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of bulk plutoni,wn-bearlnq materials with high
~,n ~ate5.4 s.causa of tho ●strernaly hiqh n.u -

tron ratti, tho neutron coincidonco counting of
hiqh-a.n plutonl,urn bulk r~slduos has r,ot boerr
possible unt~i r~contl

t
with cho introduction of

Cast-ceuncinq upqradoe to the traditional ana-
]~c proportional Co~Js-loq circuitry J80d with

Cora, The high-lovol neutron coiacidonco count-
er, tho HLNC-11.6 is a conwnorcially available
W*11 counter that is aPPrOprlately upqrad-d,
Tho ●qui,~aleat upqrades havo alao boron installad
on several of ttro Ln-lioo thermal noutroo cOun-
ters (T?fCa) at tho Los Alarmos Plut~n~um Facili-
ty, TA-5S. On. of those T?lCs and an off-lino
HLNC-11 aro curroncly ●mplOyOu 8.t IA-55 in an
valuation of tho neutron soil!-intorroqation

●pproach for the ●aaay of plutoniun in hiqh-a,n
materials,

This paper docvmonts the proqresa of the
● valuation of the S1 method for bulk klutonium

.sasay. Tho work ia the joint ●ffort of the Los
Alamoa Safoquarda Aaaay Group and the PIAtonAum
Matal Tochnoloqy $roup and reliee haavily on
tho nuclear macerlala procoesinq, characterisa-
tion, ●nd handlinq capabilities of the research
and do,~elopmont orqan~sacion at TA-5S.

11. 81 ASSAY ~

For 5u11 plutonium-bcarinq material OC rel-
●tively constant Clsalle donaity aad dimon-
siona, tho maqnitudo of R(IF) la ● function of
both cho CiaoIl. contont ●nd tho kntcaaity of
cho aoutron aourco. Tho totala rat. La ● moaa-
ure or tho neutron sourco lntonaity. Thoro-
Corer tho ratio R(If)/T la ● function of tho
Ciasila content, TM dopondonco of this Cunc-
t!oo on a decroasoa ●a tho ratio of uncorro-
lacod (a,n) to corrolatod (f~asion) neutrons in-
crea$oa, Thoreforo, r.ha Ciaailo contont of ma-
t.orials such a- tho spent MSC ealra (for which
tho a,n neutron rat. Ia typically mar. than 90s
of tho totala rate) can b. troatod ● . ● almplo
function of R(lF1/T, indopondont of tha a,n

sourcm Vmrm.

The $implo $! ●aaay roql~ras s bnowledqe
,) c ?w.3 f,inctiorts. On. of these debcrlboa the
dopendonco of Lho Ciaaklo maoa on R([r)/T. The
other iescribes *he dependence )f RISF) on rhe
fei*.ile mats. The involse Jf rho second f~nc
tton 16 ‘he ,!ailbratlon func? ion for the ● ffec

?ivt fortlle ●aaay oared ,)n rho moaouzed ,m!llri
pll:ati,]n ~orrected) spon*anmoua fission realm
rat., Roth funr? iona .~n bO doterrminert with
$t~nda:,!., rho Iyeiati.w ume ,>t ?)taae r,nr
*Ion> In ‘ha simpie $1 ● isay merhod an b. du
s(!rlbod ~raphlcal:y using riq. 1. ?%0 me$, lred
R ? ,A?I) IS ‘Ia@fl *o obtahtl a firs? appr xima
?1,>,1 * > ‘ he ● rfe+.tive risatle masm ,

‘4 JI)pll ● rr, fl)m the ~raph ● t *hO 1 lqtlt * iii.
r FL.J. i, ?111s is h80d *Q 901,0 f.>t*h@ pl~!f?

IIlm ‘ma! J 1’1, wl~h ?he f,rrnul.a’

TOTALS T= T(SF) +T((i,n)

REALS R=R(SF) +WIP)
R[~) = R- R(SF)

MULTIPLICATION y- 2asPu.off

+ T(IF)

23’Pu-df(d

Fiq. 1, Graphic ! lluJrration of tho simple S1
asaay mothodoloqy. The plot at the rlqht is the
(moeaurou) ratio R(IF)/T vs tha ● ffscti,~a fls-
a~lo plutonium maaa. Tha plot at cho left is
tho (inferred) R(S?) ve tho etfoctivo fertile
plutonium maaa. Tho plots ● ro used ita, ~ti!~e!y
to coavorqonco,

+ 0.502 ● C240 . 1.167 ● r141

● 0.407 ● K24~

(1)



q 233 Pu-eff. Convergence at the 1% level oc-
curs after about five iterations. Note that
Cq. (3) is valid when a is very larqe.

111. PACXAGIUG MD NATXIX C(XWIDERATI(H3

The simple formalism doscribod abovo can
b. applied when tha a,n rates are very high and
wtsen the packaqe dimensions remain fixed, How-
ever, if the shapo of tho bulk packaqe chanqos,
or if matrix material is removed (or added) to
concentrate (or dilute) the plutonium, the mul-
tiplication chanqos, and R(IF)/T will chanqe
for h given fissile mass.

l%e USC salts, as well as other pyrochemi-
cal residues qonerated at Los Alamos, are stored

in t!our differant can sizes. Furthermore, the
bulk massaa typically very from 1 to 3 kq, al-

thouqh tho plutonium mass r.xroly ● xceeaa 200 q.
Because of hiqh radistion dose rates, the spent
salts ●re broken out ftom Use crucibles with
minimal handlinq. The containers of spent salt
held chunks ranqlrsq in six. from small qrains

CIJ larqe (-lO-cm) irregularly shaped pieces.
Also packed with the salt (moro often than not)
are tho broken pieces of maqrsesium oxide cruci-
ble. ~iaally, residues ah~pped to Los Alamos
from other sites arrive in their own character-
istic containers and display other packaqinq
and matrix dissimilarities relative to the Lon
Alamos-qeaoratod res~duas,

Iv. SIWLX ~RL W PACXAG I ffi AUD nA’mIx
Rrrxms

The calibration Cor the S1 ●ssay consists
of two functioas describsd graphically ~rs Flq.

i. The quantity R(IF)/T for ● qiven 239Pu-efC
mass will difte. from tiie result dotormined with
the standards Lf the bulx material is in a d.f-
Cerent-oisa packaqe Crom that of the standards

●rid/or if tho VOIWW of matrix in tho bulk mate.
rlal differs from that ot tho standards. It in
decirable to N able to correct t.ho calibration
based on the obssrvod bulk properties to that ●

sinqle calibration (obtained from one set of
standards) , appropriately corcected, ~.an be
used for all pdcknqe dimensions And macri~
quantities.

A macroscopic cxpretst3rr IS derived for
?hit purpose, TOr t)uik flsslle material. Fhe
fraction of neutrons p-oducerl tiithin ?he b(llk
mass that induca fistlon in a sInrJlo -oliistf)n

1s

o ● br@x
f ● 1S

n,f
1

(4)

and x is the neutron path lenqth. The averaqe
chord lenqth throuqh an object of arbitrary
stMpe8 is

E=40v/a, (5)

where v and a ara the volume and surface area,
respectively, of the object. For a cylindri-
cally shaped object, ~ can be exDresse3 as

i=2eh0r/(r+h) , (6)

whero r and h are tho radius and heiqht, respec-
tively, of the cylinder. The Cissile atom den-
sity for a cylindrical packaqe IS

p.nfeNolA*w*r2e h. (7)

where Mf is tho flsaile mass, and No and A are

Avoqadro’s numbr and the ●tomic mass (2)9 for
low-burnup plutonium), respectively. Assume
that X is proportional to 1. Substlt~tirsq
Cqs. (6) and (7) into Cq. (4) (where ~ replaces

X) qives the fraCtIOn of neutrons produced with-
in ● cylindrical bulk mass that induce fission
in ● iisrqle collision!

where

1s the qeometry factor.

For rwo cylindrical bulk items, ; and J,
with the lame Mf but different r and h lbecsus-
,>C different container and~or matrix qu,tn,i
?10s1, the (stio of the induced. fiaatorr po)hi~
bii ities ii



The oriqinal standards were neutron counted in
the HLNC-11.

Two se?s of standards wero prepared for use

in the caiibratior and evaluation of the S1 aS-
Say. Because the special nuclear material (SNM)
used for these standards was a recent product of

scrap ,-ecovery, the amriciurs levels were low.
The high a,rr race requirement was achieved with
Pur4 , and in some cases, the standards contained
PU02 admixtures. The major components of the
standarda were KCl and NaCl salts in ●qusl molar
amounts, typical of many pyrochemical salt resi-
dues including most MM salts generated at Loa
Alamo,. All S~ used for the standarda as well
as all process materials reported herein con-
sistod of low-burnup (6% 240PU) plutonium.
Therefore tho calibration data and subaoquent
a~say results are presented here va total pluto-
niwr mass. which is directly proportional to
total fissile mass with a negligible ● rror

(<0.5%, la).

The “original” standarda,9 1-s, consisted
of weighed emouncs of PuF4 anr3. in four cases,
Pu~4 and Pu02 (to vary the maqnitude of the a,n

contribution to the totals rate) mixed with 300

q W12 (the MS12 osidisiny agent) ●nd ●nouqh KC1
and NaCl to achieve ● total maas of 1000 g,
Standards 1-4 contained no PuOZ. l%. parcent
plutonium contributed by the PuO~ to the totai

plutonium mass in standards 5-8 was 18, 24. 62,

and 51, rospcct.ivsly. The salt matrix masa is

low compared with typical bulk salt maaaes ob-
served for spout MSC salts (>2000 q), Th@ oriq-
inal standards were packaqod in No. 10 sl.lp-lld
stainlesa steel cans (pictured la ?iq. 2). The
average ratio of tha stolchiometric plutonium
masses of the ori~inal ~tandards to seqmented

qarmrm scan ●ssays (preciso to 2.S%. la) p*r-
formad oss cheso standarda was 1.03 ● 0.01 (la).

~--1

● +s2 ● Zrs, t JOo TALL, r4LL-O

Flq 1. nrawillqs (r ph. containers used in the

standards brudy )C par:kaqinq ●nd matris ●ffects,

Because the original standards had be~n
shipped to another site tOISSpOrarily, after com-

pletion of measurements with the HLNC-11 (and
before the TriC upqrado), a second set of stan-
dards was prepared to provide additional cali-
bration data for the HLNC-11 and for tha upqrad-
ed Tt4C and also for use in a study of packaqinq
and matrix effacts. The “new’” standards, 9-14,

contained only PuF4, KC1, and NaCl, and were
packaged initially in the same Ho. 10 cans used
for the original standards. The masses of the
salt matrix WOK. chosen to aclsieve a total mass
of 1000 q initially. The PU?4 used for the new
staudards was recently prepared by hydrofluori-
nation or Pu02. The batch waa mixed and three
samples wore taken for destructive analysis be-
fore the PuF4 waa weighed out for the standards.
The samplinq and weiqhinq were carried out on
the same day in a dry air atnroaphore. Table I

gives the plutonium masses for the standards
computed from stolchiometuic weiqht fractions

applied to the woiqhed quantities of PUF4 as
well as thos~ obtainod uainq tho weight frac-

tions from dfistructive analysis, Tho agreement
is ●xcellent. (Refer to Table 1,) For addi-
tional ver~,fication of tho reference values,
calorimetry and qama isotopics10 moasuromonts
were performed on the individual bulk staadards.
Aqreemaot with the reference valuea to -0.5s
{the approximate uncertainty in the nondestruc-
tlvo ●ssay resut) ie obsorved la ●ll brt one
comparison, aa shown in Table 1. ALso, the non-
deutructiva ●ssay result for ●taadard 9 (for
which there is no A,estructlve ●nalyals reference
vaiuo) confirms the oriqiual result obtained by
wiqhinq ●nd stoichlometry. The new standards
woro meaaured in both the WNC-11 ●nd tha TNC,

but only tha HLMC results ● re reported here.

The oriqinal ●nd tho a.r$ standards were
neutron counted In the No. 10 containers, The
now standards were transferred first to No. 20

●nd chon to “call” containers (Refer to Flq, 2.)

aod recount~d. Finally, the new standards wore
diluted with ● n additional 1000 q of NaCl and
counted in the tall ●nd No. 20 cans aqain,

Uslnq tho reference valums Cor plutonium
mass and tho plutonium lsotopics results from
rhe qasnma spoctrometry measurements, tho R(Sr)

values are computed for ●ach otandard usinq
Cq . (2) ●nd

R(st’) . 18.14 ● g J40PU-OCC , ( 1))
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PuF4 STANDARDS

Grmmo Plutonium (la)

c
Hmiqhca Rafcranco

b
Cu-Iscld

Uoight
So faronco

(10)
a:%. ( ‘u’

25

15

12s I
200

so

75 1“

100

1s0

2s.0 (0. a) as. z (0.1)

4s.6 (0,2) I 49.6 I 49.7 (o.~) I 1.000 (0,004) I 1.002 (0.004)

99.1 (omJl 99.2 102.0 (0.4) I 1.001 (0.002) l.oa~ (0.004)
I

I

14s.0 fo.tl 169.0 I 149.0 (0.6) 1,000 ro,ooa) 1.00Y (0.004)

1

Wm-1-lv !“0’’[0’7’!’”000’0’00”!-—1.000 (0.004)

J97.I (0.JI I 297,9 I291.J(1.1)I 1.000 (0.001) I 0.900(0,004)

I Av.rqm L .000 l.ooa
Standard 5ov Iac Ioo ? 001 0.91J
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Flq. 3. Tho R(IF)/T results VS plutonium masn
io tho PuF4 standards. The fit to the old starr -
dards data Inoavy solid line) is tho calibration
function used to assay tho procoss materials.
Tho fit to tho now undiluted standards data

(thin solid line) is corroctod with the simpla
modol for tho dilution ●ffoct to qive the dashed
lirlo. Tho fit to tho now diluted standards data
is tho dottod line.

Tho radius and fill hoiqht (r ●od h, ro-

spoctivoly) of cacl’r n-w standard in sach of the
fivo packaqo/matrix configurations ● re given La
Tablo 11. These dimensions hr. used to computo
C? [Cq. (9)] with tho qI volues dofirrod hy ktq.
(84)! Tho C? valuo in this taco is the pr@dict-
● d ratio of R(If)/T valucc for a fix-d fisailo
mass la two difforont packaqos, on. of which is
tho undiluted st~ndard in the No. 10 can. l%.
prodictod ratios ● ro ?ivon in Tablt 111. ‘Tho
umcortaintios lo the prodictad ratios ar~ ob-
cainod from tho uncortalnti~s in tho r and b
values, ● s dofinod in Tahlo II.

Tablo 111 ●lso qiwos tha moasurad CF value,
ttro msasur@d ratio of R~lF),T for tnc standard
in the No. 10 cen to that in ● ach CJf ?ho othor
packaqo/matrim corrfiqurarions. Tho uncarralnty
in tho meaaurod ratio is obtained from t.ho ctan

dard deviation in tho moan rtsuit ,JC measur@-
mants of .ach parkaqo pcrformod on dif”oronc
days .

The predicted CF values for the dil...ed
standards are larae (1.70 and i 54 for the tall-

D and 20-0 packa,,es, respectif/ely) and constant
within uncertait ties for the t Wo D-pac.uage
typeg. The observed results are noc as large
and show significant variation as a function of
tht plutoniunr mass. The plotted results in
?Iqo 3 illustrate the trends. The data points
are the values of R(IF)/T vs plutonium mass.
The lines through the data are tits. All data
for the undiluted new standards were used to oD-
tain a slnql~ fit. Tho U(IF)/T values from cnis
fit wore divided by 1.70 (tha pred>cted CF rs-
sult for tho tall-D standards) and this result
is plotcod as the dashed lina. The observed re-
sults for tho tall-D standards ara also plotted
with a straiqht-line fit (dotted) to these
points.

The model appears to improvo as the pluto-
nium mass dscreas+s. The increasing qap ob-
served (in rlq. 3) between the predicced
(dashed) ●nd observed (dotted) C? values as plu-
tonium mass increases is probably larqely the
result of plutonium self-shieldinq affects,
which are not iocluded in the model. The self-
shioldirsq is qreatest for the larqe-plutoniaw-
mass stand?rds in tho undiluted matrix. For
theso standards, the observed dilution affect
is partially compensated for by a decreaso in
self-ehleldinq. IJnfortunatoly, thO large varia-
tions in matria amounts achieved by dilution of
the standards are realistic for actual pyroch@m-
ical residues. To proporly quantify ‘ho colT-
bined ● ffec’ts of packaqo sise plus matris quan-
tity ● s WOL1 ● s self-shleldinq and othor system-
atic ●ffects that may rwsult from the chanqes
in macris quanclty and qeomotry. ● microscopic
calculation such ●s s Monte Carlo simulation is
recomwrandod.

The dats plotted in ?Iq. 3 show larqo vari-
ations In the obsorved siqnal for a q~,,on ron-
tainor ●s the amount of matrix chanqes. [n ?ho
sbaonce of t model to correct the calibrat!~n
for matrix quantity, a calibration is dotcrminect
from the data for tht oriqln.sl standards, Th~$
is applied tu tha neutron countinq r~iults ~!Y

tainod with the process m,+tt!riais, The J a:lhri
tton ● quaclon (an ●xponwntlai fit *.o ●he . ,1,3,+
in riq. 1) Cor low-burnup plutonl~ Ii

Equation (11} corrasponda *.J ~ha I ~n:cr[ ;*
,f the) right. hair of riq. 1 In ‘he qraphl !*

Scrlprion of the S1 asssy mothodoloqy. :he .IJI*
/lslc of rlq. 1 is reprcs~ntod !ry CJ, I 10I,



TABLC 11

DIMEWSIWS W Puft STMIDARDS USED IN PACKAGING ST,

Dlrnnsioaa (~;

*. 10 No. 20 Tal 1 Tall-o Ho. IO-D

Std r h r h r h r h r h
.

9 5.17 9.11 6.07 6.67 5.a9 &.ze 5,a9 1s.26 b.01 13.11

10 5.17 9.1s 6.01 6.99 3.19 a.s9 5.a9 18.57 6.07 13.97

lL 5.17 0.71 S.07 e.a7 5.19 8.41 5.29 ls. tl 0.07 11. s1

la 5.17 8.73 6.07 S.J5 5.19 8.10 5.19 1s.41 6.07 11.6s

11 5.17 S.41 6.07 5.s8 5.19 7.7s 5.a9 16.9? 6.07 12.16

lC 5.17 7.7m 6.07 9.40 5.29 6.s3 5.a9 15.07 a.ol 11.15

%ha uacortalncy Ii@) la tlka B value, doComAti trm CM scatcor shut a
ttraiqhc.llm fit co qr9# Pu w h. la 17.J5 cm, ~ uncsrc41ncy 1s r 1s
acsuud to bs half CMO -ut.

SCUTIVC INDWCD rlSSIU ?SOSABILITICS

d==
19 ‘“90 “0°

I 10 1,.00 ,.00
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11 ; 1.)0 1. (10
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II ‘ 1,00 1,00

:.70 1.30

●?9,

No. 10

1.05
[0.04]

:.03
[0.04]

1.01
(0.04]

1.0s
[0.09)

1.01
[(J.041

0.90
[0.11]

0.06
(0,0s)

O.ql
[0.0s]

0,91
[0041

0.00
(0,0/1

1,,11
[flrlll ~

q,(wo, lo)iq~
~ctod [lej Obcarvod [lu]

Tall 1 Tall-o I won JO-D
A

0,97 l,Ob 1.39 1.60 1.60 1.41
[0,04] [0.11] [0.01] [0.10] [0.06] [O, lz]

1.00 1.06 1.6@ 1.4q 1.6Z 1.10
(0,04] [0.041 [0.01] [0.07] [0.061 [0,01]

1.01

[0,041

0.99
!0,04]

0.09
(0,041

0.06

1.04 I I.-4 1.12
0.01] [0.01] [0.01]

0.90 1.74 1.11
0,04] [0.07] [O, otj

‘1.07

I
I.o# 1.10

).OJ] [0!011 [0.01]

I.oc 1.61 1.18
in.04] :0. ’ii] [0.0?1 10.01]

l.bs 1.11
[0.06] [0.001 I

I
1,67 1,10 I

[o. nal 10.13JI I

1.04 1,10
[0.061 [0.011

1.6Z I.JI I
[0.03) 10,011 I



for most process residues, so that a calibrc.tion

based on these data is expected to underestimate

the plutonium mass of the process materials ex-
cept for those with lower matrix quantities.

VI. M2tASUE~ OF PEWXSS SSSIDIJSS

The neutron S1 method is one of several new

approaches that offers some promise for assay of
plutonium in MSC sales. A study to evaluate
these new approachesll has provided plutonium
reference values far the residues that were ob-

tained by aaalysis of solution samples from the
dissolution of the MS? salts (following the bulk
assays parfolmed by each of the candidate meth-
ods ) . Americium analyses were also performed
on the dissolved samples. Fourteen MSE salts
were involved in the study. To date, four of

theso have been dissolved to give reference val-
,19s , However, an additional five k4SE salts (not
includt?d in the larger study) were dissolved in
an effort to test the dissolution and subsequent

L[D

120

161

470

100

10)

284

266

184

analysis procedures, and plutonium and americium
reference values were obtained for these five.
The THC and the HLNC-11 were used to count all
of the bulk items before dissolution.

The S1 method, calibrated with the data ob-
tained from the original standards counted in

the HLHC-11. produced the plutonium assay re-

sults given in Table IV. The S1 assay results
240pu value because a chanqe ‘nvary with tr.:

240Pu-eff alters the R(SF) value computed and

used in each iteration [in Eqs. (lC) and (3),
respectively] . The ratios of the S1 result to
three different tag values [destructive (DA)
and nondestructive (NDA) analysis as well as

values obtained by difference] are also given in
Table IV for ●ach dissolved salt, and these ra-

tios are plotted in Fig. 4 vs plutonium r,ass.
The neasured precision of the S1 assa} for these
materials is 2% (lu). The standard deviation in
the ratios (with DA and HDA tag values) is 10’?J,
most of which can be attributed to the S1 assay.

7AELI IV

ASSAYRESULTS rOS DISSOLVSD MSS SALTS

+1.1
:0,0s91)

109. s
(0,0596)

96.6
(0.0s96)

101.1
(0.0591)

101. Q
(0,05s9)

90.1
(0.3537)

111,9
,n,04b7)

:04.1
,.I ,)611)

I

44,6
,0.0579)

116.9
(0.0511)

101. ”
(0.0930)

196. e
(0.0814)

M(A

fll A

tl/A

19/A

M/b

PO rrmj

DA
Iocopics

+1.1

(0. osal)

lLO, I
(0.0s91)

?s.1
(0,0$81)

19s.9
(0.060s)

104, 1
(3,0s13)

41,2
(0,13821

2s9, 1
(0. J!47)

110.1
(o, J5711

36,0
[o,06iel

)

Av (10)

?].7 ,0,0s)

112,1 (1, S%)

90.9 (1,4s)

90.9 (1.1s)

101.0 (1.5s)

!9,0 (1.~~.)

100,8 (s,]\)

101,A (4,1\)

?!.7 10 3s)

DAC

,11.6
0.84)

,as,9
(0. ss)

Q9. O
(0.99)

198.7
(1.00)

102.4
(1. ,IJ)

Len. o
().01)

186,0
(1.09)

119.9
(0,92)

!9.7
(1. dl)

TAG
~Ia,~~~

fiDAc

106
(0. an)

111
(0.91)

9s
(1.01)

18b
(1.07)

109, S
(5, ?5)

103,6
10, s3)

26$,0
(1.09)

111.1
(0.91)

,~1 9
‘ 41)

3r-Drrr

N/A

195
(0,571

106
[0.911

N/A

106
,0. J8)

111
11,71)

140
(2.07)

110
(1.(10)

IJ8
,0, ,$)

——



2.5(2L I iA 0’ “ ‘A;i IIAGE~ ldk7
}---

. ~A1*d–
- _r -- ----

0.96 0 10

0 NOA ‘a) 0.90 ().09 1
2.00- x

j x 9V DIFFERENCE i ~ 0.s0
,

! 00—... -
(,) .,,., ,~m~~,~m

o
: 1.50 ;. i
.,.

_a 0

0.50 ‘-
x .

0’ 1 . . .. _._.. L ._..
50

—-.-.~... ..–~-—. _---i
100 150 200 250 300

s Pu (DA)

Fig. 4. The ratio of tht S1 assay result to the tag value vs
plutonium mass (determined by destructive analysis of the dis-
solution samplas~ for the dissolved bulk MSE salts.

Although 10\ is a significant improi-ement in the
SOS result with by-difference tag values. fur-
ther improvements are desirable for accountabil-
ity assays.

The dissolution results indicated americium
levels of 11 to 3% (relative to plutonium) in
the low-burnup MSE salta. This is consistent
with expectation based on gamma spectroscopy
measurements of bulk salts of this type, Be-
cauce the 2% s 1% americium conteut is a fiaaile

component, the uncertainty introduces an addi-
tional (iO.F\, 10) uncertainty in the effective
fissile content, g 23gPu-eff [Refer to Eq.
(l).], and hence in the S1 assay result.

VII. DISCUSSI~ Or RESULTS

The 10% standard deviation in tho SI/TAG
ratios (where the taq values are the reference
vaiuos) for the MSE salts is partly a result of
variations in :he quantity of salt matrix (and
other non-SNH components of the residuo such as
crucible pieces) in the bulk material within the

containers, All bulk MSC salts were assayed in

No. 20 cans. Therefore, a correlation between

SI/TAG and the container fill heiqht (or perhaps
the bulk mass) is ●xpected.

Fiqure 5 is ,s plot (large points) of the
SI./DA ratios vs bulk amounts (masses aad fi!l
heights) of the four MSE salts (those involved
in the larger study) for whlcn these quantities
wave determined b@Core diasolutioa. If the as-

say is unbiased, the ●xpected ratio is unity,
The ratio shows a decrease vs either mass or
fill height, tho ●xpected trend for the matrix
“dilution” effect examined previously. To de-
termine whether the cbservod slope is consist-
ent with the magnitude of tho dilution ●ffect,
the results of the measurements OC the new stan-

dards (from the matrix and packaqinq study) are
also plotted in Fig. 5 (small points). These
are ratioa of the S1 assay roeults tor the new
standards. The denominator in each case is the
S1 assay for tho (undiluted) standard in the
No. 10 cars becauae this geometry matches that
of the calibra;ioa standarde and should be im-
mune to the systematic ●ffects of packaging and
dilution. The numerator is the S1 aasay for
the repackaged standard (No. 20 and tall cans),
undiluted and diluted. The ratios are plotted
vs the fill heights Of tho repackaged standarda
qiven in Table 11. Tho results for e.ch pack-
age show a aystomatic trend vs standard mass
(defined by the smooth curve that connects the
points for ●ach package, wherm the larger fill
heights correspond to lower plutonium masses),
but the overall trend vs fill height resembles
that for the MSE salts. The average plutonium
mass for the Cour MSC salts is 137 g. The

straiqht line labeled BCF (bulk correction fac-
tor) is drawn to intorsact the smooth curves
Table IV and Fig. 4 between ch. points for the
100- and 150-g standdrds. This line is the em-
pirical evaluation of the dilution effect based
on the results of the packaqinq and matrix study
with the stanclarda. Correcting the S1 aasay re-

sults with the BCF (aa indlcatod in the lower
left of riq. 5) reducer the standad deviation
in SI/DA by a factor of 2 or .mora. This large
improvement provides justification Cot a contin-
uation of the modellnq ●ffort that will qenerate
‘. calculated correction to the R(IF)/T assay
siqnal based on the obsorved bulk properties.

Table V gives the neutron counting results
for the nine MSt! salts for which reference ,/al-
ues have been determined. These ale used w~th
nuclear data for spontaneous-fission decay (the
average neutron multi licities for

!?
240Pu sponta-

neous firsion and 23 pu induced fission of 2.15
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and 3.16, respectively, ars~ the 240Pu sponta
noou8-fissicn decay rat. of 472 S-l g-l) and
with kno- HLJ2C-11 countinq ●fficiencies [0.175
for totals and 18,14 s-i (q 240Pu-eff)-1 Kor
r?als] to compute TRAT, tho ratio of uncorro-
Iatcd to corrclatcq neutrons. Th9 simplo S1
mathod roquiros this ratio Co b. large. For
most MSIE salts, it oxceedb 20. ?or somo (eape-
cialiy for ID 300), it is much smaller, and this
leads to a significant fraction of fissions that

are induced by corr-latod neutrons. These hiqh-
er multiplicity inducad-fission av~nts causo a
positive bias in tho simplo S1 as8ay For the
ID 300 MSE salt whore TRAT is -5 (bocauso this
salt is tha rasidua of a second amricium ex-
traction of impuro metal), tho expcczad bias is

-14\ relative to tho PuF4 standards (for which

‘RAT varies between 40 and 80). When TRAT is
20, tho expected bias drops to -2S. Because
this effect can be quantified once TRAT is
known, it is proposed that the sifnplw S1 assay

b. modified to correct the assay s~qnal in an
it.erativo manner in tha cases of double-extrac-

tion (or other low-americium! spent MSE salts,
‘This Sffort will be putsusd,

VIII. ~

The simple nou~,ron self-intorroqation assay
methodology has baon applied to spent salts from

americium molten salt ●xtraction. For assay re-

Sultz precisa to -2S, la, th. obsorved accuracy
is -10S, 10, TIM accuracy is showo to improve
to 5S or better with corrections for’ variable
amounts of (non-SNM) matrix. Other effects that
are shown co contribute to the aasay uncertainty
are the uncertainty in tlM 440Pu isotopic cOn -
tent (contribucinq -2.5>. 10)? the uncertainty
in the amount of (fissile) americium (contrIbut-
incj -0.5S, la), systematic mass *ffects observed
in the results of the matrix/packaqinq study
(contributing -3%, la), and ~yscematic effects

resulting from departures from the simple S1 as-
sumption oi neqliqible induced fission Dy corre

lated neutronx, The latter effecc ran be ar!-
dressed with a correction applied to a -ieco,ld
iteration of the ximple S1 dssay, The bu;k ImI-
tris correction can also be incorporated wl~hi:~
each S1 assay baar)d on the known bulk mass >1

fill heiqht of the packaq.. Monte ‘Iar!o .ai ‘J

Iatlons of the packaqinq/matrix effects are .

,:ommended. ‘he accuracy of the correrred ts;?:;
result should be -5\ or better.
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