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American National Standard ANSI/ANS-8.61
Safety in Conducting Subcritical Neutron-Multiplication Mcasurements In Situ

Thomas I. MclLaughlin. [LANL.

Intreduction

Sate and oconomical operations with fissile materials require knowledge of the subcriticality of
contigurations that arisc in matorial processing, storage, and transportation. Data (rom critical
experitnents have been a prineipal sonece of infortmation with which to establish safety murging,
However, the lower cost and the expediency of perfurming confirmmtory subceritival
measurements on the process {loor or in the storage vault resulted in miuch of the carly criticality

satety guidance being basod on suberitical i st experiments (Refs, 1.2).

The i et suindard, ANS-8.6, wax developed in the mid=1960s, While reported applications ol
this potentially valuable standard in the lugt 30 yeurs are senrce, n (ew exunples trom whie past won
veurs are presented.  Lhis scarclty s probably drven by the ditticulty in providing well-
charneterized conditions (sitable Tor vislidations) in the process arcas os well as n hesitaiy
among regulatory peesonned to peemit "approach-to=ceitical” experiments qt work sites even
though there is no intention ol going beyond aceepted hands=on pretices wt eitical experanent

fuetlivies and procesy Quwilitles,

Although the eurly subentical meanurements provided valvable duta, o the advantge of
tehneent i satety maeging that may be altorded by the application of corrent computer coden,

10N edenanry o have more aceurate imcasutements of e subeptical state thao imay e eadily



available today. The cridcality specialist routinely bases satity murging for far suberitical

operations on validations madc against dota gathered at the critical point.

In site mewsurements, in addition 1 possibly providing more expeditious and less costly
information about satoty marging than may be available from experiments at criucal, may also be
applied to the task of providing identiticaion information.  Finally, with the increasing mterest in
site restoration and the possible desire (o exhume material that may have been butied for
decades, in sir techniques may ofler (he only practicul means of charucterizing a siwation belore

it is disturbed.

Early Applications

Lixtensive criticnd meusuruments were porformed w the several eritteal experiment tuctlites tha
exinted trom the 19404 ito the 19608, “The majority of there experuments were with ingle wt;,
partly because ol the cost, me, and complexiy of lange arrray measureinents, However,
guidnee for stocage of weapuns und weapons components and awly rencton tuel storuge
conligurationy wus bused lurgely on suberitical measurements in the field. The mujor rewson wax
that it war not always practical (0 peetonn ¢eideul experiments sitiee nevessany tieilities did not

alwuys exist where the bulk ot the materdal of Interest way stored,

Huberitical i sét mensureimenta ingde i 19451955 on weapois and veapons campaonients ot
Rewhy 1t and at weapons assembily amd storage sites provided etiticaity satety potdanes that

in sl valuabsle tadayt € 8 Schushe of Rocky Flais and HEC Pantan o 1 ox Alamos Nagonal



Laboratory { LANL) wero instrumontal in the instigation of these nkasurements. an example ol
which ia illustrated in Fig 1. The salety guidance from most of these eidy suberitical
expetiments was derived from inverse multiplication plots with the limit for sufe storuge chosen

as, for example, a cross multiplication of two,

Exemplifying the efficiency and timeliness of in xite measucoments for unique applications is e
proof test conducted on a compuct, poisoned fuel storuge mek for the PM-2A reactor (Rel, 3).
This portable. medinm-power reactor way located at Camp Century, Greonlund, ond the

multiplication measurements were conducted on site,

ANSI/ANS-8.6

(hie standard development etfort leading 0 ANS-8,0 wits lurgely due to the etforts ot Schuske.
He was aswociated with many beneticud in g1t measuremients on process vessels and storage
conlipurationy within the fucility, and he participuted in o iostgated oy otlers at it within

the ULS. Atomie Enetgy Commisgion und the military,

While thiy sundard should tacilitata the application of measurements that can better detine safety
imarging and henee enhanee the satety and econotny ot opeintions, few reported i sitn
measirements have beca noted sinee the 19008 Pechaps the ditbieulty ad expense of chitical
experitnents s well ys developnents i suberideal imeasuement eehnigues will esense this
trend, O the other lugid, s statedd in s, ok of tie stumkdned. “priniaey espuonsibiling o saden

shiall be sauptnied w one individual expeenced i e pedisomnes of sabwrineal o eineal



exporiments.” Such personnel are becoming as scarce as critical facilities.

The comect interpretation of datn gathered with well-understood echnigues is clearly dependent
on knowledgeable, expericnced personnel, Indewd, the Incorrect interpretation of data was o
tactor in the contusion mwl nusunderstanding associated with reactivity imeasurements of' the 79
Crib at Hanfor) (Ref. 4). These In it pulsed neatron experiments were performed to provide
confidence in the expected high degree of suberiticality of the plutonium-bearing liguid waste
disposal sle. Interpretations of initlal daw, however, did not confirm the expectod result and
indicatad 1 system possibly near criticul. Analyses ol subsequent data ded to the conelugion that
the syatem waw indeed highty subendeal, wd there were no eriticality safety concems, Perthaps
noise anulysis wehnigues carrently being relined mgehit lin e enabled wmore iceurnte estimation

of how (ur suberitical the Z-9 Crib really was,

Recent and Future Applicationy

Two applications of in vt measurementy and the ANSR o standird utLANT in e past decade
come tmiad, The first in a one-of=i=knd operation caleulnted o be subentical by - 107y b
when fully wssembled, which Included thick reflection. Apptoprinte counting equipment and
knawledgeable pertonnel from the eettical experments tachite were brought into the plitornium
Tty o maotitor the asaensbly opetation  The s eese wultiplicaiton data coupled with
caleulanona resubis provided confidence darng the asembly process that the umt Wi sabwong.

Cab by ahant the depiee predieted and the Goal mntiplication Gaeter was also nearly as ovpedie



The second application involves inverse multiplication measurements on boiling water reactor
and pressurized water reactor assemblics with loadings and enrichments typicai of commercial
roactors. These assemblios are usod by the Saleguards Assay Group at LLANI. for
wstrumentation development purposes. Following the administrative and operational practices
stuted in the standard provides confidence thut no surprises will be encountered, even though it is
known that individual assemblies in water cannaot be made critical for expected loadings and

chrichments.

Recenly developed measurement mothods permit more quantitatlve subceriticality measurements
(Rel. SYand huve been applied to deternune the subkeriticality of a storage vault containing metric
tons ol highly enriched ueanium metal al the Oak Ridge Y-12 Plant (Ret. 6). Measurenents are
new in progress w provide data for validation of calenlational methods o eriticulity safety of

praduction itemns at the Qak Ridge Y-12 Plunt,

As LS, Departinent of Energy envitonmenial restotation aetivities escalate, sitwitions will
undoubntedly arise in shich the degeee of suberiticudity of bugied material will be desired
knowludgy peior w i digtucbunce,  The udvancemant of tecluologies (o lundle such situations iy
certainly o necenaaey item, but udherence w the m st stundard and other professional practices
will also provide the necessary confidence that acceptably lurge marging of suberiticality are

i ntsed.
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There are many examples of expeditious and cost-ellective in virn measurements dating from the
1940s and 1950s. These subceritical oxperim :nts, on which the safety ot operations were based,
waore paralleled by numerous critical experinients, which provide most of the bises (or computer
code validations tuduy. As the capability to expeditiously and cost-eflectively perform criticul
experiments withers, in sire subcritical measurements may provide the information necessury o
tfurther reduco uncortaintios and biases in sufety margins and thug incorporate more satety amwd
efliciency inte process aperntions. "This type of measurement has recently been perfured fora
storape vault containing highly enriched uranium metal ut the Qak Ridge Y-12 PMlant. Finally,
cortuin site resworution activities may demand knowledge of the suberitical state bofore disturbing
the buried material. Ju situ subcriticality nicagurements may otter the only practical means to
thix knowledpe.
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Fig £, Change of peciprocal cross- multipheation as targo capatles were postioned in a stotage

vt it squscings of T8 und 21 in- One dide was fillesd Brefore the wther wis staped,  The
lonemwnme point, tor 1910 spucing, thows the appurent oHect of four perions in the cotiidor



