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The applicability of a simple Monte Carlo gamma transmission model was investigated by
characterizing the mass attenuation coefficient, mean free path, and half-value layer for six
glass sample simulants of the PbO-Li,0-B,0; system previously prepared by others. The
mass attenuation coefficients were calculated and compared with those of XCOM and the
available experimental data for twenty gamma energy lines from 0.107 MeV to 7.12 MeV, and
good agreement was obtained. The effects of PbO concentration on the simulated values of
mass attenuation coefficient, mean free path, and half-value layer, were calculated and com-
pared with available experimental data in the gamma energy range 0.356-1.332 MeV, and
good agreement was found. The glass sample with the optimal gamma shielding for all con-
sidered gamma energies was the sample with the chemical formula Pb;B,Oy. On the one
hand, the Monte Carlo results confirm the applicability of the proposed model for perform-
ing additional calculations of photon attenuation properties for different glass compositions,
and on the other hand, considering the energy range of gamma-ray photons in a reactor dur-
ing uranium fission, 0.10-10 MeV, the results suggest the use of the studied glass samples as
optical shielding windows in nuclear reactors.
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INTRODUCTION

The computing and measuring of gamma-ray
shielding parameters such as mass attenuation coeffi-
cient, t/p, [cm?g'], half-value layer (HVL) in cm, and
mean free path (MFP) in cm play an important role in the
research area of radiation physics [1]. The mass attenua-
tion coefficient is the most commonly used parameter to
study the interaction of gamma radiation [2-6]. This in-
teraction is a combination of partial photoelectric absorp-
tion, Compton scattering, and pair production, which de-
pend on the energy and atomic number. Photoelectric
absorption and pair production are the processes by
which the photon is completely removed, while the
Compton interaction slows down the photon energy suf-
ficiently to be removed by the photoelectric absorption
interaction [4]. Thus, u/p is the most important quantity
characterizing the shielding design and is a fundamental
factor for deriving other gamma-ray shielding parame-
ters such as MFP and HVL.

Concrete is commonly used as a shielding mate-
rial in nuclear reactors for various types of nuclear ra-
diation [1, 7-8]. However, concrete as a shielding ma-
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terial in nuclear reactors is subject to several limita-
tions. These include the constant change in the
shielding properties due to the addition of moisture
content, opacity to visible light so that it is not possible
to see through the concrete shielding, cracking after
long exposure to nuclear radiation and aging, and wa-
ter loss in the concrete shielding due to heat generated
in the concrete by nuclear radiation [1, 9].

Various configurations of heavy metal oxide glass
systems have been investigated as possible alternatives
to concrete for gamma-ray shielding, and several geom-
etries for gamma transmission have been developed [4,
10-14]. Heavy metal oxide glasses are transparent to
visible light and their chemical composition can be var-
ied over wide ranges to attenuate different types of nu-
clear radiation generated in nuclear reactors [1]. The
transparent property of heavy metal oxide glasses
makes them useful for optical windows in nuclear reac-
tors and isotope technology centers.

In light of these efforts, Kumar [15] measured
the u/p values for six glass samples of composition
(0.6-x) PbO-x Li,0-0.40 B,O; (where 0 < x < 0.25
mol%) at photon energies; 0.356, 0.662, 1.173, and
1.332 MeV in a narrow beam geometrical set-up con-
sisting of a 4.5 cm x 5.1 cm Nal(Tl) detector with an
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energy resolution of 12.5 % at 0.662 MeV located at 66
cm from the gamma-ray source.

Three lead collimators were used: two of them to
direct the initial gamma-rays from the source to the
glass sample and the other to collimate the transmitted
photons toward the Nal detector. The gamma-ray
source, Nal detector, and lead collimators were housed
in a lead shielding container.

The measured u/p values were then used to ob-
tain the MFP, effective atomic number, and electron
density values. The shielding capabilities of the pre-
pared glasses were also compared with standard con-
cretes as well as with the standard shielding glasses. It
was found that the prepared glasses are the better
shielding alternative to the conventional concretes as
well as to other standard shielding glasses, with the
most effective shielding properties observed for the
sample with the chemical formula Pb;B,0,.

The lead shielding container can reduce the
background gamma photons measured by the Nal de-
tector. However, it increases the system geometry and
affects the readout of the Nal detector. In addition, the
use of multiple lead collimators can present geometric
challenges in terms of configuration and adjustment.
In addition, the relatively large distance (66 cm) be-
tween the source and detector may affect the efficiency
of the Nal detector [16].

On the other hand, the four energy lines used in
[15],0.356, 0.662, 1.173, and 1.332 MeV, do not rep-
resent all the expected gamma-ray energies that could
be used to examine the gamma-shielding capabilities
of the prepared glass samples. Moreover, it was found
that the energy range of gamma-ray photons in a reac-
tor during uranium fission is 0.10-10 MeV [3]. There-
fore, for a possible application of such glasses as trans-
parent windows in nuclear reactors, it is essential to
have u/p values for a wider range of photon energies.
On the other hand, HVL is one of the fundamental pa-
rameters for gamma-ray shielding that could be used
to determine the design of the shielding, but it is miss-
ing in [15]. This work addresses these shortcomings
by modeling a simpler Monte Carlo (MC) model for
gamma transmission and examining the shielding per-
formance of the six glass samples used in [15] at
gamma energy lines of a wider range.

The MCNP radiation transport code [17] can, in
principle, provide the highest accuracy and precision in
modeling the physical interactions in a matter applied in
circumstances often unavailable for experimental mea-
surements. From the literature [2, 4, 18-21], MCNP is
an effective tool for simulating gamma transmission ge-
ometries and calculating p/p values for different types
of compounds or mixtures.

On the other hand, the computer program
XCOM [22] is usually used for the theoretical estima-
tion of u/p values and interaction cross sections for el-
ements, compounds, and mixtures. The XCOM pro-
gram calculates the u/p values in the gamma energy

range 1 keV-100 GeV using the Hartree-Slater central
potential theory and it has been experimentally veri-
fied to give results that are close to the experimental re-
sults [23, 24].

Based on such considerations, MCNP5 [17] was
used to model a simple gamma transmission geometry
suitable for exploring the gamma shielding properties of
the six glass sample simulants of the PbO-Li,0-B,0;
system previously prepared by Kumar [15]. To evaluate
the suitability of the glass samples as optical shielding
windows in nuclear reactors, the geometrical model was
used to determine the u/p values at twenty gamma en-
ergy lines: 0.107, 0.114, 0.122, 0.139, 0.159, 0.170,
0.182, 0.208, 0.238, 0.254, 0.271, 0.276, 0.356, 0.511,
0.662, 0.835, 1.173, 1.275, 1.332 and 7.12 MeV. These
energies cover a reasonable range to study the
gamma-shielding capabilities of the simulated glass sam-
ples and correspond to the energy range of gamma-rays
occurring in nuclear reactors during uranium fission [3].
In addition, the XCOM program was used to calculate
the wi/p values for the same gamma energy lines, and the
results were compared with those of MCNP. This serves
to improve the accuracy of the simulated MCNP values
and to evaluate the applicability of the proposed geome-
try for gamma transmission predictions.

The experimental values of MFP reported in [ 15]
were used to derive the HVL values for the six glass
samples. The values of i/p , MFP, and HVL, as well as
the experimental results for the effect of PbO concen-
tration on these gamma-shielding parameters [15],
were compared with the MCNP values at gamma en-
ergy lines; 0.356, 0.662, 1.173, and 1.332 MeV.

MATERIALS AND METHODS

Appropriate geometry and input data for the pro-
posed gamma transmission model were modeled to re-
duce the potential statistical and systematic errors that
could affect the precision and accuracy of the MCNP
values. The simulated MCNP geometry is shown in fig.
1. The model consists ofacylindrical lead, Pb, capsule
with an inner diameter of 1 c¢cm, an outer diameter of
5 cm, alength of4 cm for the cavity, and a length of 5 cm
for the Pb capsule. The Pb capsule contains the gamma
source, which is considered to be a mono-energetic iso-
tropic point source in an infinite medium.

The original direction of the gamma source was
parallel to the beam axis, which was assumed to be the
X-axis. The source strength was set to unity to repre-
sent a normalized source, and the MCNP code was ex-
ecuted in photon transport mode only. The photon
weighting factor is 1 in all cells and zero in the cutoff
region (outside the boundary surface of the problem).
The cross-sections were taken from the ENDF/B-VI
and the NJOY libraries.

The initial gamma-rays from the source were
collimated by a cylindrical lead collimator of 1 cm inner
diameter, 12 cm outer diameter, and 15 cm length. The
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Figure 1. Geometrical model
employed for the MCNP
simulations
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thicknesses of the glass samples in [15] range from
0.684 cmto 0.741 cm. However, the glass sample in this
work was simulated as a cylindrical disc with 10 cm di-
ameter and 0.7 cm thickness. The transmitted photons
were collimated by a cylindrical lead collimator with 1
cm inner diameter, 12 ¢cm outer diameter, and 10 cm
length. It is worth noting that the glass sample was
2.5 cm along the X-axis from the two collimators of the
gamma source and the transmitted photons.

To count the intensity (I) of transmitted photons,
a’7.5 cm x 7.5 cm Nal (T1) detector was modeled and
partially shielded (considering the readout of a physi-
cal Nal detector) with a cylindrical Pb collimator of
1 cm thickness. Pulse height tally F8 was selected to
calculate the energy deposition in the Nal(T1) detector,
with the direction of photons being normal to the sur-
face of the detector. To increase the precision of the re-
sults, the statistical error was reduced by performing
the MCNP calculations with 107 histories and count-
ing the transmitted spectrum for 100 seconds. These
options provided a sufficient number of counts (frac-
tion of histories that hit the Nal detector), resulting in a
statistical error of less than 0.3 %.

The accuracy ofthe MCNP results was increased
by broadening the initial responses of the Nal detector
using the Gaussian energy broadening option (GEB)
[17]. The GEB is a special treatment for the detector
response called by inserting the FTn option into the
tally card of the MCNP input file. This is intended to
better simulate a physical radiation detector in which
the energy peaks exhibit Gaussian energy broadening,
thus reducing the effects of such systematic error.

The energy resolution [%] of the detector was
defined by the full width at half maximum (FWHM),
ofasingle photopeak using the following egs. [25, 26]

R:FWHM

x 100[%] (1)

o

FWHM =2/2In 20 )

Here R is the energy resolution, £, — the central
energy of the photopeak, and o = \/_ﬁ — the standard
deviation for the mean number of counts N generated
in the Nal detector.

The use of the XCOM software requires knowl-
edge of the mass fractions of each constituent for each
glass sample. Therefore, the mole fractions of PbO,
Li,0, and B,0; were converted to mass fractions for
each glass sample using the formula

nM;

Xi= 3)
2nM,

i=1

where y; [g] is the mass fraction of one constituent
compound. The term n;M; — the mass [g] of the constit-
uent compound, consisting of'its mole fraction #; [mol]
and its molar mass [gmol']. While the term Y, n M,
represents the total mass [g] of the mixture.

The mass fractions of the constituents of each
glass sample were inserted in the XCOM database pro-
gram to determine the theoretical u/p values at gamma
energy lines from 0.107 to 7.12 MeV. It is worth noting
that the XCOM software generates not only the u/p
values but also the elemental mass fractions for each
glass sample. These elemental mass fractions are
needed to specify the materials of the glass samples
(by a mass fraction) in the MCNP input files. There-
fore, the MCNP simulations for each glass sample
were performed using the XCOM analysis results in
terms of the elemental mass fractions of each sample.

The linear attenuation coefficient u [cm!] of the
studied glass samples is defined from the exponential
attenuation rule for narrow monochromatic beams for
thin absorbing material [27]

I=1.e*

“4)

The total values of the u1/p [cm?g™!] for materials
with multiple elements are the sum of the (u/p), values
of the individual elements using mixture rule [28]

ulp=2w;(u/p); (5)
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where w; is the weight fraction and (u/p);— the mass at-
tenuation coefficient of the ith constituent element.

The values of u were used to determine MFP and
HVL for each glass sample. The MFP [cm)] is the thick-
ness of the shielding materials for two successive col-
lisions and was calculated in [3] as follows

MFle

u
The HVL [cm], is the thickness of the shielding
materials that reduce the photon density by 50 % of the
incident radiation. The HVL is expressed in units of
length [29]
nvr =29
u
Based on eq. (7), the experimental values of
HVL to be compared with those obtained by MCNP
simulations were derived by multiplying the measured
values of MFP for the six prepared glass samples by
In(2)~0.693.
The simulated glass samples were targeted using
the spectra of gamma-ray photons from the point

(6)

(7

source, while the intensities of the transmitted photons
for gamma energy lines; 0.107, 0.114, 0.122, 0.139,
0.159,0.170,0.182,0.208,0.238,0.254,0.271,0.276,
0.356, 0.511, 0.662, 0.835, 1.173, 1.275, 1.332, and
7.12 MeV were calculated. The transmitted intensity,
1, and initial intensity, /,, of the photons were calcu-
lated with and without the glass sample, respectively.
For each glass sample, the linear attenuation coeffi-
cients u [cm™'] were determined using eq. (4) and then
used to determine the p1/p values. The mole fractions,
chemical formulas, densities, and thicknesses of the
glass samples studied are listed in tab. 1 [15].

RESULTS AND DISCUSSION

The MCNP values of u/p for the six simulated
glass samples were compared with those calculated the-
oretically by XCOM and with the available experimen-
tal results reported by Kumar in [15]. The data were or-
ganized and presented in tab. 2. From tab. 2, it can be
seen that u/p of each glass sample decreases sharply in

Table 1. The mole fractions, chemical formulas, densities, and thicknesses of the investigated glass samples [15]

Sample PbO Mole f;r‘zizc(t)lons B,O, Chemical formula| Density [gem ] | Thickness [cm]
Sample 1 0.60 0.00 0.40 Pb;B4Oy 6.306 0.741
Sample 2 0.55 0.05 0.40 Pb1,B6Li,036 6.144 0.712
Sample 3 0.50 0.10 0.40 Pb;sBsLi,O5 5.786 0.648
Sample 4 0.45 0.15 0.40 PboB6Lis036 5.553 0.659
Sample 5 0.40 0.20 0.40 Pb,B4Li,0y 5.378 0.756
Sample 6 0.35 0.25 0.40 PbsB L9036 5.138 0.684

Table 2. The MCNP, XCOM, and available experimental data [15] of z:/p for the six glass samples at gamma energy lines

from 0.107 MeV to 7.12 MeV

Mass attenuation coefficients [cm’g ']
Eﬁf{% Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
MCNP | XCOM| Exp.* IMCNP XCOM| Exp. IMCNPXCOM| Exp. IMCNP XCOM| Exp. IMCNP XCOM| Exp. IMCNP XCOM| Exp.
0.107 |3.71513.6630 3.6251|3.5750 3.5241|3.4740 3.4251/3.3600 3.2921|3.2270 3.1361/3.0710
0.114 |3.1056|3.0990 3.1016/3.0250 2.9476|2.9400 2.8516|2.8440 2.7466|2.7320 2.6165|2.6020
0.122 |2.6705|2.6250 2.6085|2.5630 2.5376|2.4920 2.4366/2.4110 2.3426|2.3170 2.2336|2.2070
0.139 |1.9016|1.8910 1.8576|1.8470 1.8076/1.7970 1.7506|1.7400 1.6836|1.6730 1.6064|1.5960
0.159 |1.3847|1.3690 1.3437/1.3380 1.3157/1.3020 1.2747|1.2620 1.2277|1.2150 1.1725|1.1600
0.170 |1.1774|1.1650 1.1514]1.1390 1.1214]1.1090 1.0874/1.0760 1.0474/1.0360 1.0017]0.9903
0.182 |1.0198]0.9931 0.9880(0.9713 0.9732]0.9465 0.9449/0.9181 0.9120/0.8852 0.8735/0.8467
0.208 |0.7495|0.7287 0.7411/0.7133 0.7167/0.6959 0.6968/0.6760 0.6737/0.6529 0.6466|0.6258
0.238 |0.5542|0.5410 0.5455/0.5303 0.5312]0.5180 0.5232/0.5040 0.5070/0.4878 0.4881/0.4689
0.254 10.4738|0.4689 0.4658/0.4599 0.454510.4496 0.4428/0.4379 0.4342/0.4243 0.4183/0.4084
0.271 |0.4148|0.4082 0.4132]0.4006 0.4009|0.3920 0.3911/0.3822 0.3807/0.3708 0.3674|0.3575
0.276 |0.4148|0.4082 0.4132]0.4006 0.4009|0.3920 0.3911/0.3822 0.3807/0.3708 0.3674/0.3575
0.356 10.2501]0.2436| 0.240 [0.2456|0.2399| 0.235 |0.2406|0.2357| 0.233 |0.2349|0.2309| 0.228 |0.2285]0.2253| 0.220 [0.2213|0.2188|0.215
0.511 |0.1451]0.1397 0.1432/0.1383 0.14110.1367 0.1387/0.1348 0.1361/0.1327 0.1331/0.1302
0.662 [0.1045/0.1022| 0.101 |0.1042{0.1015] 0.100 |0.1028]0.1007|0.0995{0.1015/0.0998|0.0985|0.1000|0.0987|0.0971|0.0986|0.0975|0.0968
0.8350.0828/0.0810 0.0821]0.0806 0.0814/0.0802 0.0806/0.0797 0.0798/0.0792 0.0790/0.0786
1.173 ]0.0611]0.0608]0.0601 0.0609|0.0607|0.0598|0.0608 |0.0606|0.0598|0.06070.0605|0.0594 |0.0605|0.0603 |0.0591{0.0603 |0.0601 |0.0589
1.275 10.0581]0.0573 0.0579/0.0573 0.0576/0.0572 0.0573]0.0571 0.0570/0.0569 0.0569/0.0568
1.33210.0563]0.0557|0.0551]0.0560{0.0556|0.0549|0.0558 0.0556|0.0548|0.0556|0.0555|0.0546|0.0555|0.0554|0.0542|0.05530.0552|0.0539
7.120 |0.0433|0.0403 0.0426/0.0398 0.0419]0.0393 0.0411]0.0387 0.0402/0.0380 0.0392/0.0372

*Exp. — experiment
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the low energy region 0.107-0.356 MeV. This can be
attributed to the photoelectric effect that prevails at
E < 0.4 MeV [30]. The u/p values then gradually de-
crease in the higher energy region 0.356-7.12 MeV for
all glass samples considered. This can be attributed to
the fact that Compton scattering and pair production are
the predominant responses in the 0.4 MeV < E < 1.330
MeV and E >1.02 ranges [29, 30].

As a measure of agreement, the percent relative
differences RD(%) between (MCNP and XCOM) at
gamma energy lines from 0.107 to 7.12 MeV and
(MCNP and experiment) at gamma energy lines;
0.356, 0.662, 1.173, and 1.332 MeV, were calculated
for all glass samples considered with respect to the p1/p
values. The average of the RD [%] values for each
glass sample was calculated and the results are pre-
sented in tab. 3. As can be seen in tab. 3, the averaged
RD between (MCNP and XCOM) and (MCNP and
Experiment) p/p values are very small and are in the
ranges 1.93-1.77 % and 2.79-2.38 %, respectively.
Therefore, a satisfactory agreement is achieved and it
can be concluded that the proposed gamma transmis-
sion geometry is suitable for estimating the u/p values
for the six glass samples at the gamma energy lines un-
der investigation.

The discrepancies between the MCNP and ex-
perimental values of ti/p could be attributed to several
sources of systematic error. The simplification of the
geometric model of the MCNP, fig. 1, is one of these
sources. The distance between the source and the de-
tector was reduced to 35 cm to improve the efficiency
of the Nal detector [16], and the lead shielding con-
tainer as well as the three lead collimators used in [15]
were eliminated. On the other hand, the discrepancies
could be due to the uncertainty in the energy resolution
of the Nal(Tl) detector model. Also, the uncertainties
in the cross-section data libraries and the material
composition in the current MCNP simulations could
be additional sources of systematic errors that affect
the accuracy of the current MCNP simulations.

The differences in the MCNP and XCOM values
can be attributed to the differences in the cross-section
datalibraries considered for each method and the differ-
ent nature of the two techniques used. The MCNP code
models the physical interactions in a matter, whereas

Table 3. Average of relative differences RD [%] between
(MCNP and XCOM) and (MCNP and experiment) values

of ulp

0, 0,
Sample (MC%?—E(A)C]OM) (Mé{l\lljf’gggp.*)
Sample 1 1.9306 2.7889
Sample 2 2.1037 3.0293
Sample 3 1.8059 24514
Sample 4 1.7510 2.4583
Sample 5 1.7879 2.8191
Sample 6 1.7684 2.3814

*Exp. — experiment

T T T T
1 — MCNP, 0.356 MeV — —— Exp, 0.356 MeV

2 — MCNP, 0.662 MeV — —— Exp, 0.662 MeV
3 — MCNP, 1.173 MeV' ——— Exp, 1.173 MeV
4~ MCNP, 1.332MeV — ~  Exp, 1.332 MeV

2|

Mass attenuation coefficient [cm2g™"]

PbO mole fraction [%]

Figure 2. Variation of MCNP and measured [15] u/p
values with PbO concentration at gamma energy range
0.356-1.332 MeV

the XCOM computer program is typically used for the-
oretical estimates. In addition, the differences could be
due to the statistical uncertainties in the MCNP results,
which were reported to be less than 0.3 %.

The effect of PbO concentration (mole fraction %)
on the u/p parameter was also investigated. Figure 2
shows the variation of the simulated and experimentally
measured t/p values with the PbO contribution at the
four gamma energy lines: 0.356, 0.662, 1.173, and 1.332
MeV. As can be seen in fig. 2, both the simulated and
measured p/p values increase with increasing PbO con-
centration and decrease with increasing photon energy,
with the best gamma shielding for the sample with the
chemical formula Pb;B,O, with 60 % PbO at 0.356
MeV. The results regarding the variation of simulated
L/p values with incident photon energy, listed in tab. 2,
and with PbO concentration, presented in fig. 2, are in
agreement with those of Kumar [15].

The results related to the variation of the simulated
and measured pi/p values with the energy of the incident
photons as well as with the PbO concentration imply that
if we increase the energy of the incident photons, we will
obtain lower pt/p values and therefore higher MFP and
HVL values. On the other hand, if we increase the PbO
concentration, we will obtain higher /o values and thus
lower MFP and HVL values. To investigate this conclu-
sion, the simulated values of MFP and HVL were com-
pared with the experimentally measured values for the
six glass simulants at gamma energy lines of 0.356,
0.662, 1.173, and 1.332 MeV. The results are presented
intabs. 4 and 5, respectively. In addition, the variations of
simulated and measured MFP and HVL values with PbO
concentration at gamma energy lines of 0.356, 0.662,
1.1732, and 1.332 MeV were graphically shown in figs.
3 and 4, respectively. As expected, tabs. 4 and 5 and figs.
3 and 4 show that both MFP and HVL values increase
with the increase of photon energies and decrease with
the increase of PbO concentration, for all six simulated
glass samples.
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Table 4. The MCNP and available experimental data [15] of MFP for the six glass samples at
gamma energy range (0.356-1.332) MeV
MFP [cm]
Energy Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
[MeV] ample ample ample ample ample ample
MCNP | Exp.* | MCNP | Exp. | MCNP | Exp. | MCNP | Exp. | MCNP | Exp. | MCNP | Exp.
0.356 | 0.6341 | 0.6607 | 0.6627 | 0.6926 | 0.7183 | 0.7418 | 0.7666 | 0.7898 | 0.8138 | 0.8452 | 0.8795 | 0.9052
0.662 | 1.5175 | 1.5701 | 1.5620 | 1.6276 | 1.6812 | 1.7370 | 1.7742 | 1.8283 | 1.8594 | 1.9150 | 1.9739 | 2.0106
1.173 | 2.5954 | 2.6386 | 2.6726 | 2.7217 | 2.8426 | 2.8902 | 2.9668 | 3.0317 | 3.0734 | 3.1462 | 3.2277 | 3.3044
1.332 | 2.8167 | 2.8780 | 2.9064 | 2.9647 | 3.0973 | 3.1538 | 3.2389 | 3.2982 | 3.3503 | 3.4307 | 3.5195 | 3.6109
*Exp. — experiment
Table 5. The MCNP and available experimentally derived values of HVL for the six glass samples at
gamma energy range (0.356-1.332) MeV
HVL [cm]
Energy Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
[MeV] ample ample ample ample ample ample
MCNP | Exp.* | MCNP | Exp. | MCNP | Exp. | MCNP | Exp. | MCNP | Exp. | MCNP | Exp.
0.356 | 0.4395 | 0.4580 | 0.4594 | 0.4799 | 0.4979 | 0.5141 | 0.5314 | 0.5473 | 0.5641 | 0.5857 | 0.6096 | 0.6273
0.662 | 1.0519 | 1.0881 | 1.0827 | 1.1279 | 1.1653 | 1.2040 | 1.2298 | 1.2670 | 1.2889 | 1.3271 | 1.3682 | 1.3933
1.173 | 1.7990 | 1.8285 | 1.8555 | 1.8861 | 1.9801 | 2.0029 | 2.0735 | 2.1010 | 2.1553 | 2.1803 | 2.2711 | 2.2899
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Figure 3. Variation of MCNP and measured [15] MFP
values with PbO concentration at gamma energy range
0.356-1.332 MeV

CONCLUSIONS

In this work, MCNPS5 was used to develop a sim-
ple gamma transmission model and investigate its ap-
plicability in calculating u/p, MFP, and HVL values
for the six simulated glass samples previously pre-
pared by Kumar [15] and used for an experimental
study. The MCNP values of u/p, MFP, and HVL
shielding parameters were determined at twenty
gamma energy lines ranging from 0.107 to 7.12 MeV
and compared with those of XCOM and the available
experimental values. In addition, the effect of PbO
concentration on the simulated values of u/p, MFP,
and HVL was also investigated and compared with the
available experimental results at gamma energy lines
0f 0.356, 0.662, 1.1732, and 1.332 MeV.

PbO mole fraction [%]

Figure 4. Variation of MCNP and experimentally
derived values of HVL with PbO concentration
at gamma energy range 0.356-1.332 MeV

It is found that the MCNP results follow a similar
trend to the experimental results in [15] and therefore
confirm the feasibility of using the currently proposed
MCNP model to calculate photon attenuation parame-
ters for different glass compositions, which is particu-
larly useful in cases where no experimental data exist.
On the other hand, the results demonstrate the applica-
bility of the six glass samples as transparent shielding
windows in nuclear reactors and isotope centers.
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Hacpemngun A. A. EJJINEUK

MOHTE KAPJIO MOIEJI TPAHCMUCHUIE TAMA
3PAYEIbA 3A KAPAKTEPU3SALINIY MYJITU-TAMA 3AIITUTHOTI
CTAKJTA O] OKCHUJA TEHNIKMX METAJA

IIpumenmuBocT jegHocTaBHOr MoHTe Kapno rama TpaHCMUCHOHOr MOjejla UCIUTaHa je
KapaKTepu3alnjoM MaceHOT Koe(hHIIjeHTa CNabibeha, CPeAEer CIOOOAHOT MyTa  NOMyAeO/bUHE 3a IECT
CUMYJIMPAaHUX y30paka off crakja cacraBa PbO-Li,0O-B,0;, Koje cy NpeTXogHO APYTU NPHUIPEMUIIU.
W3pauynaTu cy MmaceHn KoeunnjeHTH cnabhema n ynopehenu ca onmma nobujeanm XCOM nporpamom
U IOCTYIIHUM eKCIIEpUMEHTAHAM MTOoflalluMa 3a [ABajieceT rama eHepreTckux auauja ox 0,107 MeV po 7,12
MeV, ca no6pum crnarameM. Edexktn PbO xoHueHTpanuje Ha CHMYJIHpaHE BPEIHOCTH MAacCEHOT
KoeunyjeHTa ci1abbemna, CPEeAbEr CI000HOT IIyTa 1 NonyAeO0/bUHE ci10ja, U3padyyHaTH cy U ynopebenu
ca JMOCTYIHUM €KCIEpUMEHTAJHUM IOflaluMa y OIICery eHepruje rama spadewma of 0,356 MeV po
1,332 MeV, u Takobe je yrBpbeHa 1o6pa cariaacHOCT. Y30pakK CTakja ca ONTUMATHOM rama 3allTHTOM 3a
CBe pa3MaTpaHe rama eHepruje OMO je y3opak ca xemmjckoMm ¢opmyirom Pb;B,O,. Ca jegne crpane,
pesyntatu MCNP nporpama notBphyjy NpuMeHIBUBOCT NMPEAIOKEHOT MOfiella 32 U3BOheme IoIaTHUX
npopavyHa CBOjcTaBa cabbera (hOTOHA 32 PAa3IMUUTE CACTaBE CTAKJIA, a Ca APyre cTpaHe, c 003UPOM Ha
€HepreTCKU orcer (pOTOHa raMa 3padyerma y peakTopy ToKoM ¢pucuje ypanujyma o 0,10 MeV nol10 MeV,
pe3ynTaTH Cyrepuily fa ce UCHUTHBAHU Y30pIHM CTaKkja KOPUCTE KAo ONTUYKHU 3AIITUTHU IPO30PH Y
HYKJICApHUM peakTopuMa.

Kwyune peuu: Monitie Kapao cumyaayuja, XCOM, citiakao 00 okcuoa mewKkux meimand,
iapamettap 3awiniuitie 00 2ama 3paderba




