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TEST AND EVALUATION OF THE DUAL-RANGE COINCIDENCE

COUNTER AT THE SAVANNAH RIVER PLANT

by

Norbert Ensslin, Ann CGibbs,
Cloyd Denard, and Paul Deason

ABSTRACT

This report describes the test and evaluation of a
Los Alamos National Laboratory-designed dual-range neutron
coincidence counter at the Savannah River Plant Separations
Area. A variety of incoming plutonium metal and oxide
shipments were assayed with the counter. Assay accuracies
were 29 1 0 for pure metal, about 10% 1 o0 for impure metal,
and 3% 1 o for oxide that was analyzed on a batch-byv-batch
basis.

[. INTRODUCTION

The dual-range coincidence counter (DRCC) was designed at the Los Alamos
National Laboratory for the assay of a wide variety of plutonium samples. The
assay Ls based on passive coincidence counting of neutrons from the spontaneous
fission of the even isotopes of plutonium. If the isotopic composition of the
plutonium is known, Lhe total mass of plutonium can be deduced. For large
samples of metal or oxide, a count rate correction and (in some cases) a self-
multiplication correction are applied to the data.

At the Savannah River Plant (SRP), efforts are under way to provide rapid,
nondestructive methods to assay the plutonium product and scrap. Timely inven-
tory verification measurements of stored materials are also needed. Such mater-
ials are usually plutonium metal or oxide contained in sealed stainless steel

cans of various sizes. The plutonium content of these containers ranges



from 60 to 2000 g, with 6 to 20% 2Z‘OPu content. The capability of the DRCC to
provide assays and inventory verification of these materials was evaluated for
the following four categories: (a) pure plutonium metal in the form of buttons
or scrap, (b) impure metal with oxide or other coatings, (c¢) plutonium oxide,
and (d) slag and crucible or other scrap materials. The results of this evalu-
ation, including recommendations for future assay procedures, are reported in

Secs. V through VIII below.

I'f. TEST AND EVALUATION PLAN PROCEDURFE

Evaluation of the DRCC at SRP was initiated in February 1979, when the
instrument was installed at the Separations Area. The results described in this
report include all assays performed through July 1980. At SRP, Ann Gibbs,

Cloyd Denard, and Paul Deason were the scientists using the DRCC. Also,

Ken MacMurdo helped to establish the test and evaluation plan and install the
instrument.. At Los Alamos, Norbert Ensslin was the principal investigator.
Wendell Belew of the Savannah River Office of the Department of Energy was the
project coordinator.

Los Alamos was responsible for providing the DRCC and its associated elec-
tronics package to SRP. Los Alamos provided documentation describing the oper-
ation of the detector and the analysis of data. Los Alamos also provided assis-
Lance with calibration of the instrument, interpretation of measurement results,
and repair of the equipment. Los Alamos personnel are available for consulta-
tion on future measurement problems with the DRCC.

SRP was responsible for the routine operation of the DRCC, including the
performance of measurement control assays. SRP performed a sufficient number
and variety of assays to determine the accuracy of neutson coincidence counting
for much of the material passing through the Separations Plant. Some measure-
ments were repeated to test assay reproducibility and precision. SRP maintained
a record of all assays performed with the DRCC. This record included sample 1D,
sample type, isotopic composition, and plutonium mass as determined from total
weight, stoichiometry, or plant by-difference values.

Lastly, SRP was responsible for providing independent confirmation, if

possible, of some fraction of the samples measured in each material category.



In practice it was not possible to obtain calorimeter assays or destructive
analyses of any of the samples measured during this period. Calorimeter assays
of oxide and metal samples similar to those assayed in the DRCC were typically
within 0.1 to 0.4% of the tag values. For pure metal samples, weight values
were typically in good agreement with tag values. Thus it is not likely that
the lack of independent confirmation introduced an appreciable error in the

evaluation of the DRCC accuracy.

I, DRCC PHYSICAL DESCRIPTION AND PERFORMANCE

For in-plant applications, it is often necessary Lo assay samplcs ranging
in size ftrom less than 1 g to greater than 2 kg. To achieve this wide-range
capabtility, the dual-range counter was designed with removable cadmiom liners
near the ij detectors. These liners absorb thermal neutrons and can be in-
serted for low-efficiency operation and removed for high-efficiency operation.

The geometry of the counter is shown in Fig. 1. The cadminm liners on both
sides of the middle polyethylene cylinder are removable.  The detector consists
ot 24 3Hv tiuhes of 2.54-cm diam filled to o pressure of 4 atm. The inner and
onter aoderators are each 3.5 cm thick., At this design thickness, an amount of
hydrogen or other moderator equivalent to up to I cm of polyethyvliene can be
added to the sample matrix with little change in the counting efficiency, as
illustrated in Fig. 2. {(The centimeters in this figure refer to the inner and
onter moderator thicknesses.) The cadmium siecve on the inside of the well
stops low-cnergy neutrons from scattering back into the sample. This minimizes
criticality problems and reduces multiplication for high-mass loadings. The
outer cadmium shield ifmproves the effectiveness of the exterior polyethylene
shield. This 10-cm-thick shield reduces delector backgrounds significantly in
plant environments, where a large amount of nuclear material is often close at
hand.

In the high-cfficiency mode of operation, with the cadmium liners removed,
the DRCC etticiency is about 22%, with a die-away time of 52 us.  In the low-
etticiency mode, with the cadmiam lincers in place, the etficiency is about 7%
and the die-away time is about 16 ps.  Although the low-efficiency mode was
intended for large plutonium samples, it has bheen found that the new elecironics

package described helow can accommodate the count rates produced by 2 kg or more
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Fig. 2. Design data for the dual-range counter showing etfficrency and

die-away time as a function of polyethylene moderator thickness
as determined from Monte Carlo stud:es.

of plutonium metal or oxide in the high-efficiency mode. Thus the measurements
described in this report were all made in the high-efficiency mode.

The eiectronics package (Fig. 3) contains a high-voltage power supply. six
amplifiers and discriminators, and a "shift register” coincidence circurt. This
circuit records coincident events in a nearly deadtime-free manner. Ads a result,
the electronics can operate at count rates of more than 100 000/s and can evasiiy
accommodate the count rate produced by 2 kg or more of plutonium oxide. The
electronics package transmits the data received during the assay to a HP-97
calculator. At SRP the calculator was programmed to applv count-rate and secif-
multiplication corrections to the data, to calculate the statistical error, and

to determine the mass of plutonium from a calibration curve.
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The pertformance of the DRCC during the test and evaluation period was good.
Repair was required twice: once to replace a preamplifier and once to replace a
high-voltage cable. The stability of the instrument was also good. No long-
term drifts were observed, and from month to month the efficiency was stable to
0.9% 1 0. These measurements were made with a californinm neutron source and
are subject to a statistical uncertainty of 0.5% 1 0. Thus the actual stability
1$ probably better than 0.9% 1 g. Assay reproducibility was checked by remeas-
nring 14 samples after a one-menth interval, with the result that the average

change was 0.4 2 0.2% 1 0.

Vo DATA ANALYSITS PROCEDURES

This section describes the procedures used to treat the data collected with

the DECC. These procedures consist of the following steps.

(1) perform measurement control assavs hefore counting unknown samples,

(o) for each unknown sample, collect coincidence and total neatron connt-
rate data,

30 apply connt-rate corrections,

(%) apply selt-moltiplication correction (1t werranted),

. 240 . .

(53 catculate the mass of Pu trom a calibration curve pased on earlier
ansays, and

(61 calcubate the total mass of plutopium from the known isatopic camposit-

tron of the sample.

fhe measurement control procedure consisted of counting room background, a
calitornium neatron source, and 4 PubBe neutron source hetore everv series of
sample assavs. The backpgromid varred between 300 and 8000 (ps, depending on the
becatvon of the DRECC with respect to the vault. This background count rate was
stuhtracted from the observed total neutron count rate of each assaved sample so
that the et total count rate could be used tor the self-miltaplication coerrec-

tion. AU 8000 «ps the background s an apprecirable traction of the sample

cimisston rate. These measurement control data suggest that extra shielding



should be stacked around the detector when it i1s used near the vault. The
corncident and total neutron data obtained from the californium source were used
to verify thai the efficiency was stable to within 1%, as described in the
preceding section.  The PuBe source provided o high total neutron count rate and
a very low coincidence count rate. These data helped veritfy that the coinci-
dence circuitry was functioning properly.

For each unknown sample, the assay data consisted of time t (300 ¢ was
nsed), total neutron counts T, real-plus-accidentsl coincidences R + A, and
accidental coincidences A, The {P-97 caleulator program converted these raw

data Lo

total count rate T = T/t,
coincidence count rate R = [(R + A)-(A)]|/t, and
coincidence count rate error 05 = (R + A)+(A) /L

R

he coincidence deadtime tor the DRCC, 2.4 us, was determined at Los Alamos

betore shipment to SRP.  Then the count rate correction applied at SRP was

T = T(moasur@d) exp(l.2 T) - bkg aod

R = ﬁ(xn(nlsllr(wi) exp(2.4T)

A self-multiplication correction was then applied to the metal data and to
most of the oxide data. The magnitude of this correction was based on a meas-
nrement made at Los Alamos ni the ratio of coincident to total neutron count
rates tor a small, nonmultiplying metal sample, ﬁ“/fn = 0.122. Then, for each

sample assayed, the calculator computed the ratio

r = L (1 + o) . (n

R/T will be greater than Ro/To’ and r will be greater than 1, if the sample is
undergoing self-multiplication. The « is the ratio of neutrons produced by (o,
n) reactions to neutrons produced by spontancous fission. o = (0 for pure metal.

For oxide, « was calculated from the equation



14000f-238 + 43f-239 + 160£-240 + 2960f-Am-~24] (2)
k1(2.3f-238 + f~240 + 1.6f-242) ‘ -
The weight fraction of ecach plutonium isotope is denoted by f-238, etc. The
coefficients in the numerator are the neutron production rates trom (u, n)
. . . . . 1 .
reactions in the oxide of each plutonium isotope. kl = 1017 is the value
. — . 240 _ . . S
chosen tor the neutron emission rate per gram of Pu. This vaiue 1s with'n
experimental error of published values but was actually selected to be self-
consistent with the measured efficiency, measured RO/Tj ratio, and measured
[
response per gram of pure metal in the DRCC. This selt-consistency constraint
is described in the following paragraph. Lastly, the isotopic fractions in the

N
. e . 240 - . . | .
denominator denote the effective Pu fraction ot the plutonium. This allows

for spontaneons fission in the other even isolopes.

Unce v oand @ are determined, the net leskage maultiplication M is computed

from the eguation

J
31+ wdMT - (3,022 4 4.192¢ + 0.869r)M + (1.1920 + 0.891) = 0 . (B

This equation is similar to one given in Ref. 2, but is based on an improved
derivation (to be published). The self-multiplication correction factor is then

Mr, or

n = Rk
™) 40 I/k211 , (4
if a linear calibration constant k2 is used.  For the pure metal samples assaved
. ) L 240

in the DRCC, k, was ohserved to he 27.3 coincidences/s-g Pu. Als., the

2

measured totals rate may he represented by

T = M(1 + u)eklmzao . {5)



Fguations (1), (43, and (5) are sell-consistent only i

ek, = k /(R /T ) . (6)
1 2 0O
240 . . .
Frem koo (b)), k] = 1017 n/s-g Pa 1t the DRCC peatron detection etticiency
20,22 and the other constants have the measnred values given above.

The general data analvsrs procedure actual by used oo the HP~97 caloulator

program was Lo correct R otor count rate booses and self-moltiplication and then

- 240 \ .
Calculate the mass of =7 Py effective from Uhe noni inear relat ionship
m , = carrected R/0A BR) . L7
240
The coefticients A B, Ty U aed covartance AL B were calonlated at s
Abamos nsrng o nonlinear least-squares=1at code . No standards were v bable gt
SRE to provide the nput data.  Thuas the first 10 to 20 samples of metal .and

oxpde were used Lo generate the coctticrent: o aonaming the prant values for
thernr massen. Then all further samples vwere assaved using these coeffroients,

For each sample assaved, plant data on the sample inotopic compositbion were s o
. 240 .
Lo compute the fraction of Pu etfective, Ihen the total mass of plutonium

was determined trom the relation

= 2.5t=-238 + t-240 4+ RESE e }

Mol mZAO/( Yt =2 38 t-24 I.et-242) (&)

KESULTS FOR PURE METAL

Table | summarizes the accuracies obltained tor the four categories of
materral assaved with the DRCC.  The results for the 78 samples of pure metal
are discussed in this section.

o . i 240,

The pure metal samples ranged in mass trom 100 to 400 g of Pu. The

i . 240 .

isotopic composition varied from 6 to 18% Pu. Sixty-three of the samples
were in the form of buttons, and 15 consisted of chopped scrap metal. These are

10



TABLE |

SUMHMARY OF DRCC TEST AND EVALUATION RESULTS

Total Coin tdence Corncidence Counting

Material Noooof Neulron Counting Accuracy with Self-
Category Assays Accuaracy ACCHracy Mult. Correction

Pure metal 78 7% 1 a 16% 1 o 2% 1 o

Impure metal 49 9%, 13%, 11%

UK de 42 9%, 3, 49,

Stag and 28 5-1000% 5=25% --

crucible, sorap

geametries tor which setf=multiplication eftedts are large.  With the formulas

descrihed an the preceding section, values of 1.9 to 2.3 were obtaained tor the
net leakege multiplication ot all neatrons emitted by the samples.  The correc-
tion factors for coincidence counting ranged from 7 to 11, This {llustrates the
fact that selt-multiplication atfects the coincirdence response more than the

tot sl neatron response.  As a consequence, the measured corncrdence response
(hefore self-mltiplication correclion) showed o one-standard deviation scatter
of 167, whereas the total neutron response showed a scatter of only 7% 1 g,

With self-multiplication correction, the 63 metal buttons were assaved with

an accuracy of 1.8% 1 0. Included in this figure 1s a statist,cal precision of
0. % aud o o detector stability of 6.9% or better.  The 15 samples of metal scrap
assaved about HY% higher. Both sets of data are illustrated tn Fig. 4, with the

240 . . .
metal scrap at 400 g Pu.  All of the data can be {1t with a nonlinear cali-

bration curve, as tllustrated, with an accuracy of about 2% 1 g, Or, all data
np to 350 g :‘:‘“Pu can be tit with 4 linear calibration curve with A = 27.3,

”A = 0.5, and B = 0. It 1s not unreasonable to attribute the slight curvature
in the doata to an error in the self-multiplication formulas. 1t 1s also pos-

sible that the scrap metal has undergone some oxirdation, which would cause the
selt-multiplication correction to be underestimated.  Yor now, it is recommended
that o ltinear self-meltiplication-corrected calibration curve with A = 27.3

S 240
coincidence counts/s-g Pu be used tor all pure metal buttons, and that scrap

metal be studied further.

11
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for SRP pure metal samples.

Vi. RESULTS FOR TMPURE METAL

A series of 49 metal buttons known to have coatings of magnesium and other

impurities were assayed with the DRCC. For these samples the total neutron

counting accuracy was 9% 1 0. The measured coincidence response was accurate to

13%, and the self-multiplication-corrected coincidence response was accurale to
11%. Statistical precision was again 0.2% 1 ¢ in 300 s. For these samples most

of the loss of accuracy occurred on about 10 "outliers.” However, some of these

assavs were repeated and found to be reproducible.

12



The loss of accuracy for the selt-multiplivation-ctorrected assavs, from 2%
tor pure metal Lo 11% tor impure metal, 1s attribated to an increase in the
total neatron count rate caused by (¢, n) reactions in the impurities. Because

the selt-multiplication correction is based on the ratio of corncident to total

neutrons (kg 1), the orirgin of all nentrons must be assumed known.  This re-
quirement 1s embodied n the parameter o described 1 Sec. V.o For pure metal
G o= 0, but for impure metal there 1s no g priors wav to estimate o, Thus a
maltiplication correction based on the assamption that o = 0 msy be in substan-

tial error.
fu order to investigate this further, the data were reanaslvzed by accepting
the mass values based on welght g correct. [hen the cormnardent and total

neutron count rates were used to solve for the net feakage multiplication M and

for v. As expected, most smmples gave g small valoe tor d, roughlyv 0.1 or less.
This is consistent with small coatings of magnesium or other impurityes.  The
outliers gave values tor v of roughly 0.5 These high values did not corre-

late with high magnesiom ympurity concentrations, and the low-v values did not
correlate with low-magnesium concentrations. It os not known 1t other impuri-
ties are responsible for the high-o valoes.

AU this time, U 1s not possible to obtarn very aconrsts assavs ot impure
metal . The total nentron connt rate is atfected by (v, n) reactions, amd the
coincidence count rate requires o large self-multiphication correction which s
also aftected by (v, 1) reaqctions.  The samples measmed to date, including
ather samples assaved after the test and evaluation period, vielded slightly
bette, assays by total nentron counting. However, it is recommended that coin-
crdence countrng data also be collected and analvzed as a1 diagnoestic tor unuesual

levels ot multiplycation or oxidation.
VL. RESULTS FOR PLUTONTUM OXIDE

Forty~two samples of plutonium oxtde were assaved Juring the period of this
evaluation. The isotopic composition of these camples varied from weapons grade
to high burnup. The 240[’11 content varied from 30 te 230 g. Container dimen-
sions varied from 9.5- to '1-cm diam and 10- te 16-cm height. The measured
coincidence response per gram, illustrated in Fig. 5, varied from 42 to 56. The

statistical precision of the assayvs was on the order of 0.7% 1 0. Fluctuations

13
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Oxide batches of varying 29%u enrichment or origin are desig-
nated by different symbols.
: 240 ) . . o .
in the Pu isotopic fraction from can to can were about 1%. Thus the varia-
tion in the measurcd response is due primarily to variations in oxide enrich-
ment, container size, density, and impurity concentration. In Fig. 5, difterent

symbols are used to help segregate diflerent types of oxide. In Table [l the
oxide samples are grouped into four batches: two containing 6% 240Pu oxide, one
containing 18% 2l‘oPu samples, and one containing 21% ZAOPU samples.

As summarized in Table II, the oxide samples were first analyzed using

linear calibration curves based on total neutron response, coincidence response,

14



TABLE Il

INITIAL ANALYSIS OF OXIDE DATA
WITH LINEAR CALIBRATION CURVES

Total Coincidence Coincidence Counting
Type ot No. of Neutron Counting Observed Accuracv with Self-
Ox1de Assays Accuracy Accuracy ¥ Mult. Correction
. 240 3 .
6% “*pu 15 " 1o 1901 0 1.0-1.6 7l o
o 240 ) . . .
6% Pu 5 20 14%, 1.1-1.2 54,
A . , . .
18% Pu 173 1'%, 47, 1.2-1.3 1
Lo, 240 » . ) ; o
219 Pu 9 4% 4% 0.6-0.8 5%
All ouxide 42 9% 9, 9%
and corncrdence response with self-multiplication correction.  All three tech-

niques vielded only about 9% 1 0 accuracy 1f a4 single calibration constant was
used tor all oxide samples. It the tour oxide categories were analyzed sepa-
rately, no technique gave very good accuracies, althoagh total nentron counting
wias hest.

Multiplication eftects in the oxide samples were large.  The net leakage
multiplication M was on the order of 1.1, and the coincidence correction tactor
Mrowas on the order of 1.7, However, application of the self-multiplication
torrectian did not make 1t possible to fit all oxide samples with a single
calibration constant.  Figure 6 allustrates the corrected response per gram.
The response of all samples has been corrected down towards the corrected re-
sponse of pure metal, 27.3 coincidence counts/s-g ZAOPU. However, the average
scatter s strlbl 9% 1V oo This lack of ymprovement is again attributed to vari-

ations tn the total pneutron emission rate of the samples due to (v, n) reactions

in oxide and in impurities. The observed value of the parameter v is listed in
Tabie 11 tor the four oxide batches. The variation in ¢ 1s greater than that
calculated from Eq. {(2). Since the self-multiplication correction is based on

Fq. (2), this wili introduce a significant error.
An attempt was made to circumvent this problem by assuming a value for the
leakage multiplication M of each sample. As illustrated in Fig. 7, the depend-

ence of M on mass followed two fairly well-defined curves, one for weapons-grade
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and one for high-burnup oxide. The data were thus reanalyzed by estimating 40
from the measured coincidence response and then calculating M. Then o, the
self-multiplication correction factor Mr, and a revised value for Mg WOTC
calculated. However, with this approach the overall accuracy for ali oxide
samples was still 9% 1 0. Either M is too sensitive a parameter to be estimated

in this fashion, or the correct algorithm bas not yet heen discovered.

16
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Froally, the oxpde samples were analvzed with twe nonlinear calibration

curves based on the measired corncidence response (without o selt-multiplication

correctiond. Apatn the samples seemed to divide naturally into weapons grade
aud hogh=-bornup oxide. These two nonltnear curves, summarized in Table 111, fit
the avarlable duta with an wcconracy of about 3% 1 0. (One outlier was deleted

from each tit. ) It 18 not known whether all tuture oxide samples at SRP will
tall anto one ol these twvo categories.  The only known physicai basis for the

two ditferent curves is that the self-multiplication correction factors differ

17



TABLE TI11

FINAL ANALYSIS OF OXIDE DATA
WITH NONLINEAR CALIBRATIONS

Type of No. of

Oxide  Assays A % B % cov(a, B)  Accuracy

Weapons 19 39.3 1.5 =-0.0027 0.0003 0.00008 3% 1 o
grade

High 21 42.6 1.7 -0.0005 0.0002 0.00006 3% 1 o
burnup

by about 5% for such large differences in ZAOPU content (as determined by Monte
Carlo calculations).2 Density, can diameter, fill height, and impurity concen-
trations also affect self-multiplication, but there are not enough data avail-
able on these oxide samples to calculate these corrections. At the present
time, 1t is recommended that these two nonlinear calibration curves he used for
tuture oxide assays, and that additional calibration curves be derived 1t dit-

ferent types of oxide are encountered.

VITI. RESULTS FOR SCRAP

Twenty-eight samples of scrap were assayed during this evaluation period.
This number of samples is not enough to support a general conclusion regarding
the accuracy of the DRCC for scrap, but specific statements can be made about
the samples that were assayed.

Ten samples consisted of scrap oxide and contained about 50 g of ZQOPU
each. The accuracy of both total neutron and coincidence counting was about
5% 1 o. These scrap oxide samples are included in Figs. 5 and 6 (open circles)
and could be regarded as a third class of oxide samples requiring a separate
nonlinear calibration curve. It is not known if other scrap oxide samples would
lie on such a curve.

Twelve small samples contained about 10 g apiece of weapons-grade pluto-
nium. These were assayed for only 300 s each, so that both the total neutron
response and the coincidence response were subject to 30 to 50% counting sta-
tistics. Withino these statistical errors the assays agreed with the plant

values for the contents. Longer assay times may have revealed some bias, but

18



300 s was suffircrent to verity that cach serap can contain only 2 small quantity
ot plutonium.

. . , 240 o

Fhree samples of impure ox:de contained about 30 g ot Pu each. The
assav based on the corncrdence response was accurate to about 17% 1 o, and the
4554y based on the total neatron response was accurate to about 467% For thais
bmpure material the total neatron response was signiticantly atfected by the
presence of (u, n) reactions. A more extreme example ot this behavior was

) . o ] 240 -

provided by three slag and crueible samples containine 1 oto 3 2 of Pu. This
matertal contarned caloram, wagnesium, tluarine, or other elements with large

(a, n) cross sectitons. The cormnordence response was accurate to ahout 257
whereas the total neutron response was too hgh by g tactor of 100 Samilar
results have been obhtarned oo targer samples of slapg awd cruorhle assaved 5o g
targe rectangnlar neatron vornerden. e coamter emploving the same olectronies
P kage,

It s recompended that slap and croorble and cthier sorap materials be
assaved by neatron corncrdence connting. The total nentron response mayv be

equally aconurate, or may be too high by laree factors ot certarn ampurities are

present .

IN.  CONCLUSTG
Duving the test and evalustyon persod, the duasl-ranpe counter operated with
good reliability el stabelites  bor Targe metal aied cande samples, assav pres
ciston based on connting statestres  and reprodacyba vty was better than 19 1 oo
Assay accuracy was 20 D0 tor pure metal samples ot g o sedlt-multiplication cor-

rection was used.  Awsav o gcenracoy wan AU E o ter platonom cxrde 0t separate

nonlinear calibration curves, withont self-multeplioatien corrections, were used

for cach tvpe of cxaodel  Aonav acouraey was on the opder ot 105 1 3 tor ampure
metal samples.  For oo brmited omber ot Sorap samples the sconracy varied be-
tween 5 oand U571 o More assavs are necded to bt ter determine the aocdracy
for soerap materiala. Hovever, many sorap centainers are too farge Lo be assaved

in the Th=vm=drmm weld ot the DROC O w0 that the barger redtangular counter
recently capplied tao SKE by Loed Allamos may be more nsetul tor this category.
For oxode and tmpure metal, the expected Clear-cut advantage ot corncidence

countaing over total neatron counting did not materialize.  This s because the
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self-multiplication correction was usetul only for pure metal and very wel.-
characterized oxides where geometry effects were greater than (o, n)-inducdd
multiplication effects. For other large, multiplying samples, the tota]l neuioon
response often provided a more accurate assay because it was less sensilive .
multiplication. On the other hand, for scrap materials with low multiplicatyon
whiere 1t was necessary to discriminate against neutrons from strong {(u, u)
teactrons or high room backgrounds, the coincidence response was more accig.ate
For o wide range of plant material categories, 1t as generally usetul to measug
both the corncidence and the total neutron response.

At SRP the dual-range counter has been used to measure the nuclesr mater o

content of g varrety of incoming metal and oxide shipmeats. This 1nformation

can he used to satisty DOE requirements tor a verttication within 10 davs ot

recerpt of material. At SRP, the information was used for accountabiisty ont o
the samples were dissolved. A possible future application of the counter s
verifircation of all material moving it or out of the vault. For such appliroa-

tions, or in cases where materral 15 assayed at both the shipping and tie 1e-
ceavang points, very accurate veritfication may be obtainable because many of ine

tactors that anfluence assay accuracy will not change.
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