
Abstract—The paper is devoted to non-destructive control of 
tiny amounts of fissile materials in large-sized containers filled 
with radioactive waste (RAW). The aim of this work is to model 
an active neutron interrogation facility for detection of fissile ma-
terials inside NZK type containers with RAW and determine the 
minimal detectable mass of U-235 as a function of various param-
eters: matrix type, nonuniformity of container filling, neutron gen-
erator parameters (flux, pulse frequency, pulse duration), meas-
urement time. As a result the dependence of minimal detectable 
mass on fissile materials location inside container is shown. Nonu-
niformity of the thermal neutron flux inside a container is the main 
reason of the space-heterogeneity of minimal detectable mass in-
side a large-sized container. Our experiments with tiny amounts of 
uranium-235 (<1 g) confirm the detection of fissile materials in 
NZK containers by using active neutron interrogation technique. 

Index Terms—Fissile materials, Neutron generator, Monte-
Carlo simulating 

I. INTRODUCTION

One of the urgent challenges of today's nuclear power engineer-
ing is to detect and control fissile material (FM) in various ra-
dioactive waste (RAW). The expediency of its solution lies both 
in ensuring long-term nuclear and radiation safety of RW stor-
age sites, and in preventing theft of FM. 

The major part (at least 99%) of RAW in Russia be-
long to low and very low level wastes (LLW) [1], which, as a 
rule, are packed into the NZK containers [2], the FM content 
there being estimated in the range ~ 10-2 to ~ 10 mg/kg of LLW 
[3]. The legislation of the Russian Federation obliges the certi-
fication procedure of RAW packages before their disposal, in 
particular, for the presence of FM. The opening of the container 
for such certification is not permitted. 
 It is clear that the existence of fission products, as well as the 
neutron emitting actinides in the certified RAW packages leads 
to increased the gamma and/or neutron background around the 
containers and the deterioration of FM control. Nevertheless, at 
the first stage of designing the required certifier, our theoretical 
calculations were made under the assumption that only uranium 
isotopes and no fission products and other actinides were pre-
sent in the NZK. The expediency of this assumption is sup-
ported by the fact that part of the nuclear fuel cycle facilities 
produce RAW containing uranium isotopes only. 

Previously, we carried out a calculation work [4] com-
paring non-destructive methods for controlling small amounts 
of FM in large-sized containers with radioactive waste, in order 
to select the method and determine the ways to implement it. It 
was shown that the use of the passive gamma-neutron control 

method is difficult due to the small amount of FM in containers 
and the high absorbing capability of both the container itself 
and the filler matrix. Executed evaluations of FM responses to 
the effect of neutron (2.5 MeV and 14 MeV) and gamma 
sources (10 MeV) on the container show the advantage of active 
neutron methods for controlling large containers in front of the 
photonuclear method in terms of the absolute values of response 
radiation ensuring control of these small amounts of FM in the 
NZK. 

This work consists in modeling the active neutron con-
trol system for FM in the NZK containing LLW and determin-
ing the minimum detectable mass of FM depending on various 
factors (measurement duration, number of neutron detectors, 
type of matrix and uneven distribution of FM in the NZK), and 
also in improving the proposed method. 

II. MODELING OF ACTIVE NEUTRON CONTROL SYSTEM FOR
DETECTION OF FM IN NZK CONTAINING LLW 

The first step is to determine the sensitivity of the neutron-
radiation method, depending on the position of uranium-235 in 
various zones of the NZK. For this purpose, a mathematical 
model of the container and its contents was prepared for com-
putational modeling of neutrons transport and interaction.  

The container is a hollow concrete cube with external dimen-
sions of 165cm x 165cm x 134cm, a wall thickness of 11cm, a 
weight of 3.5 tons, which is filled with ~ 3.2 tons of concrete 
matrix containing LLW.

As the material of the walls, reinforced concrete with a den-
sity of 2.5 g/cm3 was selected, while FM was placed in the con-
crete matrix of the container. The container matrix was split into 
25 zones (Figure 1), with FM (uranium-235) sequentially lo-
cated in the middle of each of the zones of the NZK over the 
height of the zone. As neutron detectors, SNM-18 3-He-coun-
ters were simulated, surrounded by polyethylene and a cad-
mium shield. The source of neutrons was chosen as a pulsed 
point isotropic one with 14 MeV energy. An example of the ob-
tained time distributions is shown in Fig. 2, which shows that 
the first exponent corresponds to the detection of initial fast 
neutrons and its decay constant is determined by the thickness 
inner moderator inside the cadmium shield of the counter. The 
second exponent corresponds to the thermalized neutrons 
(background) and fast neutrons of FM fission. The decay con-
stant of the second exponential is determined by the walls of the 
NZK and its filling. 
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Fig. 1 Calculation model of NZK with location of FM in one 
of container zones. The dot shows the position of the neutron 
source (14 MeV neutron generator ING-07T produced at 
VNIIA).

The simulation results allowed to determine the minimum 
detectable mass of FM as a function of its position in the NZK 
container as well as its dependence on the number of neutron 
counters used (Figures 3 and 4), provided that their back-
grounds are the same. The wide range of the minimum detecta-
ble mass of uranium-235 (from 2 to 84 mg) shown in Figures 3 
and 4 is due to the non-homogeneity of the thermal neutron field 
inside the container, which in practice can be partially neutral-
ized by rotating the container during the measurement. 

Fig. 2 - Time distributions of counting rate of neutron 
counter closest to ING after neutron pulse. The flux of ING-
07T is 5×108 n/s, measurement duration is 8 minutes.  

Fig. 3 – Simulated minimum detectable mass of 235U
(mg) depending on its location in container. 

Fig. 4 - Simulated minimum detectable mass of 235U
(mg) depending on FM location in container and number of 
counters used in analysis. 

III. EXTERNAL SHIELDING OF NEUTRON COUNTERS

The above simulation studies were made without taking into 
account the materials surrounding the system (floor, walls, ceil-
ing). Therefore, the second stage was to determine their effect 
primarily on the background sensitivity of neutron counters. For 
this purpose, calculations were made of the time spectra of 
background neutrons reflected from surrounding walls, located 
3 m from the system (Fig. 5).   

Fig. 5 shows that in the time range of interest of 500-2,000 
μs after the neutron pulse, the neutron detectors will be exposed 
to reflected neutrons with energy from thermal to several dozen 
eV. Neutrons with energy below ~0.5 eV can be absorbed by 
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the cadmium shield of the counters, while neutrons with high 
energies (epithermal) can be detected, thus making an unneces-
sary contribution to the background.   

To minimize this effect, it was proposed to cover the neutron 
counters with a neutron-absorbing external shield. The calcu-
lated time distribution of the count rate of a neutron detector 
with and without a shield in the form of borated polyethylene 
are shown in Fig. 6. In addition, we carried out the correspond-
ing experiments, which confirmed the calculated results.     

Application of these shields should ensure that the minimum 
detectable mass of FM estimated in the previous paragraph is 
preserved. 

IV. CONCLUSION

The simulated and experimental results of detecting of small 
amounts of FM in large-sized NZK containers are presented.
Executed estimates of the minimum detectable mass, depending 
on the position of FM in the NZK, show a strong scatter of its 
magnitude (from units to dozens of mg), which is due to the 
inhomogeneity of the thermal neutron field inside the NZK-
MR. 

The conducted experiments on detection of FM behind 
concrete shielding showed an unambiguous possibility of 
detecting small amounts of FM (dozens of mg) in the NZK. 

Fig. 5. Time spectrum of neutrons of different energy groups 
reflected from concrete wall 3 m apart from 3-He counters 

It was demonstrated that the background level of the reflected 
neutrons can make a decisive contribution into the value of the 
minimum detectable mass of FM, which requires appropriate 
shielding of neutron detectors from epithermal neutrons. 

Fig. 6. Computational modeling of neutron detectors shielding 
with 8% borated polyethylene of 3 cm thickness. 
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