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a b s t r a c t

In this paper, the EPICS2017 photoatomic database was used to evaluate the photon mass attenuation
coefficients and buildup factors of soils collected at different depths in the Philippine islands. The
extraction and interpolation of the library was accomplished at the recommended linear-linear scales to
obtain the incoherent and total cross section and mass attenuation coefficient. The buildup factors were
evaluated using the G-P fitting method in ANSI/ANS-6.4.3. An agreement was achieved between XCOM,
MCNP5, and EPICS2017 for the calculated mass attenuation coefficient values. The buildup factors were
reported at several penetration depths within the standard energy grid. The highest values of both
buildup factor classifications were found in the energy range between 100 and 400 keV where inco-
herent scattering interaction probabilities are predominant, and least at the region of predominant
photoionization events. The buildup factors were examined as a function of different soil silica contents.
The soil samples with larger silica concentrations were found to have higher buildup factor values and
hence lower shielding characteristics, while conversely, those with the least silica contents have
increased shielding characteristics brought by the increased proportions of the abundant heavier oxides.
© 2021 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Ionizing photon radiation is used for numerous medical and
industrial applications and scientific research and developments.
X-rays and gamma rays have high energies corresponding to small
wavelengths that are comparable to atomic spacing; this makes
them vital for probing the atomic structures of materials [1].
However, these photons can also cause alterations in the physical,
chemical, thermal, optical, and electrical properties of a material.
This may be beneficial or detrimental towards the properties of the
irradiated medium [2e6]. Furthermore, the high energies of these
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photons can directly or indirectly cause breaks in DNA molecules
[7]. Radiation shielding materials are hence continuously devel-
oped and characterized to advance the safe applications of this
radiation [8e12].

Radiation shielding properties of several classes of materials
have been studied towards the applications of ionizing radiation.
Soil is regarded as a cheap, common, and efficient shielding media
due to its nature as the abundant solid matter in Earth's crust
[13e15]. The photon attenuation characteristics of soils are also
useful in techniques such as soil bulk density measurement, par-
ticle size analysis, and self-absorption correction in gamma spec-
trometry of geological samples [16e20]. Several studies have
evaluated the photon attenuation characteristics of soils of different
origins [13,21e27].

The mass attenuation coefficient (or cross section) is a vital
parameter that can describe the diffusion of the photons within a
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material. Experimental and theoretical methods are typically used
to evaluate the mass attenuation coefficient for a multi-element
material. The most widely used method is by the XCOM-NIST
[28,29] web program. On the other hand, several researchers
have otherwise extracted mass attenuation coefficients by Monte
Carlo simulation codes (e.g., MCNP5, PHITS, Geant4) commonly
based on EPDL97 [23,30e37]. Evaluation of mass attenuation co-
efficients (partials and total) are important as these are used to
derive the other significant shielding parameters. In radiation
dosimetry and shielding, the buildup factors are derived from the
partial mass attenuation coefficients of photon scattering. Buildup
factors are important since the contribution of scattered photons
towards absorbed doses becomes much higher with increasing
penetration depth into the material. Buildup factors have been
extensively evaluated for several media, including different con-
struction and foundation materials such as classes of rocks, bricks,
and ashes [38e42]. This quantity can be effectively estimated using
the G-P fitting method introduced and modified by Harima
[43e45]. However, to evaluate buildup factors by the G-P method,
the incoherent and total mass attenuation coefficients or cross
sections are vital.

The Electron-Photon Interaction Cross Sections 2017
(EPICS2017) [46] is a collective library containing the latest pho-
toatomic data and cross sections for photon transport. This collec-
tion supersedes existing libraries embedded in major Monte Carlo
codes. EPICS2017 is the official ENDF/B-VIII electron and photon
data [47]. It was released by IAEA-NDS in the ENDL and ENDF data
formats. An important change towards EPICS2017 is its lineariza-
tion or its quality as a linearly interpolated library. Since it can be
interpolated via linear-linear scales, this library is considered more
user-friendly as compared to previous superseded transport li-
braries. It can be employed more easily towards photon shielding
research as well as photon transport code developments. Most
importantly, EPICS2017 also contains improved binding energies
and cross sections.

This study uses the EPICS2017 database released by the IAEA to
evaluate photon attenuation and buildup in several soil samples
collected from the Philippine islands. The soil samples were taken
at two different sampling depths in five distinct sites. The
EPICS2017 was used via interpolation of the database to derive the
partial and total cross sections and the total mass attenuation co-
efficients. The recommended linear-linear scheme of the library
was employed for all partial cross sections. Buildup factors for en-
ergy absorption and exposure were obtained using the G-P fitting
method at different penetration depths in the standard energy grid
of ANSI/ANS-6.4.3 [48]. Subsequently, each buildup factor param-
eter was evaluated as a function of silica content, at varying en-
ergies and depths. At present, the EPICS2017 is the most recent
photon-electron library for photon transport applications. Hence,
the application of this library for radiation shielding characteriza-
tions would result in favorable evaluations compared to conven-
tional theoretical methods.

2. Materials and methods

2.1. Theoretical background

The two major classifications of the buildup factors are (a) the
energy absorption buildup factor (EABF) and (b) the exposure
buildup factor (EBF), where the quantities of interest are absorbed
energy and exposure, respectively [49]. For both classifications, the
ANSI/ANS-6.4.3 contains a compilation of G-P fitting parameters for
23 elements (Be, B, C, N, O, Na, Mg, Al, Si, P, S, Ar, K, Ca, Fe, Cu, Mo,
Sn, La, Gd, W, Pb and U) in the photon energy range between 0.015
and 15 MeV, for penetration depths up to 40 mfp.
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There are three steps for obtaining the EABF or EBF using the G-P
method with ANSI/ANS-6.4.3 database: (i) calculation of the ma-
terial's equivalent atomic number Zeq, (ii) calculation of the mate-
rial's G-P fitting parameters (a, b, c, d, and Xk), and (iii) estimation of
EABF and EBF by the calculated quantities. The energy-dependent
Zeq is based on the ratio of the material's incoherent scattering
probability and is obtained by Equation (1), where R is the ratio of
the m/r for incoherent scattering and m/r for total attenuation
without coherent scattering. The R1 and R2 are ratios for the two
successive elements that have atomic numbers Z1 and Z2. Both R1
and R2 are chosen such that R of the material lies in-between.

Zeq ¼ Z1ðlog R2 � log RÞ þ Z2ðlog R� log R1Þ
log R2 � log R1

(1)

For calculating the G-P fitting parameters of the material, the
database in ANSI/ANS-6.4.3 are used through Equation (2), where F
denotes each of the material's five fitting parameters, and F1 and F2
are the tabulated elemental parameters in ANSI/ANS-6.4.3 with
atomic numbers Z1 and Z2.

F ¼ F1
�
log Z2 � log Zeq

�þ F2
�
log Zeq � log Z1

�
log Z2 � log Z1

(2)

Subsequently, the buildup factors (EABF or EBF) are then esti-
mated using Equation (3) or (4). The term K represents the photon
dose multiplication and change in the shape of the spectrum from
that at 1mfp. It is calculated using the solved G-P fitting parameters
through Equation (5).

BðE; xÞ¼1þðb� 1Þ�Kx � 1
�

K � 1
for Ks1 (3)

BðE; xÞ¼1þðb�1Þx for K ¼1 (4)

KðE;xÞ¼cxaþd
tanh

�
x
Xk
�2

�
�tanhð�2Þ

1�tanhð�2Þ forx�40mfp (5)
2.2. Soil sampling and composition

Mangrove forest soils were previously collected and character-
ized in the previous studies of the authors [33,50]. The collection
areas include the Philippine provinces in Cebu (in Kodia), Palawan
(in Bogtong and Calauit), and Zambales (in Masinloc and Subic). For
every site, two sampling depths were made and categorized as
surface at 0e40 cm and subsurface at 40e100 cm sampling depth
[33]. An exception to this was for the Kodia sitewhich had a shallow
soil layer and hence subsurface depth at this site was only
40e70 cm. The elemental compositions of the soils were taken
from Hila et al. [33] and are summarized in Table 1.
2.3. EPICS2017 extraction and interpolation

The latest evaluated cross section library for electrons and
photons was used in this work and is called EPICS2017 [46,51]. This
was released in 2018 by IAEA-NDS as part of the ENDF/B-VIII [47].
EPICS2017 library is linear-linear interpolable as compared to its
predecessors. The linearization was brought about by increasing
the size of data points within the photon library. On the other hand,
the electron library does not require an increase in data points [51].
The EPICS2017 has new binding energies and therefore new
photoionization cross sections.



Table 1
Elemental content (%wt) of Philippine soils found in mangrove forests at different locations and depths [33].

Elements Bogtong Calauit Kodia Masinloc Subic

Surface (0
e40)

Sub-surface (40
e100)

Surface (0
e40)

Sub-surface (40
e100)

Surface (0
e40)

Sub-surface (40
e75)

Surface (0
e40)

Sub-surface (40
e100)

Surface (0
e40)

Sub-surface (40
e100)

O (8) 51.3 51.2 51.8 50.6 44.2 44.5 48.0 47.2 47.0 44.5
Mg (12) 2.57 2.13 1.69 2.52 3.65 3.70 4.68 4.82 3.88 3.40
Al (13) 4.02 4.20 3.67 5.99 9.22 8.40 8.19 8.08 12.0 12.6
Si (14) 30.1 32.2 39.0 34.4 16.3 14.1 25.8 22.5 24.2 19.3
P (15) 0.02 0.02 <0.01 <0.01 <0.01 0.06 0.03 0.04 0.05 0.03
S (16) 5.48 4.00 1.13 1.08 3.62 5.24 2.49 3.20 1.05 0.84
Ca (20) 0.09 0.02 <0.01 <0.01 13.8 12.6 4.56 4.43 2.46 1.49
Ti (22) 3.61 3.51 1.44 2.95 2.80 4.93 1.44 4.01 0.68 2.65
Mn (25) 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.01
Fe (26) 2.61 2.48 1.08 2.15 5.68 5.94 4.28 5.10 8.03 13.9
Sr (38) 0.02 0.02 <0.01 0.02 0.07 0.06 0.06 0.07 0.08 0.09
Zr (40) 0.18 0.18 0.17 0.25 0.53 0.42 0.47 0.46 0.58 1.00

Table 2
Several types of MF/MT numbers in EPICS2017 and descriptions.

MF/MT Description

23/502 Coherent scattering cross-sections
23/504 Incoherent scattering cross-sections
23/515 Pair production cross-sections, Electron field
23/517 Pair production cross-sections, Nuclear field
23/534 to 23/570 Photoionization cross sections, Each subshell
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The data library was collected in ENDF-6 [52] data format from
the IAEA-NDS website and interpolated in the relevant photon
energies. A short snippet of the EPICS2017 in ENDF-6 format is
shown in Fig. 1. This is a snippet for the element Si (Z ¼ 14) that is
one of the most abundant elements in common geological samples.
The colored headers (Energy, Cross Section, Z, and Type) have been
inserted for visual purposes. In this Figure, the energy is in unit eV
while the cross section is in unit barns. There are three paired
columns of energies and cross section values. These columns are
read starting from the left. After the sixth column, the element
number and data type are inscribed. For the element number in
yellow text, the digits 1400 is for Si (Z¼ 14) and this continues with
1500 for P (Z ¼ 15), and so on. To the right of these digits, one will
find the type of data for these cross sections. A summary of several
partial cross sections in EPICS2017 is shown in Table 2. Referring to
the snippet, the data type reads 23,502, hence these data are for
cross sections of the coherent scattering interaction.

The partial cross sections relevant to buildup factors were
interpolated in this work. The total atomic cross section was the
sum of photoelectric, incoherent, and pair productions. The inter-
polation scheme for the entire EPICS2017 is linear-linear, hence this
scheme was followed in this work. To facilitate interpolations, it
was convenient to store the cross sections in a programming lan-
guage or a spreadsheet such as that described in Hila et al. [53]. For
this present work, a program was written in the C# language.

3. Results and discussion

This study evaluated the photon attenuation and buildup factors
of sampled soils from the Philippine islands. The new EPICS2017
photoatomic library of IAEA was used via interpolation. The mass
attenuation coefficients of the soils evaluated from EPICS2017 are
described in Table 3. These show comparative values from XCOM
and fromMCNP5 based results described in Hila et al. [33]. The last
Fig. 1. Snippet of Z ¼ 14 of EPI
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column shows the experimental values of other soils reported in
literature for other countries. These values indicate an agreement
between both theoretical methods, which are found to be within
the range of previous experimental evaluations. The comparison
among XCOM, MCNP5 (ENDF/B-VI.8), and EPICS2017 (ENDF/B-VIII)
showed that the deviations were the largest in the lower energy
region. It is important to reiterate that EPICS2017 has new binding
energies and hence new photoelectric cross sections as compared
to its predecessors (i.e., EPICS2014, EPDL97, EPDL89). Several pre-
decessors of EPICS2017 are widely used in Monte Carlo codes. For
instance, EPDL97 is embedded within MCNP5, PHITS, FLUKA, and
many others. Hence, mass attenuation coefficient values derived
using EPICS2017 library-based interpolations generally supersede
those obtained via current available Monte Carlo codes.

A sample of interpolated soil mass attenuation coefficients in a
wide energy range using EPICS2017 is illustrated in Fig. 2. This was
for the composition at the Subic surface (Table 1), where the
composition served as a considerable average. This was taken at a
fine energy grid which considers the X-ray absorption edges
covered. It is shown in Fig. 2 that the photoelectric effect is the
dominant type of interaction in low energies between 1 and 50 keV.
Directly afterwards, incoherent scattering becomes the predomi-
nant type of interaction for the moderate energy region. Subse-
quently, the pair production process in the nuclear field becomes
CS2017 in ENDF-6 format.



Table 3
Mass attenuation coefficients (cm2g�1) of Philippine soils obtained by EPICS2017, XCOM, and MCNP5 [33], with experiments from literature.

Energy (keV) Bogtong Surface (0e40) Bogtong Sub-surface (40e100) Calauit Surface (0e40) Calauit Sub-surface (40e100)

EPICS2017 MCNP5 XCOM EPICS2017 MCNP5 XCOM EPICS2017 MCNP5 XCOM EPICS2017 MCNP5 XCOM

59.5 0.3056 0.3047 0.3050 0.3026 0.3019 0.3021 0.2768 0.2761 0.2764 0.2966 0.2958 0.2961
81.0 0.2122 0.2116 0.2119 0.2110 0.2105 0.2108 0.2009 0.2004 0.2007 0.2086 0.2081 0.2084
88.0 0.1970 0.1965 0.1969 0.1961 0.1956 0.1961 0.1882 0.1878 0.1883 0.1942 0.1937 0.1942
122 0.1583 0.1579 0.1582 0.1579 0.1576 0.1579 0.1552 0.1549 0.1552 0.1572 0.1569 0.1572
303 0.1069 0.1067 0.1070 0.1069 0.1067 0.1069 0.1070 0.1067 0.1070 0.1069 0.1066 0.1069
356 0.1001 0.0999 0.1002 0.1001 0.0999 0.1002 0.1002 0.1000 0.1003 0.1000 0.0998 0.1001
662 0.0768 0.0766 0.0769 0.0768 0.0766 0.0769 0.0770 0.0768 0.0771 0.0768 0.0766 0.0769
835 0.0690 0.0688 0.0690 0.0690 0.0688 0.0691 0.0691 0.0690 0.0692 0.0689 0.0688 0.0690
1173 0.0583 0.0582 0.0584 0.0584 0.0582 0.0585 0.0585 0.0584 0.0586 0.0583 0.0582 0.0584
1332 0.0547 0.0546 0.0548 0.0547 0.0546 0.0548 0.0548 0.0547 0.0549 0.0547 0.0546 0.0548

Energy (keV) Kodia Surface (0e40) Kodia Sub-surface (40e75) Masinloc Surface (0e40) Masinloc Sub-surface (40e100)
EPICS2017 MCNP5 XCOM EPICS2017 MCNP5 XCOM EPICS2017 MCNP5 XCOM EPICS2017 MCNP5 XCOM

59.5 0.4016 0.4004 0.4006 0.4021 0.4009 0.4011 0.3379 0.3369 0.3372 0.3580 0.3569 0.3572
81.0 0.2507 0.2500 0.2503 0.2505 0.2498 0.2501 0.2252 0.2246 0.2250 0.2331 0.2324 0.2328
88.0 0.2270 0.2264 0.2269 0.2268 0.2262 0.2266 0.2072 0.2067 0.2071 0.2132 0.2127 0.2131
122 0.1716 0.1712 0.1715 0.1693 0.1688 0.1692 0.1626 0.1622 0.1625 0.1647 0.1643 0.1647
303 0.1077 0.1074 0.1077 0.1073 0.1070 0.1073 0.1071 0.1069 0.1072 0.1071 0.1068 0.1071
356 0.1005 0.1002 0.1006 0.1002 0.1000 0.1003 0.1002 0.1000 0.1003 0.1000 0.0998 0.1002
662 0.0767 0.0765 0.0767 0.0765 0.0764 0.0766 0.0767 0.0766 0.0768 0.0766 0.0764 0.0766
835 0.0688 0.0686 0.0689 0.0687 0.0685 0.0688 0.0689 0.0687 0.0690 0.0687 0.0686 0.0688
1173 0.0582 0.0580 0.0583 0.0581 0.0580 0.0582 0.0583 0.0581 0.0584 0.0581 0.0580 0.0582
1332 0.0545 0.0544 0.0546 0.0544 0.0543 0.0545 0.0546 0.0545 0.0547 0.0545 0.0544 0.0546

Energy (keV) Subic Surface (0e40) Subic Sub-surface (40e100) Experiments in literature

EPICS2017 MCNP5 XCOM EPICS2017 MCNP5 XCOM

59.5 0.3635 0.3625 0.3627 0.4421 0.4409 0.4411 0.239e0.322a; 0.3562e0.3793b; 0.243c

81.0 0.2362 0.2356 0.2359 0.2676 0.2668 0.2671 0.181e0.202a

88.0 0.2157 0.2151 0.2156 0.2400 0.2394 0.2398 0.173e0.189a

122 0.1651 0.1647 0.1651 0.1740 0.1735 0.1738 0.140f

303 0.1070 0.1067 0.1070 0.1071 0.1068 0.1071 0.098e0.106e

356 0.1000 0.0998 0.1001 0.0999 0.0997 0.1000 0.135c; 0.082e0.096d; 0.091e0.098e

662 0.0765 0.0764 0.0766 0.0761 0.0760 0.0762 0.0708e0.0773b; 0.113c; 0.064e0.074d

835 0.0687 0.0685 0.0688 0.0683 0.0682 0.0684 0.0700f

1173 0.0581 0.0580 0.0582 0.0578 0.0576 0.0579 0.092c; 0.047e0.054d

1332 0.0544 0.0543 0.0545 0.0541 0.0540 0.0542 0.079c; 0.042e0.049d

a Akman et al. [13].
b Costa et al. [17].
c Taqi et al. [26].
d Medhat [57].
e Alam et al. [21].
f Appoloni & Rios [22].

Fig. 2. EPICS2017 based partial and total mass attenuation coefficients in a broad
energy range for soil collected from the Subic surface sampling site.
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possible at threshold energy of 1.022 MeV and continues with
increasing probability. Furthermore, pair production becomes the
most probable type of interaction at around 18 MeV for the soils
considered. In the photoelectric cross section, the prominent X-ray
absorption edges are that of the K-edges of Fe (7.117 keV), Si
(1.844 keV) and Al (1.564 keV). This is owing to the abundance of
these elements in soils found in Subic as well as in the composition
of common soil. Conversely, the K-edges of Zr at 18.002 keV and Sr
at 16.108 keV are higher than the K-edge of Fe but were not visible
in Fig. 2 because of insignificant amounts of Zr and Sr. The most
abundant element in the soils is O, which has its K-edge at
0.538 keV. This K-edge is below the recommended range of use of
the EPICS2017 library (E� 1 keV) and is likewise below the range of
XCOM-NIST.

Buildup factors for energy absorption and exposure in the
investigated mangrove soils are plotted in Fig. 3. These are given for
all soil compositions derived from 5 sampling sites at 2 depths per
site (i.e., 0e40 cm and 40e100 cm). Calculations were given at
photon penetration depths of 1, 5, 10, 20, and 40 mfp. The results
from Fig. 3 revealed that, with increasing penetration depth, there
is an increase or cascade in the number of scattered photons
propagating within the soil that contributes to the increasing
buildup factors. Apparently, themaximumvalues for both EABF and



Fig. 3. Soil buildup factors for energy absorption and exposure.
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EBF were found in the energy range between 100 and 400 keV
depending upon the penetration depth and the chemical compo-
sitions. The maximum values were found to be within the range of
other materials with similar elemental compositions including
silicates, fly-ash, bricks, clays, concretes, and geological samples
[39,40,54,55].

Moreover, both buildup factor classifications retain the least
values towards the low energy region. The quantities approach
unity at 15 keV which is the lower limit of the photon energy range
considered. This is due to the large probability of photoelectric
absorption interaction that decreases the average photon lifetime
within the soil medium. Particularly, photoionization events lead to
a reduction of primary photons that otherwise could have under-
gone scattering. For energies in the order of several keV (~50 keV),
the incoherent scattering interaction becomes the predominant
mechanism as indicated in Fig. 2. Due to increased scattering
3812
beyond the low energy range, there is a substantial increase in
buildup factor values within the intermediate energy region, and it
is evident from Fig. 3 that EABF and EBF at intermediate energies
have skewed trends, where the maximum values for both param-
eters were found. Beyond the intermediate energy range, pair
production in the nuclear field becomes possible and significant
and is characterized by an increasing probability with respect to
energy. It is important to state that pair production is a type of
absorption that affects buildup by decreasing the prevalence of
high-energy photons scattering further within the material (soil
samples) but leads to the production of electron-positron pairs that
may also contribute scattered photons through the generation of X-
rays and gamma rays from annihilation.

It is to be noted that the soils in Calauit which have the highest
silica content also have the highest EABF and EBF. Silica or silicon
oxide (SiO2) is typically the most abundant component in soil, and



Fig. 4. Buildup factors vs SiO2 content for soils at several photon energies for 15 mfp depth.

Fig. 5. Buildup factors vs SiO2 content for soils at several depths for 100 keV photon energy.
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one of the lighter compounds of the material. Accordingly, an in-
verse relationship between silica content and photon shielding
capabilities is likely to be present in the soil. The effects of soils’
silica concentrations versus mass attenuation coefficients were
previously reported in several studies [33,56,57].

The buildup factors were examined as a function of different soil
silica contents to evaluate the dependence of the chemical
composition on this parameter. Fig. 4 describes the EABF and EBF of
soil as a function of silica content at varying photon energies taken
at fixed 15 mfp. It indicates that buildup factor values are much
smaller at low energies where photoionization cross sections are
relatively high. As energy approaches the intermediate region,
buildup factors are strongly affected by silica content. These results
are supplemented by Fig. 5 where buildup factors for intermediate
energy 100 keV photons are plotted at multiple penetration depths.
Furthermore, Fig. 4 shows that buildup factors tend to be inde-
pendent of soil compositions as the starting photon energy ap-
proaches 1 MeV.

Since high ratios of silica decrease the proportions of heavier
oxides such as iron oxide or aluminum oxide, soils with high silica
content were demonstrated to be less capable in terms of shielding
against X-ray and gamma ray photons. Consequently, soils with low
silica content have increased proportions of heavier oxides and
therefore have higher shielding capacities. This is emphasized by
3813
their lower buildup factors in the intermediate photon energy
range. For these heavier soils, the radiation shielding capacities are
dictated by the ratios of the other oxides that are heavier than silica.
Iron oxide is the heaviest among the abundant common oxides
found in soil. Hence, heavy soils (high iron oxide contents and low
silica contents) are expected to have better radiation shielding
characteristics.

4. Conclusion

This study evaluated the photon attenuation and buildup factors
for energy absorption and exposure using cross sections based on
the EPICS2017 photoatomic library. The EPICS2017 is the official
ENDF/B-VIII electron-photon data for transport applications. The
details of the library extraction and interpolation have been
described. The buildup factors were examined as a function of
different soil silica contents to evaluate their dependence on
chemical compositions. Buildup factors were highest at the photon
energy region between 100 and 400 keV wherein incoherent
scattering is the predominant mode of interaction, and least at the
region of predominant photoionization interactions. Results show
increasing buildup factors as a function of silica concentrations,
denoting that soils with high silica content are less desirable for
gamma photon shielding. Conversely, soils with lower silica
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contents have larger quantities of heavier oxides and therefore have
lower buildup factors and better overall photon shielding charac-
teristics. Since the EPICS2017 collection is now linearized, this
collectionmay be favorable for shielding characterizations owing to
its user-friendly construction; this is especially since the new
EPICS2017 contains new binding energies and cross sections.
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