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Abstract: Effects of different factors on 235U mass estimation in natural and depleted uranium samples, are carried 
out by measuring the coincidence count rates due to uranium isotopes using the Active-Well Neutron Coincidence 
Counter (AWCC) with and without containers. NM samples of different shapes, configurations and various 
chemical compositions, were contained, by aluminum (Al), lead (Pb) or polyethylene (PE) with different thicknesses 
(0.5, 1, 1.5 or 2 cm) for the estimation of 235U mass. A semi-empirical calibration curves relate 235U mass content in 
each modeled setup configuration with the corresponding measured coincidence count rate, were constructed with 
and without containers. The estimated 235U mass content was found to be reduced by factors, where these factors 
were calculated for each sample type and for the rectangular and cylindrical shapes as well as for all configuration.  
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1. Introduction 

It is known that the basic measure of a state 
system of accounting for and control (SSAC) of all 
nuclear material is NM accountancy [1, 2]. NMs, 
mainly uranium and plutonium, can be presented in 
different physical, chemical and geometrical forms. 
They may exist as metals or compounds, in solid, 
liquid or gaseous states. Uranium appears the most 
important NM and its mass has to be verified during 
inspection activities. The SSAC must include a 
measuring system which can be applied for all types 
of NM [3- 5]. 

The Active-Well Neutron Coincidence Counter 
(AWCC) is a coincidence neutrons counting system. It 
was designed as non-destructively assay (NDA) 235U-
bearing materials [6]. 

Many articles have been published in which the 
AWCC was tested and used in different applications. 
These articles demonstrated the applicability of 
AWCC for assaying uranium content in a wide variety 
of materials and generated calibration curves for 
different NM categories. Mykhaylov et al had 
obtained AWCC calibration curves for uranium metal 
and uranium dioxide with different enrichments up to 
90 % [7]. David et al have made a comprehensive 
modeling study to evaluate the utility of multiple 
active neutron interrogation signatures for detecting 
shielded highly enriched uranium (HEU). The 
modeling effort focused on varying HEU masses from 
1 kg up to 20 kg with different types of shields 
including cement, wood, polyethylene, aluminum, and 

steel at different depths of the HEU in the shields. 
Also they vary immediately the configuration of the 
shields surrounding the HEU including steel, lead, and 
cadmium. Neutron and gamma-ray signatures were 
the focus of the study [8]. Hee-Young Kang et al 
evaluate the neutron shielding effects of four 
materials, polyethylene, k-resin, paraffin and graphite 
by using a neutron source. The attenuation of the 
shielding materials were investigated for various 
thicknesses. The experiments were carried out with a 
252Cf source and three 3He gas detectors as a long 
counter. The calculated results obtained from the 
Monte Carlo code were compared with the 
experimental measurements. They concluded that 
these materials can be used as neutron shields for 
spent fuel shipping casks, accelerators and neutron 
generators [9]. The effect of cosmic-ray shielding in 
passive neutron coincidence counting (PNCC) was 
studied by Alvarez and Wilkins. They present results 
from an experimental assessment and calculations of 
the effect of overhead shielding on the cosmic ray 
induced neutron events. Background data were taken 
with a pair of AWCC in different locations under 
different thicknesses and configuration of concrete to 
provide shielding from cosmic rays. Comparision are 
made with historical performance data as well as 
published work. These results will be useful when 
considering the location and shield of PNCC systems 
[10]. 

In most of the published work, it was noticed 
that, in order to obtain accurate quantitative 
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measurements, it is necessary to calibrate the 
instrument using physical standards representing the 
samples to be assayed. Generally, three different 
approaches might be used to address such issue; 
including semi-empirical calibration, cross calibration 
and Monte Carlo (MC) calculations. MC simulation 
codes could be used for mathematical calibration of 
the detectors to overcome the unavailability of NM 
standards [11-17]. 

In the present work a passive non-destructive 
assay (NDA) techniques (employing neutron or 
gamma ray spectrometry) has been used to study the 
effect of different factors affecting 235U mass 
estimation. 

A NM is contained inside aluminum (Al), lead 
(Pb) or polyethylene (PE), and the effect of containers 
on the estimation of 235U mass by using the AWCC 
was proposed using semi-empirical calibration. 

The facility at which this work was carried out is 
the Nuclear Chemical Building, Egyptian Atomic 
Energy Authority and the used NMs are subjected to 
the safeguards agreement between Egypt and the 
IAEA [MBA(ET-G), KMP(A)]. 

 
2. Experimental 
2.1. System setup 

The used AWCC system [Canberra, Model JCC-
51] consists of a high-density polyethylene ring in 
which 42 3He thermal-neutron detectors [Reuter-
Stokes model RS-P40820-103] are mounted in two 
concentric circles. The detectors are wired to give six 
groups of seven tubes for each. Each group is ganged 
through a single preamplifier/amplifier/discriminator 
board [JAB-01 Amptek]. The board output pulses are 
analyzed by the neutron analysis shift register [model 
JSR-141] together with the detector parameters shown 
in Table (1). The system consists of two 241AmO2-Li 
neutron sources (7.6104 n/s emission rate for each) to 
activate thermal fission in an assayed samples. Each 
source is kept in a stainless steel container. A tungsten 
shield is placed around each neutron source to reduce 
the gamma-ray emission [18-20]. 

 
Table 1. Detector parameters and timing 
characteristics used for this work [21] 

Gate width 64 sec 
Predelay time 4.5 sec 
High voltage 1680 V 

Die-away time 52.36 sec 
 
The AmLi neutron sources were positioned at 

17.3 and 50.3 cm from the bottom of the detector 
(upper and lower locations respectively) to allow 
optimum sample interrogation. Al-Cd sleeves are 
removed from the detector cavity in order that, the 

counter operates in the active thermal mode. The 
measuring setup parameters for data acquisition are 
adjusted using Canberra NDA2000 Software [22]. 
2.2. Nuclear material measurements 

Three rectangular pure metallic DU samples of 
17.15 cm height and 3.2 cm length and 1.65 cm width, 
three cylinders of 18.2 cm length and 6 cm diameter 
containing powder natural (NH4)2U2O7 and other three 
cylinders of the same dimensions containing powder 
natural UF4, have been used to measure the real 
coincidence neutrons count rate of 235U with and 
without containers. These containers are aluminum, 
lead or polyethylene, where four cylinders of each 
container having 20 cm length and 6 cm inner 
diameter for each, differ only in their wall thickness 
(0.5, 1, 1.5 or 2 cm), and other four rectangulars of 
each container having 22.5 cm length and 5.2 cm wide 
and 4.6 cm height for each, the wall thickness of all 
containers are also (0.5, 1, 1.5 or 2 cm). Fig. (1) 
illustrates the different setup configurations of the 
AWCC for which the NM samples were measured 
inside the containers. For each setup configuration, 
the real fission coincidence neutron is calculated as 
the average of three measuring runs with and without 
containers. 

The uncertainties for the coincidence counting 
rates ranged between 1.2% and 5% according to the 
number of measured cylinders and rectangular 
samples (from one to three cylinders and rectangular). 
The measuring times were 2400 sec. 

 
3. Fission rate calculation 

Fission rate of 235U nuclei in NM samples 
measured in the AWCC depends on many parameters 
and factors [6, 23 & 24]. Monte Carlo modeling is an 
efficient and accurate method to calculate the fission 
rate using the multi-purpose MCNP-5 code via NM-
detector geometry modeling, (as shown in Fig. [1]) 
[25]. 

Fission rate per unit volume was calculated using 
the track length estimation of cell flux (F4:N n) with 
the tally multiplier card (FMn C M R1), where n is the 
cell number (which contains the NM), C is the atomic 
density of the material, M is the material number on 
material card and R1 is the reaction number for total 
fission cross section, (R1 = - 6). 

Fission rate was calculated for each cylinder and 
rectangular shapes with different containers and 
thicknesses. This process was repeated for each NM 
sample in each setup configuration. Each calculational 
run was performed using 106 histories; the time of a 
run was about 20 minute on a 2.2 GHz Core2Duo 
processor. The relative standard deviation of the 
MCNP calculations did not exceed 2.5% for all runs. 
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Figure 1. Geometrical model of the AWCC used for Monte Carlo calculations with different setup configurations of 
DU metal samples inside the cavity with containers. (a) Cross sectional view, (b) longitudinal view and (c) different 
setup configuration for the different sets 
 
4. Results and Discussion 

Fig.(2) shows the relation between the count 
rate and the wall thickness of different containers 
where they are found in agreement with Monte carol 
calculation for (NH4)2U2O7, UF4 and DU metal 
matrices. That is the count rate decreased gradually 
with the increase of the wall thickness of the used 
containers. 

235U mass content with and without container in 
(NH4)2U2O7 and UF4 as well as in DU metal matrices 
can be calculated for (NH4)2U2O7 and UF4 from 
equation (4) and equation (5) for DU metal [21], 

 
                                                                 (4) 
 
 
 
                                                                   (5) 

 
Where            is the coincidence efficiency of 

the detector and Fr is the fission rates per unit volume 
per NM sample, 
 

                                                                       , 
 
 
 
 
 

The results of  the real coincidence count rate 
with container as a function of 235U mass content 
corresponding to each setup configuration were fitted 
by second order polynomial applied to construct the 
calibration curve, which leads to calculate the 235U 
mass for (NH4)2U2O7, UF4 and DU metal matrices. 
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Figure 2.  The variation of the real coincidence count rate with the thickness of different containers and shapes. (a) 
(NH4)2U2O7 matrix, (b) (UF4) matrix and (c) DU metal 
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Fig. (3) shows the variation of the real 
coincidence count rate with 235U mass content 
corresponding to each setup configuration and for 
different containers. For (NH4 )2U2O7 matrix with 
cylindrical shape without container the real count rate 
is 75.3 c/s and the 235U mass content is 3.311 g for set 
(1), but it is 122.2 c/s and 6.248 g for set (2) and it is 
178.3 c/s and 9.309 g for set (3). For Al container 
(0.5 cm thickness) the real count rate decreased and 
the 235U mass content decreased to 2.789, 6.065 and 
9.148 g for set (1, 2 and 3) respectively. For Pb 
container (0.5 cm thickness), the 235U mass content 
decreased to 2.586, 5.945 and 8.867 g for sets (1, 2 
and 3) respectively. For PE container (0.5 cm 
thickness), the 235U mass content decreased to 2.113, 
5.481 and 8.539 g for sets (1, 2 and 3) respectively. 
For rectangular shape there are small change for 235U 
mass content as shown in Fig. (3a). 

For (UF4 ) matrix with cylindrical shape without 
container the real count rate is 114.8 c/s and the 235U 
mass content is 5.207 g for set (1), but it is 228.3 c/s 
and 11.044 g for set (2) and it is 334.2 c/s and 16.891 
g for set (3). For Al container (0.5 cm thickness) the 
real count rate decreased, then 235U mass content 
decreased to 4.955, 10.879 and 16.669 g for sets (1, 2 
and 3) respectively. For Pb container (0.5 cm 
thickness) 235U mass content decreased to 4.832, 
10.560 and 16.266 g for sets (1, 2 and 3) respectively. 
For PE container (0.5 cm thickness) 235U mass 
content decreased to 4.518, 10.036 and 15.864 g for 
sets (1, 2 and 3) respectively. For rectangular shape 
there are small change for 235U mass content as 
shown in Fig. (3b). 

For DU metal with cylindrical shape without 
container the real count rate is 104.4 c/s and the 235U 

mass content is 6.501 g for set (1), but it is 213.2 c/s 
and 12.841 g for set (2) while it is 283.4 c/s and 
18.032 g for set (3). For Al container (0.5 cm 
thickness) the real count rate decreased, so the 235U 
mass content is decreased to 6.168, 12.245 and 
17.379 g for set (1, 2 and 3) respectively. For Pb 
container (0.5 cm thickness) 235U mass content 
decreased to 5.714, 11.517 and 16.778 g for sets (1, 2 
and 3) respectively. For PE container (0.5 cm 
thickness) the 235U mass content is decreased to 
5.139, 10.286 and 16.159 g for sets (1, 2 and 3) 
respectively. For rectangular shape there are small 
change for 235U mass content as shown in Fig. (3c). 

Fig. (4) shows the variation of 235U mass 
content with different container shapes and 
thicknesses where it shows that 235U mass contents 
for (NH4)2U2O7, UF4 and DU metal matrices without 
container are 3.311, 5.207 and 6.501g respectively, 
and it shows gradual decrease with the increase of the 
wall thickness of the containers. It is shown that 235U 
masses reduced by a factors of (0.842, 0.773, 0.672 
or 0.527), (0.834, 0.713, 0.642 or 0.485) for 
aluminum containers of cylindrical and rectangular 
shapes, with thicknesses of (0.5, 1, 1.5 or 2 cm) 
respectively. But it reduced by factors of (0.781, 
0.727, 0.632 or 0.444), (0.732, 0.653, 0.535 or 0.333) 
for lead container of thicknesses (0.5, 1, 1.5 or 2 cm) 
respectively, while for polyethylene container, it 
reduced by factors of (0.638, 0.485, 0.588 or 0.352), 
(0.608, 0.440, 0.561 or 0.201) of thicknesses (0.5, 1, 
1.5 or 2 cm) respectively, for (NH4)2U2O7 matrix. All 
the obtained values are exhibited in Table (2, a & b) 
for cylindrical and rectangular shapes respectively. 
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Figure 3. The variation of the real coincidence count rate with 235U mass content for different containers and shapes. 
Solid line represents the second order polynomial fit of the estimated data (a) (NH4)2U2O7 matrix, (b) (UF4) matrix 
and (c) DU metal 
 

235U masses reduced by factors of (0.952, 0.896, 
0.842 or 0.771), (0.948, 0.874, 0.833 or 0.779) for 
aluminum containers of cylindrical and rectangular 
shapes, with thicknesses of (0.5, 1, 1.5 or 2 cm) 
respectively. But it reduced by factors (0.972, 0.886, 
0.814 or 0.740), (0.908, 0.844, 0.777 or 0.712) for lead 
containers of thicknesses (0.5, 1, 1.5 or 2 cm) 
respectively, while for polyethylene container, it 
reduced by factors of (0.867, 0.818, 0.846 or 0.723), 
(0.862, 0.809, 0.838 or 0.675) of thicknesses (0.5, 1, 
1.5 or 2 cm) respectively, for (UF4) matrix. 

It was found also that 235U masses reduced by 
factors of (0.949, 0.888, 0.807 or 0.700), (0.894, 0.836, 

0.747 or 0.632) for aluminum containers of cylindrical 
and rectangular shapes, with thicknesses of (0.5, 1, 1.5 
or 2cm) respectively. But it reduced by factors of 
(0.884, 0.829, 0.712 or 0.637), (0.834, 0.805, 0.647 or 
0.564) for lead container of thicknesses (0.5, 1, 1.5 or 2 
cm) respectively, while for polyethylene container, it 
reduced by factors of (0.790, 0.744, 0.779 or 0.541), 
(0.777, 0.735, 0.758 or 0.482) of thicknesses (0.5, 1, 
1.5 or 2 cm) respectively for DU metal. The increase of 
the real count rate and 235U masses at thickness (1.5cm) 
polyethylene for all matrices raise the likelihood of 
generating fissions as shown as in Figs. (2&4). 
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Figure 4. The variation of 235U mass for the different containers and shapes with the thickness. Solid line represents 
the linear fit of the measured data (a) (NH4)2U2O7 matrix, (b) (UF4) matrix and (c) DU metal 
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Table (2-a) 235U mass content in each modeled setup configuration with different containers and wall thicknesses for 
cylindrical shape  
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Table (2-b) 235U mass content in each modeled setup configuration with different containers and wall thicknesses for 
rectangular shape 

 
 
5. Conclusion 

A semi-empirical calibration curve relates 235U 
mass content in each modeled setup configuration 
with its corresponding measured coincidence count 
rate, was constructed with and without containers. 
From these curves, 235U mass contents can be 
deduced, for different containers (Al, Pb or PE). 

According to these studies, it can be concluded that 
235U mass contents decreased with the gradual 
increase of the wall thickness containers. Factors of 
correction for each container and its thickness were 
obtained which can be used to calculate the correct 
235U masses in any NMs. The count rates are found in 
complete agreement with the measured values within 
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the limits of error. It is found also that, by using 
MCNP code, the correction factors due to the using 
of different containers can be also deduced. 
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