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Anierican National Standavd ANSI/ANS-8.61
Safety in Conducting Subcritical Neutron-Multiplication Mcasurements I Situ

Thomas . MclLaughlin, LANI.

Intreducilon

Sule and oconomical operations with fissile materials require knowledge of the suberiticality of
contigurations that atise in matorial processing, storage. and trunsportation. Data from criticul
experitnents have been o principal source of iloonition with which to catablish sufery mnrging.
However, the lower cost and the expediency of performing conlirumtory suberitical
measurcments on the process {loor or in the storage vinlt resulted in wuch of the carly criticality

sately gwidance being busod on suberiticul /n it experuments (Rets, 1.2),

The I et stnukiard, ANS-8.6, wos developed in the giid=1960s, While reported applications ol
thiz porentially valuable standird in the lust 30 yeurs are seuree, v few exutuples rons ithe past ten
veurs are presented. |his scarclty 1s probably dvven by the ditilenhy i praviding well-
charmeterized canditinins Gatable e vithdations) in the proeess areis os well s hiesitaiy
athatp, cegitlatory peescomed to perdlt “approach Aosceiteal™ experineats gt woirk sites even
though thewe is na intention of going beyoud secepred hamdsson paetices at critical expetiient

uetlition and prrocesy twilitles,

Althaugin the eurly aibentical mennurements pravided valuable diaa, @ ke mivanuge af
tehernents s ety nuoeg iy ton s e attaecded by the uppticatlan of caerent compater cosdes,

1y aeeeary ta have mme aceneate ensaretcntys al the subentical state tha may v seawbily



available today. The criticality specialist routinely bases sali:ty marging for far subcritical

operations on validations madc ngaiust data gathered at the critical point,

In sitn inewsurements, in addition w possibly providing more expeditious and less costly
informatian about satety marging than may be available from experiments wt criucal, wny also he
applied o the sk of providing identificaion infornmtion. Finally, with the incrensing interest in
site restoration wd the possible duesire o exhumne waterial that may have been butied fur
decides, in sitn technigues may oller the only practical means of charncierizing a siweation hetore

it is disiurbed.

Early Applicatinny

Lixtensive criticul mensuruments were porfored w the severnl eritical experinment fucilines tha
exinted t(row the 19404 into the 19000, The wajarity of these expernnents were with single amt:.
partly beease ol the cost, e, gud complexuty of bape artray mcasieaanents, Howeser,
guidnnice for stuenge of weapons aud weapans canponents and ey renctn tuel storage
couligurationy wus bused lurgely an suberitleul measurcuents in the lield, ‘The smior rewson was
tha it war not alwayn practical o peetonn crltbeul experitients shce uecestany fcaihition dud not

alwuys eXbn where the bulk ol the waterdal of lnteres wuy staved,

Subetmeal e sl mewstireenta iade e 1995195 an weapans uitd seedpians catiponients ot
Rewhy Tt and at waeprans asscinbly and stongge sotes paovided entic aity satety patdanee tha

i stll valanble taday? €L Schtishe of Bochy Flas aand T8 Pasion ot o Ao Natondd



Laboratory { LANL) wero instrumonial in the instigation of these nxeasurements. an example ol
whicl ia illustrated in Fig 1. The safery guidance feom most of these cacly suberitical
experitients was durived (rom inverse wultiplication plots with the limit for sufe storuge chosen

as, for example, a cross multiplicution of two,

Exemplilying the efficiency and timeliness ot in xie measueoments for anique applications is te
prooltext conducted on a campuct, poisaied fuel storuge mek far the PM-2A reactor (Rel, 3).
This portable, mecimn-power reactor way locined at Cump Cenury, Greonlund, and the

wultiplication messurementy were conducted on si,

ANSI/ANS-8.6

Ihe mundard developinent eitort feading to ANS-8,0 wits lurgely due to the etorts ol Schushe.
He was associated with many bencticial in sien measurements on process vessels ad storige
conlipurations within the fucility, wad hie participuted in o iostigated sy ol s at sites witliin

the LS. Atotie Euergy Commiggion und ihe wilitary,

Wihille vy standiard shiauld tacllitate the application ot meagurainents that enn better detine safety
wntrging and henee ealunee the salety aud eeanany at opeanton, few veported i st
sweasuretents have beca aoted sinee the 20t Perhugy the ditheubty and expense al cttical
esperitnents ax well us develamueaty e suberideal measaieatent weelusigues will jesense i
treniel, Cin the wther luaid, ws stated incsee, dob ot the stmwduid. "peinga s wesponsibiliny Ga satery

shnall b sgnagtoed 1 one individual e pe-senced i the perfonamee of sobeinead o eiteal



experimenis.” Such personnel are becoming as scaree as critical facilities.

The comect intempretation of datn pathered with well-understood technigues is clearly dependent
ou kuowledgeable. experivneed personnel. Indecd. the incorreer interpeetation of data was n
tactor in the confusion and nusunderstanding associated with reactivity neasurements ol the 7-9
Crib at Hanford (Rel. ). These in it pulsed netron experinients weee peclnnued o provide
confidence in the expected high degree of suberiticality of the plutoniwm-benring liguid wasic
disposal sle, Interpretations at' initlal daw, however, did not confirm the expuectod result and
indicatod n system possibly nenr erivicul. Analyses o subsequeat dow led to the conelusion thay
thie syatemn was indeed highly suberatleal, md there were tweriticulity sulety caneerms, Pahaps
woise analysiy welmiques carrenly beinge relined wgeln hinve ennbled wimore reearnte estinsation

al'haw fur suberiticul the Z-9 Crib really was,

Recent and Future Applicationy

Twa apptleationn ol fn xite aeasureinemty and the ANSB.O standurd ut L AN b past deeide
emne ooad, The first i a one=alsa=kmd opeiion caletbited o e subentical by - 100 b
when fully wssetubled. which lncluded whick reflection, Approprinte counting equipnuent md
kuowledyeable pertonngl from the erttieal expertnents tachihy were brought it the platonian
tocality to ntitar e aveienibly opeention The sverse mataplictan data coupled with
caleututionat results provaded conlidence darig Uie aseanbly processothon the amt s sl in.

val by abontihe degree predictml aod e toad sonltgedicaton Gieter was abse geanly as expeoies



The second application involves inverse multiplication messuremients on boiling water reactor
and pressurized water reactor assemblics with loadings and earichmeuts typicai of commercial
roactors, These axsemblios are used by the Suleguards Assay Greoup at LANI. lor
wwstrmeniation developrent puposes. Following the miministotive aud operational praciices
stuted in the standard provides confidence that no surprises will be encountered, even though it is
known that individual asseimblies in water cannat be inade critical tor expected lomdings il

curichinens.

Recemly developed measuranent wiethods permit more quantivative suberiticality meastrentems
(Ref. SYand have beea upplicd o deternune the suberiticntity of n storage viult contiining metrie
tonx uthiphly coriched avonitg wetal ut the Oak Ridge Y12 Plaat (Ref. 6). Measurements wie
uww i progress w0 provide daw for validution o cateulativaal ethods (e eriticality salety off

praduction itewns at the Quk Ridge Y-12 Plant.

As LS, Departinent of Boergy covitonmental restoration ietivities escalate, sittuations will
undoubnedly wise in which the degree of suberiticality o aied nsteial will be desired
knowludgy priar to i distuebunce, The sdvaucemant of teclnologies to luadle such situativus iy
certulnly g necesaury item, but udherence w the o st stundard and other protessional practices
will also provade the necessary canlidence that ncceptably lnrge murging o1 suberiticality are

winned.

Nunuaury



There are many examples ol expeditious and cost-clTective dn virn measurements dating from the
1940s and 1950s. These subcritical oxperim :nts, on which ihe sefety ol operations were bused,
wave paralleled by numerous eritical experiments, which provide niost of the Inses or compater
vode validations toduy. As the capability to expeditiously and cost-eflectively perlor eriticul
experiments withers, in siru subcritical measuremenis inay provide the information necessury to
turthor reduceo uncortaintios and biases in salety marging and thus incorporate more satety nwd
ellicieney ito process operttions. ‘This lype of iensureiment has recently been perfunoed for a
storape vault containing highly eariched uranium wetul at the Qak Ridge Y-12 Plunt, Finully,
cortuiu site restorution activities may demand knowledge of the suberiticul state bofore disturbing
the buried inaterial. /n sirn suberiticality mengureients may atter the outy practical mcans o
thix Knowledge,
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