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ABBTRAm

Holdup of special nuclear -torials in proc-
essing facilities is recognized by facility op@ra-
tors and regulatory ●goncios ●s an insidious aat@-
rials cmtrol ●nd accounting probla9. Howvor,
thoro havo bean few soricua efforts to ●ddress
holdup as a natarials ●ccounting probl~ and to
acctiat* tha lagitimato concernm of boLh
grcwps. This papar roviewx past ●ffortm and idcn-
tlfl.s sovoral koy ●lemants rclovant to ro~lving
the problem in ● pra~tic fashim. These key
elements relate to tho recognitim of holdup ●s ●

serious materials ●cccwntlng problm, innovaticms
in holdup ~itoring and their limitaticms, the
rolo of mdeling and saqling in holdup ●atlsa-
titnl, and the ~tential value of plant-s~ciflc
materials accountability requirements. Sugges-
tions are offered for developing coxt-effectivs
prccedurem for holdup measureraants/e8tim.ation,
ctiining ●vailable technologies with properly
denigrmd sampling plans.

1. INTROtMETI@4

Holdup of special nuclear materials (SNW) is
defined as th~ material rauining as residual
Inventories in process ●quipant ●frer the runout
of bulk mterial. Thus, holdup is different frm
In-proceoa Invantory. It im a hidden inventory,
distributed ovar ●xtensive surface ●r.am and in
numarouc prc.ccss equi~nt, The fact that it is
“hidden” lend- Itself to Intarprotation ●s uniden-
tified loss and diversions. Since unidentified
losses or diversion are serious safeguards con-
ctrns, holdup is a probln that needs to be ad-
dremsed during all phases of plant design, safe-
guards systea design, cnmtruction, process davel-
opsant, ●nd procems safety ●ssurance.

There ●re numerous ●xamples of reportad large
Inventory differences (IDs) ●t w facilities and
NRC-1icensed facilities, Different interpreta-
tions have boon given to those IDs by facility

*This tmrk supported by the Nuclear Regulatory
Comission,

operators (-holdup Is ● fact of life”), regula-
tors (-hou should these n~rs be properly
●xplainad?”), ●nd the tile (“b! My -s are
missing?”). These large IDx oftefi have been ●b-
saquently proven to be caused by k)ldup. ~rging
stringent d-s on s~ial nuclear materials
●ccounting have created ● n- awarmness ●bout the
probl~ of holdup--n-, that 1s, r.o s- process
●nginears, ●dministrators, and regulators. It im
demirablo for the ●ntire nuclear Mterials prcu3uc-
ticm and safeguards c~ ity to learn ●bout hold-
up and to live with it, because th~se probl~
cannot ba wi9tM or legislated -y.

II. HEC31ANI~ OF tOLDUP

Holdup is not ● new phencunm. Materials
generally ●ce-late irI cracks, porem, ●nd zones
of POor circulation within and arcund prtxems
aqui~nt. = procosms lead tc the accumula-
tion of sizable and scnatbes continuously in-
creasing amounts of materials in dlfficult-to-
racover form. The walls of pro.xas vosaels,
pltiing, ductuxk, glovo boxes, ●nd filterfi be-
came coated with SNH during proceesir?g In addi-
tion, SNM and its often corrosive cheml!cal anvi-
r~nt may Intaract with the ccmponol~ts of the
equipaent ●rd boccme tenaciously ●dhered to the
surfaces, cauaing armther form of residual holdup.
Thera ●ro other mechanism of material ●ccuinula-
tion in procom vessels, including:
. unplanned buildup in pipes ●nd ducts duo to

pcmr layout artd construction featurts:
. electrostatic doponition of partlculatos:
. post precipitation du~ to dalayed reactions;

●nd
. coagulation ●nd sedlaentation in atoraqe

tankm.

Frm ● detailed knculodge of pr~asa chemis-
try, behavior of natorial form within o plant,
●nd plant lawt, it is poosible to reasonably
predict the locaticm of holdup dapomitil during
normal operatiorm. Hmmver, depending cm rr~qu.n-

cias of prmomm upmtm, quality of facility m.ain-
tonanco, oparatimal skills of the parsonnel,
cleanout practicom, ●nd plant throughput, ttlo
m.agnitudo of holdup can vary dramatically t’rm one
plant to ●nothor using tho ●ama process.



111. STATUS OF NOLDUP SSTI~TIUt

Tho rolo of holdup as a problaa in nuclear
metorial safeguards was recognized very ●arly in
tit. US.L For holdup measuramsnts, h W ●ssay
techniques ●. proforablo to procoss-disruptive
and tin-conmning cloanout measurements. Tho
gonoral prlnciplos of thoso nondostructivo radia-
tion measurement technlquos ●rt well understood,
and their applications to safogumrds asasurements
●e described in detail in sword publications
prtparod for tho mafogumds c~ ity.z~s Assay
procedures ●ccoptablo to regulatory staff ●. da-
tailed in r.guhtory guides for tho mmsureaant
of uranitm and plutonimot~s Accuracies in holdup
measur~nts ●ro goncrally poor6~7 becauso of com-
ploxitios of tho residual dopositiem patterns and
tho ●ttendant calibration problems for nondostruc-
tivo ●ssay (NDA) measurements. Other factors that
contribute to poor measurements includo high back-
ground cadiation lovols, difficult-to-access re-
gions of piants, and equi~nt whoro thoro is
holdup. Thor. M?. boon many suggestions to ●void
obvious bias in standards rnd to dwolop facility-
spociflc calibration procedures.s-s

Historical data gathorod during inventories
●ro often considorod ●s ● useful sourc. of infor-
Isetion. Nowevor, largo msasurwnt ●rrors ●d
inccaploto recording of many rolwant factors msko
this sourco ok’ information of limited VQIUO to
statistical modol dmmlopmsnt. Th9 prmwros to
quickly ●xplain IDs ●nd disincmtivos in publish-
ing IDs in tho opon lit.raturo further contribute
to tho ltaitad valuo of this aourco.

TIW dl~ficultios ●ssociated with tho estima-
tion of procoss holdup ●ro rofloctod in pro sals
to us. secondary methods of measurement. !8-14
De8ign considerations to minimizo holdup hmm
boon published ir~ ● regulatory guid 15 to moot
saf.ty requiromonta ●nd to oaso holdt~ ●stimatlcm
probloms, In tho past, tharo havo boon ●ttempts
to t?ovolop ●stimatas of tho contonts or procosm
v*B801s with tho help of ●laborato conputor pro-
grams ●nd previous inventory memmmants, o ●rat-
ing data, and on-lino procass measurements. !6-18
Theso@fPorts, still in the ●arly stag~s of dovol-
opment, aro int.ndod to b. specific to unit opore-
tions.

From ●xporionca gained owr the past d~cado
in Iaat@rials ●ccounting, it cm b, gengrally
stated that

(1) NDAtochniquom ●. tho only way of measuring
holdup on ● coat-offactivo basis;

(2) it is not possiblo now nor will it b. pos-
siblo in tho nom futuro to measur, holdup
in most equipment with ● ●rror oi IQSM than
10$ (or in many cmms <20-50S)$

(3) ●t most fmcilitios, holdup is dispersed ovor
many squaro miles of wrfaco ●ow, so that
●vailablo rasourc@a pracludo me~suring sm.
than ● small fraction of ●11 holdup;

(4)

(5)

tho largo meaWrament end sampling uncertain-
ties In (2) and (3) iaply that “~on one es-
timate of fscllity holdup is subtracted from
anothoc for purposes of ●stimating the change
in holdup over an inventory period, the re-
sulting ●rror is quite large: and

during startup with claen equipment, holdup
alaoet ●lways incrosses (88 sauthing of a
platiftg-t process takes place) and because
matbrial is hat to the ●ccounting system,
IDs hehavo ●ccordingly.

Savoral of these recognized llaitations &re
eaong tho reasons @iy present regulatory ~licies
do not ●ll- in-place aaesu:enents of holdup to
be Incorporated into the ID. As & consequence,
changes in holdup over several inventory periods
influence both tho ●verage fD and the poriod-to-
period fluctuation ●round that avarago, and propa-
gation of measurement ●rrors ●lone often does not
●dequately ●xplain ID behavior.

Iv. -P HBASUR~. AT PRCKSSSIWIfACILITISS

Noldup 1s charact~rized by tha materials that
are difficult to locate, semple, identify, ana-
lyze, ●nd quantify. In naterif.ls ●ccounting,
holdup Is ofton ignored or improperly measured.
TWS, holdup has ●dverse ●ffects on the ~uality
of physical inventories and on materials account-
ing progr~. As p~rt of an investigation for
the Nuclear Regulatory comission, LOS Alemos19
●valuated sev.ral types of holdup, including hold-
up of urani- and plutonlt,n ●t threa processing
facilities. The various equipment involved in
thase holdup maasuraasnts wer~

(1)

(2)

(3)

●nd

HSPAfilters ●t ● plutonim processing Cacil-
ity,

several ●ir filters ●nd batch calclners, and
a continuous precipitator ●nd ● rotary drum
Ciltor ●t the uranium scrap recovary facil-
ity, ●nd

several air ducts ●t a NTOR fuel fabrication
facility,

Hoasuremsnts war. performed using shieldad
collirastod NaI(Tl) detector and dedicated

multichannel ●nalyzer Systm(s). Calibration
standards for the datactor system(s) were fabri-
cated to resembio the compormts being measurwi
using known amounts OC PU02 or U02 dispersed
on suitablo media. Transmission ●nd ●ttenuation
corrections war. determined using thin sources of
Pu02 or U02.

confirmatory measurements for plutoltium woro
pertormed using ● neutron coincidence counter.
For uraniw, confirmatory measurements war. done
on cloanout residues in favorable g~tri.s using
high ●fficiency game-ray spcctronetry.



v. ~SWDI~—M~

A rocont ~rahafu iv. ropert19 m holdup
estlmaticm ccmtains d~tails of ccmtrollod ●xparl -
rnntb dasigwd to ~asuro uran!~ holdup in sov-
●ral unit praos~s ~ to nuclear r-actor fuel
COnvarsicdfabricaticm lims. Throo of thoaa unit

procaanes -r.

. a dust ganarating Oparatim ●t ● N’W proco8a-
ing facility,

. an ~i- diuranato (ADu) pracipitaticm
and ctlcination pracoss, and

. ● aolutia 1- systca circulating uranyl
Xolutims.

Total throughput of uranim through thaso ●xporL-
mantal faciliti~s rmgad fra 50 kg to ●bout 100
tcm. fio quality of masurad tmldup data during
thoso controlled ●xparinnts was @rovad by ●t
lout ●n ordor of nagnitudo through th~ U. of
carafully soloctad radioactive tracors14 and spe-
cially d~slgnwi calibraticm standards. Tracarm,
●t concontratiom lavols of about cm part-par-.
billion, ~ro ~ormously incorporated into tho
procoss materials. Ccmidorablc ●ttontiat -s
paid to fabricato calibratim standards c~tiblc
with tho qui~nt maaaurad AIM tho distribution
of holdup thor~in. Thim ●lao ccmtributad to im-
prcvo tho quality of twldup data fra noninvasivo,
nondsstructivo ●smays by ge-ray mpoctrmtry
using NaI(Tl) dotoctors. - of tho g=mral
f!oaturas of th. ccmtrollod .xparlmnts ●ro wn-
raarizod in Tablo 1,

Thoso controlled studloti havo d~mtratod
that bmll-dosigrmd ●xparhants ●t largo facilities

c-bad uith r~liablo mauur~ts can M USWI
to dovalop holdup aat~tia tiolrn. Tho quality
of tha t’mld~ data hing tha k~y to tha succ~ssful
mdol doval~t, it iti 4ortmt to lnvast suf-
ficient ●ffort to ●ini.mizo ~-nt unc@rtati-
ti98. Data fr~ thga controlld .Xp9rlmnts wro
axtrrnly satisfutory: -cur- Of holdup mas-
uramnts -r. withb 3-15* of tho “cl*anout=
valww, and ● majority of thoa.a mmummcnts
~ pmcisiona of 1.ss than t5t. mua, tho
ccmtrollad srtiias *r* llsorul in dwaloping
-t~tical -.1s of holdup in ●ach of th~so
aquipmant. Dattils of th. doling ●pproaches,
thair advantages, and tholr llmitationa ●r. mm-
Mrizad in tho follaing aactia.

VI. ~UL~ MD ~IMJ ~ ~P E9TIHATICW

Lika many physical prm~ssos, tho ●ca.mJla-
tion of holdup is ~nablo to modollng. FiO-

quantly, holdup bahcvas ●s ● xmooth functlm of
th (@g., incroasad dopogltion cm a filter
serving ● steady-stato Oparatim) or of spaca
(0.g., holdup ●t cm a~tim nlong ● length of
piping My ba very similar to holdup ●t an ●dja-
cont saction). -cl- that ●ffactivoly charac-
torizo “global” bahavior load t~ improvod ●stim-
tion. That 18, :aldup •st~tgs based cm maasurad
values and tht tiol ●ro su~rior to “local” ●sti-
matoa based cm ● mawrmd valuo ●lono. Tho phe-
naanm 1s not paculiar to lwldup est~ticm but
ie c~ to mt statistical applicaticmm of
modoling.

Daspito its value in many situations, mcd9l-
ing has limitations that procluda lts universai
Uae . If Operation-spaci?ic modols ●r, required
for n~rous mdcs of oparaticm or if material
accuulatlon ovar long ptriodu of tlmo must be
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charactorizad, thsn conducting the -trolled ●x-
paria8nts can ~ ●xpenalvo. Also, -.1s do-
voloped uxlng poor quality data aro oftm of li.m
ltd uorth. ?hus, ~cl Ing shmld be ●pproached
judiciously--btig a tool ~lennted for high
priority ~i~t ard Won thoro 18 ● good chcnco
of SUCC089.

TFMuat of -Qls to obtain holdup estimata#
has bean discuaxad in tho litoratur@1+20 and
ar. not ●laboratad hare. supposing that ●stlmat@s
of holdup at individual l=atlau aro ObtalJUblt
(*.thar based on ti.ls or not). ● larger idma

inmlvos ●friciont us. of ●vailabla raaourcos.
As notod in SOC. III, uasurlng ~ holdup is
~siblo at mat larg. facilitlom. In ordar to
●quiro ● faCility-Wldo understanding of holdup,
s~ling proctiurom ●rc s n*cesaity. Related
●XQ1OS of sqling reported in tho literature
m Internatlcmal safquards mrk include paiwrs
m such subjects ●s ●ttribu$. es/variables proce-
dures and FKIF-D statistics. Other applicaticms
include bulk s~ling t’or analytical measurements
and the mm-recognized s~ling plans for bi-
mmthly inventory wrk for stored itau of M.

of interast is the de’’elopment of s~llng
dosiqn that is matlmdologically correct and coxt
●frectiv@. The xcmrcos of informtim used for
s~llng d,sign includo

(1)

(2)

(3)

(4)

~ce
rnnt

a ccqlote listing of aquipwnt containing
holdup ●t tho faCllltY,

anticipated MInal amuntr of holdup for
●ach itaa in (1) and anticipated variation
in ttmm nminal ~ts,

fneasuremnt uncartaintias ●suwiattid with
the holdup maasuremants to be mad., and

budgetary data to cmpute costs.

this information i- available, the devalop-
of ●n optimal sampling plan for holdup is

●quivalent to solving an optimization problm.

Before discussing that optimization, it is
useful to briefly revieu tho ●bovo sources of in-
formatim. The first source, an equipmant list-
ing, can I(sually be obtainad from fa=ility blue-
prints. An ●xhaustive facility doscripticm da-
flne~ tho “populaticm” from which tho sample of
iteaa to be maasurod Is dram.

Oiven tha listlitq in (1), antlcipatad nminal
atmunta of holdup ●rc neaded for tha ltau in the
population, The8a Umunts My ba mnauhat crude
approximatims, Effactivc sqling dosigm put
moot ●ffort, ●ll oth.r things equal, into str~ta
of item uherc th~ mmt holdup 1s ●xpected, ?b3re-
ovar, holdup in ● relatively ~oneas strat~--
1.0., in ● type of aqul~fit with roughly constant
holdup fra itaa to item--is ●atimted mr~ accu-
rately than holdup in ● ~ ●neow stratu;
this behavior is slnllar to that of ●rrors in
●nalytical muamurwntn based on bulk sampling of
~n-m ●nd mnh=waneow mtorials.

Heamxannt uncertalntios ●re necessary for
error propagatim. A Masurrnnt cmtrol progr~
U9iJlg ~ holdup atandvds IS useful here, as
aro qrims of cloatu~t data to pravioua MDA
maasuraants.

Budgetary data ●ro valuablo for many reaxonb.
Fra ● technical statld@nt, it is not possiblo
to design coat~ffactivo ~ldup pla~ without
knowing -at the coets ●ra. Fra a nanagmnt
standpoint, mt figures ●re useful in allocaticm
of reacurcos for holdup mitering relativo to
●llocatlfn for othar accountlmg activities. In
calculating ccmts, a varloty of factors met ba
ccxuidorad, incltiing lost production th, “di-
rect” costs of making tho measuraannts, and data
analyuis/roportlng.

For my npecified sampling plan, aforeeen–
tionad informtim in (l)-(4) cm be used to ccn-
pute the coxt of that plan and tho standard devia-
tion of Its ●ssociated holdup estlmte. Space
hero prtiibits ● detailed devol~nt of tha c~l-
culation of ths sttiard doviatim using tho maas-
urmnt Uncortaintim in (3) and the within stra-
t~ variabilities in (2): that calculation is
dexcribed •ls~sre21 md related methodology
can be found for othor applicaciau.22’23

~at typical results for ● singl* stratu
arm displayed in Pig. 1, uhero holdup in 15 fur-
naces in a calchatlon lino is ●stlmtad (see
Ref. 21 for datails). Adopting tha most expensive
s~llng plan, Mich wanurad all furnaces, leads
to a standard deviation of -40 g, a limit deter-
mined by measurmnt sensitivity. A diminishing
returns shape, displaying tha roles of less expen-
aivo plans, 18 apparent in Fig. i< That 18, once
an adequato ntir of randmly sampled furnaces
are maasurod, thero is little banofit gained frm
the (axpanslva) process of measuring the rest,

w
t i
1? I

molwomoD2wD30w Moo400043Ga

cm ($)
Fig, 1

Ralatiomhip batuam standard dwiation and
co-t of holdup Masuramant (Ref. 21).



Generally speaking, ● cowutor subroutine
that takes a spaciffed, Eacillty-wido s~llng
doslgn and ~tos its coat and its associated
standard deviation can be Imbadded in an optimi-
zation CC49, laading to solutluts of iaportant
problen. on. such problea concorna finding tho
plan, of all possible plans costing lass than some
prescribed asount, that prwides the best holdup
estimation. In this faShiOM. formal selection of
the desired s~ling plan is achimml.

VII . DISCUSSIW MD CUKIJJSIWS

Holdup measurements in large processing
facilities are difficult end will resain so be-
causo of the cqlexity of the problem itself end
inherent limitations of NM techniques. One of
the alternatives to NM Ieaasurasents is “cleanout”
seasuraaents using destructive and nondestructive
analysas. This alternative Is not only tlme-con-
snxaing, ●xpensive, and procass disruptive, but it
cannot provide timely safeguards information. ~
inevitable reality at moat processing facilities
is tha difficulty of assigning high priority for
boldup measursmants relativo to other concarns.
It is, however, important for plant operators to
recognlzo that a knowledge of holdup probleu can
make valuable contributions to plant safety,
procwss efficiency, and r.uclear material safe-
guards.

Dl=CUSSiOIISof k~y ●lements of holdup as a
materials accounting problem (and a potential
safety problem) demonstrate that it is iaportant
to recognize that a practical approach be devel-
oped to satisfactorily deal with this issue with-
out seriously ●ffecting the primary ●issions of
productionfacilities. Some approaches to dealing
with holdup as a S43fbgUardS issue include the
following.

(1) Several design featuras of process equipment
and plant layout could help ninl.alze and
l~alize the problems of holdup. Narrow,
tall holding tanks (instead of Raschlg ring
filled tanks), unitized cjlove boxes, drain
lines that allow both draining and flushing
of select r~gions of pipe lines, ate. aro
features that can be stlccessfully incorpo-
rated in tho destgn of neu and/or refurbished
plants. For new plants, it is possible to
gather good holdup data during tho pilot-
scale and full-scale operations. Such data
can be used to develop holdup models for
major process equipmant.

(2) For older plants, ●fforts should be made to
systematically gather holdup data during
shutdown by - measurements followed by
claanout measuramsntm. This would h~lp to
develop proper calibration Factors for NM
techniques to ●stimate residual inventories
when clemout measurements ●ro not practicaA.

(3)

(4)

(s)

(6)

(7)

It is important for operators of processing
facilitlas to develop inforaathm on process
upset conditions and rosultiq 4acts on
holdup. *Is would ●now for planned ahut-

doun of the facility for cleanout before in-
ventory if there had been process diaordors
that wuld -t holdup and therefore th@
ID for that inventory period.

Advances in radiation measur~nts, such as
high ra!mlution dotecters and portabht ana-
lyzers, havo led to w techniques readily
adaptable to holdup masurrnnts. Specially
designed Instrtmants and calibration stan-
dards for holdup seasuremant, c~llmented
with a measurement control prograa, can
greatly improve the rollability of holdup
maasureaents.

Instead of trying to ●stablish a common yard
stick to evaluate the materials accounting
systems of divers. plants, it wxtld be pru-
dent to develop safeguards systems that are
unique to ●ach facility and attempt to make
each of them coat-effectiva. It is also de-
sirablo to design plant-specific procedures
to ●ssuro the reliability of holdup estima-
tion.

Sacause variations in holdup between inven-
tory p.rbdS ●re mora important to IDs than
are the actual magnitudes of holdup, it is
highly dmslrable to mirtiaize process varia-
tions that could cause major changes In hold-
Up levels.

Measuring holdup in all pieces of equipment
i~ not a viable option in terms of time,
ccst, end rad~atlon ●xpoaura to personnel.
A 100* saapling to measure holdup is not
only impractical but unnecessary from a mate-
rials accounting point of view. Central to
holdup monitoring is the concept of sampling,
the principles of which are well known and
widely understood. Sanpling concepts can be
used to dssign an efficiant, cost-effective
plan for in-place holdup monitoring.

Current regdatory practices to prevent
diversions of SNH ●re based on the calculation of
inventory differences and tha limits of error of
these inventory differences (LUIDS). Reliable
measurements and estimates of inventorial are
essantial to this regulatory process. Statistical
estimation modols, ccmbined with a carefully de-
veloped s~ling plan, have potentials to assist
plant operatoru in improving the overall q.ality
of holdup ●stimatjon ●s part of periodic inventory
davelopmant. Iiouever, the development of useful
●stimation aod,le hlngos on tho quality of data
●nd tho stebillty of process operations. In
developing and using ●stimation models, it is
important to recognlzo their limitations and use
this ●pproach judiciously.
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