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ABSTRACT

Impure pluonium-bearing materials from pvrochemical
processes often display both significant self-multiplicadon
ang varisble (a.n) reaction rates. Standard neutron coinci-
dence countdng techniques usually fail to accurarely measure
these materials Neutron multiplicity counters measure the
Mmdhmuﬁdﬂnudimmmmm
make it possible to deduce the fertile plutonium mass of a

amplemnwhenbod:dtewlfmﬂd and the (a,n)
reaction rase arc unknown. Amul couner suitable
for designed and
built. This du::'ibu(herwuuofchmmndm

studies for new counser. The counter consists of 126
hellum-3 tubes arranged in 4 concentric rings in a polyethy-
lene moderator; the average spacing between the tubes is
1.59 cm. The end Iupforlhecoumermmudeof
griphite, and the 24.1- by 37.5cm sample cavity is cad-
mium lined. The counter consists of two distinct halves
from which the neutron counts are summed.  The counter is
oparation in ¢ither a freestanding mode with the
coupled by an ex cabinet or in a
g;w-hunmavlm two halves placed around a glove-

For a 52CY source centered in the
sampie cavity, the measured of the new multiplic-
ity counter iz 57.7% and its die-away time is 47.2 ps.

INTRODUCTION

Conventional neutron colncidence cou techniques
lnmmbdodnccdwfaﬂlemuoflplu um sample
measured first and second moments of the sample's
neutron multplicity distribution. In addition to the sample’s
fertile consent, however, this distribution depends on the
self-multiplicatic 2 of neutrons in the sample and on the (an)
neutron rals. Thus, convendonal, rwo-paramessr coinci-
dence counting teckniques can oaly be successful when
pure mﬂwhon(u..n)neuu-on

s or -mudﬂhdmnkwnm

Neutron maltplicity counsers also measure the third

moment of the neutron distribution and can assay
impusre pl materials that are not 80 well char-
scwrized & To y measure the third momsnt and

obtain sccurate assays using a muldplicity counting tech-

ue, & thermal neutron desscior must be carefully designed
0 a2 dewction efficiency, low dic-awsy tims, and &
delecton that is as invariant as rvasible when
vau‘do‘uhuqhmyudmdnmum
energy specwum.

At Los Alamos, nhnwdnipndmdbuﬂuoounwr
to roset the shove crimria and 10 be suitable for in-plant mea
mdlﬂmpdmwuvchum
encounssred (n pyrochemical processes. This new countesr,
dubbed the pymm multiplicity counter, was also

“PThls work ls supparmd by the US Department of Energy,
Visting Scioad: o e asir
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designed 10 be capable of both at-line and in-line measure-
ment and t0 accommodate a wide varicty of sample contain-
ers. In the first phases of the design and conception of this
counter, computer simulations were performed to optimize
the placement of its 3He tubes and the ‘l'ﬂor its end plugs
relative to the above-mentioned criseria. results of these
simuladons are described in Ref. S. This paper on
the construction o” this new multiplicity counter chanc
terization studies performed on it.

COUNTER CONFIGURATION

Figure 1 is a conceptual of the pyrochemical
muldplicity counter. It consists of 126 helium-3 tubes with
7lcm ve-lengths arranged in 4 concentric rings and
embedded in a gglyethylene body. The tube spacirg is

xirsarely 1.39 cm 0 maximize efficiency but minimize
dic-away dme. The sample cavity is a large 24.1-cm wide
by375-cmhm;hmduopdnﬂnd ‘ar cans up to 20cm wide
and 36-cm high, The sample caviry is with 0.081 cm
of cadmium and the end caps are made of hite. The
outer rings of tbes are prosected from room by
a 10.2-cm polyethylene shield, and the design allows for the
addition of another 10.2-cm: polyethylene shield above the
junction box for in-line applications.

To allow the counter to be used in a free-standing, at-
line mode or around a glove-box well for in-Line
measurements, we Luilt it in two halves as shown in Fig. 2.
There are two high-voltage junction boxes, one for each
of the counter as shown in Fig. 3. In each junction box
there are |8 AMPTEK © handle the load of the
63 bes. These are distributed nonuniformly
fromrinltorlnlwwoommodnudnchm in desection
efficiency. The innermost ring, which of 11 tubes
perhlll'umieedbyGAlt’l'BKs mmm.
which has 14 rubes per half, is serviced by 5§
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Fig. |. Schematic of the pyrochemical multipicity counter.



Fig. 2. The two halves of the pyrochemical multiplicity
cotinser.

Fig.3 The hemical un#ﬂcuy counser's jurction box
showing the layous of the AMPTEK preamplifiers.

The last 2 outer rings, which have 17 and 21 tulmmhdf.
are serviced by 4 and 3 AMPTEK, respectvely. high
vol eddl \!Imdtlnsr;xfln t to the A Kll..:
supplied separately to each of the junction box.
output sigrals from each haif-ring are then brought out

ly and sumimed 30 that the relative ses of the
rings to changes in rample geomstry and -up can be
examined.

DETECTION EFFICIENCY AND SPATIAL
CHARACTERISTICS

Simulations of the pyrochemical counter's response 1o
a 232C1 source placed in the center of the sample chamber
predicied that the counter would have a detection efficiency
of §7.0%, an exponential die-away behavior, and a die-away
time of 49.4 us. The measured efficiency of the counter is
57.7%, and its measured diec-away time is 47.2 us. The
measured dic-away response of the counter is shown in
Fig. 4 together with an exponental fit. The differences
between the measuremnents and the calculations are consistent
with slight design changes that were made to accommodate
the split-counter geomeay. These changes included moving
one tube from the third ring to the fourth ring and moving
the tubes slightly closer together than the specified 1.59 cm
to allow for more space between the outermost tubes and the
junction box wall to eliminate the possibility of high-voltage
Lrukdown. The calculations were not tepeated after these
slight changes because we did not expect them to signifi-
cantly affect the rerults,

The spatial response of the counter to a 252Cf source
centered in the sample ~hamber and moved axially and radi-
ally is shown in Figs. 5 and 6. Several calculated values are
overlaid for comparison. In the center of the sample cham-
ber, the pyrochemical counter's response is very uniform.
The agreement between the calculations and the measured
values is within the precision of the calculations. The greater
decrease in the axia) response of the counter near the top of
the sample chamber compared to its behavior at the bottom is
due 10 neutron leakage through the junction box.

SAMPLE MEASUREMENTS

A flgure-of-merit study perfortned by Ensslin et al 4

has shown that the Aasay precision for multiplicity counters
on the detector's and die-away dme; on a
sample’s plutonium content, self-muldplicaton, and (a,n)
neuton rate; and on countin including the coin-
cidence gate width, predelay, and count time. Using
Ensslin’'s method, the assay ‘mu:hion was calculated for
oxide samples measured in pyrochemical counter for
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Fig. 4. The measured die-away responss of the pyrochemi-
cal multiplicisy counsr 10 a 231Cf source placed in the center
of the sample chamber.
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Fig. 5. Axial response of the pyrochemical multiplicity
counter to a 252Cf source.
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Fig. 6. Radial response of the pyrochemical multipliciry
counter to a 253Cf sowrce.

2000 s using a coincidence gate width of 32 is and a prde-
lay of 3 us. These calculations, shown graphically in
Fig. 7. predict that the pyrochemical counter shouid
measure oxides whose u%ha-eﬁocdve mass is less thas 300
§ to a precision of 1% or less. The -offective rass of
a sample is the equivalent amount of , which would
produce the same coincidence rate as tho sample. A sample
containing other even isotopes of plutonium will have a
U0Py-effective mass greater than its actual content.

Similar calculations were performed to predict the
assay precision of the pyrochemical counter as a fanction of
(a,n) neutron rate. For this purpose, the ratio a of (&,n)
neutrons 10 spontaneous-fission neutrons in a sample is
used. This calculation was done using the same paramsters
a3 above except for a small sample containing the equivalem
of 0.56 g of and having self-multiplicetion of 1%.

P —
z

S !
124

o os&f 1
W

z p 4
Q

> - -
% 06

0

m 3

<

Qo 04f 1
Q | ‘
cj 0.2 & _ A e e "
"% 100 200 300
a

240p, EFFECTIVE (g)

Fig. 7. Predicted assay precision for plutonium oxide sam-
ples measured in the pyrochemical multiplicity counter.
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Fig. 8. Predicted assay precision for the pyrovhemical mul-
tiplicity countar for a small plutonium sample as a function
of (@,n) neutron rate.

This size sample was chosen to match » set of small samples
that was later assayed in the pyrochen:ical counter. Figure 8
shows the predicted assay precision. From these calcula-
tons, lasolgs with precisions of 5% or less should be possi-
ble in 2000 s for samples with &'s less than about 135,

Eight small samples each having less than 15-g total
plutonium but having a variety of matrices were assayed in
the pyrochemical counter using a multiplicity circuit capable
of proceseing multiplicities of up to 32 and counting parame-
ters as used in the calculations above. Pertinent data con-
ceming these samples are given in Table 1. The analysis of
the measured mnmpllchﬁ distributions from these samples
used the moments met od developed by Boehnel® and
Cifarelli and Hage’ and includad a dilddme correction based
on & scheme derived by Dytlewskl.8 The assay calibration
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Table . Muluplicity Assay Results for Small Pluronium Samples Obrauned wath Pyrochemical Mulupliciry

Mulopliciry Assay Resuly

40py “Known M
Total Pluronium ave A<ay/ Assay/
Sarmple Tvpe Matix 73] (g) a M Reference  Reference

Onde None 10.0 564 1.60 1008 0.991 1.010
Onxde Alurmanum 10.0 564 6.12 1.006 1.002 1.054
Oxide Magnenum oxide 10.0 364 117 1.006 1.040 1.172
Onde Silicon 10.0 564 .56 1003 0.994 0.981
Oxide Boron 100 565 27600 1.093 6.227 7154
Fluonde Fluonne 100 0.563 590 1052 4758 5.044
Meal None 10.0 0329 0 1.010 1 000 1.000
Onide None 12.4 0.700 0.161 0997 1012 0.958
Averngs for & less the 7 0.999 1.001

Sundard Devianion 3.6% 0.80%

rmlgl':mon results are also Suspact

The a cbuuned from te multiplicity sisay for these samples is negative and therefore anomalows. The a
reporsed (or thest wmples was obatined from the 10tal sewton rate by assuming that M = 1. The wif-

was based on values for detecton efficiency and gate frac-
tons derived from measur:ments of the sample containing
pure plutonium metal. We assumed that a is zero for this
sample and its self-multplication is 1.01. This last value
was based on previous messurements of the samples in
another multplicity cor.nter.

'The muldplicity asways of these samples in the
chemical counter can be considered successful for all but
samples containing boron and fluorine. The assay of
sample containirg magnerium oxide was high by 4%, but
this 13 within th: predicied based on the moderasely
me a for this sample. the samples containing boron

fluotire, the assay values for @ were nogative and there-
fete anomalous. Also the multiplicarion results are much too
nigh for samples this small. However, a can be estimased 0
within a few percent from the towl neutron rute for
these samples given the known ve content, the
known detector sfficiency, and the assumprion that the mul-
tiplication is one. For these samples the esimased a is very
large and the precision is several hundred percent.
Multiplicity analysis, therefore, should not be successful for
sumples w a's are 80 large.

Conventional two-parameter astay would normally not
be attemptod for these samples becsuse both multplication
and @ are varying. However, becauss the self-multiplication
of these samples is near one, a two-paramewt assay of these
samples was performed for comparison by assuming that the
multiplication was ons. This assay was accomplished using
the measured firs: and second moments and a calibradon
based on the small mewl sample. The assay results using
this “known-M"' techniqus are given in Table | and are plot-
wd with the results mmmummmm
Fig. 9. The boron sample and the fluorine s are
not plotisd. For the samples whose a's are < 7, the two-
paruneter assay results are accursie 10 3.6% (10) whereas
the multiplicity assays are accurass 10 0.8%. No bias is evi-
dent in the assay results for this set of samples.

CONCLUSIONS

The characserization results for the pyrochemical mul-
tplicity counter demonstrass that the design goals identified
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Fig. 9. A comparison of the multipliciry assay results
obtained with the pyrochemical tiplicisy counter for
small, impure plusonium sampies to resulns obtained
using a conventional “known-M" assay wschnique.

for the counter have been achieved. Assays accurate to 1%
are possible for samples whose ratio of (a,n) neutrons to
spontaneous-fission neutrons s < 7.

Puture work will concentrate on measuring larger
samples and ssmples more representative of al
process materials. I[n addidon, the responss of the various
rings 10 different samples will bs studied to ascertain if
vuzdomlnrin response can be used to dewot sample-to-
un:x:c the deswction officlency of the counter that
are due to such factors as changing sample composition and
sample goometry.
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