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Abstract- This report documents the extensive results of calculations of gamma-ray fields due to
sources distributed in the ground. Air kerma per unit source density at 12 heights up to 300m above
the ground was calculated using a Monte Carlo method for monoenergetic plane sources in and on the
ground and for natural radionuclides uniformly distributed in the ground. In case of plane sources,
calculations were performed for 18 photon energies from 10 keV to 5 MeV and for 22 source depths
expressed in mass per unit area ranging from 0 to 200 g/cm?®. For natural nuclides, the whole lines
compiled in a recent nuclear data file were taken into account. With respect to kerma in air and
fluence of primary photon, the whole calculated results are shown in this report. For double-
differential gamma-ray fields, several heights and source depths were selected to demonstrate the
features. The calculated data for different soil compositions in energy range up to 100 keV were also

shown to give the measure of the effect of soil compositions.
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1.INTRODUCTION

The gamma-ray fields due to sources in and on the ground have been
studied for a long time theoretically and experimentally. The related
studies are reviewed in another paper. Despite the great amount of work
carried out so far on this subject, there has been necessity for revising
these data as described below.

The energy range considered has not been wide enough to cover the
whole radionuclides which could be released into the environment,
especially for low energy. Further, detailed data such as double-differential
and height dependent gamma ray fields are useful for analyzing

measurements and exposure characteristics under various conditions.

The gamma ray fields from natural radionuclides of 238U series, 232Th
series, and 40K need to be recalculated as well, because nuclear data
for 238U series and 232Th series emitting a number of different photons
have been revised” . In this paper resuilts for 235 series are presented to
allow evaluations of measured photon spectra also in the particular cases
that the corresponding photon lines are present.

The purpose of this paper is to present the detailed results of extensive
Monte Carlo calculations of the gamma-ray fields at different heights above
ground due to:

1) monoenergetic plane sources at various depths in the ground,
2) natural gamma sources uniformly distributed in the ground.
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The essential results of this calculation was already given in a separate
1
papeﬁ[

The plane source geometries have been modeled to give a basis for
analyses of measurements and for air kerma calculations related to
anthropogenic radionuclides in the soil. The results can be used to
describe air kerma rates and the related gamma-ray fields for any
environmental radionuclides with any depth distributions in the ground, if
the horizontal distribution can be assumed to be uniform. The gamma ray
field data for exponentially distributed radionuclides composed on the basis
of this calculation are shown in ICRU Report 53%.

The soil mass per unit area ¢ above a source element characterizes the

related field in air better than the linear depth of the source element in the

“ground. Therefore, in this paper calculated quantities are presented in
terms of {. The results are valid as a good approximation for sources in
soils with a large variation range of the density even under actual
conditions. In any case it has to be stressed that the results of the
presented paper can be applied to depth distributions only if the soil density
under in situ conditions is used. Densities of dried soil samples would lead
to an overestimation of the fluence rate and the air kerma rate in air.

The number of important natural gamma emitters is limited, and the
distribution in the ground may, in general, be properly assumed to be
uniform. Consequently, it is convenient to give kerma conversion factors
for these specific radionuclides in uniform distribution. In this study, kerma
conversion factors up to 300 m height for 40K and radionuclides in 238U
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series, 232Th series and 235U series were calculated using the recent
nuclear data from the 1993 version of JEF (JEF-2.2) ®.

The numerical data on the calculated air kerma and fluence of primary
photons per unit source density are shown for the whole calculated cases.
The fluence of primary photons necessary to determine nuclide
concentrations from in situ spectrometry was calculated using numerical
integration. Energy and angular distributions of gamma rays are shown for
some selected cases to discuss the general features as a function of
source depth, source energy and detector height. The complete data of
these double-differential fluence are stored in the file of the main frame
computer at JAERI.

2. CALCULATIONAL PROCEDURE

An air-over-ground geometry was assumed: homogeneous air and soil
were assumed to contact each other through an infinite smooth plane
having cut-off boundaries at 2000 m height above the ground and 5m
depth in the ground. Compositions of soil and air assumed inthis study
are summarized in Table 1. In this report, two different sets of soil
compositions were considered in order to analyze the effect of soill
compositions on kerma in air. Basically the composition given for Soil 1in
Table 1 was assumed for all calculations, and Soil 2 was utilized to
investigate the degree of difference in air kerma due to soil compositions.
The soil and air densities were assumed to be constant at 1 g/cm® and
0.0012 g/cm’» respectively,
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Homogeneous and isotropic plane-sources were simulated at up to 22
depths in the soil, starting with plane sources on the ground. The
maximum depth of the plane sources in soil was chosen either 2 m or in
such a way for low source energies that the air kerma at a height of 1m
above the ground is smaller by at least three orders of magnitude than that
for a surface plane source. In case of nétural radionuclides a uniform
volume source from the surface down to 200 g/cm2 was assumed. This
depth has already been established as sufficient to represent a uniform
half-space source"”. Monoenergetic gamma rays were emitted from plane
sources, while, spectral gamma rays were emitted to simulate natural
sources.

The photon transport calculations were carried out using the Monte
Carlo program YURI® which has been verified through comparisons with
various experimental and theoretical data. Three photon interaction
processes of photoelectric absorption, Compton scattering and pair
production followed by annihilation of two 0.511 MeV gamma rays were
considered.

Coherent scattering occurs at considerable rates in the low energy
region. However, this does not significantly affect the radiation fields from
extended sources, because the photon energy is not altered and the
scattering angles are forward-oriented. This has been verified by
comparisons with results from MCNP which takes coherent scattering into
account®.
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Photons emitted from sources in the ground were detected at 12
different heights up to 300 m above the ground. The statistical accuracy of
results depends on the photon energy, source depth and detector height.
For all results of the air kerma at 1 m height, the standard deviations were
within a few percent. In some cases for detectors at larger heights above
ground, the standard deviation exceeded 10%. In these cases the results
are not shown in the tables.

3. RESULTS AND DISCUSSION

3.1 Monoenergetic plane source

3.1.1 Air kerma and fluence of primary photons

Tables 2, 3 and 4 give total air kerma, fluence of primary photons, and air
kerma of primary photons, respectively. The fluence was calculated by
analytical integration, while air kerma was by a Monte Carlo calculations.
Zeros in the tables indicate that calculation was not carried out or the
statistical accuracy was not sufficient for these cases. Figure 1 shows air
kerma at 1m height graphically as a function of energy.

The air kerma from plane sources at small depths in the soil was found
to have a local minimum for source energies of the order of 50 keV. This is
due to the rapid increase of the energy absorption coefficient of air for
decreasing energies below 50 keV. The air kerma starts decreasing again
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for decreasing photon energies below 15-20 keV due to the steep increase
of photon attenuation by air and soil in this range .

The kerma in air decreases rapidly as a function of source depth for
sources just beneath the ground surface. The depth in earth where the air
kerma attenuates by half in comparison with that for a surface source is
only 0.5 g/lcm2 for 50 keV. Even for gamma rays in the energy range
between 100 keV and 5 MeV, a soil slab of athickness of 1-2 g/cm2is
enough to decrease the air kerma by a factor of two.

The ratio of total air kerma to the air kerma from direct gamma rays at
1 mis shown in Figure 2. The contribution from scattered gamma rays to
the air kerma has a maximum around 100 keV.

The decrease of the kerma and fluence in air above the ground is
demonstrated in Tables 5 and 6 respectively for three source depths. The
air kerma from the surface plane source decreases rapidly as a function
of height above the ground. The air kerma near the ground surface mainly
derives from the gamma rays coming from horizontal directions as shown
later. The distance which a photon coming from a horizontal direction must
travel increases much as the height increases.

When a plane source lies deep in the ground, reduction of air kerma
due to height becomes small, because the angular distribution shifts

toward lower directions
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3.1.2 Energy distribution

Figures 3 -6 shows the energy distribution of air kerma at 1m, 50 m,
100 m and 150 m, respectively. Figure 7 gives the average energy of
gamma rays at 1 m height as a function of source depth. At 1 m height,
below 50 keV the average energy of the photon fluence is nearly the same
to the initial energy, even if the source is in the ground, according to small
contribution of the scattered radiation especially for lower energy. Even at
100 keV where the contribution from scattered gamma rays is maximal,
the average energy is above 75 keV, at least down to a source depth of 50
g/cmz-

In the region of high source energy, the energy distribution of air kerma
due to scattered gamma rays becomes rather flat, and the relative
importance of the scattered component decreases with source energy.
The shape of the energy spectrum does not alter much according to the
source depth, but the portion of the scattered component changes.

As the height increases, the change of energy spectrum becomes small. In
fact, the energy spectra are quite similar between 100 m and 150 m height.
They do not alter much even if the source depth changes.

3.1.3 Angular distribution

Calculation results for the angular distribution of the air kerma at 1 m, 50
m, 100 m and 150 m above ground are shown in Figures 8 - 11 for plane
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sources in the ground. Inthese figures, the incident directions of photons
are expressed as cosines to a normal vector to the ground surface.
Generally the gamma rays coming from horizontal directions occupy the
dominant part for plane sources at small depths.

This tendency remains even at 50 m height for surface source
emitting high energy gamma rays, though the peak shifts towards lower
directions. At heights in excess of 100 m, the components from downward
direction become dominants in most cases. The angular distribution
features are quite similar between 100 m and 150 m.

3.2 Natural radionuclides in the ground
3.2.1 Air kerma and fluence of primary photons

The air kerma per disintegration of the parent nuclide was calculated
separately for each nuclide in the 238U series, the 232Th series, the
235y series and also for 40K having no decay chain. All photon lines
compiled in the JEF-2.2 file® were taken into account in this calculation.
The photon intensities for 234mpg were normalized to the data of Siemon
etal. " who experimentally determined the absolute intensities with
extreme care in recent years. Radionuclides which release energy less
than one percent of the total energy released from the series were.omitted.
The summation of the energy released from the omitted nuclides is still less
than one per cent for each series.
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The calculated kerma conversion factors up to 300 m per
disintegration ‘of the parent nuclide are tabulated in Tables 7-10, and
illustrated inFigures12-15. The nuclides in the series were assumed to be
in radiation equilibrium; however, the conversion factors for individual
nuclides enable one to evaluate air kerma for cases where the radiation
equilibrium does not hold. Ninety-eight percent of the air kerma at 1 m
from the 238U series is attributed to the only two nuclides 214Biand
214pp. |n the case of 232Th series, 208T| and 228A¢ contribute to 90% of
the total air kerma, 212Pb and 212Bi contribute to 9%.

The air kerma from 235U series has some particular features different
from those for 238U series and 232Th series. Several nuclides contribute
fairly equally to the total kerma. Energies of emitted gamma rays are
relatively lower: most of gamma ray energies are less than 1 MeV. The
total kerma per disintegration of the parent nuclide is smaller by some
factors of magnitude than that for the other series. Further, the portion of
direct air kerma over the total air kerma at 1 m height is about 30%
reflecting the emission of low-energy gamma rays, while the portion is
almost 50% either for 238U series, 232Th series, and 40K

Tables 11-13 gives fluence rates of primary photons at 1 m per
disintegration of the parent nuclide for dominant gamma lines in 238U
series, in 232Th series, in 232U series and for 1.461 MeV gamma rays
from 40K

3.2.2 Representation of the series
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It is not convenient to consider such a large number of photon lines to
calculate the kerma conversion factors or radiation field inthe
environment for the 238U and 232Th series, and 235U series. A few tens
of dominant photon lines are generally used to simulate the whole gamma
rays emitted from a series. The number of gamma lines necessary to
represent the whole spectrum properly was examined. For this purpose,
the relation between the number of considered gamma lines and the
energy released from these lines was investigated.

For the 238U series and as well as for the 232Th series, about 30
ddminant lines release 90% of the total energy from the lines, and about
95 lines 98% (Figure 16). On the other hand, about 135 lines are needed
to cover 98% of the total emitted energy for the 235U series.

3.2.3 Angular and energy distribution

The angular distribution of the kerma at 1 mis quite similar among
238U series, 232Th series and 40K. Itis nearly uniform for lower 2 7
directions below the horizontal plane with a small reduction of kerma at
horizontal directions where photons traveling long distances are
attenuated. Figure 17 demonstrate the difference of the angular distribution
between 235U series and 238U series. The portion of kerma due to
skyshine is larger for the 235U series, because 239U series emit gamma
rays at relatively lower energies.

The whole shapes of energy spectra for 238U series and 232Th
series obtained here are rather similar to those published so far unless one
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pays special attention to fine structures; therefore these data are not
shown in this paper. The energy spectrum of photon fluence at 1 m for
235 series is demonstrated in Figure 18, which has seldom been
published.

3.3 Effect of soil compositions

To examine the effect of high atomic number elements, air kerma
was calculated for Soil 2 which contains one half of the iron oxide content in
Soil 1. Air kerma at 1 m for Soil 2 is higher than that for Soil 1 because the
absorption by photoelectric effect occurs less frequently.

In order to clarify the effect of soil compositions, total air kerma,
fluence of primary photons and air kerma of primary photons for Soil 2 are
tabulated in Tables 14,15, and 16, respectively. The difference of air kerma
due to soil compositions is shown in Table 17 and inFigure19 The ratio of
air kerma for Soil 2 over that for Soil 1 is shown in Table 8 for plane
sources at the three energies of 20 keV, 50 keV and 100 keV. For surface
plane source, the difference is very small as expected from the geometric
relation among the source, detector and ground. As the depth becomes
greater the difference of air kerma becomes larger, and the difference
by a factor is observed for deep sources.

The difference of air kerma for monoenergetic source uniformly
distributed in the ground is also shown in Table 8 with one additional
energy of 150 keV. Though the air kerma from plane source at large depth
reveals not negligible difference between calculations for Soil 1 and for Sail
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2 the air kerma integrated over volume on the assumption of uniform
distribution was found to be not very large. The maximum difference is
about 25%, and in the energy region more than 150 keV the difference
becomes less than 10 %. In case the nuclide concentration decreases
with depth, the difference between the two sets of soil compositions is
expected to be Smaller than those shown here. Therefore, the effect of
soil compositions is considered not large for distributed sources in the
range of iron element abundance considered here.

4. CONCLUSION

Air kerma and fluence of primary photons per unit source density were
calculated and tabulated for monoenergetic plane source inand on the
ground and for natural radionuclides uniformly distributed inthe ground.
The results for plane sources can be used as basic data to investigate the
gamma-ray fields from diverse anthropogenic radionuclides distributed in
the ground. The kerma conversion factors for natural nuclides were
calculated considering all photon lines taken from a recent nuclear data
file. Angular and energy distributions of air kerma at several altitudes over
wide energy range were illustrated for monoenergetic plane sources, and
the general features were discussed. Energy and angular distributions of
photon fluence for 235U which have been seldom published were shown.
The effect of soil compositions were investigated assuming two kinds of
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soil having different iron abundance of 8% and 4%. For uniformly
distributed volume source, the maximum difference in air kerma was 25%.
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Table 1. Compositions of soil and air in weight fraction
considered in the calculations.

soil 1 Soil 2 Air

Molecule Abundance Molecule Abundance Element Abundance

sio, 56 S10, 56 N 75.5
Al1,04 16 Al,04 20 0 23.2
Fe,0,3 8 Fe,03 4 Ar 1.3

H,0 20 H,0 20
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Table 11. Unscattered fluence rate at 1 m height per disintegration rate of
the parent nuclide per unit soil weight for radionuclides in U series
uniformly distributed in the ground.

Nuclide . Energy Photon emission rate Fluence rate per activity
(MeV) (1/s per Bqg) (photons/mzs per Bg/kg)
238(J series

226Ra 0.186 0.033 1.18

2l4py 0.242 0.075 2.98
" 0.295 0.192 8.28
" 0.352 0.369 17.1

2l4p; 0.609 0.469 27.5
" 0.665 0.0158 0.965
" 0.768 0.0497 325
" 0.934 0.0319 2.29

234mp, 1.001 0.00589 0.630

24 1.120 0.155 12.2
" 1.238 0.0610 5.07
" 1.378 0.0410 3.61
" 1.402 0.0138 1.23
" 1.408 0.0250 2.23
! 1.509 0.0220 2.03
" 1.730 0.0300 2.98
" 1.765 0.162 16.2
" 1.847 0.0216 222
" 2.119 0.0125 1.38
" 2.204 0.0524 5.92
" 2.448 0.0162 1.93
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Table 12. Unscattered fiuence rate at 1 m height per disintegration rate of
the parent nuclide per unit soil weight for radionuclides in **Th series and

for “K uniformly distributed in the ground.

Nuclide Energy Photon emission rate Fluence rate per activity

(MeV) (1/s per Bq) (photons/mzs per Bg/kg)

232Th series

228¢ 0.209 0.0455 1.72
212p 0.239 0.434 17.3
224Ra 0.241 0.0397 1.58
228 7¢ 0.338 0.120 5.47
" 0.463 0.0464 2.41
2087 0.511 0.0809 438
" 0.583 0.306 17.6
212g; 0.727 0.0675 430
228A¢ 0.795 0.0484 3.22
2087 0.860 0.0453 3.13
228 7¢ 0.911 0.290 20.6
" 0.965 0.0545 3.98
" 0.969 0.175 12.8
" 1.588 0.0371 3.52
22B; 1.621 0.0149 1.43
228A¢ 1.630 0.0195 1.87
2081 2.615 0.359 442
40K 1.461 0.107 9.71
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Table 13. Unscattered fluence rate at 1 m height per disintegration rate of
the parent nuclide per unit soil weight for radionuclides in U series
uniformly distributed in the ground.

Nuclide  Energy Photon emission rate Fluence rate per activity
(MeV) (1/s per Bg) (photons/mzs per Bg/kg)
235(J series
235y 0.144 0.110 3.57
" 0.163 0.0508 1.74
" 0.186 0.572 20.7
" 0.205 0.0511 1.92
227Th 0.236 0.114 4.53
" 0.256 0.0730 2.98
223Ra 0.269 0.136 566
211g; 0.351 0.130 599
219gn 0.402 0.0647 3.16
211py 0.832 0.0381 2.59
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Table 14. Total air kerma at heights of 0.1 - 300 m per unit source intensity
for monoenergetic plane sources at different depths in the
ground for Soil 2.

HEIGHT = 0.1 METER

(g/cm?) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00€-02 7.00E-02 1.00E-01

0.0 8.69E-16 7.27E-16 5.59E-16 3.75E-16 2.07E-16 1.19E-16 1.20E-16 1.54E-16
0.10 1.88E-17 4.37E-17 7.40E-17 9.34E-17 8.82€-17 7.50E-17 8.36E-17 1.12E-16
0.15 5.29E-18 1.87E-17 4.32E-17 6.74E-17 7.38E-17 6.82E-17 7.78E-17 1.05E-16
0.20 1.61E-18 8.58E-18 2.66E-17 S.08E-17 6.36E-17 6.326-17 7.35E-17 9.94E-17
0.30 1.67E-19 2.04E-18 1.11E-17 3.11E-17 4.97E-17 5.57TE-17 6.70E-17 9.16€-17
0.50 0.0 1.39€-19 2.33E-18 1.35E-17 3.34E-17 4.61E-17 5.84E-17 8.14E-17
0.70 0.0 0.0 S.4SE-19 6.38E-18 2.39E-17 3.97E-17 5.25E-17 7.46E-17
1.00 0.0 0.0 6.90€-20 2.28E-18 1.53E-17 3.27E-17 4.59E-17 6.70E-17
1.50 0.0 0.0 0.0 4.67E-19 7.91E-18 2.47E-17 3.82E-17 5.78E-17
2.00 0.0 0.0 0.0 1.01E-19 4.31E-18 1.94E-17 3.24E-17 S.11E-17
3.00 0.0 0.0 0.0 5.69E-21 1.42E-18 1.25E-17 2.42E-17 4.12E-17
5.00 0.0 0.0 0.0 0.0 1.78E-19 5.64E-18 1.45E-17 2.81E-17
7.00 0.0 0.0 0.0 0.0 2.63E-20 2.71E-18 9.04E-18 1.99E-17
10.00 0.0 0.0 0.0 0.0 0.0 9.53E-19 4.59E-18 1.22E-17
15.00 0.0 0.0 0.0 0.0 0.0 1.76E-19 1.54E-18 5.52E-18
20.00 0.0 0.0 0.0 0.0 0.0 3.50€-20 5.45E-19 2.51E-18
30.00 0.0 0.0 0.0 0.0 0.0 1.43E-21 6.41E-20 5.26E-19
50.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.50E- 20
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.17€-21
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HEIGHT = 0.5 METER

(g/cm?) Energy (MeV)
1.00E-02 1.20€-02 1.50€-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 3.546-16 3.55E-16 3.18E-16 2.44E-16 1.50E-16 9.40E-17 9.78E-17 1.25E-16
0.10 1.38E-17 3.58E-17 6.53E-17 8.66€-17 8.36E-17 7.126-17 7.96E-17 1.06E-16
0.15 3.98€-18 1.57E-17 3.87E-17 6.34E-17 7.09€-17 6.57E-17 7.50E-17 1.01E-16
0.20 1.22E-18 7.24E-18 2.40E-17 4.81E-17 6.16€-17 6.17E-17 7.14E-17 9.62E-17
0.30 1.296-19 1.736-18 1.01E-17 2.97E-17 4.85€-17 5.50E-17 6.56E-17 8.94E-17
0.50 0.0 1.20E-19 2.13E-18 1.29E-17 3.28E-17 4.59E-17 5.77E-17 8.02E-17
0.70 0.0 0.0 S.04E-19 6.17E-18 2.35E-17 3.95E-17 5.20E-17 7.38E-17
1.00 6.0 0.0 6.41E-20 2.20E-18 1.51E-17 3.27E-17 4.56E-17 6.64E-17
1.50 0.0 0.0 0.0 4.50E-19 7.84E-18 2.46E-17 3.80E-17 5.75E-17
2.00 0.0 0.0 0.0 9.84FE-20 4.29€-18 1.94E-17 3.23E-17 5.08E-17
3.00 0.0 0.0 6.0 5S.S9E-21 1.41F-18 1.24E-17 2.44E-17 4.10E-17
5.00 0.0 0.0 0.0 0.0 1.76E-19 S.65E-18 1.47E-17 2.81E-17
7.00 0.0 0.0 0.0 0.0 2.56E-20 2.71E-18 9.06E-18 1.99E-17
10.00 0.0 0.0 0.0 0.0 0.0 9.52E-19 4.62E-18 1.22E-17
15.00 0.0 0.0 0.0 0.0 0.0 1.76E-19 1.55€-18 5.52E-18
20.00 0.0 0.0 0.0 0.0 0.0 3.52E-20 5.49E-19 2.53E-18
30.00 0.0 0.0 0.0 0.0 0.0 1.43E-21 6.37E-20 5.39E-19
50.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.47E-20
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.19€-21
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



JAERI-Data/Code 98-001

HEIGHT = 1.0 METER

(g/cm?) Energy (MeV)
1.00E-02 1.20€-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 1.82E-16 2.17E-16 2.22E-16 1.89E-16 1.26E-16 8.36E-17 8.76E-17 1.13E-16
0.10 9.51E-18 2.80E-17 5.58E-17 7.87€-17 7.89E-17 6.78E-17 7.57E-17 1.00E-16
0.15 2.79E-18 1.25E-17 3.37E-17 5.86E-17 6.76E-17 6.30E-17 7.20E-17 9.61E-17
0.20 8.72E-19 5.85E-18 2.12E-17 4.47€E-17 5.92E-17 5.95E-17 6.89E-17 9.26E-17
0.30 9,52E-20 1.42E-18 9.03E-18 2.79E-17 4.71E-17 5.35E-17 6.40E-17 8.68E-17
0.50 0.0 9.97E-20 1.92E-18 1.23E-17 3.21E-17 4.49E-17 5.65E-17 7.86E-17
0.70 0.0 0.0 4.56E-19 S.89FE-18 2.30E-17 3.88E-17 5.12E-17 7.26E-17
1.00 0.0 0.0 5.92E-20 2.10E-18 1.48E-17 3.22E-17 4.51E-17 6.57E-17
1.50 0.0 0.0 0.0 4.31E-19 7.71€-18 2.45E-17 3.77E-17 5.70E-17
2.00 0.0 0.0 0.0 9.48E-20 4.23E-18 1.93E-17 3.21E-17 5.05E-17
3.00 0.0 0.0 0.0 5.40E-21 1.39E-18 1.24E-17 2.41E-17 4.08E-17
5.00 0.0 0.0 0.0 0.0 1.75E-19 5.62E-18 1.46E-17 2.80E-17
7.00 0.0 0.0 0.0 0.0 2.57E-20 2.71E-18 9.05E-18 1.99E-17
10.00 0.0 0.0 0.0 0.0 0.0 9.49E-19 4.59€E-18 1.22E-17
15.00 0.0 0.0 0.0 0.0 0.0 1.80€-19 1.55E-18 5.51E-18
20.00 0.0 0.0 0.0 0.0 0.0 3.56E-20 5.47E-19 2.52E-18
30.00 0.0 0.0 6.0 0.0 0.0 1.65E-21 6.41E-20 5.28E-19
50.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.43E-20
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.24E-21
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HEIGHT = 1.5 METER

Source Aepth--- - e
(g/cm?) Energy (MeV)
1.00£-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 S5S.00E-02 7.00E-02 1.00E-01

0.0 1.07€-16 1.48E-16 1.70E-16 1.57E-16 1.12E-16 7.72E-17 8.17E-17 1.06E-16
0.10 6.59€-18 2.21E-17 4.82€-17 7.18E-17 7.46E-17 6.52E-17 7.29E-17 9.60E-17
0.15 1.98E-18 1.00E-17 2.95E-17 5.40E-17 6.48E-17 6.10E-17 6.96E-17 9.26E-17
0.20 6.28E-19 4.75E-18 1.87E-17 4.17E-17 5.68E-17 S.77E-17 6.70E-17 8.96E-17
0.30 6.97E-20 1.17E-18 8.06E-18 2.63E-17 4.54E-17 5.22E-17 6.25E-17 8.47E-17
0.50 0.0 8.41E-20 1.73€E-18 1.17€-17 3.12E-17 4.43E-17 5.58E-17 7.72E-17
0.70 0.0 0.0 4.13E-19 5.60E-18 2.26E-17 3.84E-17 5.07E-17 7.16E-17
1.00 0.0 0.0 5.35€6-20 2.01E-18 1.46E-17 3.20E-17 4.47E-17 6.49E-17
1.50 0.0 0.0 0.0 4.13E-19 7.60E-18 2.43E-17 3.74E-17 5.66E-17
2.00 Q.0 0.0 0.0 9.19€-20 4.17E-18 1.91E-17 3.19E-17 5.01E-17
3.00 0.0 0.0 0.0 5.27E-21 1.37E-18 1.23E-17 2.40E-17 4.05E-17
5.00 0.0 0.0 0.0 0.0 1.71E-19 S.61E-18 1.45E-17 2.79E-17
7.00 0.0 0.0 0.0 0.0 2.51E-20 2.70E-18 9.04E-18 1.98E-17
10.00 0.0 0.0 0.0 6.0 0.0 9.47E-19 4.62E-18 1.22E-17
15.00 0.0 0.0 0.0 0.0 0.0 1.78E-19 1.54E-18 5.51€-18
20.00 0.0 0.0 0.0 0.0 0.0 3.51E-20 5.55E-19 2.51E-18
30.00 0.0 0.0 0.0 0.0 0.0 1.40E-21 6.50E-20 5.32E-19
50.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.37E-20
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.21E-21
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



JAERI-Data/Code

HEIGHT = 2.0 METER

(g/cm?)

0.0 6.65E-17
0.10 4.62E-18
0.15 1.40E-18
0.20 4.48E-19
0.30 5.03E-20

OO0 000000 ODOoOOOOOCe

-
o
[=]
(=}

O 0000000 ROOOOCO OO

1.06E-16
1.75€-17
8.05€-18
3.85E-18
9.57E-19
7.07E-20

. . . e N
0OOC OO0 OOO0

D000 O0OODOOOOOOOOOO0

HEIGHT = 5.0 METER

1.35€-16
4.20E-17
2.61E-17
1.65€-17
7.19E-18
1.57E-18
3.73E-19
4.88E-20

0CO0O0OO0OCO0OO0OO0OO0OOO0O0
COO0O0O0OEOO0OOLOOO

98-001

Energy (MeV)
1.50E-02 2.00E-02 3.00E-02 5.00E-02

.36E-16
.S8E-17
.00E-17
.89E-17
LATE-1T
C11E-17
.35E-18
.94E-18
.9SE-19
.78E-20
.14€-21

OO0 Oo0Cc oo O0DOoO00C0C

1.02E-16
7.05E-17
6.16E-17
5.46E-17
4,39E-17
3.04E-17
2.21E-17
1.43E-17
T.48E-18
4,12E-18
1.36E-18
1.69€E-19
2.48E-20

OO Q000000 Q

OO0 O0OOO0O0O00

T.27E-17
6.27E-17
5.90E-17
5.60E-17
5.10E-17
4.34E-17
3.79€-17
3.16E-17
2.42€-17
1.90E-17
1.23€E-17
5.63E-18
2.70E-18
9.49E-19
1.77E-19
3.45E-20
1.40E-21

5.87E-17
5.31E-17
5.08E-17
4,89E-17
4.54E-17
3.95E-17
3.50E-17
2.96E-17
2.30E-17
1.82E-17
1.19E-17
5.49E-18
2.63E-18
9.31E-19
1.75E-19
3.37E-20

6.
6.
5.
5.
5.
5.
L65E-17

44E-17
07E-17
91E-17
T6E-17
50E-17
03E-17

J1T7E-17
.58E-17
.06E-17
L33E-17
.42E-17
L87E-18
.S1E-18
.51E-18
J41E-19
.44E-20

8.41E-17
7.99E-17
7.83E-17
7.68E-17
7.41E-17
6.93E-17
6.54E-17
6.02E-17
L33E-17
.78E-17
.90E-17
LT2E-17
L94E-17
.19E-17
L40E-18

.32E-19
.52E-20
L18E-21

(g/cm?) Energy (MeV)
1.00£-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02
0.0 6.13E-18 2.17E-17 4.85E-17 7.18E-17 7.07E-17
0.10 5.84E-19 4.74E-18 1.88E-17 4.16E-17 5.42E-17
0.15 1.89E-19 2.32€-18 1.23E-17 3.29E-17 4.88E-17
0.20 6.34E-20 1.14E-18 8.12E-18 2.62E-17 4.40E-17
0.30 7.12€-21 3.02E-19 3.71E-18 1.72€-17 3.64E-17
0.50 0.0 2.25E-20 8.43E-19 8.02E-18 2.60E-17
0.70 0.0 0.0 2.04E-19 3.97E-18 1.92E-17
1.00 0.0 0.0 2.80E-20 1.47E-18 1.27E-17
1.50 0.0 0.0 0.0 3.06E-19 6.73E-18
2.00 0.0 0.0 0.0 6.94E-20 3.7SE-18
3.00 0.0 0.0 0.0 4,11E-21 1.26E-18
5.00 0.0 0.0 0.0 0.0 1.58E-19
7.00 0.0 0.0 0.0 0.0 2.40E-20
10.00 0.0 0.0 0.0 0.0 0.0
15.00 0.0 0.0 0.0 0.0 0.0
20.00 0.0 0.0 0.0 0.0 0.0
30.00 0.0 0.0 0.0 0.0 0.0
50.00 0.0 0.0 0.0 0.0 0.0
70.00 0.0 0.0 0.0 0.0 0.9
100,00 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0

5
4
3
2
1
1
S
2.46E-18
5
i
1
0
0
0



JAERI-Data/Code 98-001

HEIGHT = 10.0 METER

Source depth T T T L.

(g/cm?) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02 7.00£-02 1.00E-01

0.0 1.98E-19 2.46E-18 1.31E-17 3.39E-17 4.76E-17 4.77E-17 5.43E-17 7.11E-17
0.10 2.08E-20 6.15E-19 S.79E-18 2.16E-17 3.87E-17 4.41E-17 5.20E-17 6.92E-17
0.1s 5.74E-21 3.25€6-19 3.94E-18 1.77E-17 3.55E-17 4.26E-17 S.08E-17 6.83E-17
0.20 2.54E-21 1.64E-19 2.65E-18 1.44E-17 3.24E-17 4.13E-17 4.99E-17 6.73E-17
0.30 0.0 4.65E-20 1.27E-18 9.86E-18 2.74E-17 3.88E-17 4.81E-17 6.54E-17
0.50 0.0 3.21E-21 3.01E-19 4.79E-18 2.02E-17 3.45E-17 4.48E-17 6.20E-17
0.70 0.0 0.0 7.50E-20 2.43E-18 1.52E-17 3.10E-17 4.18E-17 5.90E-17
1.00 0.0 0.0 0.0 9.24E-19 1.03E-17 2.66E-17 3.80E-17 5.51E-17
1.50 0.0 0.0 0.0 1.956-19 5.56E-18 2.10E-17 3.27E-17 4.93E-17
2.00 0.0 0.0 0.0 4.48E-20 3.12E-18 1.67E-17 2.85E-17 4.45E-17
3.00 0.0 0.0 0.0 2.68E-21 1.06E-18 1.10E-17 2.19E-17 3.69E-17
5.00 0.0 0.0 0.0 0.0 1.38E-19 5.13E-18 1.35E-17 2.60E-17
7.00 0.0 0.0 0.0 0.0 1.99€-20 2.49E-18 8.48E-18 1.86E-17
10.00 0.0 0.0 0.0 0.0 0.0 8.84E-19 4.36E-18 1.15€-17
15.00 0.0 0.0 0.0 0.0 0.0 1.66E-19 1.47E-18 5.25E-18
20.00 0.0 0.0 0.0 0.0 0.0 3.32€-20 5.18E-19 2.39E-18
30.00 0.0 0.0 0.0 0.0 0.0 1.36E-21 6.30E-20 5.06E-19
50.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.34E-20
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.09€E-21
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HEIGHT = 50.0 METER

(g/cm?) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2,00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 0.0 0.0 0.0 5.23E-19 6.60E-18 1.83E-17 2.66E-17 3.76E-17
0.10 0.0 0.0 0.0 3.75€-19 S.71E-18 1.75E-17 2.57E-17 3.70E-17
0.15 0.0 0.0 0.0 3.20E-19 5.40E-18 1.71E-17 2.54E-17 3.67E-17
0.20 0.0 0.0 0.0 2.75€-19 5.07€E-18 1.67E-17 2.50E-17 3.64E-17
0.30 0.0 0.0 0.0 2.02E-19 4.48E-18 1.60E-17 2.44E-17 3.57E-17
0.50 0.0 0.0 0.0 1,08E-19 3.50E-18 1.46E-17 2.32E-17 3.46E-17
0.70 0.0 0.0 0.0 6.29€-20 2.79E-18 1.33E-17 2.21E-17 3.34E-17
1.00 0.0 0.0 0.0 2.95E-20 2.00E-18 1.18E-17 2.05€-17 3.17E-17
1.50 0.0 0.0 0.0 5.37E-21 1.16E-18 9.64E-18 1.81E-17 2.92E-17
2.00 0.0 0.0 0.0 1.34E-21 6.88E-19 7.99E-18 1.61E-17 2.69E-17
3.00 0.0 0.0 0.0 0.0 2.48€-19 5.46E-18 1.28E-17 2.29E-17
5.00 0.0 0.0 0.0 0.0 3.39E-20 2.66E-18 8.17E-18 1.66E-17
7.00 0.0 0.0 0.0 c.0 4.61E-21 1.33E-18 5.30E-18 1.22E-17
10.00 0.0 0.0 0.0 0.0 0.0 4,84E-19 2.79E-18 7.67E-18
15.00 0.0 0.0 0.0 0.0 0.0 9.30€-20 9.56E-19 3.57E-18
20.00 0.0 0.0 0.0 0.0 0.0 1.81E-20 3.38E-19 1.65E-18
30.00 0.0 0.0 0.0 0.0 0.0 7.88E-22 4.15E-20 3.53E-19
50.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.62E-20
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.62E-22
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



JAERI-Data/Code 98-001

HEIGHT = 100.0 METER

Source depth .o

(g/cm?) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 0.0 0.0 0.0 0.0 8.51E-19 6.65E€-18 1.24E-17 1.99E-17
0.10 0.0 0.0 0.0 0.0 7.46E-19 6.32E-18 1.22E-17 1.98E-17
0.15 0.0 0.0 0.0 0.0 7.03E-19 6.14E-18 1.20E-17 1.96E-17
0.20 0.0 0.0 0.0 0.0 6.69E-19 6.04E-18 1.18E-17 1.94E-17
0.30 0.0 0.0 0.0 0.0 5.95E-19 5.80E-18 1.15E-17 1.90E-17
0.50 0.0 0.0 0.0 0.0 4.84€-19 5.33E-18 1.10E-17 1.84E-17
0.70 0.0 0.0 0.0 0.0 3.89€-19 4,93E-18 1.05E-17 1.78E-17
1.00 0.0 0.0 0.0 6.0 2.79E-19 4.39E-18 9.79E-18 1.71E-17
1.50 0.0 0.0 6.0 0.0 1.71€-19 3.62E-18 8.68E-18 1.57E-17
2.00 0.0 0.0 0.0 0.0 1.02E-19 3.01E-18 7.73E-18 1.47E-17
3.00 0.0 0.0 0.0 0.0 3.75E-20 2.10€E-18 6.20E-18 1.25E-17
5.00 0.0 0.0 0.0 0.0 5.456-21 1.06E-18 3.99E-18 9.19E-18
7.00 0.0 0.0 0.0 0.0 0.0 5.40E-19 2.65E-18 6.74E-18
10.00 0.0 0.0 0.0 0.0 0.0 1.99E-19 1.37E-18 4.27E-18
15.00 0.0 0.0 0.0 0.0 0.0 3.92E-20 4.87E-19 1.97E-18
20.00 0.0 0.0 0.0 0.0 0.0 8.11E-21 1.72E-19 9.30E-19
30.00 0.0 0.0 0.0 0.0 0.0 0.0 2.21€E-20 2.03E-19
50.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.91E-21
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HEIGHT = 150.0 METER

Source depth i
(g/cm?) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 0.0 0.0 0.0 0.0 1.18E-19 2.42E-18 5.78E-18 1.05E-17
0.10 0.0 0.0 0.0 0.0 1.13E-19 2.33E-18 5.57E-18 1.04E-17
0.15 0.0 0.0 0.0 0.0 9.77E-20 2.27E-18 5.50E-18 1.03€-17
0.20 0.0 0.0 0.0 0.0 9,28E-20 2.20E-18 S5.46E-18 1.02E-17
0.30 0.0 0.0 0.0 0.0 8.32€E-20 2.11€-18 5.33E-18 1.00E-17
0.50 0.0 0.0 0.0 0.0 6.90E-20 1.94E-18 5.09E-18 9.74E-18
0.70 0.0 6.0 0.0 0.0 5.59E-20 1.81€£-18 4.85E-18 9.40E-18
1.00 0.0 0.0 0.0 0.0 4.13€-20 1.61E-18 4.52E-18 8.97E-18
1.50 0.0 0.0 0.0 0.0 2.52E-20 1.36E-18 4.01E-18 8.28E-18
2.00 0.0 0.0 0.0 0.0 1.50E-20 1.13E-18 3.58E-18 7.69E-18
3.00 0.0 0.0 0.0 0.0 5S.99E-21 7.96E-19 2.90E-18 6.62E-18
5.00 0.0 0.0 0.0 0.0 0.0 4.06E-19 1.88E-18 4.90E-18
7.00 0.0 0.0 0.0 0.0 0.0 2.04E-19 1.23E-18 3.59E-18
10.00 0.0 0.0 0.0 0.0 0.0 7.44E-20 6.56E-19 2.30E-18
15.00 0.0 0.0 0.0 0.0 0.0 1.50E-20 2.35E-19 1.06E-18
20.00 0.0 0.0 0.0 0.0 0.0 2.92E-21 8.17E-20 4.90E-19
30.00 0.0 0.0 0.0 0.0 0.0 0.0 1.03E-20 1.07E-19
50.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.14E-21
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



JAERI-Data/Code 98-001

HEIGHT = 200.0 METER

(g/cm?) Energy (MeV)
1.00E-02 1.20E-02 1.5S0E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 0.0 0.0 0.0 0.0 0.0 8.50E-19 2.52E-18 S5.40E-18
0.10 0.0 0.0 0.0 0.0 0.0 8.48E-19 2.55E-18 5.28E-18
0.15 0.0 0.0 0.0 0.0 0.0 8.21E-19 2.51E-18 5.22E-18
0.20 0.0 0.0 0.0 0.0 0.0 8.02E-19 2.50E-18 5.20E-18
0.30 0.0 0.0 0.0 0.0 0.0 7.81E-19 2.39E-18 S5.12E-18
0.50 0.0 0.0 0.0 0.0 0.0 6.94E-19 2.28E-18 4.95E-18
0.70 0.0 0.0 0.0 0.0 0.0 6.55E-19 2.18E-18 4.82E-18
1.00 0.0 0.0 0.0 0.0 0.0 5.87E-19 2.06E-18 4.59E-18
1.50 0.0 0.0 0.0 0.0 0.0 4.83E-19 1.84E-18 4.24E-18
2.00 0.0 0.0 0.0 0.0 0.0 4,07E-19 1.65E-18 3.95E-18
3.00 0.0 0.0 0.0 0.0 0.0 2.87E-19 1.32E-18 3.42E-18
5.00 0.0 0.0 0.0 0.0 0.0 1.47E-19 8.56E-19 2.53E-18
7.00 0.0 0.0 0.0 0.0 0.0 7.64E-20 5.67E-19 1.84E-18
10.00 0.0 0.0 0.0 0.0 0.0 2.91€-20 3.02E-19 1.17E-18
15.00 0.0 0.0 0.0 0.0 0.0 6.07E-21 1.08E-19 5.50E-19
20.00 0.0 0.0 0.0 0.0 0.0 1.26E-21 3.83E-20 2.47E-19
30.00 0.0 0.0 0.0 0.0 0.0 0.0 5.73E-21 5.50€-20
50.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.50E-21
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HEIGHT = 300.0 METER

{g/cm?) Energy (MeV)
1.006-02 1.20E-02 1.S0E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 0.0 0.0 0.0 0.0 0.0 1.15E-19 4.90E-19 1.35E-18
0.10 0.0 0.0 0.0 0.0 0.0 9.97E-20 4.75E-19 1.32E-18
0.15 0.0 0.0 0.0 0.0 0.0 9.84E-20 4.74E-19 1.31E-18
0.20 0.0 0.0 0.0 0.0 0.0 9.92E-20 4.64E-19 1.30E-18
0.30 0.0 0.0 0.0 0.0 0.0 9.74E-20 4.43E-19 1.27E-18
0.50 0.0 0.0 0.0 0.0 0.0 8.75E-20 4.29E-19 1.23€-18
0.70 0.0 0.0 0.0 0.0 0.0 8.06E-20 4.19E-19 1.18E-18
1.00 0.0 0.0 0.0 0.0 0.0 7.30E-20 3.91E-19 1.13E-18
1.50 0.0 0.0 0.0 0.0 0.0 6.26E-20 3.55E-19 1.05E-18
2.00 0.0 0.0 0.0 0.0 0.0 5.19E-20 3.21E-19 9.78E-19
3.00 0.0 0.0 0.0 0.0 0.0 3.70E-20 2.59E-19 8.31E-19
5.00 0.0 0.0 0.0 0.0 0.0 1.86E-20 1.78E-19 6.22E-19
7.00 0.0 0.0 0.0 0.0 0.0 9.83E-21 1.16E-19 4.53E-19
10.00 0.0 0.0 0.0 0.0 0.0 3.266-21 6.33E-20 2.90E-19
15.00 0.0 0.0 0.0 0.0 0.0 0.0 2.08E-20 1.34E-19
20.00 0.0 0.0 0.0 0.0 0.0 0.0 8.05€E-21 6.16E-20
30.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.32E-20
50.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



JAERI-Data/Code  98-001

Table 15. Fluence of primary photons at heights of 0.1 - 300 m per unit
source intensity for monoenergetic plane sources at different depths in

the ground for Soil 2.

HEIGHT = 0.1 METER

(g/cm?) Energy (MeV)
1.00E-02 1.20€-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 1.17E+00 1.43E+00 1.75E+00 2.12E+00 2.52E+00 2.76E+00 2.82E+00 2.88E+00
0.10 2.572E-02 8.42E-02 2.25E-01 5.00E-01 9.64E-01 1.44E+00 1.61E+00 1.73E400
0.15 7.05E-03 3.60F-02 1.30E-01 3.S57E-01 7.88E-01 1.26£+00 1.43E+00 1.54E+00
0.20 2.13F-03 1.65E-02 B.02E-02 2.67E-01 6.67E-01 1.13E+00 1.30E+00 1.41E+00
0.30 2.21E-04 3.86E-03 3.33E-02 1.62E-01 5.07E-01 9.44E-01 1.11E+00 1.23E+00
0.50 0.0 2.62E-04 6.91E-03 6.87E-02 3.26E-01 7.22E-01 8.84E-01 9.95E-01
0.70 0.0 0.0 1.62E-03 3.22E-02 2.26E-01 5.84E-01 7.38E-01 8.45E-01
1.00 0.0 0.0 2.04E-04 1.13€-02 1.40E-01 4.47E-01 5.90E-01 6.92E-01
1.50 0.0 0.0 0.0 2.25E-03 6.92E-02 3.08E-01 4.35E-01 5.28E-01
2.00 0.0 0.0 0.0 4.87E-04 3.66E-02 2.24E-01 3.36E-01 4.20E-01
3.00 0.0 0.0 0.0 2.61E-05 1.14E-02 1.28E-01 2.15E6-01 2.85E-01
5.00 0.0 0.0 0.0 0.0 1.35E-03 4.89E-02 1.02E-01 1.50E-01
7.00 0.0 0.0 0.0 0.0 1.82€-04 2.07E-02 5.29E-02 8.67E-02
10.00 0.0 0.0 0.0 0.0 1.02E-05 6.30E-03 2.17E-02 4.11E-02
15.00 0.0 0.0 0.0 0.0 0.0 9.89E-04 5.53E-03 1.33E-02
20.00 0.0 0.0 0.0 0.0 0.0 1.69E-04 1.53E-03 4.68E-03
30.00 0.0 0.0 0.0 0.0 0.0 5.72E-06 1.34E-04 6.49E-04
50.00 0.0 0.0 0.0 0.0 0.0 0.0 1.30£-06 1.58E-05
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4. 44E-07
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HEIGHT = 0.5 METER

Source depth ---------ecoooommmooo e osooo-osoToEooooTsooooSoToTooTToToTTTITTT
(g/cm?) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 4.72E-01 6.87E-01 9.77E-01 1.33E+400 1.72E+00 1.96E400 2.02E+00 2.07E+00
0.10 {.B4FE-02 6.83E-02 1.96E-01 4.56E-01 8.95E-01 1.32E+00 1.47E4100 1.56E+00
0.15 5.98E-03 2.98E-02 1.16E-01 3.31E-01 7.42€-01 1.17E+00 1.33E+00 1.43E+00
0.20 1.62E-03 1.38E-02 7.19E-02 2.50E-01 6.34E-01 1.06E+00 1,22E+00 1.32€+00
06.30 1.70E-04 3.27€-03 3.02E-02 1.52E-01 4.86E-01 9.02E-01 1.06E+00 1.16E+00
0.50 0.0 2.2SE-04 6.33E-03 6.53E-02 3.16E-01 6.98E-01 8.52E-01 9.57E-01
0.70 0.0 0.0 1.49E-03 3.07E-02 2.20€-01 5.67E-01 7.16E-01 8.18E-01
1.00 0.0 0.0 1.88E-04 1.08E-02 1.36E-01 4.36E-01 5.75E-01 6.74E-01
1.50 0.0 0.0 0.0 2.16E-03 6.76E-02 3.02E-01 4.26E-01 5.16E-01
2.00 0.0 0.0 0.0 4.69E-04 3.58E-02 2.20E-01 3.30E-01 4.13E-01
3.00 0.0 0.0 0.0 2.52E-05 1.126-02 1.26E-01 2.12E-01 2.81E-01
5.00 0.0 0.0 0.0 0.0 1.33E-03 4.83E-02 1.00E-01 1.49E-01
7.00 0.0 0.0 0.0 0.0 1.79€-04 2.05E-02 5.23E-02 B.57E-02
10.00 0.0 0.0 0.0 0.0 1.00E-05 6.23E-03 2.14E-02 4.07E-02
15.00 0.0 0.0 0.0 0.0 0.0 9,78E-04 5.47E-03 1.32E-02
20.00 0.0 0.0 6.0 0.0 0.0 1.68E-04 1.52E-03 4.63E-03
30.00 0.0 0.0 0.0 0.0 0.0 5.66E-06 1.33E-04 6.44E-04
50.00 0.0 0.0 0.0 0.0 0.0 0.0 1.29€E-06 1.57E-05
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.41E-07
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



JAERI-Data/Code 98-001

HEIGHT = 1.0 METER

Source depth - - - -l
(g/cm?) Energy (MeV)

1.00E-02 1.20£-02 1.50£-02 2.00E-02 3.00E-02 S.00E-02 7.00E-02 1.00E-01

0.0 2.42E-01 4.14E-01 6.71E-01 1.01E+00 1.38E+00 1.62E+00 1.68E+00 1.73E+00
0.10 1.26E-02 5.30E-02 1.67E-01 4.10E-01 8,22E-01 1.21E+00 1.33E+00 1.42E+00
0.15 3.70E-03 2.36E-02 1.00E-01 3.02E-01 6.92E-01 1.09E+00 1.22E+00 1.31E+00
0.20 1.156-03 1.11E-02 6.29E-02 2.30E-01 5.96E-01 9.96E-01 1.14E+00 1.23E+00
0.30 ~ 1.23E-04 2.67E-03 2.67E-02 1.42E-01 4.61E-01.8.55E-01 1.00E+00 1.10E+00
0.50 0.0 1.86E-04 5.67E-03 6.13E-02 3.03E-01 6.69E-01 8.15E-01 9.14E-01
0.70 0.0 0.0 1.34E-03 2.90E-02 2.12E-01 5.47E-01 6.89£-01 7.88E-01
1.00 0.0 0.0 1.70E-04 1.03E-02 1.32E-01 4.23E-01 5.58E-01 6.52E-01
1.50 0.0 0.0 0.0 2.06E-03 6.57E-02 2.95E-01 4.15E-01 5.03E-01
2.00 0.0 6.0 0.0 4.4TE-04 3.49E-02 2.15E-01 3.22E-01 4.03E-0t%
3.00 0.0 0.0 0.0 2.41E-05 1.09E-02 1.23E-01 2.07E-01 2.7SE-01
5.00 0.0 0.0 0.0 0.0 1.30E-03 4.75E-02 9.88E-02 1.46E-01
7.00 0.0 0.0 0.0 0.0 1.75E-04 2.02E-02 5.15E-02 8.45E-02
10.00 0.0 0.0 0.0 0.0 9.80E-06 6.14E-03 2.11E-02 4.02E-02
15.00 0.0 0.0 0.0 0.0 6.0 9.65E-04 5.41E-03 1.31E-02
20.00 0.0 0.0 0.0 0.0 0.0 1.66E-04 1.50E-03 4.58E-03
30.00 0.0 0.0 0.0 0.0 6.0 5.59E-06 1.31E-04 6.37E-04
50.00 0.0 0.0 0.0 0.0 0.0 0.0 1.27€-06 1.55E-05
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.37E-07
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HEIGHT = 1.5 METER

Energy (MeV)

(g/cm?)

1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01
0.0 1.41E-01 2.80E-01 5.07E-01 8.23E-01 1.19E+00 1.42E+00 1.48E400 1.53E+00
0.10 8.69E-03 4.14E-02 1.43E-01 3.70E-01 7.61E-01 1.12E+00 1.23E400 1.30E+00
0.15 2.60E-03 1.88E-02 8.70E-02 2.76E-01 6.48E-01 1.02E+00 1.14E+00 1.22E+00
0.20 8.20E-04 8.92E-03 S.51€£-02 2.12E-01 5.62E-01 9.37E-01 1.06E+00 1.15E+00
0.30 8.89E6-05 2.18E-03 2.37E-02 1.32E-01 4.39E-01 8.13E-01 9,.47E-01 1.04E+00
0.50 0.0 1.53E-04 5.08E-03 5.77E-02 2.91E-01 6.43E-01 7.81E-01 8.75E-01
0.70 0.0 0.0 1.21E-03 2.74E-02 2.04E-01 5.29E-01 6.65E-01 7.59E-01
1.00 0.0 0.0 1.54E-04 9.74E-03 1.28E-01 4.11E-01 5.41E-01 6.32E-01
1.50 0.0 0.0 0.0 1.96E-03 6.39F-02 2.88F-01 4.05E-01 4.90E-01
2.00 0.0 0.0 0.0 4.26E-04 3.40E-02 2.10E-01 3.15E-01 3.94E-01
3,00 0.0 0.0 0.0 2.30E-05 1.06E-02 1.21E-01 2.03E-01 2.70E-01
5.00 0.0 0.0 0.0 0.0 1.27E-03 4.67E-02 9.72E-02 1.44E-01
7.00 0.0 0.0 0.0 0.0 1.72€-04 1.99E-02 5.08E-02 8.32E-02
10.00 0.0 0.0 0.0 0.0 9.60E-06 6.05E-03 2.09E-02 3.97E-02
15.00 0.0 0.0 0.0 0.0 0.0 9.52E-04 S5.34E-03 1.29E-02
20.00 0.0 0.0 0.0 0.0 0.0 1.63E-04 1.48E-03 4.53E-03
30.00 0.0 0.0 0.0 0.0 0.0 5.52E-06 1.30E-04 6.31£-04
50.00 0.0 0.0 0.0 0.0 0.0 0.0 1.26E-06 1.54E-05
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.33€-07

100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

150,00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



JAERI-Data/Code 98-001

HEIGHT = 2.0 METER

(g/cm?) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 8.72E-02 1.99E-01 4.00E-01 6.98E-01 1.06E+00 1.28E+00 1.34£+00 1.39E+00
0.10 6.04E-03 3.26E-02 1.23E-01 3.36E-01 7.08E-01 1.04E+00 1.14E+00 1.21E+00
0.15 1.84E-03 1.50E-02 7.58£-02 2.53E-01 6.08E-01 9.56E-01 1.07E+00 1.15E+00
0.20 5.86E-04 7.20E-03 4.84E-02 1.96E-01 5.31E-01 8.86E-01 1.01E+00 1.09E+00
0.30 6.44E-05 1.78E-03 2.10E-02 1,23£-01 4.18E-01 7.75E-01 9.01E-01 9.87E-01
0.50 0.0 1.27E-04 4.56E-03 5.42E-02 2.79E-01 6.18E-01 7.50E-01 8.40E-01
0.70 0.0 0.0 1.096-03 2.59E-02 1.97E-01 5.11E-01 6.42E-01 7.32E-01
1.00 0.0 0.0 1.40E-04 9.24E-03 1.24E-01 3.99E-01 5.25E-01 6.13E-01
1.50 0.0 0.0 0.0 1.86E-03 6.21E-02 2.80E-01 3.95E-01 4.78E-01
2.00 0.0 0.0 0.0 4.07E-04 3.31E-02 2.06E-01 3.08E-01 3.85E-01
3.00 0.0 0.0 0.0 2.20E-05 1.04E-02 1.19E-01 2.00E-01 2.65E-01
5.00 0.0 0.0 0.0 0.0 1.24E-03 4.59E-02 9.57E-02 1.42E-01
7.00 0.0 0.0 0.0 G.0 1.68E-04 1.96E-02 5.00E-02 8.21E-02
10.00 0.0 0.0 0.0 0.0 9.41E-06 5.97E-03 2.06E-02 3.91E-02
15.00 0.0 0.0 0.0 0.0 0.0 9,.39E-04 5.27E-03 1.27E-02
20.00 0.0 0.0 0.0 0.0 0.0 1.61E-04 1.46E-03 4.48E-03
30.00 0.0 0.0 0.0 0.0 0.0 S.456-06 1.28E-04 6.24E-04
50.00 0.0 0.0 0.0 0.0 0.0 0.0 1.25€E-06 1.52E-05
70.00 0.0 0.0 0.0 0.0 0.0 6.0 0.0 4.28E-07
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HEIGHT = 5.0 METER

{g/cm?) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2,00E-02 3.00&-02 5.00E-02 7.00E-02 1.00E-01

0.0 7.926-03 3.91E-02 1.38E-01 3.46E-01 6.48E-01 8.56E-01 9.14E-01 9.62£-01
0.10 7.53E-04 8.47E-03 5.36E-02 2.01E-01 4.95E-01 7.51E-01 8.29E-01 8.86E-01
0.15 2.45€-04 4.15E-03 3.49E-02 1.S8E-01 4.39E-01 7.08E-01 7.92E-01 8.53E-01
0.20 8.18E-05 2.07E-03 2.31E-02 1.26E-01 3.93E-01 6.70E-01 7.59E-01 8.22E-01
0.30 9.54E-06 5.40E-04 1.05E-02 8.23E-02 3.20E-01 6.03E-01 6.99E-01 7.67E-01
0.50 0.0 4.08E-05 2.40E-03 3.79E-02 2.23E-01 5.00E-01 6.04E-01 6.76E-01
0.70 0.0 0.0 5.80E-04 1.856-02 1.61E-01 4.24E-01 5.29E-01 6.04E-01
1.00 0.0 0.0 7.74E-05 6.76E-03 1.03E-01 3.38E-01 4.43E-01 5.18E-01
1.50 0.0 0.0 0.0 1.39E-03 5.26E-02 2.43E-01 3.41E-01 4.14E-01
2.00 0.0 0.0 0.0 3.06E-04 2.84E-02 1.81E-01 2.70E-01 3.38E-01
3.00 0.0 0.0 0.0 1.68E-05 9.01E-03 1.06E-01 1.78E-01 2.37E-01
5.00 0.0 0.0 0.0 0.0 1.09€-03 4.16E-02 8.68E-02 1.29E-01
7.00 0.0 0.0 0.0 0.0 1.48E-04 1.78E-02 4.58E-02 7.54E-02
10.00 0.0 0.0 0.0 0.0 8.33E-06 5.48E-03 1.90E-02 3.62E-02
15.00 0.0 0.0 0.0 0.0 0.0 8.67E-04 4.89E-03 1.19E-02
20.00 0.0 0.0 0.0 6.0 0.0 1.49E-04 1.36E-03 4.19E-03
30.00 0.0 0.0 0.0 0.0 0.0 5.06E-06 1.20E-04 5.86E-04
50.00 0.0 0.0 0.0 0.0 0.0 0.0 1.17E-06 1.43E-05
70.00 0.0 0.0 6.0 0.0 0.0 0.0 0.0 4.04E-07
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



JAERI-Data/Code  98-001

HELGHT = 10.0 METER

source depth oo
(g/em?) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 0.0 4.27E-03 3.56€-02 1.52E-01 3.82E-01 5.61E-01 6.14E-01 6.57VE-01
0.10 0.0 1.08E-03 1.58E-02 9.79E-02 3.12£-01 5.12E-01 5.73E-01 6.21E-01
0.15 0.0 5.55F-04 1.07E-02 7.96E-02 2.84E-01 4.90E-01 5.55E-01 6.04E-01
0.20 0.0 2.886-04 7.34E-03 6.516-02 2.59E-01 4.69E-01 5.37E-01 5.88E-01
0.30 0.0 7.92E-05 3.50£-03 4.43E-02 2.17E-0t 4.32E-01 5.05E-01 5.58E-01
0.50 0.0 6.396-06 B8.47E-04 2.15E-02 1.57E-01 3.71E-01 4.49E-01 5.06€-01
0.70 0.0 0.0 2.15E-04 1.08E-02 1.17E-01 3.21E-01 4.02E-01 4.61E-01
1.00 0.0 6.0 0.0 4.05E-03 7.66E-02 2.63E-01 3.45E-01 4.05E-01
1.50 0.0 0.0 0.0 8.56E-04 4.02E-02 1.94E-01 2.73E-01 3.32E-01
2.00 0.0 g.0 0.0 1.92E-04 2.20E-02 1.47E-01 2.20E-01 2.77€-01
3.00 0.0 0.0 0.0 1.07E-05 7.12E-03 8.80E-02 1.49E-01 1.98E-01
5.00 0.0 0.0 0.0 0.0 8.76E-04 3.53E-02 7.42E-02 1.11E-01
7.00 0.0 0.0 0.0 0.0 1.20E-04 1.53E-02 3.96E-02 6.56E-02
10.00 0.0 0.0 0.0 0.0 6.81E-06 4.75E-03 1.66E-02 3.19E-02
15.00 0.0 0.0 0.0 0.0 0.0 7.58E-04 4.32E-03 1.06E-02
20.00 0.0 0.0 0.0 0.0 0.0 1.31£-04 1.21E-03 3.75E-03
30.00 0.0 0.0 6.0 0.0 0.0 4.47E-06 1,07E-04 5.27E-04
50.00 0.0 0.0 0.0 0.0 0.0 0.0 1.05E-06 1.30E-05
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.67E-07
100.00 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HEIGHT = 50.0 METER

Energy (MeV)

(g/cm?)

1.00E-02 1.20E-02 1.S0E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01
0.0 0.0 0.0 0.0 1.76E-03 3.11€-02 8.83E-02 1.11E-01 1.31E-01
0.10 0.0 0.0 0.0 1.29E-03 2.76E-02 8.41E-02 1,07E-0O1 1.27E-01
0.15 0.0 0.0 0.0 1.11E-03 2.60E-02 8.21E-02 1.05€-01 1.26E-01
0.20 0.0 0.0 0.0 9.49F-04 2.45€E-02 8.01E-02 1.03E-01 1.24E-01
0.30 0.0 0.0 0.0 7.01E-04 2.17E-02 7.64E-02 9.99E-02 1.21E-01
0.50 0.0 0.0 0.0 3.84E-04 1.72E-02 6.95E-02 9.33E-02 1.14E-01
0.70 0.0 0.0 0.0 2.12E-04 1.37€-02 6.33E-02 8.72E-02 1.08E-01
1.00 0.0 0.0 0.0 8.81E-05 9.79E-03 5.51€-02 7.89E-02 9.96E-02
1.50 0.0 0.0 0.0 2.08E-05 S.66E-03 4.40E-02 6.70E-02 8.72E-02
2.00 0.0 0.0 0.0 5.03E-06 3.32E-03 3.54E-02 5.72E-02 7.66E-02
3.00 0.0 0.0 0.0 0.0 1.18E-03 2.31E-02 4.19E-02 5.95E-02
5.00 0.0 0.0 0.0 0.0 1.60E-04 1.03E-02 2.32E-02 3.67E-02
7.00 0.0 0.0 0.0 0.0 2.316-05 4.76E-03 1.32E-02 2.32E-02
10.00 0.0 0.0 0.0 0.0 1.376-06 1.56E-03 5.90E-03 1.20E-02
15.00 0.0 0.0 0.0 0.0 0.0 2.630-04 1.63E-03 4.24E-03
20.00 0.0 0.0 0.0 0.0 0.0 4,.70E-05 4.73E-04 1.56E-03
30.00 0.0 0.0 0.0 0.0 0.0 “1.66E-06 4.35E-05 2.30E-04
50.00 0.0 0.0 0.0 0.0 0.0 0.0 4.43E-07 5.88E-06
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.70E-07

100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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HEIGHT = 100.0 METER

Source deptbh Fluence per unit source intensity (photons/m? per photon/m?)

2
(g/cm?) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02 7.,00E-02 1.00E-01
0.0 0.0 0.0 0.0 0.0 2.87E-03 1.70E-02 2.49E-02 3.28E-02
0.10 0.0 0.0 0.0 0.0 2.58E-03 1.64E-02 2.42E-02 3.20E-02
0.15 0.0 0.0 0.0 0.0 2.45E-03 1.60E-02 2.38E-02 3.17E-02
0.20 0.0 0.0 0.0 0.0 2.33E-03 1.57E-02 2.35E-02 3.13E-02
0.30 0.0 0.0 0.0 0.0 2.10E-03 1.51E-02 2.28E-02 3.06E-02
0.50 0.0 0.0 0.0 0.0 1.70E-03 1.39E-02 2.15E-02 2.92E-02
0.70 0.0 0.0 0.0 0.0 1.39€-03 1.29E-02 2.04E-02 2.79E-02
1.00 0.0 0.0 0.0 0.0 1.02E-03 1.14E-02 1.87E-02 2.61E-02
1.50 0.0 0.0 0.0 0.0 6.16E-04 9.36E-03 1.62E-02 2.33E-02
2.00 0.0 0.0 0.0 0.0 3.74E-04 7.71E-03 1.41£-02 2.08E-02
3.00 0.0 0.0 0.0 0.0 1.39E-04 5.25E-03 1.07E-02 1.67E-02
5.00 0.0 0.0 0.0 0.0 2.03E-05 2.48E-03 6.28E-03 1.08E-02
7.00 0.0 0.0 0.0 0.0 0.0 1.19E-03 3.72E-03 7.11E-03
10.00 0.0 0.0 0.0 0.0 0.0 4.09E-04 1.73E-03 3.84E-03
15.00 0.0 0.0 0.0 0.0 0.0 7.22E-05 5.01E-04 1.42E-03
20.00 0.0 0.0 0.0 0.0 0.0 1.33E-05 1.50E-04 5.40E-04
30.00 0.0 0.0 0.0 0.0 0.0 0.0 1.44E-05 8.25E-05
50.00 0.0 0.0 0.0 0.0 0.0 0.0 1.52E-07 2.20E-06
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HEIGHT = 150.0 METER

(g/cm?) Energy (MeV)

0.0 0.0 0.0 0.0 0.0 3.26E-04 3.96E-03 6.68E-03 9.77E-03
0.10 0.0 0.0 0.0 0.0 2.956-04 3.81E-03 6.51E-03 9.56E-03
0.15 0.0 0.0 0.0 0.0 2.81E-04 3.74E-03 6.42E-03 9.46E-03
0.20 0.0 0.0 0.0 0.0 2.67E-04 3.67E-03 6.34E-03 9.36E-03
0.30 0.0 0.0 0.0 0.0 2.42E-04 3.54E-03 6.17E-03 9.17E-03
0.50 0.0 0.0 0.0 0.0 1.99E-04 3.28E-03 5.85E-03 8.79E-03
0.70 0.0 0.0 0.0 0.0 1.63E-04 3.05E-03 5.55E-03 8.43E-03
1.00 0.0 0.0 0.0 0.0 1.22E-04 2.73E-03 5.13E-03 7.91E-03
1.50 0.0 0.0 0.0 0.0 7.50E-05 2.27E-03 4.50E-03 7.13E-03
2.00 0.0 0.0 0.0 0.0 4.63E-05 1.88E-03 3.95E-03 6.43E-03
3.00 0.0 0.0 0.0 0.0 1,78E-05 1.31E-03 3.05E-03 5.23£-03
5.00 0.0 0.0 0.0 0.0 0.0 6.39E-04 1.84E-03 3.48E-03
7.00 0.0 0.0 0.0 0.0 0.0 3.15E-04 1.11E-03 2.33E-03
10.00 0.0 0.0 0.0 0.0 0.0 1.11E-04 5.31E-04 1.29E-03
15.00 0.0 0.0 0.0 0.0 0.0 2.03E-05 1.59E-04 4.92E-04
20.00 0.0 0.0 0.0 0.0 0.0 3.81E-06 4.86E-05 1.91E-04
30.00 0.0 0.0 0.0 6.0 0.0 0.0 4.79E-06 3.01E-05
50.00 0.0 0.0 0.0 0.0 0.0 0.0 5.23E-08 8.32E-07
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
100.00 0.0 0.0 0.0 0.0 ¢.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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HEIGHT = 200.0 METER

Fluence per unit source intensity (photons/m? per photon/m?)
Source depth .o oococionomeoooo
(g/cm?) Energy (MeV)

1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 0.0 0.0 0.0 0.0 0.0 1.00E-03 1.95E-03 3.15E-03
0.10 0.0 0.0 0.0 0.0 0.0 9.66E-04 1.90E-03 3.09E-03
0.15 0.0 0.0 0.0 0.0 0.0 9.49E-04 1.88E-03 3.06E-03
0.20 0.0 0.0 0.0 0.0 0.0 9,.32E-04 1.85E-03 3.03E-03
0.30 0.0 0.0 0.0 0.0 0.0 8.99E-04 1.81E-03 2.97E-03
0.50 © 0.0 0.0 0.0 0.0 0.0 8.37E-04 1.72E-03 2.85E-03
0.70 0.0 0.0 0.0 0.0 0.0 7.79E-04 1.63E-03 2.74E-03
1.00 0.0 0.0 0.0 0.0 0.0 7.00E-04 1.51E-03 2.58E-03
1.50 0.0 0.0 0.0 0.0 0.0 5.86E-04 1.34E-03 2.34E-03
2.00 0.0 0.0 0.0 0.0 0.0 4,91E-04 1.18E-03 2.11E-03
3.00 0.0 0.0 0.0 0.0 0.0 3.45€-04 9.20E-04 1.73E-03
5.00 0.0 0.0 0.0 0.0 0.0 1.72E-04 5.62E-04 1.17E-03
7.00 0.0 0.0 0.0 0.0 0.0 8.61E-05 3.45E-04 7.96L-04
10.00 0.0 0.0 0.0 0.0 0.0 3.10E-05 1.68E-04 4.48E-04
15.00 0.0 0.0 0.0 0.0 6.0 5.78E-06 5.14E-05 1.74E-04
20.00 0.0 0.0 0.0 0.0 0.0 1.11E-06 1.60E-05 6.89E-05
30.00 0.0 0.0 0.0 0.0 0.0 0.0 1.61E-06 1.11E-05
50.00 0.0 0.0 0.0 0.0 0.0 0.0 1.81E-08 3.16E-07
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HEIGHT = 300.0 METER

(g/cm?) Energy (MeV)
1.00E-02 1.20E-02 1.50FE-02 2.00E-02 3.00E-02 S.00E-02 7.00E-02 1.00E-01

0.0 0.0 0.0 0.0 0.0 0.0 7.29E-05 1.88E-04 3.72E-04
0.10 0.0 0.0 0.0 0.0 0.0 7.04E-05 1.84E-04 3.65E-04
0.15 0.0 0.0 0.0 0.0 0.0 6.92E-05 1.81E-04 3.62E-04
0.20 0.0 0.0 0.0 0.0 0.0 6.81E-05 1.79E-04 3.58E-04
0.30 0.0 0.0 0.0 0.0 0.0 6.58E-05 1.75E-04 3.51E-04
0.50 0.0 0.0 0.0 0.0 0.0 6.14E-05 1.67E-04 3.38E-04
0.70 0.0 0.0 0.0 0.0 0.0 5.74E-05 1.59E-04 3.26E-04
1.00 0.0 0.0 0.0 0.0 0.0 5.18E-05 1.48E-04 3.08E-04
1.50 0.0 0.0 0.0 0.0 0.0 4,37€-05 1.31E-04 2.80E-04
2.00 0.0 0.0 0.0 0.0 0.0 3.69E-05 1.17E-04 2.55E-04
3.00 0.0 0.0 0.0 0.0 0.0 2.63E-05 9.20E-05 2.11E-04
5.00 0.0 0.0 0.0 0.0 0.0 1.34E-05 S5.74E-05 1.45E-04
7.00 0.0 0.0 0.0 0.0 0.0 6.86E-06 3.59E-05 1.00E-04
10.00 0.0 0.0 0.0 0.0 0.0 2.53E-06 1.78E-05 5.76E-05
15.00 0.0 0.0 0.0 6.0 0.0 0.0 5.63E-06 2.31E-05
20.00 0.0 0.0 0.0 0.0 0.0 0.0 1.79€-06 9.32E-06
30.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.56E-06
50.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200,00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 16. Air kerma of primary photons at heights of 0.1 - 300 m per unit
source intensity for monoenergetic plane sources at different depths in

the ground for Soil 2.

HELIGHT = 0.1 METER

(g/cm?) Energy (MeV)

1.00E-02 1.20€-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01
0.0 8.60€-16 7.12E-16 S.42E-16 3.55E-16 1.81E-16 8.83E-17 8.35E-17 1.06E-16
0.10 1.85E-17 4.20E-17 6.98E-17 8.37€-17 6.92E-17 4.61E-17 4.77E-17 6.34E-17
0.15 5.18E-18 1.80FE-17 4.05E-17 5.98E-17 S5S.66E-17 4.02€-17 4.23E-17 5.67E-17
0.20 1.57E-18 8.22E-18 2.49E-17 4.47E-17 4.79E-17 3.61E-17 3.84E-17 5.19€-17
0.30 1.626-19 1.93E-18 1.03E-17 2.71E-17 3.64E-17 3.02€-17 3.29E-17 4.51E-17
0.50 0.0 1.31€-19 2.15E-18 1.15E-17 2.34E-17 2.31E-17 2.61E-17 3.65E-17
0.70 0.0 0.0 5.02E-19 5.38E-18 1.62E-17 1.87E-17 2.18E-17 3.10E-17
1.00 0.0 0.0 6.33E-20 1.89E-18 1.00E-17 1.43E-17 1.75E-17 2.54E-17
1.50 0.0 0.0 0.0 3.76E-19 4.97E-18 9.87E-18 1.29€-17 1.94E-17
2.00 0.0 0.0 0.0 8.15€6-20 2.63E-18 7.17E-18 9.92E-18 1.54E-17
3.00 0.0 0.0 0.0 4.37E-21 8.16E-19 4.09E-18 6.36E-18 1.05E-17
5.00 0.0 0.0 0.0 0.0 9.68€-20 1.57E-18 3.01E-18 5.53E-18
7.00 0.0 0.0 0.0 0.0 1.31E-20 6.64E-19 1.57E-18 3.18E-18
10.00 0.0 0.0 0.0 0.0 7.29E-22 2.02E-19 6.41E-19 1.51E-18
15.00 0.0 0.0 0.0 0.0 0.0 3.17E-20 1.64E-19 4.90E-19
20.00 0.0 0.0 0.0 0.0 0.0 5.43E-21 4.53E-20 1.72E-19
30.00 0.0 0.0 0.0 0.0 0.0 1.83E-22 3.96E-21 2.38E-20
50.00 0.0 0.0 0.0 0.0 0.0 0.0 3.84E-23 5.80E-22
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.63E-23

100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

200.00 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0

HEIGHT = 0.5 METER

Source depth -----------c--mcssssomsooeoooo-ssoooo oo SoooooooSomSToSSooETooooooos

(g/cm’) Energy (MeV)

1.006-02 1.20E-02 1.50€-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01
0.0 3.47E-16 3.42E-16 3.03E-16 2.23E-16 1.24€-16 6.27E-17 5 98E-17 7.61E-17
0.10 1.356-17 3.40E-17 6.10E-17 7.64E-17 6.42E-17 4.23E-17 4.34E-17 5.74E-17
0.15 3.88F6-18 1.48F-17 3.59E-17 S5.54E-17 5.33E-17 3.76E-17 3.92E-17 S.24E-17
0.20 1.19E-18 6.88E-18 2.23E-17 4.18E-17 4.5SE-17 3.40€-17 3.60E-17 4.85E-17
0.30 1.25€-19 1.63E-18 9.37E-18 2.55E-17 3.49E-17 2.89E-17 3.13E-17 4.28E-17
0.50 0.0 1.12E-19 1.96E-18 1.09E-17 2.27E-17 2.23E-17 2 52€~17 3.51E-17
0.70 0.0 0.0 4.61E-19 5.14E-18 1.58E-17 1.81E-17 2.12E-17 3.01E-17
1.00 0.0 0.0 S.84E-20 1.81FE-18 9.78E-18 1.40E-17 1.70E-17 2.47E-17
1.50 0.0 0.0 0.0 3.62E-19 4.85E-18 9.67E-18 1.26E-17 1.90E-17
2.00 0.0 0.0 0.0 7.85E-20 2.57E-18 7.04E-18 9.74E-18 1.51E-17
3.00 0.0 0.0 0.0 4.226-21 8.01E-19 4.03E-18 6.26E-18 1.03E-17
5.00 0.0 0.0 0.0 0.0 9,51E-20 1.54E-18 2.97E-18 5.46E-18
7.00 0.0 0.0 0.0 0.0 1.28E-20 6.56E-19 1,55E-18 3.15E-18
10.00 0.0 0.0 0.0 0.0 7.186-22 1.99E-19 6.34E-19 1.49E-18
15.00 0.0 0.0 0.0 0.0 0.0 3.13E-20 1.62E-19 4.85E-19
20.00 0.0 0.0 0.0 0.0 0.0 5.37E-21 4.49E-20 1.70E-19
30.00 0.0 0.0 0.0 0.0 0.0 1.81E-22 3.92E-21 2.36E-20
50.00 0.0 0.0 0.0 0.0 0.0 0.0 3.81E-23 5.76E-22
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.62E-23

100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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HELIGHT = 1.0 METER

(g/cm?) Energy (MeV)
1.00F-02 1.20E-02 1.50E-02 2.00E-02 3.00E-0? S5.00E-02 7.00E 02 1.00£-01

0.0 1.77€-16 2.06E-16 2.08E-16 1.68E-16 9.93E-17 5.17E-17 4.97E-17 6.36€-17
0.10 9.25E-18 2.64E-17 5.18E-17 6.86E-17 5.90E-17 3.86E-17 3.94E-17 5.20€-17
0.15 2.72E-18 1.18E-17 3.11E-17 5.05€-17 4.97E-17 3.49E-17 3.62E-17 4.82E-17
0.20 8.45E-19 S.52E-18 1.95E-17 3.85€-17 4.28E-17 3.19E-17 3.36E-17 4.51E-17
0.30 9.02E-20 1.33€-18 8.30E-18 2.37E-17 3.31E-17 2.74E-17 2.96E-17 4.03E-17
0.50 0.0 9.26E-20 1.76E-18 1.03E-17 2.17E-17 2.14E-17 2.41£-17 3.36E-17
0.70 0.0 0.0 4.16E-19 4.85E-18 1.52E-17 1.75E-17 2.04E-17 2.89E-17
1.00 0.0 0.0 5.29E-20 1.72E-18 9.47E-18 1.36E-17 1.65E-17 2.40E-17
1.50 0.0 0.0 0.0 3.44E-19 4.72€-18 9.43E-18 1.23E-17 1.85€-17
2.00 0.0 0.0 0.0 7.48€-20 2.50E-18 6.88E-18 9.52E-18 1.48E-17
3.00 0.0 0.0 0.0 4,03E-21 7.82€-19 3.95E-18 6.14E-18 1.01E-17
5.00 0.0 0.0 0.0 0.0 9,31E-20 1.52E-18 2.92E-18 5.37E-18
7.00 0.0 0.0 0.0 0.0 1.26E-20 6.46E-19 1.52E-18 3.10E-18
10.00 0.0 0.0 0.0 0.0 7.03E-22 1.97E-19 6.25E-19 1.48E-18
15.00 0.0 0.0 0.0 0.0 0.0 3.09E-20 1.60E-19 4.79E-19
20.00 0.0 0.0 0.0 0.0 0.0 S.30E-21 4.43E-20 1.68E-19
30.00 0.0 0.0 0.0 0.0 0.0 1.79E-22 3.88E-21 2.34E-20
50.00 0.0 0.0 0.0 0.0 0.0 0.0 3.77E-23 5.70E-22
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.60E-23
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HEIGHT = 1.5 METER

(g/cm’) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 1.03E-16 1.39E-16 1.57E-16 1.38E-16 8.54E-17 4.54E-17 4.38E-17 5.63E-17
0.10 6.386-18 2.06E-17 4.43E-17 6.19E-17 5.46E-17 3.57E-17 3.63E-17 4.79E-17
0.15 1.91E-18 9.37E-18 2.70E-17 4.62E-17 4.65€-17 3.26E-17 3.37E-17 4.48E-17
0.20 6.026-19 4.44E-18 1.71E-17 3.55E-17 4.04E-17 3.00E-17 3.15E-17 4.23E-17
0.30 6.53E-20 1.08E-18 7.36E-18 2.21E-17 3.15E-17 2.60E-17 2.80E-17 3.81E-17
0.50 0.0 7.65E-20 1.58E-18 9.65E-18 2.09E-17 2.06E-17 2.31E-17 3.21£-17
0.70 0.0 0.0 3.75E-19 4.59E-18 1.47E-17 1.69E-17 1.96E-17 2.79E-17
1.00 0.0 0.0 4.79E-20 1.63E-18 9.18E£-18 1.32E-17 1.60E-17 2.32E-17
1.50 0.0 0.0 0.0 3.27E-19 4,59E-18 9.20E-18 1.20E-17 1.80E-17
2.00 0.0 0.0 0.0 7.14E-20 2.44E-18 6.73E-18 9.31E-18 1.45E-17
3.00 0.0 0.0 0.0 3.85E-21 7.64E-19 3.88£-18 6.02E-18 9.93E-18
5.00 .0 0.0 0.0 0.0 9.11€-20 1.49E-18 2.88E-18 5.29E-18
7.00 0.0 0.0 0.0 0.0 1.23E-20 6.36E-19 1.50E-18 3.06E-18
10.00 0.0 0.0 0.0 0.0 6.89E-22 1.94E-19 6.17E-19 1.46E-18
15.00 0.0 0.0 0.0 0.0 0.0 3.05E6-20 1.58E-19 4.74E-19
20.00 0.0 0.0 0.0 0.0 0.0 5.23E-21 4.38E-20 1.66E-19
30.00 0.0 0.0 0.0 0.0 0.0 1.77E-22 3.83E-21 2.32E-20
50.00 0.0 0.0 0.0 0.0 0.0 0.0 3.73E-23 5.65E-22
70.00 6.0 0.0 0.0 0.0 0.0 0.0 0.0 1.59E-23
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



JAERI-Data/Codc  98-001

HEIGHT = 2.0 MFTER

(g/cmz) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00€-02 7.00€-02 1.00E-01

0.0 6.40E-17 9.92€-17 1.24E-16 1.17E-16 7.57E-17 4.10E-17 3.97E-17 5 126-17
0.10 4.43€-18 1.62E-17 3.81E-17 5.62E-17 5.08E-17 3.33E-17 3.38E-17 4 46E-17
0.15 1.356-18 7.49E-18 2.35E-17 4.24E-17 4.37E-17 3.06E-17 3.16E-17 4 21E-17
0.20 4.306-19 3.59E-18 1.50E-17 3.28E-17 3.81E-17 2.84E-17 2.97E-17 3 99E-17
0.30 4.73E-20 8.86E-19 6.53E-18 2.06E-17 3.00E-17 2.48E-17 2.66E-17 3 62E-17
0.50 0.0 6.326-20 1.42€-18 9.08E-18 2.01E-17 1.98E-17 2.22E-17 3 08E-17
0.70 0.0 0.0 3.38E-10 4.33E-18 1.42E-17 1.64F-17 1,90E-17 2.69E-17
1.00 0.0 0.0 4.346-20 1.55E-18 8.89E-18 1.28E-17 1.55E-17 2.25E-17
1.50 0.0 0.0 0.0 3.126-19 4.46E-18 8.98E-18 1.17E-17 1.76E-17
2.00 0.0 0.0 0.0 6.81E-20 2.38F-18 6.58E-18 9.10E-18 1.42E-17
3.00 0.0 0.0 0.0 3.686-21 7.45E-19 3.80E-18 5.90E-18 9.74E-18
5.00 0.0 0.0 0.0 0.0 8,91E-20 1.47E-18 2.83E-18 5.20E-18
7.00 0.0 0.0 0.0 0.0 1.21E-20 6.26F-19 1.48E-18 3.01E-18
10.00 0.0 0.0 0.0 0.0 6.76E-22 1.91E-19 6.08E-19 1.44E-18
15.00 0.0 0.0 0.0 6.0 0.0 3.01E-20 1.56E-19 4.68E-19
20.00 0.0 0.0 0.0 0.0 0.0 S.17E-21 4.33E-20 1.65E-19
30.00 0.0 0.0 0.0 0.0 0.0 1.74€-22 3.79E-21 2.29E-20
50.00 0.0 0.0 0.0 0.0 0.0 0.0 3.69E-23 5.59E-22
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.57E-23
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
HEIGHT = 5.0 METER

(g/cm?) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 5.81E-18 1.95E-17 4.28E-17 5.79E-17 4.65E-17 2.74E-17 2.70E-17 3 53E-17
0.10 5.52E-19 4.22E-18 1.66E-17 3.36E-17 3.55E-17 2.41E-17 2.45E-17 3 25E-17
0.15 1.80E-19 2.07E-18 1.08E-17 2.64E-17 3.15E-17 2.27E-17 2.34E-17 3 13E-17
0.20 6.01E-20 1.03E-18 7.17E-18 2.11E-17 2.82E-17 2.14E-17 2.24E-17 3 02€-17
0.30 7.00E-21 2.69€-19 3.27E-18 1.38E-17 2.30E-17 1.93E-17 2.07E-17 2 82E-17
0.50 0.0 2.04E-20 7.45E-19 6.3S5E-18 1,60E-17 1.60E-17 1.79E-17 2.48E-17
0.70 0.0 0.0 1.83€-19 3.10E-18 1.15E-17 1.36E-17 1.57E-17 2.22E-17
1.00 0.0 0.0 2.406-20 1.13E-18 7.39E-18 1.08E-17 1.31E-17 1.90E-17
1.50 0.0 0.0 0.0 2.32€-19 3.78€-18 7.78E-18 1.01€-17 1.52E-17
2.00 0.0 0.0 0.0 5.13E-20 2.04E-18 5.78E-18 7.99E-18 1.24E-17
3.00 0.0 0.0 0.0 2.80E-21 6.47E-19 3.39E-18 5.27E-18 8.71E-18
5.00 0.0 0.0 0.0 0.0 7.82€-20 1.33E-18 2.57E-18 4.74E-18
7.00 0.0 0.0 0.0 0.0 1.06E-20 5.71€E-19 1.35E-18 2.77E-18
10.00 0.0 0.0 0.0 0.0 5.98E-22 1.75E-19 5.61€-19 1.33E-18
15.00 0.0 0.0 0.0 0.0 0.0 2.77E-20 1.456-19 4.36E-19
20.00 0.0 0.0 0.0 0.0 0.0 4.78E-21 4.03E-20 1.54E-19
30.00 0.0 0.0 0.0 0.0 0.0 1.62€-22 3,.54E-21 2.15E-20
50.00 0.0 0.0 0.0 0.0 0.0 0.0 3.45E-23 5.27E-22
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.48E-23
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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HEIGHT = 10.0 METER

Source depth .. e
(g/cm?) Energy (MeV)
1.006-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 0.0 2.13E-18 1.10€-17 2.54E-17 2.74€-17 1.80E-17 1.81E-17 2.41E-17
0.10 0.0 S.39F-19 4.91E-18 1.64E-17 2.24E-17 1.64E-17 1.70E-17 2.28E-17
0.15 0.0 2.77E-19 3.33E-18 1.33E-17 2.04E-17 1.57E-17 1.64E-17 2.22E-17
0.20 0.0 1.44E-19 2.28E-18 1.09E-17 1.86E-17 1.50E-17 1.59E-17 2.16E-17
0.30 3.12E-22 3.95E-20 1.09E-18 7.42€-18 1.56E-17 1.38E-17 1.49E-17 2.05E-17
0.50 0.0 3.18E-21 2.63E-19 3.59€-18 1.13€-17 1.19E-17 1.33E-17 1.86E-17
0.70 0.0 0.0 6.68E-20 1.81E-18 8.36E-18 1.03E-17 1.19€-17 1.69E-17
1.00 0.0 0.0 0.0 6.78E-19 5.50E-18 8.42E-18 1.02€-17 1.49E-17
1.50 0.0 0.0 0.0 1.43E-19 2.89E€-18 6.21E-18 8.07E-18 1.22E-17
2.00 0.0 0.0 0.0 3.216-20 1.58E-18 4.70E-18 6.51E-18 1.02E-17
3.00 0.0 0.0 0.0 1.79E-21 S.11E-19 2.82E-18 4.39E-18 7.29E-18
5.00 0.0 6.0 0.0 0.0 6.29E-20 1.13E-18 2.19E-18 4.06E-18
7.00 0.0 0.0 0.0 0.0 8.64E-21 4.91E-19 1.17E-18 2.41E-18
10.00 0.0 0.0 0.0 0.0 4.89E-22 1.52E-19 4.91E-19 1.17E-18
15.00 0.0 0.0 0.0 0.0 0.0 2.43E-20 1.28E-19 3.88E-19
20.00 0.0 0.0 0.0 0.0 0.0 4.20E-21 3.58E-20 1.38E-19
30.00 0.0 0.0 0.0 0.0 0.0 1.43E-22 3.16E-21 1.94E-20
50.00 0.0 0.0 0.0 0.0 0.0 0.0 3.10E-23 4.77E-22
70.00 0.0 0.0 0.0 ¢c.0 0.0 0.0 0.0 1.35E-23
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HEIGHT = 50.0 METER

(g/cm?) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 S.00E-02 7.00E-02 1.00E-01

0.0 0.0 0.0 0.0 2.94E-19 2.23E-18 2.82E-18 3.28E-18 4.82E-18
0.10 0.0 0.0 0.0 2.16E-19 1.98E-18 2.69E-18 3.16E-18 4.68E-18
0.15 0.0 0.0 0.0 1.85E-19 1.86E-18 2.63E-18 3.11E-18 4.62E-18
0.20 0.0 0.0 0.0 1.59E-19 1.76E-18 2.57E-18 3.06E-18 4.55E-18
0.30 0.0 0.0 0.0 1.17E-19 1.56E-18 2.45E-18 2.95E-18 4.43E-18
0.50 0.0 0.0 0.0 6.43E-20 1.24E-18 2.22E-18 2.76E-18 4.19E-18
0.70 0.0 0.0 0.0 3.556-20 9.84E-19 2,03E-18 2.58E-18 3.96E-18
1.00 0.0 0.0 0.0 1.47E-20 7.03E-19 1.76E-18 2,33E-18 3.66E-18
1.50 0.0 0.0 0.0 3.48E-21 4.07€-19 1.41E-18 1.98E-18 3.20E-18
2.00 0.0 0.0 0.0 8.42€-22 2.38E-19 1.13E-18 1.69E-18 2.81E-18
3.00 0.0 0.0 0.0 0.0 8.44E-20 7.41E-19 1.24E-18 2.18E-18
5.00 0.0 0.0 0.0 0.0 1.15€-20 3.30E-19 6.87E-19 1.35E-18
7.00 0.0 0.0 0.0 0.0 1.66E-21 1.52E-19 3.91E-19 8.53E-19
10.00 0.0 0.0 0.0 0.0 9.85E-23 5.00£-20 1.74E-19 4.42E-19
15.00 0.0 0.0 0.0 0.0 0.0 8.43E-21 4.82E-20 1.56E-19
20.00 0.0 0.0 0.0 6.0 0.0 1.50E-21 1.40E-20 5.74E-20
30.00 0.0 0.0 0.0 0.0 0.0 5.30E-23 1.29E-21 8.43E-21
50.00 0.0 0.0 0.0 0.0 0.0 0.0 1.31E-23 2.16E-22
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.23E-24
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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HEIGHT = 100.0 METER

(g/cm?) Energy (MeV)
1,00E-02 1.20E-02 1.50€-02 2.00E-02 3.00E-02 5.00E-02 7.00E-02 1.00E-01

0.0 0.0 0.0 0.0 0.0 2.06E-19 5.46E-19 7.35E-19 1.20E-18
0.10 0.0 0.0 0.0 0.0 1.86E-19 5.24E-19 7.14E-19 1.18E-18
0.15 0.0 0.0 0.0 0.0 1.76E-19 5.13E-1% 7.04E-19 1.16E-18
0.20 0.0 0.0 0.0 0.0 1.67E-19 5.036-19 6.94E-19 1.15£-18
0.30 0.0 0.0 0.0 0.0 1.51E-19 4.83E-19 6.74E-19 1.12E-18
0.50 0.0 0.0 0.0 0.0 1.22E-19 4.46E-19 6.37E-19 1.07E-18
0.70 0.0 0.0 0.0 0.0 9.96E-20 4.11E-19 6.02E-19 1.03E-18
1.00 0.0 0.0 0.0 0.0 7.33€-20 3.65E-19 5.53E-19 9.57E-19
1.50 0.0 0.0 0.0 0.0 4,42€E-20 3.00€-19 4.80E-19 8.55E-19
2.00 0.0 0.0 0.0 0.0 2.68E-20 2.47E-19 4.18E-19 7.65E-19
3.00 0.0 0.0 0.0 0.0 1.00E-20 1.68E-19 3.17E-19 6.13E-19
5.00 0.0 0.0 0.0 0.0 1.46E-21 7.93E-20 1.86E-19 3.98E-19
7.00 0.0 0.0 6.0 0.0 0.0 3.82E-20 1.10E-19 2.61E-19
10.00 0.0 0.0 0.0 0.0 0.0 1.31E-20 5.11E-20 1.41E-19
15.00 0.0 0.0 0.0 0.0 0.0 2.31E-21 1.48E-20 5.21E-20
20.00 0.0 0.0 0.0 0.0 0.0 4,25E-22 4.44E-21 1.98E-20
30.00 6.0 0.0 0.0 0.0 0.0 0.0 4.24E-22 3.03E-21
50.00 0.0 0.0 0.0 0.0 0.0 0.0 4.49E-24 8.09€-23
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HEIGHT = 150.0 METER

(g/cm?) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.60E-02 7.00E-02 1.00E-01

0.0 0.0 0.0 0.0 0.0 2.34E-20 1.27E-19 1.98E-19 3.59E-19
0.10 0.0 6.0 0.0 0.0 2.12E-20 1.22E-19 1.92E-19 3.51E-19
0.15 0.0 0.0 0.0 0.0 2.02E-20 1.20E-19 1.90E-19 3.48E-19
0.20 0.0 0.0 6.0 0.0 1.92E-20 1.18E-19 1.87E-19 3.44E-19
0.30 0.0 0.0 0.0 0.0 1.74E-20 1.13E-19 1.82E-19 3.37E-19
0.50 0.0 0.0 0.0 0.0 1.43E~20 1.05€-19 1.73E-19 3.23E-19
0.70 0.0 0.0 0.0 0.0 1.17E-20 9.76E-20 1.64E-19 3.09E-19
1.00 0.0 0.0 0.0 0.0 8.75E-21 8.73E-20 1.52E-19 2.90E-19
1.50 0.0 0.0 0.0 0.0 5.386-21 7.25E-20 1.33E-19 2.62E-19
2.00 0.0 0.0 0.0 0.0 3.32E-21 6.04E-20 1.17E-19 2.36E-19
3.00 0.0 0.0 0.0 0.0 1.28€-21 4.19E-20 9.03E-20 1.92E-19
5.00 0.0 0.0 0.0 0.0 0.0 2.04E-20 S5.43E-20 1.28E-19
7.00 0.0 0.0 0.0 0.0 0.0 1.01E-20 3.29E-20 8.56E-20
10.00 0.0 0.0 0.0 0.0 0.0 3.56E-21 1.57E-20 4.74E-20
15.00 0.0 0.0 0.0 0.0 0.0 6.486-22 4.69E-21 1.80E-20
20.00 0.0 0.0 0.0 0.0 0.0 1.22€-22 1.44E-21 7.02E-21
30.00 0.0 0.0 0.0 0.0 0.0 0.0 1.42E-22 1.11E-21
50.00 0.0 0.0 0.0 0.0 0.0 0.0 1.54E-24 3.05E-23
70.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
100.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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HELIGHT = 200.0 METER

(g/em?) Energy (MeV)
1.00€-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02

0.0 0.0 0.0 0.0 0.0 0.0 3.21€-20
0.10 0.0 0.0 0.0 0.0 0.0 3.09E-20
0.15 0.0 0.0 0.0 0.0 0.0 3.04E-20
0.20 0.0 0.0 0.0 0.0 0.0 2.98€-20
0.30 0.0 0.0 0.0 0.0 0.0 2.88E-20
0.50 0.0 0.0 0.0 0.0 0.0 2.68E-20
0.70 0.0 0.0 0.0 0.0 0.0 2.49E-20
1.00 0.0 0.0 0.0 0.0 0.0 2.24E-20
1.50 0.0 0.0 0.0 0.0 0.0 1.88E-20
2.00 0.0 0.0 0.0 0.0 0.0 1.57€-20
3.00 0.0 0.0 0.0 0.0 0.0 1.10E-20
5.00 0.0 0.0 0.0 0.0 0.0 5.49E-21
7.00 0.0 0.0 .0 0.0 0.0 2.76E-21
10.00 0.0 0.0 0.0 0.0 0.0 9.92€-22
15.00 0.0 0.0 0.0 0.0 0.0 1.85€£-22
20.00 0.0 0.0 0.0 0.0 0.0 3.54E-23
30.00 0.0 0.0 0.0 0.0 0.0 0.0
50.00 0.0 0.0 0.0 0.0 0.0 0.0
70.00 0.0 0.0 0.0 0.0 0.0 0.0
100.00 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0

HEIGHT = 300.0 METER

(g/cm*) Energy (MeV)
1.00E-02 1.20E-02 1.50E-02 2.00E-02 3.00E-02 5.00E-02

0.0 0.0 0.0 0.0 0.0 0.0 2.33E-21
0.10 0.0 0.0 0.0 0.0 0.0 2.25E-21
0.15 0.0 0.0 0.0 0.0 0.0 2.22e-21
0.20 0.0 0.0 0.0 0.0 0.0 2.18E-21
0.30 0.0 0.0 0.0 0.0 0.0 2.11E-21
0.50 0.0 0.0 0.0 0.0 0.0 1.97€-21
0.70 0.0 0.0 0.0 0.0 0.0 1.84E-21
1.00 0.0 0.0 0.0 0.0 0.0 1.66E-21
1.50 0.0 0.0 0.0 0.0 0.0 1.40E-21
2.00 0.0 0.0 0.0 0.0 0.0 1.18E-21
3.00 0.0 0.0 0.0 0.0 0.0 8.41E-22
5.00 0.0 0.0 0.0 0.0 0.0 4.29E-22
7.00 0.0 0.0 0.0 0.0 0.0 2.20E-22
10.00 0.0 0.0 0.0 0.0 0.0 8.11E-23
15.00 0.0 0.0 0.0 0.0 0.0 0.0
20.00 0.0 0.0 0.0 0.0 0.0 0.0
3o.o00 0.0 0.0 0.0 0.0 0.0 0.0
50.00 0.0 0.0 0.0 0.0 0.0 0.0
70.00 0.0 0.0 0.0 0.0 0.0 0.0
100.00 0.0 0.0 0.0 0.0 0.0 0.0
150.00 0.0 0.0 0.0 0.0 0.0 0.0
200.00 0.0 0.0 0.0 0.0 0.0 0.0

1.37E-20
1.34E-20
1.33E-20
1.32€-20
1.29E-20
1.24E-20
1.20E-20
1.13E-20
1.03E-20
9.36E-21
7.75E-21
5.33E-21
3.68E-21
2.11E-21
8.47E-22
3.42E-22
5.71E-23
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Table 17. Change of air kerma at1 m height due to soil compositions.
Ratios of air kerma for Soil 2 over that for Soil 1 are shown for plane source
in the ground.

Source depth Ratio of air kerma
(glem?) (Soil 2 / Soil 1)
20 keV 50 keV 100 keV 150 keV

0.0 1.00 1.03 1.02 -

0.1 1.17 1.06 1.03 -

0.5 1.61 1.11 1.05 -

1.0 2.24 1.16 1.06 -

5.0 1.48 1.13 -
10.0 1.93 1.21 -

Uniform 1.26 1.24 1.14 1.08
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Figure 1. Total air kerma at 1 m height per unit source intensity for
monoenergetic plane sources at different depths in the

ground for Soil 1.
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Figure 2. Ratio of the total air kerma to the direct air kerma at 1m height for
monoenergetic plane source in the ground. The source energies are

shown in the figure.
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Figure 7. Average energy of photon fluence at 1m for monoenergetic plane
source in the ground as a function of source depth.
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Figure 12. Height dependence of air kerma rate per density of the parent
nuclides for natural sources uniformly distributed in the ground for 238U

series.
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Figure 13. Height dependence of air kerma rate per density of the parent
nuclides for natural sources uniformly distributed in the ground for 232Th

series.
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Figure 14. Height dependence of air kerma rate per density of the parent

nuclides for natural sources uniformly distributed in the ground for 40K
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Figure 15. Height dependence of air kerma rate per density of the parent

nuclides for natural sources uniformly distributed in the ground 235y

series.
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