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Active Neutron Interrogation Package Monitor

B. D. Rooney, R. L. York, D. A. Close, and H. E. Williams III
Los Alamos National Laboratory, MS J562, Los Alamos, NM 87545

Abstract

An active neutron interrogation package monitor is being
developed for the purpose of rapidly searching containers,
packages, and luggage for special nuclear materials (SNM).
The technique uses a pulsed neutron generator to interrogate
the container or package with neutrons, inducing fission in
any SNM that may be present. Arrays of *He-filled neutron
proportional counters are used to detect neutrons produced by
these fissions. Both calculations and experiments with a
prototype device have shown active neutron interrogation to
be a very effective technique for detecting SNM, even in the
presence of shielding,

I. INTRODUCTION

The increased threat of nuclear proliferation and nuclear
material smuggling has resulted in many efforts to develop
new technologies to monitor and safeguard against these
activities. One technique that is being investigated at the Los
Alamos National Laboratory (LANL) is using active neutron
interrogation to rapidly search containers, packages, and
luggage for special nuclear materials (SNM). The SNM of
interest includes uranium, plutonium, and any other
fissionable isotope.

Passive techniques, which measure gamma-ray and
neutron emissions from spontaneous decay, work well for
some SNM materials, but have been mainly designed for
applications involving specific containers and well controlled
geometry. In addition, passive techniques may involve
substantial measurement times, depending on the
configuration of the SNM and materials between the source
and detectors. As a result, active interrogation is currently the
best non-destructive method to rapidly search containers for
SNM (ranging from luggage to large shipping containers).

Active neutron interrogation has been used for many years
for assaying the quantity of SNM in waste containers and
drums [1], [2], [3]. This technique has also shown promise
for assaying SNM in the presence of other radioactive
materials [4], {5].

To study active neutron interrogation for monitoring
packages for SNM, a prototype system was constructed. This
prototype system is shown in Figure 1. It has been used to
study the effects of detector-package arrangement on
detection efficiency, detector saturation, and background
decay in a pulsed neutron environment. In addition, the
prototype, along with calculations from MCNP, has been used
in detector design and the optimization of an active
interrogation device.

II. METHODOLOGY

The technique being studied uses a pulsed neutron
generator, sometimes referred to as a zetatron. Neutrons
produced by this pulsed generator are used to interrogate the
container or package at both epithermal and thermal energies.
These neutrons induce fission in any SNM within the
container or package that is being interrogated. Detector
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Figure 1. Active neutron interrogation package monitor
prototype built at the Los Alamos National Laboratory.

packages containing arrays of *He-filled neutron proportional
counters are used to detect neutrons produced by these
fissions, indicating the presence of fissionable material. This
active interrogation is accomplished with low levels of
neutron flux, such that neutron activation is not a concern in
the package being interrogated.

A. Pulsed Neutron Generator

The generation of neutrons is accomplished with a
portable pulsed neutron generator. The neutron generator is a
small pulsed ion accelerator that utilizes the deuterium-tritium
(D-T) reaction to produce 14-MeV neutrons [6]. The neutron
generator used in this study was a laboratory system, model
A-210, manufactured by MF Physics Corporation. This
neutron generator produces approximately 10° neutrons per
pulse with a pulse width of 10 to 15 us. It is capable of
running at a pulse rate of up to 100 pulses per second [7].

The neutrons produced in each pulse are emitted
nearly isotropically with an initial energy of approximately
14 MeV. The neutrons scatter inside the chamber, slowing
down to thermal energies very quickly. After a couple
hundred microseconds, only thermal neutrons remain in both
the package monitor and the container being interrogated. It
is these thermal neutrons that induce fission in any SNM that
may be present. The fissions result in higher-energy neutrons
belilng produced, which are then detected by the *He detector
cells.

B. Detector Cells

The active neutron interrogation package monitor
prototype incorporates detector cells, which are optimized to
detect neutrons emitted from the fission process. Each
detector cell is made up of three *He filled proportional
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Figure 2. Diagram of new active neutron interrogation package monitor prototype being built at Los Alamos National Laboratory.

counters, 5.08 cm in diameter by 152 cm long with a fill
pressure of 2atm. The *He detectors are surrounded by
polyethylene and then covered with a 40-mil-thick cadmium
sheet. Cadmium has a very high absorption cross section for
thermal neutrons. This results in the detector cell being
efficient for only those neutrons above thermal energies.
Since the time region of interest occurs after the faster flux
from the pulse has died away (>400 ps), leaving only thermal
neutrons in the package monitor, the detector cell must be
sensitive to only those non-thermal neutrons. The
polyethylene in each detector cell moderates the higher-
energy neutrons from fission energies to thermal energies.
Thermal neutron energies are required within the detector cell
for efficient detection by the *He-filled proportional counters.

These detector cells surround the package monitor
chamber, resulting in an absolute efficiency of between 5%
and 10%, depending on the materials being used between the
detector cells and the SNM. A combination of graphite and
polyethylene inside the chamber has been demonstrated to
significantly improve the thermal neutron interrogating flux
within the package. However, this combination reduces the
absolute detection efficiency. The final configuration of
materials is still being determined. Furthermore, current
design allows for an opening on two sides of the cavity fo
permit the installation of a track or conveyer belt for rapid
screening of packages or luggage. A new package monitor
prototype is currently being built based these new detector
cells. A diagram of the new prototype is shown in Figure 2.

Experiments conducted with the previous prototype,
shown in Figure 1, have shown that the detector cell design
can affect the sensitivity of the neutron interrogation and
subsequent detection of fission neutrons. Optimizing for the
decay of the thermal flux in the detector package aids in the
detector recovery from the neutron pulse, but reduces
detection efficiency. As a result, a study of various detector
cell configurations was conducted involving both calculations
using MCNP and measured data. Several measurements made
with different detector cell configurations are shown in Figure
3. These detector responses show the saturation of the
detector as a result of the neutron generator pulse and the
subsequent die-away of the neutrons in the detector cell. A
desirable detector cell is one that recovers rapidly, since the

early time period involves a higher rate of fissions if SNM is
present. However, a sacrifice of detector efficiency is usually
the result of a fast-recovery detector cell. As can be seen in
Figure 3, detector-cell design can greatly influence neutron
die-away, thus influencing the regions of interest for data
analysis. For the new prototype device, a moderate-to high-
efficiency design was selected. Furthermore, the polyethylene
around the *He detectors was modified to optimize the
recovery and decay. This resulted in the shape of
polyethylene in the detector cell shown in Figure 2.

III. DATA ANALYSIS

A. Differential Die-Away Technique (DDT)

In addition to the prototype evaluation, different data
analysis techniques are being studied for use with active
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Figure 3. Measured detector response data for various detector
cell configurations using the pulsed neutron generator.
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neutron interrogation.  The most sensitive method of
analyzing data obtained by active neutron interrogation is the
differential die-away technique (DDT) [8], [9], [10], [11].
The DDT, developed at the Los Alamos National Laboratory,
has been used for over 10 years to assay the level of
transuranic nuclear waste in 55-gallon storage drums down to
the 100 nCi/g level.

The DDT primarily relies on the fact that thermalized
neutrons in the cavity die away at a much slower rate than
epithermal and fast neutrons. Since the detector packages are
cadmium covered and thus sensitive only to epithermal and
fast neutrons, any neutrons detected (above background) after
the non-thermal neutrons have died-away must be from
fission-induced events. The active measurement sequence for
the DDT is given in Table 1. This DDT technique has been
demonstrated to work even if the SNM is heavily shielded by
lead, since thermal neutrons easily penetrate lead.

Table 1
Active measurement sequence following each pulse of neutrons.
Time Interrogating Detector Response
Interval Flux
(nsec)
0-20 14 MeV Neutrons | Detectors becomes
emitted from saturated
generator
20-400 Fast and Detectors remains
Epithermal neutron | saturated
interrogation
400-800 Thermal neutron Detectors start to
interrogation recover
800-10000 | Thermal neutron Detects both prompt
interrogation and delayed fission
neutrons

B. Delayed Neutrons

Another method of analyzing the data produced by active
neutron interrogation is using the delayed neutrons emitted
after prompt fission. Since the interrogating flux is comprised
of only thermal neutrons after a couple hundred ps in the
package, there may be difficulty in using thermal neutron
DDT in the presence of specific combinations of neutron
shielding. However, since the neutrons emitted from the pulse
generator start at 14 MeV, they easily penetrate any shielding
that may be present. In this situation, calculations have shown
that there are an adequate number of epithermal neutrons
penetrating the shielding which induce fission and result in a
sufficient number of delayed neutrons that can be detected by
the *He proportional counters. Initial experiments with the
prototype device have confirmed the ability to measure this
delayed neutron effect.

IV. RESULTS

One of the advantages of active neutron interrogation is
that it is extremely difficult to hide the SNM. Monte Carlo
calculations using MCNP have clearly shown that gamma-ray
shielding has little effect on the detection of ?*U. One such
calculation is shown in Figure 4, where a sample of highly
lenrcijched uranium (HEU) was surrounded with 2.54 cm of
ead.

A similar experiment was conducted where a sample of
HEU was placed in a lead pig. Using DDT analysis, the
presence of HEU was clearly distinguishable. The measured
data for one experiment are shown in Figure 5. These data
were taken for 300 seconds to clearly show the difference
between an empty cavity and with HEU present. Additional
experiments conducted with the active neutron interrogation
prototype have clearly shown that small quantities of #°U can
be detected with a measurement time of less than 30 seconds.
Additional optimization of the prototype is expected to
iflunpll;ove the sensitivity and required counting time even

rther.

Calculated Responses

105
?
c 104}
[o]
o
[%7]
©
= 103
]
8 Bare HEU Sample (93% 2°U)
D 102l No shielding
3 ]
o HEU Sample (93% 2*U)
= in 1 inch lead shield
S 0|
[]
x Empty Chamber
100 : o
0 1 2 3 4 5

Time from Pulse (msec)

Figure 4. Calculated response data for highly enriched uranium
(HEU) sample with shielding and without shielding.
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Figure 5. Measured response data for empty chamber and highly
enriched uranium (HEU) sample in a lead pig.
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V. CONCLUSION

The active neutron interrogation prototype has undergone
initial experimental evaluation with excellent results. Further
optimization using the prototype device is continuing. In
addition to making the package monitor as sensitive as
possible, we are striving to make it compact, simple, and
economical. Efforts have also focussed on design of a data-
acquisition system that will fit inside a desktop computer,
eliminating the need of CAMAC crates or NIM bins.
Different analysis techniques, including differential die-away
and delayed neutron activity are being further investigated for
optimizing the technique even more.

Active neutron. interrogation represents a safeguard
technology that will improve the ability to rapidly monitor for
SNM and aid in the prevention of nuclear material smuggling.
Both calculations and experiments with a prototype device
have shown active neutron interrogation to be a very effective
technique for detecting SNM, even in. the presence of
shielding material.
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