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Abstract. The internal wall of the cavity of experimental asscmblics, involved wilh high energy fusion
neulrons, can be covered by an asphali-sand layer for radiation prolection purposes. The calculations
have demonstrated that asphalt has a radiation protection capability superior to that of concrete, on equi-
valent weight busis,

For an experimental cavily using a 10" neutronsfsec neutron generator, the best structure has been
found to be 2 10% asphalt - 20% red sand homugenecus mixiure. against neutron + gamma energies, with
a protection capability of more than 200% compared to the same thickness of a concrete structure.

This work has proved that the local and cheap asphalt and sand can replace the relatively cxpensive
concrete in constructing biological radiation shislding of experimental assemblies on fusion neutronics.

Introduction

Neutronic experiments require bulky biological radiation shiclding especially
because highly energetic (D, T) fusion neutrons with 14.1 MeV huve a very high pen-
etration capability, Usually, an experimental facility that is covered with concrete
walls of about 2.5 m over a space angle of 47 requires more financial investment for
the shielding than for the enclosed experimental assembly.

As the asphalt is rich in hydrogen and carbon, and sand is rich with silicon and
some other heavy elements, it is worthwhile to investigate their shielding potential
against high energy fusion neutrons and induced gamma rays. This work has been
done within the framework of a project on experimental fusion neutronics [1]. The
asphalt that is used in this project is paving asphalt grade 60/70, a black semi-solid
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sticky substance, obtained from Riyvadh Refinery, and its origin is Ras Tanura. The
red sand is collected from Nofod desert beside Shagra city. The chemical composi-
tion of asphalt is (C, H SN0 ), [2,3].

Method of Calculation

The incident neutron and induced gamma-ray fluence transport calculations
were performed by solving the Boltzmann transport equation [4], with the aid of the
computer code ANISN[S]in S, - P, approximation using mainly the 30-neutron and
12-gamma-ray group data library CLAW-B [6].

The biological human tissue dose equivalent along and beyond the experiment
cavity wall was calculated as rccommended by ref. [7):

D =[Y"(E} W(E) ¢(E)JE (1
E
where
[ = neutron energy
t = time of exposure
ED(E): MUCroscopic cross scction of the human tissue, corresponding to inci-

dent neutron
W(I%) : weight function for the dose unit,

The values of the dose respanse function, R(E), can be calculated as follows [8]:
R(E) = £°(E) W(E) (2)
and were taken from ref. i9] to be implemented into the data library CLAW-B in
order to calculate the dose equivalent with the hetp of the activity tables in the code
ANISN,

On the other hand, a common method of fast neutron measurement is o use
threshold detectors. We calculated the total number neutron induced events per cm’
foils of U (n,£), 2 Th(n,f), "B(n,a), 7’ Al(n,«) and *Fe(n,p) detectors as follows:

D = [N(E)] [ ¢(E,t)dt ] dE 3)
E t

where

I(E): macroscopic cross section of the comesponding detector material,
I ¢ (E,0))dt: ncutron fluence in the experimental cavity wall.
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In case of '“B and ¥ AL dectors,

A, = AD {4)
A corresponds to the initial activity of the irradiated foil, A being the decay constant
of the isotope, produced by activiation.

In case of fission detectors, D is equivalent to the number of fission events (fis-
sionsfem?) for the P80 and ***Th foils.

Evaluation of the Shielding Structures for Experimental Cavity

In the course of this study. the experimental cavity for the generation of fusion
ncutrons is approximated by a sphere of 5 m radius. The yield of the ncutron
generator is taken as 10" nentrons/sec at 14 McV.

The neutron transport through the asphalt, red sand, and concrete layers of 50,
75, 100, 125, 150, 175 and 200 cm was calculated with the help of the computer code
ANISN in 8.-P, approximation. For the sake of comparison, two different data
blocks have been utilized. The first one contains DLC-2F [10] and DLC-24[11] data
libraries with the implementation of neutron dose response factors of Snyder-
Neufeld [8). The sccond one contains coupled 30 neutrons + 12 gamma-ray data
library CLAW-B, mainly DL.C-36 CLAW [12]. Both librarics, DLC-24 and DLC-36,
contain neutron reaction cross-section data; and implementing Los Alamos neutron
and gamma-ray dose factors [13]. The biological neutron and gamma ray doses, are
added to the above libraries to facilitate the possibility of calculating human expo-
sure to the radiation doses, within different thicknesses of the developed structures.

Assessment of Layered Shielding Structures

The experimental cavity, using different combinations of asphalt and concrete
layers is shown in Fig. 1. The atomic densitics thal were used in caleulating the differ-
ent neutronic cffectivities of the shielding structures are listed in Table 1.

In Fig. 2 the biological dose response functions against thc asphalt wall thickness
for anly neutron dose as well as for the coupled neutron and gamma-ray dose are
shown, Using the neutron and gamma-ray dose transmission factors | 13], it has been
possible to assess the neutron and gamma-ray doses behind a 75 em and 110 ¢m con-
crete shielding followed by an asphalt zone of various thickncss.

It can be shown from the curves of Fig. 2, that for incident 14 MeV fusion neut-
rons, an asphalt wall of 50, 75 and 100 ¢m thickness offers a reduction in neutron and
gamma-ray doses by a factor (protection factor) of 23, 76 and 315, respectively.
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Table I, Mass and atomic densities of materials used In calculations

Materisl and mass density Atowmic density
(glem® Element (10%em)
Airon the ground 0.06012 Nitrogen 0.4076E-4
Oxygen 0.94886E-5
Asphalt 0.9 Hydrogen 0.4481E-1
Carbon 0.3835E-1
Sulfur 0.1293E-2
Nitrogen 0.8617E-3
Oxygen 0.8617E-3
RedSand 2.05 Hydrogen 0.9613E-2
Oxygen 0.3573E-1
Sodium 0.4452E-3
Magnesium 0.4HHE-3
Aluminum 0.4508E-3
Silicon 0.1164-2
Potassium 1.5481E-3
Iron 0.3427E-3
Concrete 2.33 Hydrogen 0.9600E-2
Oygen 0.3980C-1
Sodium 0. 130E-2
Aluminum 0.3100E-2
Silicon 0.1250E-1
Calcium 0.4400E-2
Iron 0.2100E-2

Concrete
Asphalt

10" Nentrons/sec
14 MeY Neulron Source

Fig. 1. One-di ionul calculational model for the biological shlelding of the experimental
cavity for fusion neutronics
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Fig. 2. The bivlogical dose resp gainst the asphalt wall thickness
1. Neutron + gamma-ray dose, CLAW-B Library
2. Neutron dose, CLAW-B
3. Neutron dose, DLC-2F/24
4, Neutron + gamma-ray dose behind 4 75 cm concrete shielding followed by an asphalt
of variable thickness, DLC-2F/24

. Neutron + gamrma-ray dose behind a 1000w concrete shielding following by an asphalt
zo0e of variable thickness, DLC-2F/24

A comparison of the curves 1 and 2 shows clearly that the contribution of the
induced gamma-rays increases with the thickness of the asphalt zone. For example,
the gamma-ray dose at the end of the 100 cm asphalt wall is about 16 times higher
than the neuteon dose. Hence, a primary asphalt zone represents a very effective
shielding against incident fast neutrons, but a secondary shiclding made of high Z
concrete to give structural strength is needed to absorb the induced gamma-rays.

The neutron dosc through variable asphalt thickness has been calculated using
different cross section data libraries for comparison and is presented in curves 2 and
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3. The DLC-2F/24 library gives higher dose values (amongst the libraries available
for computation at King Saud Uneversity such as: DLC-36, DLC-47); henee, for
future studies, thislibrary will be preferred to abtain apparently conservative results.

By comparing the biological dose at () ¢cm asphalt on curves 3 and 4. one can
determine that the protection of a conercte wall of 75 cm against the fusion neutrons
is around 150, i.e., concrete has a betler rudiation protection thun asphalt on equiva-
lent thickness basis. However, on equivalent weight basis asphalt has a superior radi-
ation protection than concrete. For example, 184 cm thick asphalt wall (p;ﬂghm =
0.98 g/em?) would have the weight of a 75 cm conerete wall p_ .. = 2.33 g/m”), but
its radiution protection capability would be more than 100 times higher than that of
the latter one, due to the availability of H&C moderators in the asphalt with high
atomic densities.

Curves 4 and 5in Fig, 2 show that an increase of the conerete wall thickness from
75 emio 100 em, (i.e. 33%), the radiation dose protection will increuase by a factor of
anly 5.2

The neutron leakage from the asphall walls of thicknesses 50, 75 and 100 cm are
6.6%, 1.27% and 0.236% of the incident 14 MeV neutron flux with an average netu-
ron energy of 4.67, 4.31 and 4.09 MeV, respectively.

1 was felt that, it would be worthwhile to compare both library sets, DLC-2F24
and CLAW-B, on a broader basis. For this purpuse the responses of different
threshold detectors have been calculated for a source strength of 10" neutrons/sec at
14 MeV in the center of the experimental cavity and for detector locatinns at differ-
ent places in the asphalt layer.

The activity concentrations A for the Fe(n,p) and Al(n,a) detectors were cal-
cuated according to (per gram foil material) {1}

AT
A-X ¢(l-e) (5)
where
I, ! macroscopic reaction cross-section
¢ : the neutron flux density
A, : the decay constant of the isotope produced by activation
T : irradiation time (8 hours)

The activity concentration for the “*U(n,[), >*Th(n.f) represent the fission rate

per gram of the vorresponding fissionable material.
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Figures 3 and 4 depict the above-mentioned response functions, calculated by
different data blocks. They are comparable in general. The slope in threshold detec-
tor responses calculated with the CLAW-B library is higher. One can conclude that
both libraries give consistent results for similar studies,

Activity (Bq)

.20 &0
Asphalt thickness(m)

Fig.3. Selected Lhreshold detector response functions through the asphalt zone, calculated
with DLC-2F and DLC-C24

24 (n,0)

“Fe (n,p)
Th (n,0)
N

awe e

For fast neutronic measurements the "*Rh(n,n"}, "™™Rh reaction is widely used
[14]. However, with this reaction, the thermal flux in the experimental cavity can be
an obstacle, because it becomes difficult wo distinguish the conversion electrons emit-
ted from '™™Rh and the B-rays emitted from "™Rh (the latler is produced mainly
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Asphalt thickness (m)
Fig. 4. Selecled threshold detector response functions through the asphalt zone, calculated
with CLAW.B

1. U (n,n

2, %Fe¢ (n,p)

3. hn,h

4. 'FAL (n,0)

through thermal capture in '"*Rh). At this point, it is important to note that during
this study the ratio of the thermai flux (< (.414 e V) to the 14 MeV-flux in a cavity sur-
rounded by thick asphalt walls was calculated as 1.36, while, this ratio was 1.84 in a
cavity with concrete wall, In experiments dealing with fast neutron measurements a
lower thermal flux background causes a reduced disturbunce, Therefore, it is
another advantage to use asphalt as internal cavity walls instead of concrete.



Radiatiun Shielding Capacity of Asphalt & Sand 201
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Fig. 5. Asphali-snnd catculational model for the biological shielding of the experimental cav-
ity for fusion neutronics

Another structure using asphalt-rcd sand laycrs has been examined for a total of
200 cm thickness for the experimental cavity walls. The new calculational model is
shown in Fig. 5. The computer calculations were performed by starting with 0 cm
asphalt inside, and 200 em sand outside, then increasing the thickness of inner
asphalt layers by 20 cm steps up to 200 cm asphalt and U em sand layers. Tuble 2 pre-
sents the protection factors for different asphalt-sand layers with two cases where we
have whole sand or asphalt. The concrete, given at the top of the table, was used as
reference. It can be seen that, the protection factor against neutron is increascd with
increasing sand layer thickness, For the induced gamma, the maximum protection
factor has reached 1.48 > UF for 80 cm asphalt and 120 cm sand.

The opposite arrangement bas been investigated by starting with 0 cm sand
inside and 200 cm asphalt outside and increasing the thickness of the sand by 20 em
steps with decreasing the thickness of the asphalt with same amount as shown in
Table 3.

The maximum protection factor of 1.5 x 10% against neutron enetgies has been
found for the 180 em sand and 20 cm asphalt. This protection factors for sand-asphalt
layer is 18% over the concrete protection factor for the same shielding thickness
{200 ¢m).
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Table 1. The protection factors aguinst neutron and induced gamma energies acruss different thicknesses
of inside-asphalt outside-sand siructares of the experimental cavity.

Struclure LASL®*
Shielding thickness

cm o+y n ¥
50 9.233E0 6.835E1 9 357ED
100 2.653E2 7.787L3 2.656E2
Concrete** 150 8.062E3 8.9UES 7.871E3
2t 2.281E5 L.240E8 2.062F5
50 1.25%K1 5.473E1 1.278E1
00 cm Asphalt 100 1.219E2 4.969E3 1.173E2
200cm Sand 150 1.15tE3 4,767E5 1.108E3
200 2.619E4 6.642E7 2.429E4
50 1.256E1 4.453E1 1.318E1
2 cm Asphale 100 2.927E2 3.787C3 2.H19E2
180 cm Sund 150 2.535E3 3.551E5 2.378E3
200 4.890C4 4.905E7 4.422E4
50 6.214E0 3.878C1 6.531E0
40 cm Asphalt 100 3.469E2 1.978E3 3.468E2
160 ¢m Sand 150 4.678E3 2.672E5 4.346E3
200 B.436E4 3.593E7 7.505E4
50 3.694E0 4.094F1 4.168E0
6l cm Asphalt 100 1.979E2 2.481E3 2.062E2
140 ¢m Sand 150 6.638E3 2.080E5 6.327E3
200 1.427E5 2.6092E7 1.268E5
50 3.599E0 4.101E1] 4. 144D
B0 cm Asphalt 100 7.201E1 2.197E3 7.653E1
120 em Sand 150 4.581E3 1.666ES 4.540E3
200 1.646E5 2.047E7 1.482E8
50 3.581E0 4.101E1 4.139E0
100 cm Asphalt 104} 2.326E1 2.242E3 2.726E1
HK)cm Sand 150 1.902E3 1.378C5 1.927E3
200 9.B66E4 L.5TUE? 9.025E4
50 3.578E0 4,101E1 4.138KD
120 cm Asphalt 100 2.12ET 231E3 2.645E1
80c¢m Sand 150 6. 741E2 1.195E5 6.955E2
200 4.164E4 1.238E7 3.846F4
50 3.578EU 4. 101E1 4.138E0
140 ¢m Asphalt 100 2.07¢E1 2.31E3 2.632E1
&hem Sand 154 2.205SE2 1.110E5 2.342E2

200 1.605E4 .935E6 1.497C4
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Table 2, Cont.

Structure LASL*
Shielding thickness

cm n+ey n ¥
50 3.578E0 4.101E1 4.138E0
160cm Asphalt 100 2.065E1 2.3T1E3 2.629E1
M em Sand 150 1.193E2 1.211ES 1.482E2
it 8] 6.022C3 8.233E6 5.680E3
50 3.578F0 4.101E1L 4.138E0
180 cm Asphalt 100 2.0ME!| 2.311E3 2.629E1
20 cm Sand 150 1.147E2 1.214E3 L.464E2
200 2.1B6E3 7.153E6 2.100E3
50 3.51E0 4.101E1 4.138E0
200 cm Asphalt 100 2.064E1 2311E3 2.629E1
00 em Sandl 150 1.146E2 L.2I4ES 1.467E2
200 8.698E2 6.860E6 4.092E2

*By using Los Alsmos Scientific Laboratory (LASL) neutron and gamma-ray dose factors.
**The protection factors for different thicknesses of conerete are presented as reference for comparison enky.

Table 3. The protection Factors against neutron and induced gamma encrgles across different thicknesses
of inside-sand outsidesasphalt structures of the experimental cavity,

Structure LASL
Shielding thickness

em n+y n v
50 3.577E0 4.101E1 4.138E0
(M em Sund 100 2 064E1 2ANES 2.629C1
200 cm Asphalt 150 1.146E2 1.214ES5 1.467C2
200 8.698E2 6. 86lFA 9.092E2
S0 4.019E8 5.766E] 4.692E0
20 cm Sand 100 2.320E} 3.117E3 2.921E1
180 ¢m Asphalt 150 1.226E2 t.609ES 1.470E2
2N 5.096C2 9.02LE6 747762
S0 4.657E0 7.056E1 4.984E0
40cm Sand 10K] 2.916E1 4.554E3 31.719EL
160 cm Asphalt ES) 1.600E2 2.323E5 2.A16E2
200 1.151E3 1.295E7 1.123E3
S0 1.125E1 5.582E1 1.158E1
60 om Sand 100 3447 5.574E3 4 303E1
1dllem Asphalt 150 L HME2 3.336E5 2.597E2
200 1.552E} 1.853E7 1.610E3
50 1.275E1 5.476E1 1.298E1
80cm Sund 100 31.571E1 9.142E3 3972E1
120 cm Asphalt 150 2.380E2 4.7RYES 3.102E2

200 1L.941E3 2.652E7 2.100E3
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Table 3, Cont.
Structure LASL
Shielding thickness

cm n+y o Y
50 1.264E) 5.473E1 1.284E1
100 cm Sand 100 6.754E1 5.996E3 6.835E1
100em Asphalr 150 2.842E2 6.833E3 3.596E2
200 2.374C3 3.794E7 2.621E3
50 1.260E1 5.473E1 1.279E1
120 em Sand 100 1.21SE2 4.948E3 1.177E2
80cm Asphalt 150 3.472E2 $.635E5 4.083E2
200 3.048E3 5.423E7 3.360E3
sn 1.259E1 5.473F1 1.278E1
140 cm Sand 100 1.226E2 4.964E3 1.180E2
60 cm Asphalt 150 4.232E2 1.142E6 4.440E2
200 4.(02F3 7.734E7 4.437E3
50 1.259E1 5.473E1 1.278E1
§60 ¢m Sand 100 L220E2 4.969E3 1.174E2
40 cm Asphalt 150 1.OAYE3 4.908E5 L.O43E3
200 5.6%4E3 1.093E8 5.968E3
50 1.250E1 5.473E1 1.278E1
18 em Sand 100 1.219E2 4.969E3 1.173E2
2em Asphalt 150 1.154E3 4,770ES 1.111E3
200 T.M2E3 1.462E8 7.340E3
50 1.259E1 5.473E1 1.278E¢t
200 cm Sand 1M 1.219E2 4.969E3 1.173E2
00 cm Asphatt 150 1.151E3 4.767E5 1.108E3
2 2.619E3 6.642F7 2.429E4

Table 4 lists the protection factors against neutron and induced gamma energies
across 200 cm concrete sandwiched with inside asphalt and outside-sand structures to
form a biclogical shielding for the experimental cavity as it is presented graphically
in Fig. 6. The maximum protection factor of 6.03 x 10 against induced gamma ener-
gics has been found for the 60 cm asphalt, 100 cm sand across 200 cm biologicul
shielding, The maximum protection factor against neutron energics was found as
1.25 %10® for a sandwich structure of 0 cm asphalt and 160 cm sand. This protection
factor is equivalent to 200 em of whole concrete structure.

Other calculations have shown the maximum protection factor as 3.36 x 10*
against induced gamma energies for 140 cm sand - 20 cm asphalt, and 1.25 x 10* pro-
tection factor against neutron energies for 160 cm sand - Ocm asphalt sandwich struc-
tures of inside-sand and outside - asphalt as shown in Table 5
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Table 4. The protection Factors against neutvon and induced gamma energles across different thicknesses
of Inside-asphalt sutside-sand Sandwiched by 20 cnt in‘out concreie structures for the experimen-

tal cavity.
Structure LASL
Shielding thickmess

cm n+y n Y
50 1.685E1 5.639E1 1.868E1
00cm Asphalt i1} 3.120E2 5.021F3 3.278E2
161 cm Sand 150 2.879E3 4.808E5 3.012E3
20 1.885E4 1.252E8 1.808E4
30 1.218E1 ].376E1 1.343E1
20cm Asphalt 100 4.019E2 4.191E3 4,226E2
140 cm Sand 150 6.743E3 3.759E5 6.918E3
200 4.148E4 8.646ET 3.938E4
50 4.800E0 5.799E1 5.609E0
40cm Asphalt 0 LYS1E2 3.488E3 2.058E2
120cm Sand 150 6,221E3 2.918E5 6.259E3
200 6.234E4 6.056E7 5.847E4
50 4.A95FD 5.809E1 5.580E0
60cm Asphalt 100 7.31EI 3.070E3 7.810E1
L0 cm Sund 150 3 188E3 2.323ES 3.1B7E3
200 6.569E4 4.288E7 6.(27E4
50 4,675E0 5.809E1 5,580E0
80 crn Asphalt 100 2.646E1 3.116E3 3.092E1
80 cmSand 150 1.316E3 1.913E5 1.321E3
200 4.076E4 kXizpicyd 3.678E4
50 4.671E0 5.809E1 5.519E0
100 cm Asphalt 100 2.436E1 3.211E3 3.032E1
60 cm Sand 150 512062 1.652E5 5.197E2
200 1.869E4 2.234E7 1.681E4
50 4.671E0 5.809E1 5.579E0
1200¢m Asphalt 100 2.406E1 3.21IE3 3.023E1
40cm Sand 150 1.913F2 1.330F5 1.986E2
200 7.835E3 1.654E7 7.064E3
50 4.671E0 5.809E1 5.579E0
140¢m Asphalt 100 2 A0EF] 32NER 3.022E1
20¢mSand 150 1.158E2 1.668E5 1.359E2
200 3.212E3 1.260E7 2.909E3
50 4.471E0 5.800E1 5.579E0
160 cm Asphalt 100 2.400E1 3211E3 3.022E)
00 cm Sand 150 1.127E2 1.671E5 1.352E2
200 1.304E3 1.4AE7 1.189E3
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Fig. 6. f.,'ull:ul‘aﬁo'nal model of concreie sandwhiched with asphalt-sand layers for the biolog-
ical shielding of the experimental cavity for fusion neutrunics

Main Results and Conclusions

Six types of structures have been examined for the best protection factor (PF)

for experimental cavity walls, the following results have beer obtained.

1

The 200 cm thickness asphalt-red sand homogenous mixtures, of 10% asphalt -
90% sand has provided the following protection factors (PF):

a) 4.681ES against neutron and gamma energies, or 2.05 times more than the
PF ol concrete for same thickness.

by  4.045ES against all gamma energies, or 1.96 times more than the PF of con-
crete.

c) 2.487E5 against high energy gamma, or 1.791imes more than the PF of con-
crete.

d) 7.622E5 against low energy gamma, or 2.10 times more than the PF of con-
crete.
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Table 5. The pmlectlon Factors against neutron and induced gamma energies across different thicknesses

ofi d sutsid halt Sendwiched by 20 cm in/out concrete structures for the experimen-
tal cavity.
Structure LASL
Shielding thickness
em nt+y n ¥

50 4.671ED 5.809E1 1.5TYEU

Otcm Sand 100 2.400C 1 3.211E3 3.022E}
160cm Asphalt 150 1I27R2 1.671F5 1.352F2
200 1.304E3 1.004E7 L. 189E3

50 B.623E0 7.926E1 G 995E0

20cm Sand 100 4.616E1 4.653F3 5.972F1
140 cm Asphalt 150 2.244E2 2.398E5 2.787E2
20 2.762E3 1.436E7 2.549E3

50 L.6OIEIL 5.746E1 |.7R4EL

Hlem Sand 100 T.607E1 6.683E3 Y.815E1
120cm Asphalt 150 3.915E2 3 438F5 5.(179F2
200 5.466C3 2.054C7 5.172E3

50 1.694E1 5.641E1 1.881E1

60 cm Sand 100 9.314E1 9211E3 1.120E2
1{Wlem Asphale 150 5.701E2 4.925ES 7.676E2
200 Y.435E3 2.942E7 9.304E3

50 1.689E1 5.639E1 1.873E1

80 cm Sand 1K 1.767E2 6.039E3 1.947E2
80 cm Asphalt 150 7.358E2 7.026E5 9.902E2
200 1.405E4 4.209E7 1.449E4

50 1.686F1 5.639F1 1.8AYF1

100 cm Sand 100 3.110E2 5.040E3 3.291E2
&) cro Asphalt 150 8.749E2 0 .833ES 1.112E3
200 1.904E4 6.010E7 2.036E4

50 1.685E1 5.639E1 1.868E1

120cm Sand 1 3140F2 5.021F3 33NE2
40 cm Asphalt 150 1.025E3 L.152E6 1.I70E3
20 25U E4 8. 530E7 2.750E4

50 1.685E1 5.639E1 1.868E1

140 em Sand 100 3.123E2 5.021E3 3.282E2
20cm Asphalt 15 2.657F3 4.948F5 2.4825F3
200 3.113E4 L.177E8 3.363E4

50 1.685E1 5.639E1 1.868E1

160cm Sand L)) 3. 12082 5.021E3 3.278E2
00cm Asphak 150 2.879E3 4.808ES 3.012E3
200 1.885F4 1.252F% 1.808E4
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2) The 200 cm structure of inside-asphalt with outside-sand layers has provided the
following protection factors:

4) 2.397ET for 160 cm asphalt -40cm sand layers against low encrgy neutron,
which is 3.23 times better than the PF of concrete for same thickness,

b) 2.210E6 for 80 cm asphalt -120 cm sand layers against low encrgy gamma,
which 15 6,09 times better than the PF of concrete.

3)  The 2(M) em structure of inside-sand with outside-asphalt layers, has provided a
protection of 1.462E8 for 180 cm sand -20 cim asphalt layers against all neutron
energies, which is 1.18 times better than the PF of concrete for sume thickness.
But for the high encrgy neutron, the best structure {out of the non-cuncrete
structures) can provide 4 protection factor of 4.633E8 or 47% of the protection
capability of concrete for the sume thickness,

This work has demonstrated that a proper combination of cheap and abundant
desert sand and asphalt can replace the relatively expensive concrete in constructing
biological radiation shielding of experiment facilities for fusion neutronics.

The amount of concrete required for a dome of 30 m diameter, and 2 m concrete
thickness, as un cxample, is about 4072 m*. The concrete cost in Saudi Arabia, is
ahout 255% more of the local asphalt and sand cost [15]. It should be stated here, that
2 m structure thickness of the investigated matcrials (sand and asphait) is quite effi-
cient for work places, using high energetic neutron source [2].

Furthermore, they ure even more uppropriate from both the economic point of
view and ncutronic considerations (higher protection tactor) than concrete, 1o con-
struct a bivlogical shielding for a research installation, dealing with fusion neut-
ronics, in a country like Saudi Arabia. Concrete would be needed for both sides of
an asphalt-sand wall only to provide structural strength.

References

[1] Al-Kusayer, T.A. “Evaluation of the Protection Capability of the Saudi Sand and Asphalt Againgt
Fast Ncutron and Gamma,” King Abdul Aziz City for Science and Technology, KACST # AR-7-
064, Final Report, Riyadh (1988).

[2] Al-Kusayer, T.A. “Assessment of the Radiation Protection Capability of Desert Sand Against
Fusion Neutrons.” Atomkernencrgie/ Kerntechnik 48, No. 142 (1986}, 100,

[3] Al-Kusayer, T.A. “Investigation of Radiation Protection Capability of the Saudi Sand.” Project No.
97405, Research Center, College of Engineering, King Saud University, Rryadh (1985).

[4] Weinberg, A.M. and Wigner, E.P. The Physical Theory of Newtron Chain Reactors. Chicago: The
University of Chicago Press, 1959.



Radiation Shielding Capacity of Asphalt & Sand 209

15] Engle, W . W_and Anisn, Jr.“A One-Dimensional Discrete Ordinates Transport Code with Anisot-
ropic Scaltering.™ K-1693 {ORNL), Oak Ridge National Laboratory, (1970).

[6] Al-Kusayer, T.A.; Sahin, S. and Drira, A. “CLAW-B, DLC-36 Coupled 30 Neutrons, 12 Gamma-
ray Group Cross-sections with Retrieval Programs for Radiation Transport Calculations. ® Radiation
Shielding Information Center, Quk Ridge Nalional Laboratory (march 1984).

{7] Sahin, S. et al. “Investigation of Protection Possibililics Against Enhanced Radiation Warhead.”
Atomkernenergie/Kerntechnik, 35, No. 3 (1980), 175.

I8] Snyder, W.S. er. af. “Dose Effects on Biological Human Tissue.” Radiation Research, 6, No. 1
(1967}, 67.

[9] Sandmeier, H.A. et &. “Coupled Neutron-gamma Multigroup-Multitable Cross Sections for 2%
Materials Pertinent to Nuclear Weapons Effect Calculations Generated by LASL/TIY Division.™
Report LA-5137, Los Alamos Scientific Laboratory, (Feb. 1974).

[10] DLC-2F. “100-group Neutron Cross Scction Data Bascd on ENDF/B, RSIC Daca Library Collec-
tion.” RSIC-ORNL, Oak Ridge National Laboratory (1975).

[11] DLC-24/SINEX. “100-group Neutron Reaction Cross Section Data Generated by SUPERTOG
from ENDF/B, Risic Data Library Collection, RSIC-ORNL, Oak Ridge National Laboratory
(1973).

[12]) DLC-36/CLAW. “Coupled 30 Neutron, 12 Gamma-ray Cross Section Based on ENDF/B-1V for
Radigtion Transport Calculativns, RSIC Data Library Collection.” RSIC-ORNL, Oak Ridge
National Laboratory (1982).

[13] Engstrom, G. et al. “Neutron and Gamma-ray Transport Calculations of Dose Transmission Factors
in Concrete, Defence Research Institute.” FOA Report AM95-A2, Stockholm, Sweden (Aug. 1977).

141 Zijp, W.L. e al. “Compilation of Evaluated Cross-section Data Used in Fast Neutron Metrology,
Reactor Centrum Nederland.” Report RCN-196, Holland, (Oct. 1973).

[15] Personal contact.



210 Tawiik A. Al-Kusayer

ST [T T PN (PSP g+ S
oy ) iy el yalaal

el arl Gdg
PEIE LTI Pt P cz..uli_.b"@.:l.,)‘_{!li...uu‘,._i
@%J!Q,Jfﬁdfa”!”b,ﬂuﬂidﬂ A

(GARLRVAVAL I - BT AL LRVA FA A2 PCWI3:

L badiW iy gl o3 Ty el Flaa W jaleal LAl DA d ke oSy . Lol ashls
eoldl o glaf s Pl e A SRY 3y ¢ Bl Y e dade dlaatys LA
LAY gales ol o cBlu bl 4,6 548 A, e 55 el iy of

phata L3 [0y e VY o salealt th.&}'l e | Jeerdt H“:"‘SJ‘;J""J al
bl Zasly 0 iyl g3l 4 T3y ol G T8 c i e il Jadd ga (i e
bt G A A Bl Gl L5 0 ghed 3L,

JE JE Ol i NS L Mty sl il Y gobe O ¢ fall a3t il
g igld Gzl Ly ot Ll Lol Y1 L o el o SN Sl
L iarbe iYW



