Transactions of the Korean Nuclear Society Spring Meeting
Gyeongju, Korea, May 29-30, 2008

Monte Carlo Simulation of an Active Neutron Counter for Fissile Material Accounting

Seong Kyu Ahn*, Tae-Hoon Lee, Hee-Sung Shin and Ho-Dong Kim
Korea Atomic Energy Research Institute, 1045 Daedeokdaero, Yuseong-gu, Daejeon 305-353, Korea
*Corresponding author: skahn76@kaeri.re.kr

1. Introduction

Passive neutron coincidence counters have been
developed for the measurement of special nuclear
materials by the Korea Atomic Energy Research
Institute (KAERI) [1, 2]. Those passive-mode counters
are based on spontaneous fission from plutonium or
curium in special nuclear materials. Therefore, uranium
and other fissile materials can not be assayed by a
passive mode because of its very low spontaneous
fission yield. An active neutron counting method is one
of the possible ways to measure fissile material, in
which a neutron interrogation source is adapted for
induced fission. Passive neutron counter could be used
in an active-mode with some appropriate modifications
and interrogation sources [3]. Preliminary research had
been performed for an active-mode operation of a
DUPIC safeguards neutron counter, which was
developed as a passive counter, using a cadmium shutter
and total neutron counting [4].

In this paper, MCNP simulation result for active
neutron coincidence counting has been described and
discussed. The result could be applied to determine the
possibility and necessary modification for an active-
mode operation of a developed neutron counter.

2. Methods and Results

In this section, a model of a neutron counter and a
sample material used in the simulation are described.
The simulation results are discussed for several
important aspects with regard to an active-mode
operation.

2.1 Description of the Simulation

The design parameter of the ACP Safeguards Neutron
Counter [2] was used in all the simulations in this work.
The counter consists of 24 *He tubes and appropriate
moderating and shielding parts. A top reflector of
graphite was removed from the original structure and
replaced by an interrogation neutron source. A general
neutron source for active neutron counting is an AmLi
source (0.3-0.4 MeV of mean energy). In this study,
however, relatively high energy sources were
considered for a future experimental plan using a
neutron generator. The source has 10° n/s of intensity in
isotropic direction and 2.5 MeV of neutron energy. This
high-energy interrogation source means the counter
needs a polyethylene moderator (refer to the ‘source-
moderator’ in this paper) between the interrogation
source and an assayed sample to slow down the source
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neutrons for a better absorption. Assayed samples were
1 kg of uranium metal disks of 5 cm-diameter with 0 to
20% enrichments of 2**U. Other isotopes except for >**U
and U were not considered because of their less
effects and a simplification of the result. The sample
was located at the center of the cavity and the
interrogation source was positioned 25 cm above the
sample.

2.2 Detection Efficiency and Die-Away Time

Detection efficiency and a die-away time of a
counting system depend on several factors, for example
the neutron energy, position of the source and additional
moderators or reflectors in the counter. Related to our
purpose, interrogation neutrons and induced neutrons
have a difference probability to be detected in a system
mainly because of their position. Detection efficiency
for interrogation neutrons emitted from the top cavity of
the counter varies from 10% to 12% depending on the
thickness of the source-moderator (7 to 0 cm).
Efficiency for induced neutrons, which is a signature of
fissile contents, is 20 to 23% depending on the top-
moderator and enrichment of the sample. This higher
efficiency than for the interrogation neutrons is because
the counter is designed originally for a maximum
efficiency for fission neutrons from the sample. Lower
efficiency for interrogation neutrons is better for active
neutron counting. The die-away time is 85-90 us with
the thickness of the source-moderator. It corresponds to
0.47- 0.50 of double gate fraction in the case of 4.5 pus
of pre-delay and 64 ps of gate width in coincidence
electronics.

2.3 Fission Neutrons without Interrogation Source

Spontaneous fission of uranium yields neutrons and
these neutrons induce further fission in the sample. The
number of fission neutron from 1 kg of **U is 13.6 n/s
by spontaneous fission and less than 1 n/s by induced
fission. Increasing the *°U ratio in the sample rapidly
reduces the spontaneous fission rate and slightly
promotes induced fission. Therefore the number of
fission neutron without an interrogation source is always
less than 15 n/s for the 1 kg-sample with any enrichment
in this study. This value corresponds to 3 counts/sec in
total counting and less than 1 event/sec in coincidence
counting by the neutron coincidence counter.

2.4 Induced Fission and Coincidence Count Rate
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Using an interrogation neutron source, induced
fission increases and a large number of fission neutrons
can serve as a signature of fissile contents. The neutron
energy used in the simulation is 2.5 MeV and the
resultant values are conversed for 10° n/s of
interrogation intensity. Figure 1 shows the induced
fission rate for the 1 kg uranium sample with an
enrichment of 0 to 20%. Even for the 1% enriched
sample, more than 1,350 fission/sec could be possible.
Average fission multiplicity is 2.45, which means
almost 3,300 neutrons are emitted per second from the
1% enriched sample. With 4.5 us of pre-delay and 64 us
of gate width, the coincidence count rate is about 7% of
the induced fission rate. Rate increment of the fission
slows down with a higher enrichment.
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Fig. 1. Induced fission rate as a function of the enrichment.
Distance from the interrogation source is 3.8 cm to the top of
the source-moderator and 25 c¢m to the top of the sample.

2.5 Effect of Moderation of Interrogation Source

Because of the high energy of interrogation neutrons,
the induced fission rate is affected by the degree of
moderation by circumstances. To evaluate this effect, a
set of simulations with varying a thickness and location
of a source-moderator was performed. As shown in
Figure 2, the 7 cm-thick source-moderator is the best for
coincidence counting even though the highest induced
fission rate was obtained for the 8 cm-thick one. It could
be explained by a greater moderation and a longer die-
away time of the fission neutrons by the thicker source-
moderator. For the location of the source-moderator,
closer to the interrogation source provides more fission
and coincidence counts as shown in Figure 3. A larger
solid angle with a closer moderator produces more
moderated interrogation neutrons that enter to a sample
cavity.

3. Conclusions

MCNP simulation has been used to evaluate active
neutron counting to measure fissile uranium contents in
a sample. Even with a high-energy interrogation source
and a low enriched uranium sample, more than 100
coincidence events/sec can be counted by the neutron
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counter with 20% of detection efficiency. The efforts to
optimize the source-moderator geometry can enhance
the performance. In a real situation, accidental
coincident events by a high intensity of the interrogation
source may affect real coincidence counting. Effects by
additional components to shield interrogation neutrons
will be evaluated as a further work followed by an
experimental verification.

‘Relative Induced Fission
-
g

0.8

06 -~ U Sample:1 kg with 20 % enrichment | |
’ Interrogation Source: 2.5 MeV

Mormalized by the value at Tem-thick

B, e,
T .
T T
P g
-
Relatve Coincidence Count--—
" Pre-delay: 4.5 ns
P Gate width: 64 ps

08

Relative Induced Fission Rate
Relative Coincidence Count Rate

(=]
@

1] 2 4 é ;
Thickness of Source-Moderator (cm)
Fig. 2. Relative induced fission rate and coincidence count
rate as a function of the thickness of the source-moderator. As
the thicknesses are changing, the distance from the bottom of
the moderator to the top of the sample was fixed as 13 cm.
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Fig. 3. Relative induced fission rate and coincidence count
rate as a function of the distance from the interrogation source
to the source-moderator. Source-to-sample distance was fixed

as 25 cm.
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