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ABSTRACT 
 

    This paper gives a description to the shielding research activities which 
have been carried-out at the radiation shielding group ,Tajoura Research 
Center. This includes the design of different types of concrete shields made 
from local  aggregates which have suitable radiation attenuation properties. 
These include, Ordinary Concrete(with density ρ  = 2.3 ton/m3) heavy weight 
concrete (with density  ρ  =3.6 ton/m3) and heat 
resistant concrete with aggregates having bound- in water. 
    Investigation have been carried -out by measuring the neutron and 
gamma-rays spectra which have been transmitted through barriers having 
different thickness. These were performed using a collimated beam of 
reactor neutrons and gamma-ray transmitted from the horizontal channel  
no 1 of Tajoura-Research reactor with 10 MW Max ape rating  power. The 
transmitted fast neutron and gamma spectra were measured by neutron-
gamma spectrometer employing NE-213 liquid organic  scintillater. 
Discrimination of against undesired pulses of neutrons or gamma-ray was 
achieved by a pulse shape discrimination method based on differences in the 
shape of the decay part of the emitted pulses. 
    The obtained results are presented in the form of displayed neutron and 
gamma spectra measured behind different thickness of the investigated 
concrete shield. These spectra were used to derive the macroscopic cross 
section for at different energy for material under investigation 
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INTRODUCTION 

 
Concrete is considered to be excellent and versatile shielding material and it's widely used for the 

shielding of nuclear reactors, hot cell. Medical facilities and particles accelerators. 
 

In nature, there is no material which satisfies all the attenuation properties for both neutron and 
gamma-rays. High mass materials are more appropriate for gamma-rays attenuation while materials of 
low mass are more effective for showing down the intermediate energy neutrons by elastic scattering 
collision. Also high mass materials have good capability attenuation for high energy neutron by 
inelastic scattering collision. Therefore, composite shields consist of high and low mass materials are 
usually used for attenuating neutron and gamma-rays attenuation. However, materials with high 
percentages of hydrogen content, or element is of high density are good attenuation for gamma-rays 
and other organic compound materials are used for slowing down of fast neutrons by elastic scattering 
( 1-4 ). 
 

The demand for more precise data of materials widely used in shielding technology continues to 
grow as the number of nuclear reactor increases. The complex of phenomena that had to be considered 
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for an accurate shield analysis was an imposing obstacle. Although the processes by which neutrons 
and gamma-rays interact with matters were reasonable well understood, but their relative importance 
depends on largely unknown physical parameters called cross-sections. The spatial fluex and energy 
distributions of neutrons and gamma-rays, can be determined both theoretically and experimentally. 
However, bulk attenuation properties of materials for these two principal radiations of interest  still 
need more accurate information for shield analysis and design.  

 
It is obvious that hydrogenous materials  are needed for neutrons and dense materials for gamma-

rays. It is also evident that simple exponential attenuation based on the total cross-section is although 
inadequate concrete for determining the shield thickness (5,6.7). 
 

The design of a shield for neutrons and gamma-rays that is optimal, efficient and economical 
depends on, the permitted level at the shield surface, available shield material, heat limit released 
within the shield, contribution of capture gamma-rays to the total heating contribution of gamma-rays 
from neutron capture to the transmitted gamma-dose, activity level, layout and shielding of the coolant 
circuits. In addition space and weight limitations for certain limitations for certain nuclear applications 
add more impetus to the open question in shielding (8,9) 
 

The properties of the shield material chosen for certain purpose shield be investigated through 
with respect to the anticipated environment. In case of nuclear power plants, the selected materials for 
shield construction should ensure that the materials will be able to stand up to the environment and 
perform reliably over the lifetime of the plant. 
 

The shields like much of the permanent structure of the plant, are not amendable to replacement 
during plant operation.  

 
In addition, the final selection of each shield material should await the results of definite tests on 

samples of the materials exposed to a heat and radiation environment equivalent to plant operating 
condition  and total exposure equivalent to the plant lifetime if this information is not already known, 
one of the biggest mistakes that can be made in shield design is to choose an untested material that is 
acceptable on paper but whose integrity and reliability are questionable (10 ). 
 

EXPERIMENT TECHNIQUE 
 

The measurement were made in Tajura Nuclear Research Center of Radiation Shielding and 
Neutron physics Laboratory under co-operation with IAEA to obtain large number of integral tests, for 
shielding application. A brief description of technique are given below: 
 
(1) Material investigation of finite barriers of shielding media 

 
The attenuation properties of shielding materials can be investigated by measuring the neutron and 

gamma spectra passing through shield barriers of different thickness. Measurements are performed 
using collimated beam of neutrons or gamma-rays emitted from nuclear reactor.  

 
The transmitted fast neutron and gamma spectra are measured by neutron -gamma spectrometer 

.Figure 1 shows a schematic diagram of experimental lay-out used for finite barriers investigation. 
 
 The obtained measured neutron and gamma spectra are used to derive the values of total cross-

section for neutrons and gamma-rays. In addition the spectra measured behind different thicknesses 
are used to plot the attenuation relations for different energies.  

 
These attenuation relations are used to derive the values of neutrons and gamma relaxation lengths 

through the concrete shield under investigation. 
. 
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. 

 
 
 

 
 
 
 
 
(2) Investigation of the shield in homogeneity by computerized tomography 

 
The method of computerized tomography (CT) with combined fast neutron and gamma-rays will 

be applied to determine the pattern of the attenuation coefficient of neutrons and gamma rays in the 
material under investigation. i.e., the change in  material structure elemental composition creation of 
gas bubbles and air cavities . 

 
In case of heat resistant concrete ,the C-T method will be applied to show the inhomogeneous 

concrete structure and showing different components individual stone, iron rod, regions of different 
water and cement, crack and air cavities. cavities.  

 
Also, determination of the variation of local water content by this technique can be considered of 

the prime important shielding studies. 
 
 
.The CT study of shielding materials will be done using cylindrical samples of of material of 

different diameters depending on the intensity of the transmitted neutron and gamma-rays. In case of 
testing heat resistant concrete the test will be performed on concrete samples at room temperature and 
on others previously heated for different temperature and exposure time. 
 

The transmitted integral neutron-gamma fluxes are measured by the neutron-gamma spectrometer 
figure 2 shows a schematic arrangement of the mechanical and electronic devices used in the CGT 
scanner for material testing by neutron an gamma imaging. 
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RESULT AND DISCUSSION 

 
Results of some examples of measurement were performed to study the flux, and energy 

distribution of neutrons and gamma-ray in transmitted through different thickness are given and 
discussed. 
 
     Figure 3 shows the neutron spectra measured behind ordinary concrete of thickness 9, 18, 27 and 
36 cm. this figure shows that for neutron of energies below 6 MeV the spectrum form and shape 
change with increasing the sample thickness. Also can be noticed that, the measured spectra have 
some maxima and minima in the part of the spectra. However, at the same time for neutron of energies 
above 6 MeV.  
 
      The spectrum form and shape do not change with the increasing of the material thickness these 
spectra also show that, the marked depression in the neutron spectrum at neutron energies around 3.5 
MeV increasing with the increasing thickness.  
 
      The depression in neutron spectrum is attributed  to the peaks observed in total neutron cross-
section for the concrete elemental constituents concrete samples. The neutron spectra measured behind 
ilmenite.  
 
      Figure 4. shows that the shape and form of the spectrum for neutron within the energy ranges from 
about 7 to 12 MeV are approximately the same for all investigated thicknesses. However, for neutrons 
below this energy range the spectrum form and shape largely depend on the material thickness.  
 
      The relative values of the neutron flux observed at the positions of maxima and minima increase 
with the increasing of the material thickness.  
 
      Also the marked depression observed at neutron energy about 3.5 MeV increases with the 
increasing of the thickness. The depression can attribute to the high value of the neutron total cross-
sections at these there energy ranges. 
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 The measured spectra of fast neutron behind ilmenite concrete of thickness 25 cm heated at different 
temperature 100 ºC, 200 ºC, 300ºC, 400ºC are given in fig.5.  
 
      These spectra show that the fast neutron flux increases with increase of the heated samples to 300 
ºC, and this could be attributed to the fact that, the ilmenite concrete crystalline water to 300 ºC above 
300 ºC reduce the water content in concrete and decreases in the mechanical properties. 
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        The measurement fast neutron spectrum behind the two layer shields of steel + magnetile-
Iimonite is presented in fig. 6  this figure also present the measurement neutron spectrum behind two 
larger shields of steel+ Ilimenite-Iimonite concrete is most effective shield for fast neutron attenuation 
in the energy range from 1 MeV to 13 MeV. This can be attributed to the fact that two large shields 
with magnetite Limonite concrete with more percentage of iron nuclei the energy of fast neutrons is 
more rapidly decreased by inelastic scattering with iron nuclei.  
  

 
     
    The spectra of total gamma-rays measured behind two layer shields of steel magnetite -Limonite 
concrete and steel+ Ilmenite- Iimonite concrete are given fig. 7. The spectra in this figure show that 
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they nearly the same shape and profile for gamma within the whole measured energy range. This can 
be attributed to the fact that the enhanced attenuation of gamma rays by magnetite ilmenite concrete is 
eliminated by the enhanced increase of secondary gamma-rays produced from fast neutrons inelastic 
scattering by iron nuclei . 

 
    
 
 
C-T Images of resolution test sample to demonstrate the visibility of different materials of various 
sizes 50mm diameter cylindrical mode object model object made of polyethylene with iron rods of 
diameters vary from 1 to 15 mm. The test sample was imaged by measuring the transmitted fast 
neutrons and gamma-rays and the contribution of both radiation was separated by the electronic pulse 
shape discrimination. The C-T images, in fig. 8 shows the neutron C-T image and fig. 9 shows the 
gamma C-T image. The neutron C-T image given in fig. 8 shows clearly iron rods with diameters, 
down to 2 mm, However, the gamma C-T image shows iron rod with diameter greater than 3 mm. 

 

 
 
 

 
 
    C-T images obtained by fast neutron for ordinary concrete shield .The images is cross-section 
through sample at room temperature and that previously heated at 100 ºC to 200 ºC. Figures. 10 , 
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11,and12 respectively .These images show clearly the inhomogeneity in concrete structures with 
positions of air cavities gives and water contain the, while the C-T image obtained by gamma-rays are 
given in fig.13 C-T images show clearly the inhomogeneity in concrete structures with positions of  air 
cavities and water content, and  individual aggregates. 
 
 
    The C-T image obtained by fast neutron and gamma-rays indicate that, on heating the ordinary 
concrete samples to temperature of 100ºC the water content decreases remarkably  this to the fact that 
on heating ordinary concrete at temperature up to 100 ºC decrease its water by about 90 ºC. This 
indicated from C-T images resulted from samples heated at 100 ºC and heated at 200 ºC where no 
remarkable change is observed in this water content. 

 
                                         
 

GENERAL CONCLUSIONS 
 
The measured spectra of fast neutron and gamma-rays resulting from the              transmission of 

collimated beam of reactor neutrons and gamma-rays through the investigated shields have been 
presented and discussed. 
 
(1). The neutron spectra measured behind ordinary concrete shield of different thickness it can be 

noticed that the measured spectra have some maxima and minima jn the part of spectrum the 
energies below 6 MeV. However ,neutron energies above 6 MeV no maxima or minima are 
present .The position of maxima and minima increases by increasing the shield thickness .The 
maxima and minima  in total cross-section for ordinary concrete elemental constituents. 

 
(2). The spectra of fast neutron measured behind ordinary concrete shields of different thicknesses 

have nearly the same shape and form as their counter  parts measured behind ilmenit concrete 
shields. However, the flux value for  neutron of certain energy measured  behind samples 
having the same thickness is more higher than behind  ordinary concrete than that behind. 
Ilmenit concrete  this indicates that shield made from ilmenite concrete is better attenuator for 
the neutrons than the shield made from ordinary concrete.  
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(3). The ilmenite concrete samples one at room temperature and other previously heated at 200 ºC 
indicate that exposing of ilmenite concrete to high temperature up to 200 ºC does not cause any 
remarkable change in it's water content 

 
(4).  Two layer shield of steel magnetite -limonit concrete is more effective for fast neutron 

attenuation than two layer shields of steel ilmenite- limonite concrete for all both neutrons and 
gamma-rays of all energies. 

(5). Two layer shields made from steel, magnetite – limonite concrete or ilmenite concrete  and 
concrete have rarely the same attenuation properties to total gamma-rays. 

 
 
(6). Imaging of concrete shields by computerized tomography has proved its visibility to study the 

pattern of the attenuation coefficients for neutrons and gamma-rays in shielding materials. This 
CT image is a versatile technique which can be used to study inhomogeneity in concrete 
structure due to different components, such as individual stone, air cavities. It can be used to 
Study the local variation of water content at different positions inside the concrete samples. 

 
(7).  Results of C-T images for ordinary concrete samples, one at room temperature and other 

previously heated at 100 ºC indicate that exposing ordinary concrete that on heating at 
temperature at 100 ºC the concrete lose a high percentage of its water content, the C-T images 
obtained for shield previously heated at 200 ºC where they show approximately the same water 
content as these healed at 100ºC. 
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