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SOME TARGET ASSAY UNCERTAINTIES FOR PASSIVE NEUTRON
COINCIDENCE COUNTING”

&lhsWI. D. G. ~gner, H. 0. Akrtlove, M.C.Mi!ler, md P. A. Russo

la AlamosNationalLdmatory
IAM Alamos. NM 87545 USA

ABSTRACT

This paper provides sorw target assay uncertainties for
passiveneutron coincidence counting of plutonium metal, ox-
ide, rnixal oxide, and scmipand waste. The target values arc
based in part on past user experience and in part on the esti-
mated results from new coincidence counting techniquesthat
arc under development. The paper summtiza assay emor
sourcesand the new coincidenceuchniques, and mcommcnds
the techniquethat is likely to yield the lowest assayuncertainty
for a given material

Y
These target assayunccrtainhcsarc

intended IO bc useful or”NDA instrpmcnt selcchon and assay
vtiancc propagation studiesfor both new and existing facili-
ties,

1. INTRODUCTION

Passive neutron coincidence counting is a versatile toch-
riique that is used to assay many forms of plutonium, irtclud-
ing metal, oxide, impure oxide, mixed oxide, pymchernical
processmaterials, and other scrapand waste. Applications of
the technique range from confmatory mcawcmcms to ac-
countability smsaysdepending on the attainable accuracy.
Recent developments m ccuntcr dcsi n and data analysis

+techniques, such us flat efficiency pro tics and multiplicity
analysis, swecxpcctcd 10reduce assay uncma.intics in the fu-
ture. Consequently, it is impcmant to establish reasonably
achievable target astiy unccnai.micsfor passiveneutron coin-
cidence cwnting that reflect currentabilibes and future stateof
the m, This process has already begun with the work rc-
postcd in Refs. 1-3.

Estimating assay uncmaintics is imponartl for processdc-
si n, varimce propagation analysis, md nondcsttuctive assay
(#DA) instntmcnt sclccdon for both new and existing facili-
ties, Unccttaintics can ix estimated either from past user cx-

k
encnce, which is more comcrvativc, or from the work of
D,4 ir)strumcn’ dcvclopcrs, which takes the new develop

mcnts Into account. Thts paper will attcm I to summarize
!sornccunrcniexperience from usersand dcvc opcrs to obtain m

prcllrrdnary lIiJ of reasonablyachievable target VSIUCSfor pas-
sive neutron coincidencecounters.

Il. SOURCES OF ERROR IN PASSIVE
NEUTRON COINCIDENCE COUNTING

In neutron coincidettcc counting, the obscnwd assuy
unccrtaimics arc dominated by sample-dcpcndcnt effects, or

●ills work is suppomd by the U.S. Dcpartmcru of Energy.

ilctcclor dcsi$n imperfections, rather than by counting preci-
sion, calibmtson, or mcasurcrncntcontrol features. (Sample
blending or preparation errors arc, of course, not present
bccausc the entire sample is measured.) The fundamental
~roblcm is that the number of sample matrix effects, which
mcludcs at least sample mass, self-mult.iplication, and (a,n)
reaction rates, exceeds the number of measured pst.ramctcrs,
which arc Ihc total d coincident count rates.

Tab]: 1 lists possible cmr sources in passive neumon
coincidence cmnting, rou~hly in the order of decreasingrela-
tive magnitude. As mcnt]onc.dabove, sample marnx cffccu
arc usually the Iargcst sources of uncertainty. Neutron sclf-
multiplication effects can incrcac the observed coincidence
response b 50% for plutonium oxide and by more than a

8factor of 1 for plutonium rnctal. (Alpha,n) reactions yield
only random neutrons, but fissions induced by these neutrons
cannot h distinguished from spontaneousfission events. The
relative error in pcrccnt is approximately 200a(M. 1), where a
is ttscratio of (a,n) neutrons to spontaneousfission ncurrons,
and M is the sampleIcAagc multiplication.

Moderating materials can bias the assayby irxrcasing the
induced fismon rate in the sample and by altering the neutron
detection efficiency. Sample moismrc, the most commonly
found modcramr, can also incrcasc the (a,n) production rate
by providing additional oxygen.

accausc passive coincidence counters respond to the cf-
fcctivc 24%% content of the sample, information cm the iso-
topic com sition is

K 7
uircd to dctcrndnc the total plutonium

comcntm Is some o cm may bc onl a fraction of a pcr-
ccnt, if masss

r
ruowopy vn’ucsarc avai able, or bctwccn I %

and 2%, if 1- h ammaway spectroscopymeasurcrncmsarc
made, or up to 5k if shorter gamma-my mcasurcmcrttsare
rnadcin the field with ponablc quipsmnt,

Mcasurcmcnt unccfiaintics cmtscd by variations in [hc
detector efficiency profile across the sample voiumc cau bc
large, but newer detector designs usually achieve a flat profile
belwccn 1% and 3%.

Clearly, measurement b!as can always bc reduced by in-
creasing the number of rcprcscntatlvc standardsavailable. III
practlcc, the number of stnndardsIs always limited, md it is
often ncccswry to assa samples with varlablc marnx effects

rusing a slnglc S:I of ccl bratlon standards, To obtain ax.i as.
‘isay accuracy, data analysisalgorithms have &n dcve o 10

measure, and comcct for, sample matrix variations. T-’hcse
techniquesarc dc,w,ibcd in the next scctlon.



rable 1. potential Emor Sourcesin PassiveNeuttun Coincidence
Counting, with their Typical Approximate Magnhhs (1u RSD)

Error Soumc

hmple Wf-multiplimtioddensity

Sample(Gn) mction rate

!hrnple moderatingrnatcrial/moisnuc

[sotopiccompositionmcasurcmcnt

Counting statistics(303s assay)

Detectoreftlcicncy profile variations

Calibration curve shape

Sampleplacement

Normalization correction

Container wall materials and thickness

Backgrounddetermination

Sample neutron poisons

Emitted ncutmt energy spc.cmm vtiations

Calibration standardsmnss

Electronicdcadrirnccarcction

(Alptui,n) yield coefficients

Neutron muitipliciry distribution
vtiations lmween Pu isotopes

Spontaneousfission rates in the Pu isotope:

111. PRESENTLY AVAILABLE COINCIDENCE
TECHNIQUES

Table 11summarizesthe usivc neutronmincidcnce assay
al’techniquesor data ana!ysis gorithmsthat arc availablr or will

&corm available.

Most neutron coincidence counters also record the total
neutron count rote. Total neutron counting is not often used
fcwassay~causc it is more sensitive{0 sample matrix materi-
als and rcmm backgrounds than coincidence coumirt , How.

fever, this tcchni uc is occasionally useful &cause o its hi h
1 fprecision and re ative insensitivity to sample self-multip i.

cntion,

Convcrrtlonal coincidence counting, basedon the number
of Iwmfold events collected by a shift-register-basedelectron-
ics circuit,4 is the most widely used technique. No totals
count rate or sample matrix information is usd to correct or
adjust the chewed qwnac,

However, for samples such us plutonium metal or well.
charactctizal oxide, ht which It Is possible to calculate the
sample (a,n) reacdon rate from the isompic composition, a
scl(-muhiplicatlon correction cart be derived from ~herado of
the total and coincident count rwes.s This technique i~ dcsig-
nntcd the “known-a approach,’*

&pprox. Rclauve Magmtude
(%)

I-loCM)

1-20

0-1o

0.3-5

0.2-5

I-5

0.5-3

0,3-3

0.3- )

0.1-7

0.1-5

0-5

0-3

0.0 -0.5

0-5

0-s

o-1

For samples wherr the (a,n) rcacrion rate is not known,
bu[ the sample shape and densit:. arc uniform the selC.multi-
plicution can be paramcterizcd in terms of the ~39~ mass;the
“known-M approach”can ~hcnbe usal to ccx?cctthe obsemcd
coincidence rate.b If sample density is not uniform, informa-
tion about the sample fill hci ht can be used to compu!e its

!density and estimate the muhip ication.7,8

The wlf-intcmogation technique is suilable for samplesthat
emit (an) neutrons at a vcv high rate, so that these neutrons
provide an ic”crd source of induced fissions, If the sample
shapeand densitj arc uniform, We coincidencchotalsmtio CM
be usedto determine the fissilc miw.g

Ncuwon coincidence counters can be designed to have
movable or removable AmLi neutron Imcmogatirrnwrces, so
that the net active-minus- assive coincidence res nsccan be

! ~This lcch-used !O dctcmlinc the 23 Pu mass directly, 101I
nique requiresfurther dcvclopmnt to establishils pmcntiul,

Neutron multiplicity analysis detcmrines the first three
moments of Ihc neutron multiplicity distribution from the
sumplc.12 ‘[le cffcctivc ~~ mass, the sample Icakage mul.
triplication,and the sample (inn) reaction rate can be compulcd
from thesethree moments, An accurate assaycan be ohiained
without operator-declareddata fcwthe (a,n) rcaclion IUIC or the
chemical composition, Neutron mullipllci~y counlcrs arc



I Table II. Currently Available PassiveNeutron Coincidence Assay Techniques
I

Total neutroncounting

Conventional coincidencecounting (no corrections)

Coincidencecounting with the known-a self-multiplication correction

Coincidencecounting with the known-M correctionfactor

Coincidence/totalsratio (self-interrogationtechnique)

Net active-minus-passiveneutroncoincidencecounting

Neutron multiplicity analysis

designed to be very efficient, and the multiple rings of 3He
tubes used to obtain high detection efficiency also reduce
sensitivity to the emitted neutronenergy spectrum.13

IV, SUMMARY OF ESTIMATED TARGET
UNCERTAINTIES

Target assay uncertainties [la relative standarddeviation
(RSD)] for passive neutron coincidence counting of typical
plutonium materials arc summarized in Tabk 111.
Measurement precision is taken as the random uncertainly due
to counting statisticsfor a 300-s counting intend. Past user
uncertainty is the total uncertainty achieved in the past using
Only conventional coincidence counting. Developer target
ur,certainty is a reasonably achievable total uncemaintyusing
the optimum assay technique for that ~roccss material, The
assay technique rquired to achieve this measurement uncer-
tainty is given in the last column and is wlectcd horn the list in
Table 11, The targetmeasurementuncertaintiesin this table do
not include any uncertainty for the determination of the ph.tto-
nium isotopic composition because this uncertainty can vary
widely depending on the sourceusedto obtain the isotopic in-
formation, asdescribed in Section 11above.

Guardini, et al,,z have defined the random, short-term
systematic long-term systematic, bias, and other components
of the measurement uncertainty, For most of the materials
listed in Table III, there is not yet enough infonnatior~ to seg-
regate the measurement uncertainties in this fashion. The tie-
veloper target uncertaintygiven in the fourth column should be
consideredan ovetvll systematicerror that propagatesin a cor-
related fashion from sample to sample, unless the measurem-
ent ~recisimt estimatul in the secondcolumn is significant,
in which citscthis componentwill propagntein an uncorrclated
fashion,

In Ref. 2, Guardini has also distinguished uer and devel-
oper measurement uncertainties on the basis of valid factors
suchas avttilablecount time, standtuds,and calibration curves.
In Table III, the distinction is instead based on ast user cx-

Y
Rricncc and what we think can be reasonably w ievcd in the

uturc using new coincidence counter designsand data analy-
sis techniques,

The developer target uncertaintiesin Table Ill often fall in
the rangeof 1% to 3% for well-characterized materials and S%
to 10% for scrap and waste, des itc the long list of potential
error sources iven in Table 1.

!’
x me target uncertainties can

be met in the uturc if a well-designed comciticnce counter is
available, if some good standardsare used for calibration, if a

careful measurement control program is in place, and if the
optimum assay technique rwommended in the last column of
T&ble 111is used. Other facility dependent factors that can re-
duce measurementuncertaintiesare describedin the following
section.

v. FACILITY FACTORS IN REDUCING
MEASUREMENT UNCERTAINTIES

In the future, coincidence cr ~nting measurement uncer-
tainties may be reduced try facility processingchangesas well
as by improvements in NDA tcchncdogy. Process improve-
ments that change material handling pmcedurcs may improve
assayaccuracy as well. Some examples am given in this sec-
tion,

Two im ortant goals in pyrochemlcal processing are re-
[duction in t e number of process steps and reduction in the

radir tion dose to the operator. Recent processchanges that
minimize the use of fluoride and magnesiurr compounds re-
duce the neutron dose from (a,n) reactions, and thereby im-
prove assayaccuracy, Pulverizing pymchcmical sandand slag
materials and segregating crucible parts, alw improves may
accuracy, but increases the number of process steps and the
operator exposure.

As facilities develop automated processinglines and rely
more heavily on remote htmdling, sample containers will be-
come more standardized,and materials will become more uni-
form in size, sha

r
, density, and impurity content. This will

reduce some of t c cmw sourceslisted in Table I and reduce
measurementuncertainties. Other sample matrix error sources
will be reduced by the trend towards more adminiwrative seg-
regation of waste for criticality safety concerns.

VI. APPLICATIONS OF DEVELOPER TARGET
UNCERTAINTIES

We believe thut the developer target uncertaintieslisted ill
Table Ill arc reasonablyachievable on a routine basisfor well-
designed passive neutron coincidence counters that are undrr
measurementcontrol and that have good calibration stunda.rds
avaihtble. These tvsults are achievable if the optimum ussay
technique recommended in the last column of Table III can he
incorporatedinto the data analysissoftware,

‘l”he dcvelo r target uncertainties represent reasonable
rgouis for new twilities that will have access to these tech-

niques in the future, or for existing fuwlitics that plan m up-
grude their NDA measurementcapabilities. Thus these tiirgct
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plutonurnIaotnpiccnmpshlon. Duacm miacd+xkk (MOX) are t!om Ref.,!

uncmahttlc~ can be used far cmm pro~agatloft studiesto de-
termine the usefulr!a of ncutmmcoirmdcnce counting u part
of the overall fnaterlak control nnd accountability plan for the
faclllt , or to determlnc whether coincidence counters can
provd useful processmonikminglnforrrmtlon.

The t.nrgctun:ertninties h Table Ill are not complete, and
rnnny of the values are estimates that require futlher study,

They arc Imcnded to serve as a starting pnint for further dis-
cussionand data colkctkwt, and we welcortmthe help of others
in building and Interpreting this data base. At [his time.
Table Ill can be used as a goal, and as a way to compare dc-
velo~r numbrs whh current uwr experience. Where current
experience Is substantially different, It will be important to de-
temnlnewhether the urgct values rcqulre mvldtm or whcthrr
the choice of a better may techniquecan yield resu!tsch)xcr10
the UlrgetValucn,
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