod 1 kg
of ural}iu, which wam disnolvad in nitric ●cid,
●nd to thin ●olut ic+l 46sc tracer (~~08 M)
W4ti added ●m SC3+. Tho urc,lim nitrato solutiom
waa vkcum-tranofmrrod to cho procipltatim COl-
●nd procipitatod ●s ADU utl)lg NH4W, while tha

.k LFM

UM

Fig. 1.
An Ismtric viau of the ADU precipitation COILMUI:
@ mo.!uticm trannf.r, @ ~nia udditicn.

contents of the praclpitation column were agitated
vigorously by a circulatla] pump. The ADU wa6
filter-d using large Buchner filtern, nnd the ADU
cake wan calcinod in a Lindbarg furnace. This
proconm was repeated until ● tot~l throughput of
52 kg of uraniu through the experimental ❑yntem
wan obtain~.

AftQr ●ach batch prccemoing, the uranium hold-
up in tha dimnolvor, precipitator COILEMI, filtars,
cmlciner trayo, ●nd the calciner Hre measured
nondontructivoly using a specially munted NaI(Tl)
dot.ctor-baaad garmma s~ctrmtry nymt~m. Several
clcanout maasurmantm ware ●lso parformed during
this ssriom of ●xpar~ntn to confirm the NDA
m.aasuramdnts of holdup. The MM meanuremnt data
uorc unad to develop holdup mcd~la for the variouu
pieces of ●quipant used in thlm ●xparirrmncal
study.

Ths NDA mamrmant of the holdup of uranlun

in ths pr~cipit~tor colm offarad more chal langon
than tha othar ●quipmont unod in this experiment
Tho romiducl W in this ●pparatua wan not unA-
for ‘ly dist~ibut.d.

1

●lthough tha profila of this
dim ribution romainud mro or le~o tha nam while
th ●xporimantal condition wra not ●lt~red. Ttw

9
dup profil~ of w in tha colm was pcriodi-

c lly monitorad using ● xmall, cmoentlally un-
shicldad NaT(Tl) datactor matup (“8armmon,” manu-
factured by Eborlino Inntrwwntm Co,
tha high-onorgy gamma raym fra the L: ::::
used in thsts ,xporhntn. Tho tpatlal reaolutim
of tho dotoctor wam ●but 6 a M for tha colum
g-atry. Tha length of tha precipitator COIUM
wat divided into 16 ●qual so~onts, ●nd 17 m.ao-
uramantc worm mdc ●t th. kundariam of theme
●ogmentm. Datailn of thoso profllcc ● re furth~r
dincussad in soctitxi IV.

111. HOLOUP MMSUR~~ AT PR@X9SlN9 FACILITI~

AS part of this invomtiqatim, holdup moa~uro-
MI)tn wra coductod ●t throo procooclng facil-
iti~n. Tha variws piQcom of .qul~nt involv~
in thooo holdup uanuraMntm uara

(1) high-officlsncy particulate ●ir (HRPA)
filtorm ●t tho plutcmim prw.noing facil-
itiam of km Al-a:



(2) several air filters and batch calcirmrs,
a ccmtlnuoum precipitator. ●nd ● rotary
drtmo filtar at the uraniu scrap rmcovery
facility at Los Al-a: and

(3) aavoral air ducts ● t tha ~R Fuel Fabri-
cation facilities of arwral Atmic (QA)
Techrmlogiaa, Inc.

Again, because of ●paco ltiitationa W present
only the details of the HKPA filter UaULU_ntS.

Tha holdup maarrurants of plutmlm m HEPA
filteru *re performd uming a ●hielded ●nd ml-
lbated NaI(Tl) dctactor inetalled on toP of a
glovo bx about 18 a frcm the HEPA filter. A
multichanml a.nalyzor syctaa UMS umed to SCM tha
garmna spoctrwn, and tho 320-470 kav ragion was
integrated to estimata tha holdup m this KKPA
f!lter. Calibration standards for this dotoctor
oystem wra fabricated to renomble the filtar
being ineamurad, uming M amounts of Pl#2
dtsperned on a similar filter medi=. Trm.amin-
nlon and attenuation corroctiorm -ra datarminad
J6ing a thin ●ource of Pu02.

Confirmatory maamuroments ware parformad cm
tha filtcrn at tho ●nd of the ●xperlmant period
uning a neutron coincldenca countor to datormina
the plutonlum content. Tho coincid~nco c~nter
meanurament waa within 8\ of the in-place MDA
eati-mates of the holdup of plutonim.

Iv. K)DELIW APPROACH2E

h—u3uwmw
Like mmny physical prmemmn, tho ●ccwnulatlon

of holdup lo amenable to rmdaling. Uhon facility
op~ration is ●tdl~, tha kldup ill ● pieCC Of

●quipment bahavam ●s a ~th function of tima,
parhapm gradually Increasing or raining (naIi-
nally) constant. This #spoct of ‘t.rnporal conti-
nuity” in holdup bahavior can often .% capturad
through md~llng. A “opatlal continuity” MY
●ximt ●s wall. For Qxampla, holdup ● t ● particu-
lar location nay ba very stiilar to tnat ●t loca-
tion- n.aarby. Propar combination of !11 ●uch
rolc~ant infor~tion (formalized through U-O of ●

rmdol) loadm to holdup intimation ❑uch improved
ovor rollanco on ● mingla maanuramant valua. A
wro lengthy discussion of holdup mcdallng is
qivon in R-f. 5.

Xn cuccoeding noctlonm, ranults ● rs dincusmad
frm navorml controlled ●xpori~nts uharo holduo
was carefully ●tudid. Thoso ●xporirbants narvad
to Illustrate ● variety of points, includinq uha,t
modeling is useful and when it in not. Almo, th(j
banofltm ●nd Iimitaticmm of rmd~ling in a nmbtir
of circwnmtancon bacama ●ppar~nt.

u5&nuuwJuunmww

Conmldar data obtainod Lr- four ●ir Ciltars
●nd dinplayod in ?iflo, 2 mnd 3. Koldup m Cil-
tars, liko holdup on many othar plocom of aquip-
rnnt, undor~s ~thing of ● Lifo qclo. Tha
initial conditions of littlo or no iwldup ● ro
Collwmd by ● gradual accumulation of material,
Finally, tha filter is roplac~d (or, mro WMr-
●lly, tha aqui~nt is cl~ancd ~) and t~ CYC1*

I

-_-J
o 23 50 ?5 ml m

TWrOIMWUT, kg Pu

Fig. 2.
Holdup data frcrn a filter at a plutoniun
procostiing facility.

o 2 4 8 8 m

rlT?cKfWw

Fig. 3.
Holdup data frar! ●ir filtarm unad in dunt
gtnaratlon chp~rimxntn.

bagin8 ●new. F!$ure 2 displays d~ta colloctad
~l~r ● 6-mmth ~riod frcin ● filter ●t tho -
Almm Plutonium Facility ●nd ●hwx tha temporal
continuity doncribad abova. Piguro 3 ●wrrmrizam
tho ramultm Lf thrac f~ltorn frun t:)a uranitau
duct germratbn ●xptrlmar,tn conductod in ● 91OVO
box . A ctmploto listing of tha data can ba found
in Raf, 3.

In ●ll cams, tho holdup ●ccwnulatlon on tho
f’.ltarB i? w1l fit by tho mulol

h(t) - at + MZ ,

. .
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mpacific operating ccditlonm involved and do~-
ntratas that a tiol davelo~d for one sot of con-
ditiuu may rmt apply Und-r armthar.

Cantral to gad pradirtability In then. ex–
perinents ●ro t- factors: the high qumllty Of
meanuram.xnt data and tha stable ~ratiom of the
procemc. Th~ qusllty of data 1s l.mpxtant because
l~rgo meacuremnt ● rrorm can ●anily obacura the
.,ature of material dap=mitia and naka difficult
tho ●xtraction of ● mdol. If naourents are
obtalnad Infraquentlyt problama ue c~ded.
Tha ●acond lmportmt factor concerns procoss oper-
ation. with rempect to Fig. 3, it 18 not diffi-
cult to lmaghm the raaultm of a hypdhatical
exparknt, tho first half of which muld ba con-
ducted at 1- ●irflou and tha soccmd half ●t high
●irflw. km, ganorally, ‘if the airflow changed
often, the increase in holdup muld not be nearly
as armmth as for tho curvee of Pig. 3.

These ●xperlments indicato that holdup cm
be described very w1l through the us. of dole.
t7ranted. tha controlled exporbenta repreecnt
“tmt-case” situatimm and that condlticm.e ●t
facilities are not so idealized. Noncthol@an. if
adequate importanc~ im ●ttachad to ●sti.rbatim of
holdup in a particular place of ●quipbxnt, meas-
urements of reasonable quality can usually h
obtained. Ulmn prmams oporation is mufficiontly
stabla, rwdols arc quit. unaful.

Holdup on the filtarn har~ la well ●stimated,
wan ●t times when no data nre obtainad, such ●n
at t - 9 kg in Fig. 3. ~roovar, holdup hhavior
can be accurately prtdlctod for ● limitad time
into thti futua. Uhon prdicting futuro holdup,
thora ●ro t- important cormidorationa to koop in
❑ind. The first is that it 1s implicitly •ss~’
t’i.t !he nature of procoms oporation will ramal.n
(ncminally) Ch- SM.N u that for which tho md.1
●pplias. Tha ●acond consideration concornm the
natura of tho standard deviation of pradict~
values. As would be txpactod, tha further into
the futura ● prediction 1s wdc, tho loss ●ccurato
it is likaly to be. Mintainlng ~ ●mtimaticm
roquir~s that mammuramants b, obtalnad porlodi-
cally ●nd used to updato th. fitted mdol. ‘r%
fraqu~ncy of data collation dupands on tho d@-
sirad accuracy of ●ntim.ation.

TIW prwodura for -al updating is rala-
tivoly ●lmplo! Uhan a now maasuromnt ■(t) 1s
obtain.d ●t throughput t, it 18 camparad to its
prediction ~(t) fra tho mod-l, which B banod m -
provioum data. kTha dlffaranco ■(t) - (t) should
fall within ● prcscribad rugo--say, plum or ●tius
thr~c ~tandard dovlatlonm of tb diffaronco. If
●o, ●(t) in ●dded to tha provloun data and parrn-
●t.rs in tho -.1 ● ra r~-ostlmatad uming ●ll
●vailablo information. on the othar hand, if the
dlfforancc is too larqa, this in ●n lndlcttim
that tho -cl may havo brokon d- or, Wrhapm,
th. nasur.ment is m wtlior. In ●ithar CUG,
further invactiqstic,~ is suggastod.

LAHQmkL~
bnmldcr tha wamur~mant hiotory for th~ cal-

cinar of the w oxprimant ●t IAM Al- (Fig.

.....-

-, ,

4). Holdup here does rat follm the life cycle
bahavior exhibited for tha filtars. Instead,
beginning frcm a clean ■tata. a brinf initial
Increame in holdup is followd by long-term fluc-
tuaticm about steady-ntata conditiar.n. PrWeoe
variability plays a major rola in entimatim:
othor information concornlng the Manured values
Lnd!,catos that observed difforencan in mamure-
mxntm during the ●taady-stata pericd are not
molely Lh. ccmnequence of maeurew.lt errorn but
that the actual remount C: material is alxo chmg-

ing .
-.

Weling of staady-ntate prmesees iu not
difficult and typically involvas KalMn filterinq.
This methodology, developod in the ●arly 1960E,
han boon ●pplied to ● wide variaty of engineering
problama. Applicatiomm in safeguards, ~ver,
● re caparatively faut md it haa been nuqgeated6
that the ostanrribly eooteric qualitl~a ot Kalman
filtaring have precluded ●cceptance by safeguard
audiencoe. If true, this ctate of affairn need
rmt continue. A major benefit of the Kalman fil-
ter i- itn ●bility to incorporate procesn vari-
●bility; i.e., variability in the actual amount
of holdup over time. Tha measurer,. nt history
fran a ~rly maacured but stable proceun might
strongly resemble the hirtory frcm a w1l meanurad
but unstable prmean. Thun , holdup cst~tion
crucially dapandn on tho relativ, magnitude of
masuramnt ● rrorn and normal procaan variability.

Tha basis for tha K,tlm.an filter 11s8 in the
wasuramant and ●tata ●quatiom. For the lth
measured value, m(tl). obtained when the through-
put is t~ kg, the m+asurcment ●quatim in

m(ti) - h(ti) + ●(ti) ,

whara h(ti) darmton thm ●ctual holdup ●nd e(ti) is
the m+asuremant ● rror. Phmt ticls presme e(ti)
10 normally diatributmd with mean zaro ●nd ntan-
dard deviation %. Clonorall-’, ~ can ba .stimatad
frun meamuromant-ccmtrol infcrm~icm.

L8
I

‘o 0.

03m8i-r n~matiws
llw.wuf(kgcfuj

Fign 4.
Holdup data and mdal for tho calcinar.

.



The state aquatlcm 10

h(ti) - h(ti-1) + c(ti) ,

and reflects the steady -scata ch~ractar of tha
procos s. The difference h(ti) - h(ti-1) - t(ti)
in act.al holdup batwen throughput tl-1 and ti
in ●mamad to act as a randun variable with maan

i
zaro and iariance (ti - tl-1) . For tha calciner.
measurmantm are obtained wit ●ach kilogram of
throughput, So that ti - ti-1 {s alwyo me.

Had measurmar.ts bean obtainod that -re un.qually
mpacsd, ■une of t ho c(t~) -Id heve been
mora variable than others. A simple lntarprata-
tion is that the change In actual holdup ovor the
interval (ti-1. cl) 1- llkely to be small if
tl-l and ti U- C1OSO tq~thor, but is likely
to be largar othorwisa. tit vu[c(ti)l is
proportional to tha width of th~ interval (ti-1.
tl) ●volvoc fruu viewing this lnt~rval ●s ● unicm
of smaller, independent subintarvals.

The mteady-st~te red-l outlti~d hero is ula-
logoua to tho AAItlA(O.l ,1) structure of ccmven-
tional tine saries analysin. Almo, prmemm vari-
abi:::y c&-, be irworPQrated into tials where
holdup ia increasing. more detailed discunmionn
of Kalman flltaring can be found in the litera-
ture.7

Measured valu~s (m(ti)) and eat~tas of

meauurcrwnt variability ~ ani ~.;-esn V*rhbility
Op are input to the Kalmn fllte ,

i

~ich prductm
eotlmated values of holdup { (tI)). For the
calciner, tho~a ●ntlmaton arc connoctad by line
●apantm in tho steady-state portion of Fig. 4.
It can ●lso be noticwi In Pig. 4 thst foil-ing
the steady-stato portion of tho data, ● marked
Increamo in holdup bagan ●ftar throughput t40 -
40 kg. This Incraama was causad by ● chmge in
●xparimantal condition-: the calclning tmpor@-
tura, prcviounly 800”C. was raiood to 900”c ●t
that ttio. Th. rosultlng impact on holdup 1s ●

vivid indication of hw tho nature of matorlal
dapomitlon can ba very dspondcnt on oparatlng
condltlona.

~~
For large piacss of ●quipment. ●uch ● s ●

pulma column or ● precipitator it i- rmt p08-
nibla to ●ccurately QntLmatc holdup ●t ● particu-
lar tl.ma harnod on ● single nondamtructlvc maasu.rQ-
msnt. Tho ●ccwnulatlon of holdup can be nonuni-
form ●croon spocc: ●.g., diffar-nt sactiwm ●long
tho ltngth of ● proclpitator colmn can cmtab
dlff~ront concontrationm of mst~rial. It in
ncca~nary to ●cqulro meamurm-antn Crm diffaront
locatlorm to cstlmsto tha Loidup profllo.

An ●n ●ISMPIG. connidor ttw precipitator used

in th~ ADU ●x~rhnt. At ●ach of 17 locatlomm
●long t ha Collnn, conccntratim Mamuraan!n
(qruns of hol$up par unit lan~th) =ra obtairwd.
cm such ■ *C of datm in dimplayod in Fig. 5.
plottad for convan!.cnca in iog scale.

It is c1041 that hold~ is not Unifotmly
distributed at tha titarlor of the procipitmtor.
LarQo ●ccsulatlonm 111 tho uppar portions of the

Fig. 5.
Heldup profile of W frun a Pr-cipitacor COIWUI.

colwon are caused by violant chamical reactions
that lead to phana changem e??en tti,a h-ri4~m uu-
tactm the uranyl nltrato molution. Saris of the
ADU formed at thin int~r ‘~ in nplashed onto the
lnterlor murface ●bve the liquid lovol. At the
~t!~ of the COILKUI, the procaco of draining :ho
ADU loads to the transport of material there ●nd
thus r.lghtly incrsamd rasidual holdup.

Cmce an emtlmatod profllo i- obtained, mathe-
matical intagratim of that profile provides the
●stbt- of holdup. The ●emo ●pprosch can be

●asily ●xtendad to cover material dspoaitad over
Iarqa tbm-dlmensicmal areds: ?Ictad contour- are
devglopad ●nd then integrated. Thlr type of
doling is analogous to renponno-ourface mathOl-
ology and is dimcuwead in mury statlntical texts.

Also, holdup can be mdalad with raspttct to
troth spac~ md the. Thi- rcqulree e-timatim of
b tme-varying profilo. Detailed lllumtration of
such tialing and examplom ● rc giv.n in R@f. 3.
Cartain ●mpcctm of multivariat~ tha ●ariam maly-
si~ My bm ●pplied to ■uch problm.

v, CIXCL.WIWE

Tha mmjor flndingn of thin lnvcmtlgation are
tha follmlng:

(1) ?Wa*uroment of the rasldual holdup of rinftl

●t lalqc prm~moing facllitiem is ● difficult
problem ●nd will ramaln so becauso of tho inhcrant
limitations of plmt layout and NDA tochnlquljs,

(2) Thare ● ra several ●pproaches to imProvinW
tho quality of maasurmcntn involving better in-
strwnentatiom. kttor calibration ●tandardn, ●nd
tho ●pplicat’,om of carefully chcro~n -Qcmdmry
msamurment tochniquac.

(3) statistical .stWtion -.10 cAn pltY
an important rolo in matarials mccountinq. m-
tailad knowlcdg~ of proc~os o~ratimm. varlmbil-
ity of proass conditlam, ●nd quality of meaDura-
Mnt- impact tho valuo of m.dol-based ●#tl.mt@o.

(4) significant inprovaments to holdup ●cat-
uraments ●nd dsta coll~ctlon Cor holdup ●nti.aation
cm k ●chi~vod if thoso probloma ● ra ●ddionmad
during tho damign ●taq,s whn new ●qul~nt in



installed and the necoamary foatur~o ● re incor-

porated to ●ccomplish the meamu.remnt goaln.

Thora are con~iderable difficulties auoo-
clated with the measurmnt md tho development
of reliable ●ntl.mates of th6 holdup of W ti
large proceauing facilities. Hatcrlals ●cc-u-
lating on the ●urfacos of cracku. por~s, and zones
of pmr circulation of procens ~ulprbent arc not
●asily meanurod by convcntiunal wthds. Thla
examination of the potontlal valuo of developing
otatimtical mdcls that are useful for lmldup
pradlctlon laadn ux to conclude that thara ● rc
many inntanc~m in which ticllng can - beneficial
to developing •st~matas c? tha romidual invon-
torica of SN?!. The valua of th~ atatietical mdel
ir very much dopmdont a the quallty of the hold-
up dat~ uued In the dcvelopent of such a model.
If tho operating conditions tre subject to fre-
quant changem and/or the masurerwnt ● rrorn ● ra

veky large, it la unrealistic to ●xpoct the devol-
opmant of useful ●ntination tiels under such
condl~ionn. ~ the other hand, if tha proceun

oparaticm 1, Btable and the holdup data gatharod
are of gcod quality, the -ale dcveio~d can be
very velulble to ~king prssont and Future ●mti-
-teH of ]oldup.

The findlngo of this Investigation al-o re-
vaalad thht movaral factors such an the layout of
pipes, corromion of materials of corutructicm.
concentrations of solutions. ●tc.. impact lmldup
of matarialn in procanslng facilities. ●nd in many
Instances the holdup of SfiN 10 not simply ● func-
tion of the matorlal throughput.
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