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Holdup Maasuvement For Nuclear-Fual Manufacturing Plants

M. S. Zucker, !l. Degen

Brookbaven National Laboratory e
Up:on. New Yotk

Abatract
A

The assay of auclear material holdup in
fual msnufacturing plants is & lgborious but
often necessary part of coup).o:xng the macerial
balance, A cange of murumnu. snndardl, and
a mechodology for assaying holdup has been
developed. The objectives of holdup messuremsnt
are ascertaining the amount, distributica, and
how firmly fixed che SNM is. The purpcses are
reconciliation of material unbalance during or
after a wmanuiacturing campaign o plant
.1e~omuuom.ng. to decide sacurity
requirements, or vhether further recovery si-
forts are justified.

Introduction

The term "holdup" as applud in the nuclear
u-.duury ntan to the varicus chemicsl forms of
uranium or plutonium or perhaps ‘ocher "special
auclear material" (SNM) vhich becoms deposited
in process equipment, ‘duct work, ‘walls, floors
and ceilings of 2 nuclear manufacturing plant
Usually, this macorisl is
in a form which is nor easily removeabls, i.e.,
"fixed." othetvise it would have been recovered
as a part of normal, peviodic, clesaup
operations.

In soma cases, however, surprising

‘quanticies of removeable materisl have been
‘discovered.

The typical place for this to hap=
pen is part of the process squipment considersd
inaccessible under the ap.:ul ‘of voutice clesa
up operations, or uhcr. it ‘was not reelized that
individual rapc:u:wo actions, each coantributing

‘negug:.blc amounts of matariasl over a long

enough opevating history, would result ia an
appreciable accumulation.

The abjecCives of holdup measuCement are
ascertaining the amount, distribution, and how
firoly fixed the SNM is. The purposes are ¢o
heip reconcile materisl unbalance Jduring or
after a manuiacturing campaign or plant
decommissioning, to decide how much security is
naeded from the safegustds standpoinc, and
whether further recovery efforts asre justiiisd
izom eicher saleguerds, economics, or health and
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safaty consideracious.

Tha degree that nuclear macerial is :
congidered "fixed" may be a fairly abjective mac-
ter as usardl vhulch and safecy consideracions,
but is pathap Te a macter of Judgumn: with
respect %O ufqgu.rdl. ‘A worln.ng definicion is
thac SNM «is fixed qha_n the ;nnun: pruent, as
indicated by udxoac tivity oeasure
approaches an uynp:onc valde dpon repen:ed ap=
plication of apptopruce cleaning procedures.
The word “appropru:e" is what needs interpreta-~
tion oo occasion. It can range. from a scrubbing .
with deatergent to tearing up <oncrete.

A feature of holdup measurement is that the
sum total 2i che material uncov.red in the
search is a. mno:onacauy ‘incressing fuaction of
the number of meagurements made, Thcu is
therefors a built=in syscématic arror, a bias in
thae che amount of macerial which can be
raported as found must be. less :l\an what is acty-
ally :luu, by some unknown amount. This leads
to a basic conflict and !ruura:wn in aoldup
measurements -about ‘allecating resourszes o
waximize ‘the amount of auclear m:er-al
uncovered: vithout gc::xng ‘too. far past the point
of diminishing returns and': prohx.b:.::.vo sxpcnu.

Anochc: aspact of holdup mu-uremnu is .
the excent to which. the fortune of the facility
aay hc ptrcnvcd by-.. r.hc n.mannn: as _tied to
che ‘outcome “of holdup ucuunncnn. “The :unage- )
cent way-hops for- the holdup to ‘ba high, .bacause
that would help .:plan nlnrul pnvmuulv muc~
counted for. Or, it way be in munagewmenc's
m:cuu that the fxgurl be lou ‘and or: fixed so

so that the Elcxlu:y an he convcr: :
use. Thers can :hauﬁon be subsun:ul.
cial ‘incsrest in the cuccome of a hol.dup measure-
oent.

There ars cnr:nm quahta:xve diffecences
to holdup measurements compased To wost ather nu=
clesr based msasurements made undcr labon:ory
or even factory or field u.rcunuancu. These -
factors geuerally significantly reduce the precx-
sion and accuracy that can be expected: The uea-
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‘surement situations tend to be poorly controlled

ar \.harac:enzeq as to geometry and che nuclear
material and matricés involved. The auclear ma=
cerial tends to bea diffuse, and it may be diffi-
cult or impossible to isalate objects being
assayed Erom radiation from other objecta.

As a. general wule, #5% or :10X measurements

' are exceptional, thé more. usual bexng 252 or

even -501.

Uauall.y one is reugned :o such Te-

will nn: ter.l.ecc a bias due to poor cahbrauon,

 some xns:men:a]. effect, or an artifact of cthe

approxmluona used in data reduction, etc.

There is, much more so than usual in phyai~
cal weasurements, room for haonest differences of
ep!.n:.cn in incterpreting cthe raw data and
reducing it to an equ:.valant apount of muclear
material.

Statigtical considerations, for axample in
deciding sample size, play a secondary role in
decermining holdup measurement strategies,
compared to other NDA' mnuunenn. Rather, the
emphasis seems to be om maximizing the amount of
material uncoverad subject to the time and
maapower available. Probably the basic decision

is wnich areas or pieces of process equipmenc

are likely to yield the woat significant amounts
of material. Sampling tends to-approach 100Z be-
cause of the fear that some "hot spot” might be
overlooked. The practical geal is in fact to do
every:hmg ac least once lightly and then exam—~
ine promising places in more detail.

The burden of holdup messuremencs on personnel
and equipment.

Holdup measurements oftan have to be made
under condicions unfavorable for perlonml and
equipmsnt ., Hanufnc:urxng plants in or
approuchx.ng a shucdown condition Etequenl:ly have
their air conditioning syluu off and cherefore
too warm or cold for cmo:t. Some plants in op-
eration can be as bad or worse, with axceasive
heat from furnices, and aoise from pumps and
vencillation ductwork. The aoise level can he
so bad that hearing proctectian ear muffs have
been used to reduce operator facigue, though
these can be uncomfortable in aress of h:.gh heat
and humidicy.

The risk of personnel and equipment
oecomng contaminated with radicsctive material
is enhanced during holdup measurements. Areas
that were not available for routine housekeeping
operation during plant operation, allowing accu=
mulations of nuclear mscerials dusc, have to be
visited. Certain of che operations, such as
driiling for concrete samples, raise dust and
spread contamination. Extra protective cloth~-

' ing, including masks have to be worn scmecimes

because of these hazards. In addition to

radiological hazards, there often are physical
hazards atcteadant onm
elevated structures,
boxes, ductwork, and
assay often involves

elimbing in and avound

to view the tops of glove
piping. In addition holdup
seemiagly endless repeti-

tious measursments. The discomfort to personunel
making holdup measurements can be severe enocugh
so ‘that even highly wotivated individuals might
tend to compromise on the quality and thorough-
nass of msasuremancs.

This generally unfavoraole and unpleasant
environment chat holdup measurements sre made in
makes it “aven more: mportant “than is usually the

e for . the measurement equxpmnl: ‘ta he: sg%e&,

;easy cointerpret, stable: s ﬁxs: ey—
ature gnd; éount .rate- effecta. ‘9@l £~ o;
rugged- and portable. It should “also’ be“ﬁx Ltk
sealed as:. pracucnl aguns: mf:.l.trauon by
radiocactive dusts ‘and with surface uﬁxshes that
can vithsctand being weshed down with strong
detergents. - Since an inordinata amount of time
and effort often’ muat be spent in
decontaminatiag: equipment, sheet polyechylene is
often used: e wrkp»the équipment ‘for protection.
Electronic eqm.pmn: which is’ push=button -
opera:ad is'more, aul.ublq for this crentnent
than. thn: requm.ng ‘rotary_or sli.de swi ches.
For:uuul.y this. :.s,f:he t:end in mdern ‘equip~
aent npecul.l.y tha: ‘which u-mcroptoceuor
based. With polye:hylene er similar wrapping,
the build up of excessive heat in the elac-
tronics has to be warched. Here again, the mod-
ern trend to lawer power sol:.d state devices
helpa. Polyethyleéne sleeving is commercially
avsilable and can-be’ ‘used to proctect cables
and power cords} in some cases though it has
proved expeditious to consider the cables as
expendible aupphes. Eleccric drill mcors
often get contmmced xn:emlly due to the
screln of air drawn: :hrough them .for coaling
when they are opeutmg. e Unfor:una:ely except
perhap- for ‘very expensive types, ‘they are usu-
ally not worth the effort it :ak.en to decontsmi~
nate. thea :.nc.mlly, and luve :o be abandoned
or donated to the facility for use there.
Wheeled equ:.pmn: can be pro:ec:ed in large mea-
sure by Hrappmg tape around .the wheeis as is
standard practice anyvay on. en:eung a nuclear
facility. Devices with: reentrant cavities for
counting packages or saumples can easily be lined
with polyethyleme sheet or bags.

2

The set:iﬁ for. holdup measurements

Nuclear fuel manufacturing lxnel typically
consist of a series of glave boxes,
interconnected w:.th comum.ca:mg tunnels as far
a3 polll.bl.e co avoid bag-m or ~out operstions.
The whole system is kzpt at a negative pressure
vith respect to the room. The tunnels aay be
short enough to sllow a ménual pass through, or
employ some sort of mechanicsl conveyor. Fur=
naces may be part of the glove box sequence, or
may stand alene.

The chief diffarence between a production
line handling plutonium and one for uranium
seems to be that in the case of plutonium much
more effort is made to contain every part of the
process in one continuous system, For example,
a uranium process line might very well have.
parts of the process vhich are inherently hard
to confine to even a large glove box, stand




alone. In puucul'ar thare is. l.xquz.d phase chemi~
cal processing aquipment of various Ctypes qnd
purposes which aften take the farm of alongated
vertical columneé. In a plutouium praceas line,
even thess awkvard shapes may be housed in very
larga wl:urow slm bou:. In eithar case,
there will be piping conveying chmxcal salu=~
tions of nuclear matcerial conmcnus or ingermal

.t0 the glove.boxas.

The - nl.xgh:l.y nln:xvc mnml .prassirte is
maintained _through the use of ~ductwork-coanected
through a: series of fxlccu to a. bu:.l.d:.ng o=
haust. MNore, :han one filtat is used in order to
protact againat & ‘failute.

The above brief ducup::.sn sats the. scene
for the dwu.opncn: of holdup in a process line.
The chemical” pror..u equxpmnc will acr.auonluy
spring leaka at pipe joints, valus atems, trans=~
fer pumps, -gaskat surfaces, etc. This tandancy
is aided by tha corrosive uature of the nuclear
material xolugians ‘and the fact that the lines
are aften ﬂ.uohcd ‘out with even mare corrosive
chemicals to remove residuss of the original
solutions. -

Moreover, Co begin with, the process linas
have often been designed and built co be
amortised in a ula:wely shnt: ::.nc. :onluten:
with practice ia the noa=nuclear uemnc of tha
chemical industry, and parhaps as is Approptiate
in an :.nduury which has labored under technical
and economic uncertainties from its inceptiom.

Special nuclear material ia the-glove box
lins often is ian che form of oxide, either as a
pouder or ccmpreseed sinterad powder. GZven in
the singered form, sbrasion of the pallecs
against one another or their convcylncu causes
powder co be genevated. There is-an appreciable
flow of air within che glove bax dus to Che negs=
tive prassure ayscem,‘allowing the dust to ba=
coze entrained thru elutriacions ‘A -c@vctain por=
cion of this ends up as a l.l.xh: coannz qver all
surfacu of the. bax. r.ha Test is paseed into che
duct wrk. where it is deposicad along the duct
ot trapped in the absolute filcers.

Scme times :hrough carelqssnass in adjusc~
ment of urﬂ.ov. hl.gh.: wvelodicies than naeded
for negative- pressure are sllowed. to exist in
paccs of zlove box . systems -uuluuz in exces-
sive entrainment of powder in the air stress.

The powder is deposited im duct work in s
not neceuuxly uvnifors ganner, and Ect the mostC
parc much as oae uculd axpect from -lncnury
conndenuom, €.g.s a horizoncal: -length of
duct will tend to have most material deposiced
in the lower half. 'Gcher- placu uhu'! ‘material
tends co be conccncund ‘are near ‘whers the duct
work undergoes 3 turn with'a ‘small radius, or
thare is a sharp: changl ‘in-cross ‘secgion., One
can spaculate that devices ‘operacing:on princi-~
ples sinilar to cyclone seperataors might be
inserced in a duct work system-after ‘particular
glove box stacions that tend to produce more
than ususl smounts of dust, in order co recovar

. uutul.
) nnuﬂng furnaces

‘material carried by che ‘air strsam. These sepa-
‘vrators would have to be monitored for °
czicicality, This might be prefarable to peri-
odic cleanouts of duct watk and uonver:zng the
absolute E:.l.nu to ash. .

Au:mc:.: coaveyer ayacanl. e.3e for
carrying trays of pallets through tunnels or
furnaces, are anocther sourse of haldup, as pel~
lets o fu;nlnl:a ave accdsionally JOI:IGd»Out
of “the trays. .These places -ate la
than most _in the glove bax systam;.
likely -co be thoroughly ‘inspected on 'a periadic
basia.

Calcining ovena (3 another. place uhere
there can b. sutptuxug “ageumulacions of auclear
A ‘problem \n.:h chem,: an with

is: ; ~alls are thick
and nhuld the material .against ex:arul detece
tion, -

- Special nuclur material has a r.endency to
pl.an -Qut. of . ulu:xon on vails of pipes,
) s such as Raschig

-ringe, swxug vise to yet adother fom of

holdup.

The ac:\ul layout of ch. individual .pieces
of equipment and details of- the - -process can fure

‘nish clues as-co-whave cancentrations of hol.dup

aight be found. Employees are often. knovledgc-
able about the .history of the facxla:y, such as
whare cevtain. process aqux.plun: -had been R
located, or more to. che poiac, whare particular
spille. oceurrcd.

Gnncul. grobleﬂs encounund Ain _holdup

. ﬂ!llutlﬂlﬂ:l

Thl mtcrpunuon oE data -taken with gamma
or .neutron sensitive instruments-in terms of the
‘amount-of :nuclear material thac’ gave rise.to the
rediation, is heavily dcpcndcuc on idealized
wodels: end scandards. It is often convenient to
coneider:individual ’ items as bchw:.ng essen-
tially as eicher: point, or line, or cylindrical,
or plau (area) sources of radicactive
emissions,

- Holdup in the £om oE ma:aual deposued
over anu ofuu nllu the, bxueu contribytion

P
mnucuh. hul: pro aud wer l.argc .ave.
aa. glow box udu

fac: :ha: b.uuu of
nuclu :

loprr.c. ,nm u be
detector fros :h- pu
mtunu:y due to the inverse square liw dcpen-
dence of . the radidgion is just cwpensa:ed by
‘che: c.lun;c ‘in that por:x.on of :h. :ource area .
. chet the'detactor vnwl. ncpxug :hn r.o:al count

Tate the sams.




'rhu is oftan a good apprumnon ‘in prace
tice. - The dagrec to which it ‘is ia the cass of
a particular (finite sized) decector houead .in
a pu:ucul.ar coum:ar can -be -avaluated by
eonpanng a series of:counts-taken as the detec-
tor is maved to verioue diatances from an artifi-
cial plane scuvce of radiation. The source
should be uniform, dnd of an ares large enaugh
that the area viewad by the collimator lies
uu:lun che boundaries of the ‘squrce. . The count:
race .should, undeg thase- cu.'cuumcu. femain
sansibly .conscant (within, say; 10%) as the ‘de~
tector to plane sourca distance is vavied.” tnow~
x.ng tha-amount of nuclear material per unit: aru
in tha plmc source - (and cthe self absorption fac~
tor if ic.is apprecuble) will serve to cali~
brate the ‘detectar for viewing large ‘aveas of
vall or“ceiling if che depasiticn of ‘magevial is
unifora: In order to implemant this® in & situa=~
tion  where:the surfaa deposition may’ eh.m;l
from one area’to‘another-the solid angle of the
collimagor: detector system must alsa be known so
that'the viewed ars kept reasonably. uniforu.
Prelmnnry survays 0f: the wall can be aade ta.
test the‘uniformicy, ° 'rhc lnudfngh -can - be

taken- withsufficient ascuracy:

by the squéve of the du:anc from’ the effective
center of the datectov’s o che. cencu of the
-aperture..  The decectors effective cen:er can be
deterined empirically for a given energy of ra~
diacion by finding (by trial and erver or
otherwise) that length which cust be added o
the distance between a g-anuﬂ.ully small radia-
tion source of the proper ecargy and che . front
face of :hn dc:ee:or in ord.r for the ccunt vace
to apput o abey che universe square lsw. This
neans, e.3.,..that multiplying the count rate by
che square of the adJua:ld dunncn between
source and decector 3wn a constant, tndapcn-
denc of the distance. The effective center ia
on the axis of cthe detactor. u-nwham betvean
the front Zace and midpoint of ithe axial length
of the crystal.

In cases where:the dapou: is not uniforum,
the assay will result in-a upnun:l:ivt albeit
erude valus, but -one which is not biased, i.e.,
there will be compensation on the wcugn for
all the areas maasursd.

In cass adeqvuu area sources .ars nat avail-
able, it is still .possible co: ‘synethesize the
equivalenc: from s : ‘gecmscrically small source,
The proceduts involves E:.ndmg the :upcnu of
the collimaced detector o s source of radiation
as a Eunc::.au of its distance (rvadius) :0f£ tha
axis of the"detector in 3- phm an:gnnda.culat to
the axis, and using this vesponse o infer what
the count rate of the detector would be if it
faced an infinite plane soyrce with the same den-

sity of vadiation per uai¢ ares as che smail
sQutce, - :

- There ate saveral ways of wplemn:mg
this. 7he :ouwmg is one prescription or
algorithm which hes been used. The only equip~
ment teeded is che collimated decector and elec~
tronics to be used in the sree measuremencs, a

telatively small (geomstrically) source havmg
the proper isocope (@egey.3 S tm D V0g, HEU foil
disk source in the case of urenium holdup

) nnnuunnu). and a m:u- uick.

“The enumnd d-nc:or is umd up perpen—
dicular to a wall vhich is tree of"
radiocactivity. A scale is markdd off om » ra~
dius from the point of incersection of the detec~
tor axis and the wall. - A convenient:iaterval
for the scale-is tha duu:lt of-the disc
source. i The disc source . is then: —stccessivaly
centered at asch of the radial. xncervau and
thena. uuycd. As: ‘the disc is: woved’ to further
off -axis- pou:xonn“. the ‘count: 'rate: drops
wonotanically, Figuve ! ahotu such data.
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The radial positiaons may each be considered
as danoung an annulus of area on the wall abouc
che .point of incerseccicn’ ‘of the collimator axis
and  the. uu. .The: mulua mdu:cly about
this point (really a circle) has an area m2,,
where £, is the radius of the 'disk; call chis
one tha zeroth annulus. The next aanulus (the
lst) extends hc:vuu T cnd Ty and has an area
a(3%e, -rzo) = amd;, €. (20d anoulus) has
an area w(52r3, _eri émrl,, etc.; the gen-
s of the ith annulus,
with i » 1.is-8w3,i. Wich this particular
choice of cadial interval equal to twice the
disc radius, the ratio.of the areas of the suc-
cnuw lnnulx. o the disc ares is as
PIYTY 1f the whole vall
ucn cnvcud with a um.fom ooutce having the
sama. dcnu:y n:ha disc souuu, ‘the collimated
dc:ac:ot would ¢t uEnn have a ‘count rate given
by -the. sum of ch ‘count rates Jul: observed each
weighted by the .ratio .of :he area of the respec-
tive -annulus.-zo tho.area of tha disc, This
count cats should be carrec:od by the self~
absozption facter for the disc, The following
table indicates the mechanics of this process
with actual dsca,
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The distance of the detector f{rom the wall
is not ¢rucial, 1=2 m is enocugh for the detectoer
to be a good ap;.xoproxmuon to & point detec=
tor. The column’ gz.vxug the produc: szct calcu=
laces the variance of each of the entries, lead-
ing to a statistical uncercainty in the calibra-
tion of ¥1,35. Since there ars :yumxuc
errors involved in chis which are probably ac
least of that order (for example cthe  finite
wideh of the annuli, with the. mpl.z.cu: assump~
tion that the contribution from esch part of the
annulus is constant with radius), theve is no
soint in scriving for greater accuracy. Ia this
particular example, the disc conrained 3.640 g
uddd, 3 self absorpcion fastor of 1.365, and an
area of 20,27 cm?. Thus, the calibration factor
for this particular instrument is

96,046_counes i 1,365 x 1
700 sec . 3.640gy235
20. 275@¢

= 3666 (c:sluc)/(sllu5/ca2)

This ueasas ‘.555 that a um.fom deposition
of about 1 og of U per co? would produce a
count rate in this detector of 3.7 ctsfs.

A problem that has risen ocuuonal.l.y ia
mneasuremeats of uranium holdup using the famil-
iar two channel anslyzer type of instrumentation
-(BSAM -or ESAM) is che- -presence of radiation due
to another nuclide (for example Th and
¢aughters) besidea U235 and U238, This causes
a prodolem in that the proportion or fractioa f
of che upper channel (Ch2) chat must be
subtracted from che lower channel (Chl) in order
for :ne diffarence to represent just the u23s

contributions to Chl, wae determined using just
uraniua, ideally U3 238 Aor deplaced U) ‘aloge. (Lf
thete ware ouly uranium pié gxeng, then- the count
dus co U435 jn chl'is (Uy-£U2). ) The preseace
of ‘a background due-to a third nuclide alters
the valus of £ that should be usad.. Horsaver,
the amount of this b-ckgtound. hence the appro=
priace value of £, An varicus uau of :hc plant
will clnngc. :

The two channel analysis system can however
accommodate ‘thia additional background- in.the
following way: Lat Uy, 3 be the coutribution
feom uranium:to Chy 3y 'and suppose ‘that the con=
tributions of the other nuclida to' Chy:2 be
Ty,2- Let the ratio: (Ch)/Chy)-from a:pure U
source be i u; ‘and-that from a pute: "I" source be
t. Suppose that for a patucul.at maasutemsnc of
holdup the values ncardod in GhL 2 ars H; re=
speactively. Then assuming linear’ lupctpouuon
M = Q) + Ty, Uz = Uy + Ty and (U]_IUZ) =y,
(h/To) = e

These are four equations in the four un-
knowas Uy 2, T1,2. The quantities of interast
Uy,z can be solved for: -

Up = u(My-tio) u, = Hrmz
“(u=t 2 u=t)
Then the net count due to U233, call it
Noagy is given by

N5 = (U - £UQ)

using the valye faor £ found with a depleted ura-
niun sample. To illustrate this with an actual
case: -

In a particular situacion, background radia=-
tion waa found to be coming from- the material
that the cemant bl.ock wall was made of. U:mg
& sample of ‘the wall knowm to be free of uranium
holdup, the ratio :-Tl/'l'z ® 0.27660 was: found.
Uaiag uranium alane of isotopic ‘composition simi-
lar to that of - the" hol.dup. ‘the ratio yu-®
(Chy/Chy) = 34.562 vas obtained. < A-depleted ura-
nium sampls.gave a value £ ® (Ch;/Ch;) =
0.49378. Thus, u=t = 34,285, u/ u-l:; = 1.008l.
in a particular asasurement, Chy had 3 value ¥,
= 4359, Chz read 1307. Thus M)=-tdy = 4007.5, U}
« 4039.9 .and U; = 116.9, giving a U235 coaeribu=
tion Ny3s = 3950, to which- ‘the ‘calibfation fac-
tor derived from a standard would have to be ap-
plied to determine the amount of U235 per unit
aros.

This type of calculacion can of course be
seC uUp as & prograw in the repertory of a calcu-

“lator such as the one with the BSAM III, see

below.,

Detectors, electronic imstrumencacion, and other

ceasurcnment aids

The wost useful inscrument by far in holdup -
measuremcnts is a collimated NaI-pho:onuln.pher
(gamma) decector coupled to-a por:ablc dual sia-
gle channel anslyzer. The optimum size of the




‘crys:a). is debacabla.? A largar dxm:ar cryl-

) ul-pho:ml.:xn.ur combination has aove sensi-
civicy but will requise a: auch huvxar

‘collimacor faor a givem hackgunnd attanuatian,

an’ impercant conaideratien in a partable applica-
tion.’ A thinner ctystal, say V10 zm will favor
the chavactevistic 186 keV radiation of U2

aver the 765 aod 00l keV radiacion of U238 and
therafore have a move favorable peak height to
Compton background ratie, but will have peorer
rasolucion other thiogs bheiag aqual,”and be infe=

- pior ‘i "it i dnuld to use :it far wore

. enargecic gammas, such’ as Pu (the 3&0 kaV

" complex). compated'to say, ma _chick crys=
tal. We have f{ound an l8m D x- J.Em |} (3/6"
374%)-cryscal. ‘mounted on_an I.B w

: photnuu).::.plm: :ub. to hc an cvanu bu: com=
prom.u. Bt e e .

" In any case it is feceasary that :hc Nal-
paotcoultiplier detector gain. contial agsinsc
tempsrature and count rate dunges. Such datec~
cors. ate now comtcuuy wulahh xu all com-
con uzu. S

.\ Ntl vall .:ycul.. uy 5 cnn x Scuﬂ. with
a hnlc no bigger than nsceseary to accomodate a
small plastic asmple vial, have been found quite
useful far assay of powder uuplu, and to iden=
3ify ‘and measure nuclides in ac:apxngl, debris,
atc. Germaniun dicde decectors.with wells ase
also commercially available and may baé ussful.

Hand held "incrinsic" (high= or hyper=
purity) germanium dectectors have been
developed,! parcly with holdup oessuremant in
aiad, Nen=spilling uquz.d Np dewars allaw these
detectors to be oriented in ‘any duccnon.

Their resolution is good .nough ‘g0 that isotopic
ana).ynu of che - holdup could in principle be
dons. in situ,. though this has not yet ac chis
vricing been dome, Aa intrinsic detector can be
useful. even for a two channel ‘analysis in order
to separate xn:crfcun; ‘peak ich .canaot be ra=
solved with NaI. p.n; detectors,  such as when
cecycled uranium is being asiayed. Even for
other waork, the .fact that :ho resolugion is supe-
rior co Nal may give a:.bacter ‘signal to: back=-
ground ratio that mors than naku ‘up for a lack
of senaitivity compared to Nu.-p.n. detectors.

Portable ncur.:ou detectors such as che
"SNAP“2 have been developad which can be hand
:arrud. and may be-useful to assaying pluconium
in the form of .holdup. They are only maderately
divectional (a front=to=back ratio of N:l). and
it maybe difficult to incerpret the count since
neutron production from Pu depands not oaly on
the .sar.opzcs. but very scrongly on the nature
of the mputuus along with the. plu:onxun. pac=
ticularly iight elemencs, because of preduccion
of neucrons through (a,n) muc:xons.
Nevartheless, for of Pu holdup in 2 thick-wvalled
device with a high gamsa absorption such as a
furnace, assay using necuron Jetection may be

the only practical vay to make meesursmencs from
the cucside.

—f~

- cha: dﬂ.cniuuou of“holdup in a fagilicy. -
-intent"is €O create

" single wessurement’ {or: rlunvcly very few);.

Ia their preasent state of development, the
small size of cadmium telluride (solid stace
diode) gema detectors,d has Usen & handicap for
usual aseay applications, buc ia a boon<ia a par=
ticular type of holdup weasuremant. Because of
theiz small size (:ygxuuy they are peckeged in
s volume of a faw ), highly direcctianal

- shielding collimators can be ficted around them

which do not veigh much, say v0.5 kg.  Such a de-
tector can then be supparted at the end of a

- length of - thin wall cubing .used as a handle to

form d:light~weight probe which can be used to

: cfacd, at-least qualitatively, the déposition of
- macerial along othervise’ xuaccuuble pxpes.
~etc. .

" The d:.ffxcul:y iavolved ia holdup zeasuve=
mencs has been.an_inceontive to develop what .
might be termed “magic black box" approaches to
The
‘dewice such that with a

; gn ‘the nanrul ‘holdup in a given -room
plant will’be measurad-and accounced for

‘in ous:fell- suoop. ‘In-.Cha case of plutedium, the

black box “has’ takena ‘the" -form-of a’ larzc nnu:ron
detector made up of He3 ‘proporticnal ‘countersiin
a flat atray embedded in polethylene - -mederator
and sandwighed bc:vuu ‘sheats: of the same ‘mate-
rial. . The rasponu ‘to neuttons is approxizately
mdependanr. of edergy.* The whole has been:
appropuucly ‘termed -a "slab” detactor because
of its shape.. It is too large to ba easily
wovdad by haad.

In use it is suspeaded at one or more
points ia. che rogm to be uuyed vherée it saz-
ples"the neutron. flux dus to- the- plu:ouxuu.
This meassuremant is suppoud to be relaced to
the amount of material. giving crise to the flux,
:htou;h a. cnh.buuon of the detector, by auxil~
iary ‘experiments ‘under known-laboratory condi-
tions, ‘and by an application of rssctor physics
type. computer codaes.. ‘Reasons vhy this methad -
nay notwork :in pucncc -are uncertainties aboug

"a.lo:opxcs. the pressnce ol mpunnu which can

produce (a,n) neutrons, ths qusstion of how
isolated the room being asssyed is rom neutrons
produced in adjoining rooms, the adequacy of the
£10x sampling schems and ‘the calculational
oodel, and -the fact that by its ‘nature, chis
kind of nn.uuncn: does ot locate whare partic-
ular deposits may be, but just gives ‘an
integrated effect.

It is however too easy to criticize this ap-
pralch. what oust be kept in mind is that the al-
:em:wo involves: .x:rlmly painstakiag, labori-
ous, and time consuming efforts o assay every
icem in che Eacxlx:y. Possibly cthe iaportance
of this ides is nor supplancing an item-by-item
search for nuclear oacerial, but to supplement
it by an independent assessment which should
agree to wall vithin an ordsr of magnitude.

The equivalent black box approach suggested
for uranium holdup is a large well collimated
Nal photomulciplier gammsa detactor, the so
called "councer telescops”.’ Exposing this to




the teLa:xveLJ penets ztxn§ 763 and 100l keV

lines characteriscic of U238 should im primciple
allow some CGrrela:xon with uranium in the
holdup. Again, some allowance has to be made

for isotopics. absorption, atc. To our knowl-
edge nobody has actually tried chis. An attempt
in this dirvectionm was a 7.5 cm D. x 7.5 cm H Nal
phocomultiplier detector surrounded with a heavy
lead collimator. This in curn was mounted sa
that it could be pointed at any angle and
elevated over a vange of about % meters. The gen=
eral intent was to use it as a kind of gawuma tel-
escope, i.2. €O poxnt it at relacively
unaccegsibla objects or areas and obtain assay
values thereby. It was moderately useful, see
Figure LI.

The general requirements for electronic in-
strumentation used in holdup aeasurements have
been cited above. Probably the most generally
useful combination of qualicies for holdup mea=
surements has been a portable instrument which
contains, esasentially, a detector bias supply,

a nuclear pulse amplifier, two chanmels for

pulse height analysis, and a scaler. The origi-
nal realization of this concept was the Eberline
SaM (ESAM) inscrumeat,® which has: seen wide use,
both for holdup and other safeguards
applications. The Brookhaven Survey Assay Meter
{B5aM),” now in its third model version, con-
tains improvemeats in virtually all che parame=
cers of interest for such portable nuclear in=
strumentation, togecher with socme altogether new
tacilities made possible by advances in electron=
ics. It has become che main pilece of electromic
instrumentation in our messurement of holdup,

and indeed, the impetus for iZs original develop-
ment were several failings of the ESAM as ap-
plied to holdup measurements and .other
measurements. Figure III shows a BSAM model II
with a Nal-p.m. tube detector.

The BSAM can be used with a variety of
detectors. For gsmms ray measuremencs where the
gsensicivity of a VaI-p m. decector is required,

a specially series of all sizes of Nal-9.a. de~
tectors were developed in coordination with the
QEAM project. These have, in addition to a

Am alpha source to furnish a reference pulse,
a thermistor which acts to compensa:e for the
different behavior of alpha pulses compared to
gamma pulses with temperature change. The re=~
sults is that zemma ray pulse heights with BSAM
are constant over the permissible range of opera-~

:xon of ordinary Nal-p.m. detectors, ~ 5°C -
~40%c.

The 3SAM is.also capable of operating with
a high resolucion detector, such as an intriasic
(hyperpure) zermanium detector or CdTe
detectors. The nand held zermanium dastectors

were in fact developed in conjunction with BSaM
development.

Instrumencs based on proportional czouncers
may also be operated from the 3S5AM or the ESAM.

The instrument also incorporates a sophisti=
caced (pocket type) calculator, the HP4lC. This

furnishes readout, simplifies zhe process ot
standardizing the instrument (e.g. arranging for
automatic background subtraction), taking data,
performing calculations xnvolvxng data or
otherwise related to the work (e.g. attenuation
of gamma ray:). recording data either in memory
or on a miniacture auxilliary printer, and Tead=
ing bar code labels with a light pen, che latcer
two units being standard available accessories.

The BSAM is constructed so that it can be
used slung on the operator’'s shoulders, with one
hand holding the detector, the other hand being
free to operate the instrument controls or calcu-
lator. For assaying floors, a light weight
wheeled cart (nick-named “floor sweeper" from
its resemblance to an upright floor vaguum
cleaner) has proven convenient., The BSAM chas-
sis is held in a basket mounted on the upright
handle at a convenient distance from the opera-
tor, while the collimated detector is held a
prescribed adjustable distance from the floor it
is viewing, - -

There are now being developed miniature
multi-channel analyzers® which offar comparable
suppart to detectors as the BSAM, but with the
even greater capability for detailed data
gathering and. analysis capabilty implicie with
an MCA. These have not vet been used in holdup
zeasurements. Such mul:xchannel instrunents
even though microprocessor based, are more com-
plex and presumably therefore more difficult to
operate, pat:xcularly under the typically
uncomfortable environmerts of holdup
measurements, than the simpler "few chamnel” in-
strumant such as the BSAM. The coupara:1ve
value of the small MCA holdup measurement de-
pends on whether furnishing the extra -informa-
tion they are potentially capable of is worth
the extrs complexity.

Not to be confused with the above possible
use of an MCA as & portable survey instrumentc is
its use during hold up measurements in the more
usual way as a laboratory bench type of inscru-
ment. The MCA used this way is necessary par:zc-
ularly ar the beginning of the assay campaign in
order to make sure of the isotopics to be
encountefed in the plant, any unusual
backgrounds, ete., and to be available as an
arbiter in case ancmalies show up in the two
channel analysis.

Also found desirable is a small moderately
fast two channel oscilloscope availagble to check

the functioning of the electronics, make
adjuscments, etc.

Nuclear material radiation source standards
are a most important part of the assay procee:.
They are essentially the only vay of corcelating
the observed count ratea with the amouvat of mate-
rial in the holdup at the time af the measure=
ment. The most used of :hese sources are wnat
are termed "area sources". These are reasoriably
uniform depositions of U0 or Pu02 Exxed on to
a sheet of materiai in some way so as to simu~
late an area source of radiation, e.g. a zlove




box wall covased with a dusting of oxide. Sav=
aral methods of manufasturing these have been’
considered or actually :rud. The tent oathod
seams ta ba Co sake cTanaparent pluu.r. with ad-
hesive or one sida (a material usad to lsainate
documents) and brush the povdered axide aver tha
surface.  The tranepavancy allowa s %isual chack
of che unifarmity of dupon::.an. d frama of
backing material is left in place cuzrmdmx
the ares from. which ‘che backing material has
bean remaved, exposing ‘the adheaive, to which
the_dxide ‘sticks: The:fraza ‘backing -is then
umud and’ ‘anocthes .sheet 0of : :plastic is ‘pressad
in pla:o g0 that: thc adhasive surfaces face ons
another. Thua an ired hol.dmg oxide ‘is’
surtoundad by a.clesanisealed “area in whigh theve
is no rvadicactive oaterials This packaging is
rugged enough for uraniu@; for plutonium, an ad-
dicional melpsulanon is’ thea performad. At ap~
proprun ‘points in the above procesa thes weight
is measuredion an anal.yucal balance, so that
enqugh informacion is available at the end to de-
duca the tocdl amount of- nucl.ur macerial
dcpon:ed wighid the frama. ‘The: shaets nade’
have been of several sizes so that plt:l.c\ll.lt
needs can be met most effecctively. THe largest
have bean .of ‘the ‘ovde™ of 20 cm'x 20 cuw
containing lass than 15 g of oxide material.

This latter lLimit is dictated by a desire not to
have too much material tied up in any one physi=
sally discrete item: 1t alsg corresponds,
roughly, to . rhe amount of -material which ghe ade
hesive matersal in -fhmcnz ‘can hold. Mare pre=
cisaly, chis dapcndn on .grain size. 1o one in=
atance, the oxide vas 89’ Emﬂ.y gtonnd cthat the
adhesive pover was used up with far less than
the ‘intended load per unic. area. 1t vas fsces=
saty to get around this prcbl.- by mixing the
pouder with a trace amount of a cellulose-
acetone based 3lue, Shen coarnly 3r£nd4.n¢ the
resultanc !.u-pa. and chen sieving it to e more
appropriate sesh size. Pigure IV is & photo-
graph of an area source of che transparent type
being made.

Another machod of making such area sources
which has been triad has been o mix chs oxide
wicth silicone tubber. This is pouxed onto e
tray coacaining a pnkucl.y curad sheet of sili-
cone rubber free of oxide in uuch a way that
only a prelcr:.bcd central portion of the oxide
free sheet is coverad, When the oxide
con:a:.nu.ng silicons rubber has cured, another
layer of oxide free tubbar is poursd over all.

In this way the anuclear material, contdined in
silicone rubber, is encased in pure silicone ruo=-
ber. This way of making sources, is not limited
as to the loading per unit area, and is
comparatively cugged, but the resulcing shaet is
inconveniently thick (geometrically) for many ap~-
plicactions and has appreciable self absorpticu.

Discs of uranium foil, about 5 cm in diame=
ter, v0.l ma thick, containing abouc 4g of v93%
enrichod uranium, sinilarly laminated between
transparent plastic sheet, arid with the ‘self-
absorptian factor accurately known have been use-
ful as a gamma check soutce for uranium assay,
and have also sexved as "point" sources,.

For the latter to be a reasonable approximacivn

" the saurce needs £o be far -enougn away se chac

tha' aves of the disc is only a small pevcencage
of 'the aresa viewed by the solid angle of the
collimator. The amount of macerial in the disc
ie sufficient to give an adequate count rate for
such duuncu.

Snplu of conérats flooring or of walls
are obtained ‘using ratary impact drill aotors to-
guhat -with” special carbide bits. Using'a cool
and bit of -professional ‘quality, a hole vi0 cm
deep by:v1.25 cm diamater can be, bored in con=
crece in only 10 ‘seconds w:.:b vary litele efforc
on the /pavt-of- ‘the "Qperator: . Hq:govgr. nearly
all the concrete dust gcncu:ed'xs neatly
mounded an the "floor:area .immediately around the
drill hole. Dnu:.u; such sample holes with ov=
d:.nu-y toeary drill moctors:with. conventional
bics was .much mu labaricus and viote cut the
drill bits 8t 4n. mccapnble rate. The rotary
impact drill motor:speeded. up. the hole drilling
to the axtent that the ralative alowness with
which the’ duumg dlu: coul.d be ‘collected using .
spaculas, etc., vas the goveraing factor
determining the rate at which samplas could de
taken.

This led to the development of an apparatus
to pick up the dust quickly and efficiently. it
haa not yet been used in the field, but shows
promise (see Figure.V). A small vacuum cleaner
whose speed is controlled by a variable auto
transformer exhausts air:from tha top of a small
cyclone separator. A suction hose is attached
to the z.npur. of the sepavacor. The {ree end of
the hose is a vl ca tube which can be insertad
into the 1.25 cm duunr ‘bore holes. The
upcud funnel bottam of -the eyclone separator
ellows a small sample vial:to be attached o re-
ceive the :qhd zatter separated form the air
atresm.. The vacuum cleansr exhaust has three ab-
solute cartridge filtérs in series; a shest of
filcer paper in the cyclone separator stretched
acroas the wide portion of the . upper funnel
poses a barrier nu:.nn: pucxcul.nr.e aatter that
might still.remain entrapped in the air stream
entering the exit funnsl of: :hc separator. The
vials can:then be. .cappad off .and assayed with a
Nal well pho:alul.uplur dc:ec:or. This appa-
racus was tested - Eor the: cffxcxensy with which
it collects -concrate dust by having it collect
8 sample: 'of dust, weigh it and then spill it
agsin, followed by ‘angther collection uexgha.ng.
etc. The loss of weight from the aucceasive
dust samples avaraged less than 1%.

A sheet of lead can be draped over the back
of objects being assayed to reduce the iafluance
of vadiation from the rest of the plant. About
1/4 inch (46 mm) is a reasonsble compromise be=
tveen portability and isolation. Flexible =ats
of lead wool coavared with plascic of several con-
venient sizes are available commerc ially and are
more convenient albeit offer less attenuation.
Since they are apprecubly more expensive than
plane sheet lead, there is however reluctance to
use them in an applicacion where they are likely
to becoms contaminated.



As an exawple of the use of s lead shield,
consider an assay of holdup on an iatarior wall
of a glove box, Ona way would be o pass the
sheet of lead iuto the glave box and prop it up
against the wall surfage being assayad. The de=
tactor is then used to viaw gucsida of the box.
A correction would chen hava to be applied for
attenuation through the glawhax walls AR alter~
nate way of a’auy would be to inserc che radia-
tion detector into a vubber glove and in that
vay allow the detaccor to view the inside sur-
face of the glove box directly, svoiding the un~
certainty of the correccion factor. The laad
sheet could them be outside the glove box. The
glove should of course be free of radicactive
contaminacion, which means that it probably
should be a freshly applied ome. Simple
sketches and polaroid photos of work areaa,
ductwork, glave bax inseriors, etc., prove use~
ful as memory aids during the data reduction pro=
cass.

Agsay of congrete plant flooriag

The floor is divided by a convenieat sized
rvectangular grid (a good method is a dab of
spray paint at each intersection of chalk
lines), each dangted DLy a double subscript., The
3ize of cach box should be dictated by a prelimi-
nary survey to balance the detail needed for a
faiz represencation of che distribution of
holdup, agaiast che total number of grid toxes
that wouid have to be sampied.

Each 3rid box is assayed at several
interior locations according. to a preavranged
pattern using e.g. 4 BSAM gsmma detector,
mounted in the “floor swesper”. The spparatus
is calibrated very simply by placing it over one
of the area standards on a clean stretch aof
£loor. The ovarall count is assigned to chat
box. The Tesults are ranked and grouped, and
then some are selacted from each group for sam=
pling of che concrete. This is dane using ro-
tary-impact drills, the required baue depth
being decermined by & prior study of the
incremental depth versus vadiocaccivicy. Com=
plece recovery of the drill dust is attemptad;
it is packaged in a vial, weighed in a simple
cheamical balance, couated with a Nagl-well crys-
tal and sent to NBL for a chemical and isocopic
assay. The corrvelsticn between the surface
count assay seen with cthe floor sveaper, and the
actual chemicaleisotopic assay when it becomes .
available, furnishes s calibracion for the whole
floor area. in the meantize, the well counter
assay furnishes a wvorking correlatiom.

That there should be a correlation between
3 surface gsoma messurement and the material
recovered irom che bore is somewhat debateabla.
A simple picture of how special fiuclesr oaterial
works Lnco a coacrete floor is chat the porous
concrete accs like a chromatographic columm,
with repeaced spxus of pruumbl.y siailar solu-
tions just causing deeper mgtn: an into the cone
crate, with the concentracion profilae Tetaining
the same form. Radx.oncnvxr.y versus depth
studies confirs that chis picture is valid soma

tizes. Often howaver this simple picture aven
if true initially, is disrupted by various
acgvitias duriag the plant history, such as
pouring of a new floor over the old, chipping
ouc the gld surface, with subsequent
resurfacing, sealing tha old floor with a lxquxd
barriar paint, atc. In case tha corvelation of
surface radicactivicy with thac of che powdered
core sample using .the Nal well councer is poor,
thea the cora sampling hll to be dona mure
exzensively. .

Assav of duct work and gri.gi'ng

Measyremants are made with gaumas detectors,
typically che BSAM gystem. The maasutement
points atre marked snd numberad with felt tip
pens ard coordindted with plant furnished
engxnnun' drawings of -the duct work and
piping. Mesauyrements are. made at intervals
depending on hov' much.material seems ta be
mvo).vod. atd the ‘apparent gradient of che depe-
sicion. Attcmpts are made to shield the section
being assayed from vadiation from other objects
by the use of shest lead lhulda. Uncertaincies
ia how to calculate détcenuation are compounded
in the case pipes and ‘duccs by difficulties in
allowing for zemo:ncal effects. What hasg been
found effective hare is to obtain from the facil-
ity sample of the pipe or duct, line the inside
with an appropriate arvea scandard, and use this
to calibrate the detector-=collimator. . The aces
source has to fic inside without overlap and
present withia che sclid angle viewed by che de-
tector an appearance of a uniform incerior coat-
ing. The actusl measuzement is taken for the
real object; if: passible, from the top, boctctou,
and two oppased “horizontal’ duccuons. and an av-~
erage taken vhich is compared with che calibra-
cion to egscablish the local dnulx:y of deposités
material ac the measuremeanc point. This mechod
is favored since the: ‘8ctual aeasurement gecmecry
can be dyplicaced accuuuly. eliminating a po-
tential source of error. HOldup measurements
bllld on such ul.:.bu::.onl have agresd quite
well with che amount aof material subsequently
recovered. However, in some cases, attenuacion
calculations bued on ‘the known or assumed wvall
thickness have been used, particularly when -
clasn gsemplas wers not available. In any case
che asssy results aze expressed -as - the appareat
amount of material deposited- per unit length,
and notsd oa a smpl.e dimensional sketch of che
syulu wmade ss .the assay ‘precedes. The assuamp-
tion thic s measurement is representative oi the
uucduuly lurroundmg lengehs of duct or pipe
allows an escimate of the total holdup in the
particular dust or pxpo system to be made.

Walls and ceilings

A prelininavy survey of walls is made to
find those areas where liquids, etc. from pro~
cess equipment might have soaked in. Such
regions, if Eound, are assayed the same way as
are floors, i.e., core dnlhngl sre mede, ecc:
Wall arsas vhere theére is noc giuch mscerial are
assayed using a collimated detector calibrated
for viewing areas (che so-called "counter
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ralascope”). Figure V shows a counler :celascope
developed far such m2asurements. The smallar
35aM detector -and .elactronics has also been used
in a telescope made,

There are instances where there was enough
material on the walls so that profiles of the
deposition of nuclear material as a function of
height above the floor were of interest. The
concentrations typically decrease with height
above the floor, somatimes there is a maximuam
at, say, 50+i00 cm heighc.

Ofcan both sides of a wall have surface dep-
ositions of muclear material, with the wall
having insufficient attenuation to allow aach
side ro be assayed in isolatiom of the other. Aa
approach to measuring holdup in this case is to
make an area measurement from one side of che
wall, with a lead sheest aa the far side to ise-
late the wall from the ¢est of the adjacent
room, and then zepeat chis process for the other
side. If the reapective counc rates are C 2,
the area calibracion factor is k, the
attenuation through the wall is 0 cacl and che
rass of auclear material per unit area deposited
on the respective sides is my 3, then

€] ™ km) + kamp, Gy * kam) + wXmp
which has the solution

map = (e = aez)/k(l-a), ma = (ca ~ acp)/k(l-a)
so long as a ¥ 1, i.e., there is some
attenuation. The actenuation can be measured by
using a source strong encugh to averpower the
deposited material. This source is assayed
through the wall and then an equal distance away
without che wall incervening, and che two assays
compared.

Ceilings seem generally to have low fairly
uniform deposicions and have been assayed using
the counter telescope approach.

Glove baxes and furnaces

As a preparation for assaying zlove box
walls or other cormtents, it is useful to have at
least some of the gloves replaced or o have
them removed altogether and the ports blanked
oif with clean (free of contamination) sheets of
thin, low 2, material such as lucite. These cam
then be used as "wiadows" through which a
collimated detector can be aimed at objec:s in-~
side the glove box. Lead masking sheecs, as

suggested previously are quite useful for glove
Jox assay.

Objects within the glove boxes are
idealized as points, line, or plane (area)
sources. The decector's response to a poine
dource is calibrated using a well characterized
fual pellet or metal disc source at a known dis-
tance. The response ar octher distances of an ac-
tual object is allowed for usiag an inverse
square of zhe distance law. A line source of ra-
diation could be calibrated for by placing a
point scandard at successive positioas and
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agsaying it along a line perpendiculsr to the de-
tector axis. an actual line source at some

other discance -can be allowed for using the fact
that the intensity of radiation from a line
source should vary as the inverse distance. In
oractice, hcwever, such objects have been

treated where possible as duct work and pipes.

Large, thick walled, furnaces are a problenm
because of the uncertainty involved in
correcting for tlie absorption. In one instance,
the detector was passaed into the furnace on the
conveyor system at che end of a long cable to
the supporting electronics in order to get an
unimpeded view of the insides.

Recommendations concerning plant constryction

Many of these can be inferred from the
above raxt. The basic point to be made is thact
proceas lines should be constructed with a view
towards minimizing the creacion of holdup and
facilicating its measurement and removal. As ex~
anples of the former: Ouct work should be
designed and layed out with some censideration
for the gas dynamics involved. Process areas
where wet chemistry cakes place or liquids are
handled should be constructed as far as possible
with trays to cacch the inevitable leaks.

Floors should be sealed before use. Squara til-
ing should be avoided in favor of seamless
covering.

As examples of the latter: Duct work
should be demduntable. ~Furmnaces (or similarly
thick walled objects) should be provided with ra-
diation probe tubes allowing insertion or perma-
nent placesent of radiacion wmonitoring devices.

In conclusion

Holdup measurements combine features of de-
tective work, a treasure hunt, and a lot of
detailed measurements performed under often un=
pleasant circumstsnces.

Most recent holdup measurements has been
prompted by plant decommissioning. However, the
basic qualities of specialinuclear material chat
make it the object of search and recovery ef-
forts will not likely change: Since the mace-
rial poses ‘a health hazard, generslly has a high
intrinsic value, and must be safeguarded against
the ever present threat of diversion, holdup mea-
surements will be a necessary part of even a via-
ble nuclear manufacturing industry.

Properly designed and maintained
zanu facturing facilities would decrease the
burden of such measurements.
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This work was done ia comjunction wih ORTEG
(Qak Ridge, Tennessee), and separately, PGT
(Princeton Junctioa, N.J.). Bath thess ~
companies now offer such decectors as & regu-
la: commercial item. .

Manufactuzed by the Ebarlxn Iucmn: cn-
P‘W (s“:‘ F.' cno)o . -

Units we u.ad were froa th. WD \d‘a_rp;
(Ha:ercoun. b »

"Tatal Room Hal.dup of P].ucom.m Hﬂsured 7
with a Large~Area Neutro ector®, J.W.
Tap@, Dedo cl.olc. Re3. W. * Brocudmga

Pnsubly ougmany a su;,.um.on of H.
Higinbotham aund cowvorkers st BNL.-

3till nifeéed by Eberline Iast. Co.

A New Survey-auuy Meter for Portable
.\pphc.l:xam". M.S. Zucl«t. at. al. Procesde
ings lst Annual ESARDA” Syuponuu. pe 289,
April 1979, A commercial version may be
available Erom IRT (San Diego, Ca.l.

The smallesat ¢o dace was duvolap-d by J.
Umbarger and co=vorkers at LASL.

The parcicular ones we have uud vers
developed by A. Gody, U.S5. N.R.C. &.gmu L
(King of Prussia, PA.) in conjunction with
4. Deagen and co=workers ac BNL.

Fig!:es

1.

Count rvate from disc source as it is moved
on a plane p-rpiudicglnr to the detactor=
collimgtor axis oa a radius passing through
cthe point af incersection of the a::u and
the pl.ane.

A counter celucopo. consisting oE a hnvx!.y
collimated lacge sized Nal-photomultiplier
which can be poiated in any direccion aad
raised over a range o£ abou: 4 u:etl (CN .
8-596-78). s : -

The  BSAM model II uud in much of chis work
is here shown vith a small collimated Nal
photomulcijilier decegtor duxgnad to be used
wich .it, - BSAM model III units are now being
producad (CN 1-1276-79).

A planar (azea) source of the type using

transparent idhesive backed film, after msnu~
facture in a glave box (CN 9=513=78).
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5.

A pro:o:ype apparatus developed ac 3ML :or

- . safely and efficiantly collecting

vadioactive dust, as from a consrece tore -
hole (CN.5-~56~81).
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