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Age-dependent dose conversion coefficients for external exposure to photons emitted
by radionuclides uniformly distributed in air were calculated. The size of the source region in
the calculation was assumed to be effectively semi-infinite in extent. Firstly, organ doses were
calculated with a series of age-specific MIRD-5 type phantoms using MCNP code, a Monte
Carlo transport code. The calculations were performed for mono-energetic photon sources of
twelve energies from 10 keV to 5 MeV and for phantoms of newborn, 1, 5, 10 and 15 years,
and adult. Then, the effective doses to the different age-phantoms from the mono-energetic
photon sources were estimated based on the obtained organ doses. The calculated effective
doses were used to interpolate the conversion coefficients of the effective doses for 160
radionuclides, which are important for dose assessment of nuclear facilities. In the calculation,
energies and intensities of emitted photons from radionuclides were taken from DECDC, a
recent compilation of decay data for radiation dosimetry developed at JAERI. The results are
tabulated in the form of effective dose per unit concettration and time (Sv per Bq s m™).
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1. Introduction

Since the year 1990, the International Commission on Radiological Protection (ICRP)
has recommended effective dose, E, as an index of individual exposure. It is related to
stochastic effect on the human body when several organs receive different doses from
radiation. This recommendation was conformed to the International Basic Safety Standards.
However, this quantity cannot be measured or assessed directly. ICRP" and the International
Commission on Radiation Units and Measurements (ICRU)” recommended the use of
operational dosimetric quantities as a surrogate of E for the monitoring of individual exposure.
It is necessary to determine conversion coefficients from a measurable quantity (i.e. activity
of the source, air kerma, etc.) to the un-measurable quantities of organ doses. For this purpose,
Monte Carlo techniques in conjunction with anthropomorphic mathematical models are useful.
Monte Carlo techniques can deal with complex irradiation conditions and provide absorbed
dose distributions in human body in a variety of exposure situations. The effective dose E, or
the predecessor, the effective dose equivalent Hg, is the sum of organ and tissue equivalent
dose multiplied by appropriate weighting factors.

The conversion coefficients of organ dose, effective dose equivalent and effective
dose have been studied more than three decades for external exposure to photon emitters from
different contaminated environments, such as soil, air and water. Various studies®' have
been made in this field. A number of dose coefficients were calculated for external exposure
of the body from photon sources distributed in the environment. However, the data were
mainly for adult. Saito and Jacob” performed one of the most complete studies for natural
sources uniformly distributed using a Monte Carlo method. Eckerman and Ryman® adopted a
combination of discrete ordinates and Monte Carlo methods to solve photon transport
equation for photon emitters distributed in the environment, in which the calculation was
divided into two steps: (1) the calculation of the radiation field incident on the cylindrical
suface surrounding the human model, and (2) the calculation of organ dose due to a surface
source equivalent to the angular flow rate entering the cylinder surrounding the phantom. The
advantage of their method is to avoid difficulties due to the combination of deep penetration
(i.e., transport through many mean free paths of air and/or soil) and the complex geometry
(the human phantom) and to overcome other limitations of earlier calculation.

Radiation dose depends strongly on the temporal and spatial distribution of the
radionuclides to which a human is exposed. The estimation of the dose to the body from
radiation emitted by an arbitrary distribution of a radionuclide in an environmental medium is
extremely difficult. Therefore, the calculation is performed with simplified and idealized
exposure geometries; i.e., the size of radiation source is effectively infinite or semi-infinite
and the concentration of radionuclide is uniform in the source region. In addition, various
variance reduction techniques are necessary to improve calculation efficiency.

The present work aimed to obtain the age-dependent dose conversion coefficients for
radionuclides uniformly distributed in a semi-infinite cloud. The energy and angular
distributions of photon field, organ dose and effective dose for external exposure from the
mono-energetic photon sources were calculated using the MCNP code.'® The studies were
performed with age-specific phantoms based on the MIRD-5 phantoms: newborn, 1, 5, 10 and
15 years, and adult. In the calculation, some variance reduction techniques in the MCNP code
were used.
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2. Calculation
2.1 Radiation Transport Code and Cross-section Data

The MCNP code version 4B'® was used for the calculation of the photon transport in
this work. MCNP is a general-purpose code, which was developed at the Los Alamos
National Laboratory, and can be used for radiation transport in complicated three-dimensional
configurations. It can treat neutron, photon and electron transport. For photons, the code takes
account of incoherent and coherent scattering, the possibility of fluorescent emission after
photoelectric absorption, absorption in pair production with local emission of annihilation
radiation and bremsstrahlung.

The photon cross sections used in this work were based on the evaluated data from
ENDF'? from 1 keV to 100 MeV. The fluorescence data were taken from work by Everett
and Cashwell’s work.'?

2.2 Mathematical Phantom

_ For the organ dose calculations, six MIRD-5 type phantoms that represent newborn, 1,
5, 10 and 15 years old and adult were employed. These phantoms designed by Eckerman et
al’® are representative models of large western populations and are widely used in
calculations of organ doses. The descriptions of the interior organs, while approximately
correct as to size, shape, position, composition and density, are simplified to provide formulas
which are readily evaluated by a digital computer. All the phantoms are hermaphroditic.

The phantoms consist of three tissue types: skeletal, lung, and soft tissues. The
elemental compositions of the tissues are given in Table 1 along with their densities. The
elemental composition and density of newborn are different from those of adult in water
content and bone mineral content. The data of the elemental compositions were taken from
ORNL’s data,® which slightly differ from those given by Snyder er al.>" Compared the
densities with those assigned by Snyder et al., the densities used in this work (except newborn)
were changed from 1.4862 to 1.4 g cm™ for skeletal tissue and from 0.9869 to 1.04 g cm™ for
soft tissue. The lung density was unchanged but was rounded to three significant digits.

2.3 Geometry and Compositions of Source

Since the size of the source region can be several hundred meters, it is important to
carry out the calculation effectively. One of most important subjects in this study is to
determine appropriate radius of the source region in air and thickness in soil. The geometry of
the present calculation using the MCNP code is shown in Fig. 1. It includes source regions of
air and soil. The source region of air is represented using a hemisphere with radius of R. The
photons are mono-energetic and the radionuclide in the source region is uniformly distributed
with unit strength (1 Bq m™). In the calculation of organ dose, the MIRD-5 type phantoms
with various ages are set on the ground and surrounding by a semi-infinite cloud source with
the minimum radius Ry,

The soil region is represented by a disk with a radius of R and a thickness of d . In all
the calculations, the thickness of soil was set to be six mean free paths (mfp) of the source
energy. These thicknesses of soil ensure that photon scattered beyond the boundary between
air and soil would travel a minimum of twelve mean free paths to reach the phantom location,
and then there is no significant contribution to organ doses.

—_2 —
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The soil and air compositions are given in Table 2.¥ For the air, this composition is
under the conditions of 40 % relative humidity, a pressure of 1.013 x 10° Pa, a temperature of
293 K, and a density of 1.2 x 10 kg m™. For the soil, this composition is the typical silty soil
containing 30% water and 20 % air by volume. The soil density was taken to be 1.6 X 10° kg

-3
m .

2.4 Procedures
2.4.1 Determination of minimum radius of source region

To calculate the organ doses in the phantoms effectively, it is important to optimize
the size of the source region, since the organ doses depend on the size of radiation source. The
minimum radius of source region, R, can be assumed to be effectively semi-infinite in
extent, if it can contribute at least 99 % to the exposure from a semi-infinite source. The
radius of the source region, R, was determinated in terms of the mean free path of photons at
initial energy. The mean free path of photons is defined as the inverse of the linear attenuation
coefficient i’ of the medium through which the radiations are transported. The coefficient is
the sum of the coefficients from photoelectric absorption, Compton scattering, and pair
production. The mass attenuation coefficient iW’/p for the air and the soil are shown in Table 3.

The kerma in the air, Ky, at 1 m above the ground with different source radius R were
calculated in the geometry shown in Fig. 1. K,;; depends on the source radius and is a function
of radius R. The minimum radius Ry, can be deteminated, when K,;(R) becomes constant.

The kerma K,;(R) in the air at I m above the ground for a photon emitter of energy Ey,
uniformly distributed in air were calculated by:

K, (R) = Y K(E)®,(E,,R) )

where E; is the average energy in energy bin, ®@;(E;, R) is the photon fluence per unit activity
per m® of air in energy bin for the source radius of R, and k(E;) is conversion coefficient for
air kerma per unit fluence of monoenergetic photons. The conversion coefficients k(E;) were
taken from ICRP publication 74. The photon fluence ®;(E;, R) was calculated using a point
detector, located at 1 m above the ground, of the MCNP code (tally F5). The point detector
tally can provide a good estimate of the particle flux in a point.

Several variance reduction techniques were adopted for efficient simulation of particle
transport. To improve the source sampling, a DXTRAN sphere of 50 cm radius surrounded by
the point detector was used. The DXTRAN 1is a variance reduction technique used in the
MCNP code. The DXTRAN technique is typically used when a small region is being
inadequately sampled because particles have a very small probability of scattering toward that
region. Source biasing with the SB card of MCNP was also used to increase the sampling in
importance region and to improve the convergence rate of the problem.

2.4.2 Photon épectral distribution

The organ doses are dependent on energy and incident direction of photons. It is
important to understand the characteristics of radiation field, where the phantom is placed.
Then, energy distribution of the photon fluence, ®(E), and its angular distribution, ®(E, 6), at
the height of 1 m above the ground were calculated. The photon sources were homogeneous
semi-infinite clouds with the minimum radius discussed above. The energy distribution of the

_3.__
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photon fluence @(E) at 1 m above the ground were calculated using a point detector and an
average fluence tally across a surface surrounding the calculation point (F2 tally). The F2 tally
is a surface tally in the MCNP code. In the calculation of average fluence across a surface, a
spherical surface with radius of 50 cm was used and located at 1 m above the ground.

The angular distribution, ®(E, 8), which is called double differential energy fluence, is
the average fluence across a spherical surface to different incident angle of photon. A
spherical surface with radius of 50 cm was used and located at 1 m above the ground. Since
the source distribution is homogeneous and the calculation geometry is symmetric to z-
direction, the photon spectral distribution around the azimuth angle is uniform from 0° to 360°.
The photon spectral distribution was calculated to polar angle. To improve the source
sampling, as well as in the estimation of the minimum radius of source region, Ry, the
DXTRAN sphere with radius of 52 cm was used.

2.4.3 Organ doses from mono-energetic source

The calculation of organ doses from exposure of the human body to photon emitters
distributed in the environment requires the solution of a complex radiation transport problem.
To obtain organ doses from various kinds of radionuclides, it is efficient to use a data table of
organ doses as a function of photon energy. In this work, equivalent dose in organ, Hr, and
effective dose, E, for mono-energetic photon sources at twelve energies from 0.01 to 5 MeV
were calculated using the six MIRD-5 phantoms of different ages.

The organ equivalent doses and effective doses were calculated for whole body
exposure with a monoenegetic photon source, uniformly distributed in air. All phantoms used
in the calculation (including newborn phantom) were modeled to stand vertically on the
ground at air-ground interface, although for the newborn and 1-year old, this is an unrealistic
position; this assumption was made in order to assess the effect of body size on the dose and
to be able to interpolate for intermediate sizes.

The organ doses were calculated using the F6 tally based on track length estimation in
the MCNP code. The F6 tally can calculate the heating and energy deposition in the certain
region. However, F6 tally is normalized to be per source particle and unit of F6 is MeV g™
To obtain the energy deposited in the organ or tissues in terms of gray unit, Gy, we have to
normalize using the following conversion factor:

-6
7 =| 1602x10  ergs | MeV o0 x[gn(Rmfn} 2
100ergs/ g 3

where the first square bracket is a factor that converts the unit from MeV g to Gy, and the
second square bracket is a factor in terms of strength of radiation source. The strength is equal
to the volume of source region (m®) multiplied by the radioactive concentration in the air 1
(Bq m™). The organ doses in Gy unit were calculated by using F6 tally in conjunction with f;,
factor on the companion card FM6.

For the calculation of doses of cortical bone and red bone marrow, the kerma
approximation was applied. The kerma factors for photon in a specified tissue (or organ) were
calculated by summing the products of the mass fraction of element in tissue, the photon
energy, and the mass energy-transfer coefficient of the element for photons of that energy.
The kerma factors for photon in cortical bone and red bone marrow were obtained from
reference,?® based on the energy transfer coefficients of Hubbell.*¥

The effective dose E was calculated by following formula:
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E=% wH, ®)

T

where wr is the tissue weighting factor of organ T. The values of wr recommended in ICRP
Publication 60" were applied to all the age groups considered.

2.4.4 Conversion coefficients of effective dose for radionuclides

Due to smooth dose-energy dependence, a set of the effective doses for monoenergetic
sources allows one to interpolate effective doses for other energies. The interpolation was
carried out with a 4-point (cubic) Lagrangian interpolation formula at twelve energies from 10
keV to 5 MeV. The conversion coefficients of the effective dose for radionuclides can be then
calculated by the following equation:

g" =3y "F() | @

where yi (in v.s'.Bq") is the yield of photons with energy E; per disintergration, F(E;) is the
interpolation functions and the sum is taken over the photon energies of emission spectrum of
radionuclide N.

In this work, the conversion coefficients of the effective doses for 160 radionuclides,
which are important for safety assessment of nuclear facilities, were calculated. The nuclear
data of these radionuclides were taken from DECDC.” The DECDC was developed at
JAERI and addresses 1027 radionuclides, including all the nuclides of ICRP Publication 38.

3. Results and Discussion
3.1 Minimum radius of source region

For the determination of minimum radius representing a semi-infinite source region,
the kerma at 1 m above the ground was calculated with the different radii of source region.
The kerma was examined with radius of source region from 1 mfp to 10 mfp. The estimations
were performed for twelve energies sources from 10 keV to 5 MeV. Figure 2 shows the
relation between the kerma and the source radius for source energies of 10 keV, 100 keV and
5 MeV. It is shown that the radius of source region that is regarded as the semi-infinite source
depends strongly on the initial energy of photon. As for the initial energy of 10 keV, the
radius of 2.5 mfp can be regarded as a minimum radius of semi-infinite source. On the other
hand, at initial energy of 100 keV, a radius of source region has been chosen to be 7 mfp, and -
at energy of 5 MeV, the minimum radius of source region is about 5 mfp.

Table 4 presents the minimum radius of source region with 12 different energies from
10 keV to 5 MeV. The results are plotted in Fig. 3. From this figure, it can be seen that the
minimum radius of source region increases in the energy range from 10 keV to 100 keV and
then decreases with increasing energy in the energy region from 100 keV to 5 MeV. In the
energy region between 100 keV and 5 MeV, the dominant interaction of photon in air is the
Compton scattering. The scattered photons that further penetrate air increase the size of
minimum radius regarded as the semi-infinite source in the energy range. The radius of source
region in Table 4 was used to define a semi-infinite source region. The relative standard
deviations of the kerma calculations were kept less than 1 %.

._._5._
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3.2 Angular Distribution of Photon Fluence

The calculated energy distributions of the photon fluence ®(E) at a height of 1 m
above the ground are shown in Table 5 for twelve source energies. The relative standard
deviations of the calculated values are less than 5 %. The ®(E) for the source energies of 2
MeV, 100 keV and 70 keV are presented in Figs. 4 and 5. In the case of the source energies
below 70 keV, the energy distribution of the photon is nearly the same as the initial energy. It
reflects the small contribution of the scattered radiation, especially, for lower energies. For the
initial energy over 100 keV, the photons were assumed to be distributed in the energy range
over 30 keV. In Fig. 4, the energy spectrum has a maximal peak in the energy from 70 to 100
keV. In the region of source energy over 100 keV, the shape of energy spectrum does not alter
much. In the energy region below 30 keV, the contribution from scattered photons decreases
due to the photoelectric absorption.

The calculated angular distributions ®(E, 6) are presented in Fig. 6 for the source
energies of 0.05, 0.07, 0.1, 0.2, 1 and 2 MeV. In this figure, the incident directions of photons
are defined as cosines to a normal vector to the ground surface. The values of cosine from 1 to
—1 (corresponding to the angles from 0 to 180°) were divided to 11 groups with a step of 0.2
radians. This figure shows that the angular distribution is almost isotropic in the energy range
below 0.2 MeV.

Figures 7 and 8 present ®(E, 0) for the source energy of 2 MeV. It is found in Fig.7
that the shape of energy spectrum in each angular bin is similar to the ®(E) shown in Fig. 4,
and the energy spectra have a peak in the energy region from 70 to 100 keV. The shapes of
the angular distribution to the energy bins in Fig. 8 is similar to those in Fig. 6. It means that
for the low energy bins, the angular distributions are nearly uniform for the incident directions
of the photon, especially, in the energy bins less than 100 keV. However, in the higher energy
bins, the number of photons increases with increasing the cosine.

3.3 Organ Doses and Effective Doses for Mono-energetic Sources

The calculated organ doses for the phantoms: newborn, 1, 5, 10 and 15 years, and
adult due to semi-infinite sources at twelve energies from 10 keV to 5 MeV are presented in
Tables 6 to 11. The statistical error of calculation is less than 10 % for energies above 30 keV.
For lower energies and smaller organs, especially for energies of 15 and 10 keV, the
calculation of the deep-lying organ doses was not carried out, since low energy photons did
not reach these organs.

The comparison of organ doses in adult between the present work and FGR-12¥
indicates a good agreement, and difference is less than 10 % (the difference is less than 5 % in
almost of data) for photon energies above 200 keV. In energy region from 50 to 200 keV, the
difference is less than 15 %. In the lower energy photons, almost all data are good agreement,
but some data are not as good agreement (difference is between 20 to 30%). Moreover, for all
obtained results of organ doses in this work are lower than the results from FGR-12. The
reason of this difference can be due to the difference of calculation method as discussion
below.

Table 12 gives the values of the effective dose E calculated for six age groups. The
conversion coefficients of the effective dose normalized to unit air kerma in free air for these
age groups were presented in Table 13 and Fig. 9. From Tables 12 and 13 and Fig. 9, it can be
seen that the effective doses depend upon the body size; the effective doses in younger
phantom are higher than those in the older phantoms, especialy below 100 keV. The main
reason is the shielding effect of the body. The bigger body has a higher shielding effect and

_6__
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the lower energy photons do not reach the organs. Therefore, the organs in the bigger body
receive lower doses.

Figure 10 presents the ratios of the effective doses in different phantoms to the
effective dose of adult phantom. From Fig. 10 and Table 12, it can be seen that the difference
in the effective dose between the adult and the 15-years phantoms is less than 2 % in the
energy region above 100 keV and below 12 % at energy of 10 keV. It also shows that the
dependence of doses on the body size is more pronounced in the energy region below 100
keV. For example, the defference of effective dose between the adult and the newborn
phantoms is about 10 times at 10 keV and less than 1.35 times above 100 keV, while the
difference between the adult phantom and the 5-years phantom is about 4.2 times and less
than 1.21 times. The organ dose and effective dose at low photon energies are sensitive to the
organ pgs;téizo;)l and the body size. The similar conclusion can be also found in the previous
studies. ™

The effective doses for the adult phantom are also compared to those from FGR-12"
and Zankl er al.” in Fig. 11. The calculated effective doses in this work show a good
agreement with those of FGR-12 and of Zankl et al. In the energy above 50 keV, the present
data have an excellent agreement with data of Zankl ef al. and the differences are less than 4
%. However, in the energy below 30 keV, the differences in both data sets are about from 10
to 30 %. It is found that the present results are in quite good agreement with those of FGR-12.
However, the present data are lower than those of FGR-12 in all energy regions. A possible
reason is the difference in the calculation method for photon spectra from semi-infinite cloud
sources; the present data were calculated by the Monte Carlo method, while those of FGR-12
were calculated by the deterministic method.

3.4 Conversion Coefficients of Effective Dose for Radionuclides

Table 14 shows age-dependent conversion coefficients of effective dose for 160
radionuclides distributed in air using the decay data of DECDC. These are significant
radionuclides in safety assessment of nuclear facilities.”® In Table 14, the conversion
coefficients for adult listed in FGR-12 are also shown as reference values. There is good
agreement between the present work and FGR-12 on the conversion coefficients for adult.
However, the present data are lower than those of FGR-12 for all radionuclides. The
difference is about 5 % for the radionuclides that emit dominantly high-energy photons above
100 keV, and less than 10 % for the radionuclides which emit lower energy photons. This is
supported by the fact that the calculated effective doses from the mono-energetic photon
sources are about 5 % lower than those of FGR-12 at energies above 100 keV, and 5 % more
at energies below 100 keV (see Fig. 11). It affects the results in the calculation of conversion
coefficient of effective dose for radionuclides.
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4. Conclusions

Age-dependent dose conversion coefficients were calculated for external exposure to
photon emitters uniformly distributed in air. Organ doses and effective doses were calculated
with a series of age-specific MIRD-5 type phantoms using the MCNP code for semi-infinite
mono-energetic photon sources of twelve energies from 10 keV to 5 MeV. Based on the result,
effective dose conversion coefficients were calculated for 160 radionuclides, which are
important for safety assessment of nuclear facilities. The energies and intensities of photons
emitted from the radionuclides were taken from the latest decay data DECDC developed at
JAERI. The coefficients were tabulated for 6 age groups: newborn, 1, 5, 10 and 15 years, and
adult. The effective dose conversion coefficients presented in this report will be used for dose
assessment relevant to photon exposure of the member of public around nuclear facilities.
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Table 1 Elemental compositions of the tissues for phantoms (percent by weight)

All phantoms except newborn Newborn
Element Soft tissue | Skeleton Lung Soft tissue | Skeleton Lung
H 10.454 7.337 10.134 10.625 7.995 10.134
C 22.663 25.475 10.238 14.964 9.708 10.238
N 2.490 3.057 2.866 1.681 2.712 2.866
0 63.525 ~47.893 75.752 71.830 66.811 75.752
F 0 0.025 0
Na 0.112 0.326 0.184 0.075 0.314 0.184
Mg 0.013 0.112 0.007 0.019 0.143 0.007
Si 0.030 0.002 0.006
P 0.134 5.095 0.080 0.179 3.712 0.080
S 0.204 0.173 0.225 0.240 0.314 0.225
Cl 0.133 0.143 0.266 0.079 0.140 0.266
K 0.208 0.153 0.194 0.301 0.148 0.194
Ca 0.024 10.190 0.009 0.003 7.995 0.009
Fe 0.005 0.008 0.037 0.004 0.008 0.037
Zn 0.003 0.005 0.001
Rb 0.001 0.002 0.001
Sr 0 0.003 0
Zr 0.001 0 0
Pb 0 0.001 0
Density (g cm™) 1.04 1.4 0.296 1.04 1.22 0.296
Table 2 Air and soil composition used in calculation
Air Composition Soil Composition
Element Mass Fraction Element Mass Fraction
H 0.00064 H 0.021
C 0.00014 C 0.016
N 0.75086 0 0.577
0] 0.23555 Al 0.050
Ar 0.01281 Si 0.271
K 0.013
Ca 0.041
Fe 0.011
Total 1.0000 Total 1.000




JAERI-Tech 2004-079

Table 3 Mass attenuation coefficients 1’/p and mfp for photons
in air and a soil used in this calculation

Energy Air Soil
(MeV) w/p (em’ g™ mfp (m) w/p (em’ g™ mfp (cm)
0.010 4.748 1.75 20.3 0.0302
0.015 1.432 5.80 6.161 0.0999
0.02 0.6754 12.3 2.586 0.238
0.03 0.3104 26.7 0.8815 0.698
0.04 0.2251 36.9 0.4601 1.34
0.05 0.1935 429 0.3119 1.97
0.06 0.1777 46.7 0.2458 2.50
0.08 0.1609 51.6 0.1902 3.24
0.10 0.1507 55.1 0.1667 3.69
0.15 0.1341 61.9 0.1403 4.39
0.2 0.1225 67.7 0.1263 4.87
0.3 0.1063 78.1 0.1088 5.66
0.4 0.0952 87.2 0.0972 6.33
0.5 0.0869 95.5 0.0887 6.94
0.6 0.0804 103 0.0820 7.50
0.662 0.0770 108 0.0785 7.84
0.8 0.0706 118 0.0720 8.55
1.0 0.0635 131 0.0647 9.51
1.25 0.0568 146 0.0579 10.6
1.5 0.0517 161 0.0527 11.7
2.0 0.0444 187 0.0454 13.6
3.0 0.0354 234 0.0361 17.0
4.0 0.0307 270 0.0320 19.2
5.0 0.0275 302 0.0290 20.6
6.0 0.0251 331 0.0267 23.0
8.0 0.0221 376 0.0240 25.6
10.0 0.0204 407 0.0227 27.1

Table 4 Determined minimum radius of source region for twelve source energies

Initial energy of source (MeV) Minimum radius (mip)

0.01 25
0.015 2.8
0.02 3.2
0.03 4.5
0.05 6.2
0.07 6.8
0.10 7.0
0.20 6.8
0.50 6.0
1.00 5.6
2.00 5.3
5.00 5.0
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Table 5 Calculated energy distribution ®(E) for 12 source energies

Energy | syev IMeV IMeV 0.5MeV 0.2MeV 0.1MeV
(MeV)
0.01 2.16e-7(50) | 3.65¢-7(37) | 2.87e-7(57) | 3.33e-7(60) | 9.81e-8(62) 1.53e-8(36)
0.015 5.27e-7(60) 6.75e-7 (31) 1.84e-6(71) | 2.05e-7(47) 2.65e-9(68) 3.46e-9(49)
0.02 4.26e-7(55) 8.65¢e-7 (35) 5.17¢-7(23) | 1.13e-6(83) 3.29¢-8(34) 1.39¢-7(80)
0.03 2.65e-6(40) 2.67e-5 (24) 6.24e-5(20) | 3.06e-5(7) 3.02e-5(7) 3.79¢-5(7)
0.05 1.20e-3(10) 1.31e-3 (4.5) | 2.13e-3(4.8) | 1.62e-3(3) 1.60e-3(1.7) 1.96e-3(1.2)
0.07 3.54e-3(3) 3.09¢e-3 (3.7) 3.59¢-3(3) 3.57e-3(5) 3.16e-3(1.5) 3.81e-3(0.7)
0.10 4.75e-3(2) 3.99¢-3 (2.8) 4.23e-3(2) 4.15e-3(2) 4.15e-3(1.4) 7.35e-3(0.6)
0.20 9.20e-3(1.5) 7.34e-3 (2.7) 7.22e-3(2) 7.61e-3(3) 1.03e-2(0.66)
0.50 8.58¢-3(1.5) 6.76e-3 (2.9) 6.28e-2(2) 1.08e-2(1)
1.00 4.12e-3(1) 3.44e-3 (2.9) 1.02e-2(0.9)
2.00 2.75e-3(1) 1.26¢-2 (0.7)
5.00 1.77¢-2(0.5)
TT 5.19¢-2(1) 3.86e-2 (1) 3.37e-2(1.4) | 2.78e-2(1.4) | 1.92e-2(0.62) | 1.32¢-2(0.7)
(*) The values in brackets are relative errors. TT is total photon fluence
- The value of 5.19e-2(1) is 5.19 x 1072 with the relative error of 1%
Table 5 - continued
Energy
(MeV) 0.07MeV 0.05MeV 0.03MeV 0.02MeV 0.015MeV 0.01MeV
0.01 1.64e-8(27) 2.59¢-8(17) 6.08e-8(24) 6.52e-8(17) | 5.31e-8(11) | 1.44e-4(0.5)
0.015 2.98e-9(39) 1.34e-8(50) 1.23¢-9(26) 3.04e-9(40) | 4.16e-4(0.6)
0.02 1.09¢-7(67) 9.99¢-9(22) 9.94¢-8(14) 6.62e-4(1)
0.03 4.53e-5(4.2) 7.97e-5(4) 2.38e-3(0.6)
0.05 2.57e-3(0.7) 6.22e-3(0.8)
0.07 6.96e-3(0.5)
TT 9.57¢-3(0.43) 6.30e-3(0.8) 2.38e-3(0.6) 6.62e-4(1) | 4.17e-4(0.6) | 1.44e-4(0.5)

(*) The values in brackets are relative errors. TT is total photon fluence
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Table 6 Organ doses calculated using MCNP code with phantom of newborn due to
semi-infinite source at twelve energies from 0.01 to 5 MeV (Gy per Bq's m™)

5 MeV 2MeV 1MeV 0.5MeV 0.2 MeV 0.1MeV 0.07MeV

Organ 10" (10 (107 (1074 (10°9) 10"% 10™5)

Adrenals | 3.18(4) | 1.05Q2) | 5303) | 2.66(4) | 8.82(1) 3.84(2) 2.60(3)
Bsurface | 3.34(1) | 1.32(4) | 7.753) | 4.213) | 29.7(2) 25.7(3) 19.7(2)
Brain 330(1) | 1292) | 5.802) | 3.022) | 11202) 4.82(1) 3.05(1)
Breasts 3.02(1) | 12005) | 5.443) | 281(7) | 11.1(6) | 4.3504) 3.51(4)
Esophagus | 3.092) | 1.092) | 5.42(3) | 2.58(3) | 11.1(8) | 4.19(4) 2.60(4)

ST wall 290(1) | 1.082) | 5.333) | 2.56(4) | 9.30(4) 4.10(3) 2.88(3)
SI wall 3.00(1) | 1.142) | 4.87(1) | 2.60(4) | 9.17(4) 4.10(4) 2.56(2)
ULIwall | 297(2) | 1.163) | 5.032) | 2.57(4) | 9.10(8) 3.79(3) 2.45(2)
LLI wall 288(2) | 1.092) | 4.8822) | 2.59(4) | 8.84(4) 4.42(8) 2.55(2)
G.Bladder | 2.89(2) | 1.06Q2) | 4.95(2) | 2.60(4) | 9.74(8) 4.10(3) 2.35(3)

Heart 3.102) | 1.10Q2) | 5.423) | 2.542) | 9.673) 4.53(5) 2.74(1)
Kidneys 3.06(3) | 1.10(1) | 5.353) | 2.593) | 9.79(5) 4.45(2) 2.76(1)
Liver 3.03(1) | L17(1) | 5.19(1) | 2512) | 9.98(3) 4497 | 274(1)
Lung 3.17() | L19(1) | 5.68(1) | 2.66(1) | 10.6(6) 4.99(2) 3.03(1)

Muscle 3.16(1) | 1.19Q2) | 578(2) | 2.712) | 9.67(1) 4.86(3) 3.14(1)

Ovaries 288(3) | 1.09(6) | 4.74(3) | 2.16(6) 8.33 3.58(5) 2.51(5)
Pancreas 2.89(3) | 1.073) | 4.823) | 2.18(2) | 9.02(4) 3.93(3) 2.41(2)
Bone R 322(1) | 129¢4) | 6.10Q2) | 2.852) | 10.9(1) 5.12(2) 2.96(2)

Skin 289(1) | 1.12(2) | 5.532) | 2.60(1) | 103(5 | 5.32(2) 3.61(1)
Spleen 296(1) | 1.12Q2) | 5272 | 2.543) | 8.81(3) 4.33(6) 2.69(2)
Testes 2.90(3) | 110(5) | 4.94(4) | 2.573) | 9.81(3) 4.98(8) 3.08(5)

Thymus 3.12(2) | 1.18(Q2) | 5.40(4) | 2.442) | 9.88(4) 4.43(5) 3.09(5)
Thyroid 2.88(2) | 1.083) | 5.012) | 272(4) | 11.1(5) | 4.12(4) 2.80(4)
Ubladder | 3.28(8) | 1.03(2) | 4.84(2) | 2405 | 9.78(6) 4.01(5) 2.75(3)

Uterus 2.82(1) | 1.06Q2) | 4773) | 2.22(6) | 8.51(4) 3.36(2) 2.41(3)

E 3.03 1.15 5.38 2.64 10.3 4.77 3.08

(*) The values in brackets are relative errors
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Table 6 - continued

Organ 0'(015015?5‘;\/ 0'8335145)\/ 0‘8%¥%V 0.015MeV 0.01MeV
Adrenals 1.66(4) 4.75(4) 6.95(2) 7.10e-18(3) ;
B surface 12,6 (2) 48.3(1) 120(1) 36.7e-16(1) 2.60e-17(1)
Brain 227(3) 7.52(1) 13.2(1) 1.94e-17(1) 9.11e-20(2)
Breasts 2.30(7) 10.4 (3) 64.0(2) 4.53e-16(2) 1.67¢-16(3)
Esophagus 1.63(4) 4.54(8) 3.33(3) 9.07e-19(7) ;
ST wall 1.83(4) 4.82(2) 7.91(1) 7.99¢-18(2) ]
SI wall 1.52(2) 3.88(2) 3.70(2) 1.33e-18(2) -
ULI wall 1.61(5) 4.14(2) 5.37(3) 2.77¢-18(3) -
LLI wall 1.47(2) 4.05(5) 3.59(2) 1.34¢-18(4) -
G. Bladder 1.523) 4.24(8) 3.34(4) 7.90e-19(9) :
Heart 1.76(2) 5.2003) 6.72(1) 5.62e-18(1) 2.766-20(8)
Kidneys 1.70(4) 5.27(2) 11.9(2) 1.94e-17(1) 1.36e-19(7)
Liver 1.82(2) 5.40(3) 9.19(1) 1.17e-17(1) 6.78¢-20(4)
Lung 1.992) 6.70(3) 12.6(4) 131e-17(1) |  4.59e-20(6)
Muscle 1.87(1) 7.10(2) 23.2(1) 8.94e-17(1) 1.74e-17(1)
Ovaries 1.36(4) 3.03(4) 1.78(8) 1.79¢-19(25) ;
Pancreas 1.48(3) 439(2) 2.41(3) 2.77e-19(9) ;
Bone R 1.69(2) 5.99(1) 15.8(1) 5.20e-17(1) 4.06e-18(1)
Skin 2.40(3) 10.0(1) 60.9(1) 4.49¢-16(1) 2.65e-16(1)
. Spleen 1.71(3) 4.93(2) 7.68(2) 6.58¢-18(6) | 5.10e-21(25)
Testes 1.76(4) 6.40(7) 18.2(3) 6.94e-17(1) 1.19-17(4)
Thymus 2.09(7) 6.87(2) 15.6(1) 2.68e-17(1) 2.21e-19(7)
Thyroid 1.69(4) 6.01(4) 15.3(2) 5.28¢-17(2) 5.15¢-18(4)
U bladder 1.66(5) 5.42(8) 7.74(2) 7.54e-18(2) | 3.98¢-10(30)
Uterus 1.37(5) 3.28(3) 2.43(3) 3.75¢-19(9) -
E 1.90 6.01 15.8 5.64¢-17 1.45¢-17

(*) The values in brackets are relative errors

- The value of 7.10e-18(3) is 7.10 x 10™* with the relative error of 3%.
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Table 7 Organ doses calculated using MCNP code with phantom of 1 year due to semi-
infinite source at twelve energies from 0.01 to 5 MeV (Gy per Bq s m™)

5 MeV 2MeV 1MeV 0.5MeV | 0.2 MeV 0.1MeV 0.07MeV

Organ (101 (107 (10 (104 (107 10"%) 107
Adrenals | 2.802) | 1.06Q2) | 5.093) | 2453) | 8733) | 3.792) | 2.534)
Bsurface | 3.43(3) | 134(1) | 7.73(2) | 4842) | 305(1) | 242(2) 19.3(2)

Brain 3.06(1) | 1.15(1) | 528(1) | 265(1) | 1032) | 463(1) | 2951)

Breasts 3.11(3) | L153) | 5.653) | 2.81(5) | 10.1(4) 5.31(4) 3.42(4)
Esophagus | 2.86(2) | 1.06(1) | 4.96(2) | 232(2) | 8.75(3) 4.11(3) 2.53(5)

ST wall 2.90(1) | 1.08(1) | 5.153) | 2.56(3) | 9.85(4) 4.38(2) 2.81(3)
SI wall 2.88(2) | 1.06(1) | 4.97(1) | 239(1) | 9.29(2) 4.16(2) 2.51(1)
ULIwall | 2.81(1) | 1.092) | 4.96(2) | 2.40(1) | 9.64(7) 4.13(2) 2.38(2)
LLI wall 2.84(1) | 1.092) | 5.04(1) | 246(2) | 9.1403) 4.35(2) 2.52(2)
G.Bladder | 2.84(4) | 1.02Q2) | 4.702) | 227(3) | 8.7903) 4.00(3) 2.29(3)

Heart 2.86(1) | 1.08(1) | 4.992) | 2512) | 9.47(2) 4.50(2) 2.69(1)
Kidneys 2.89(1) | 1.08(1) | 5.1522) | 2502) | 9.33(2) 4.38(3) 2.71(1)
Liver 2912) | L.09(1) | S.17(1) | 2582) | 9.73(2) 4.44(2) 2.68(1)
Lung 3.0002) | L15(1) | 5.50(1) | 2712) | 10.4Q2) 4.90(1) 3.00(1)

Muscle 3.32) | L16(1) | 5.64(1) | 270(1) | 103(D) 4.78(1) 3.08(1)

Ovaries 2.693) | 1.063) | 4.64(4) | 231(3) | 8.23(8) 3.50(4) 2.46(5)
Pancreas | 2.68(2) | 1.042) | 4.693) | 226(2) | 8.18Q2) 3.99(2) 2.37(1)
Bone R 3.193) | L17¢1) | 5.832) | 2.69(1) | 10.2(1) 4.62(1) 2.89(2)

Skin 3272) | 1.24(1) | 6.09(1) | 2.98(1) | 11.3(1) 5.36(1) 3.54(1)
Spleen 2.88(1) | 1.09(1) | 5.14(2) | 2.80(8) | 9.12(2) 4.28(2) 2.62(2)
Testes 293(4) | 1.133) | 4.884) | 2.403) | 9.71(5) 4.85(3) 3.03(4)

Thymus 3.00(1) | 1.09(1) | 54122) | 2.66(2) | 9.76(2) 4.91(4) 3.09(4)
Thyroid 2.83(2) | 1.07¢2) | 5.514) | 2.52(3) | 10.8(5) 4.10(2) 2.73(4)
Ubladder | 2.86(2) | 1.06(3) | 5.94(2) | 2453) | 9.10(2) 423(3) 2.67(2)

Uterus 291(3) | 1.012) | 4413) | 2393) | 847(3) 3.68(4) 2.35(2)

E 2.96 1.12 5.25 2.57 10.0 4.68 3.01

(*) The values in brackets are relative errors
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Table 7 - continued

ogn | CEMEV [ OOV O T oy | ooy
Adrenals 1.35(3) 2.71(4) 2.38(4) 8.14e-19(14) ;
B surface 12.92) 38.8(2) 71.2(2) 14.9e-17(1) |  7.43e-18(1)
Brain 1.85(1) 4.57(3) 4.34(1) 2.40e-18(1) | 7.51e-22(15)
Breasts 2.32(8) 11.4(7) 57.3(4) 3.07e-16(2) 7.18e-17(3)
Esophagus 1.37(5) 2.37(3) 0.97(4) 1.62e-19(14) ;
ST wall 1.72(4) 4.01(4) 4.85(4) 3.54e-18(3) | 4.33e-21(40)
SI wall 1.40(3) 2.44(2) 1.33(2) 3.29e-19(3) ]
ULI wall 1.46(4) 2.84(2) 2.18(2) 7.43e-19(7) -
LLI wall 1.39(3) 2.65(2) 1.44(4) 3.52e-19(11) .
G. Bladder 1.49(8) 2.58(4) 1.12(4) 1.60e-19(17) -
Heart 1.75(3) 3.63(2) 2.98(1) 1.80e-18(2) | 4.95¢-21(16)
Kidneys 1.64(3) 4.55(2) 7.49(2) 8.76e-18(2) 2.53e-20(8)
Liver 1.79(4) 4.03(2) 4.57(2) 3.57e-18(1) | 5.14e-21(14)
Lung 1.95(3) 5.04(2) 5.94(1) 4.09-18(1) | 5.87e-21(12)
Muscle 2.00(1) 6.46(1) 18.2(1) 5.90e-17(1) 8.74e-18(1)
Ovaries 1.29(6) 1.88(4) 0.49(8) - -
Pancreas 1.38(5) 2.28(3) 0.71(4) 3.63e-20(20) -
Bone R 1.68(2) 4.56(2) 7.70(1) 15.5e-18(1) 8.07e-19(1)
Skin 2.53(1) 11.8(1) 61.2(1) 3.81e-16(1) 1.85e-16(1)
Spleen 1.50(3) 3.92(3) 3.83(3) 1.84e-18(4) ;
Testes 1.73(9) 7.08(3) 26.5(2) 1.04e-16(3) 1.12e-17(3)
Thymus 1.97(4) 5.12(2) 7.72(1) 7.64e-18(3) | 1.94e-20(15)
Thyroid 1.71(5) 5.73(8) 13.5(2) 4.11e-17(2) 3.08¢-18(7)
U bladder 1.72(3) 4.09(4) 4.62(2) 3.41e-18(3) ;
Uterus 1.24(4) 1.98(4) 0.71(7) - .
E 1.84 5.45 133 4.71e-17 8.05e-18

(*) The values in brackets are relative errors

- The value of 8.14e-19(14) is 8.14 x10™'° with the relative error of 14%.
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Table 8 Organ doses calculated using MCNP code with phantom of 5 years due to semi-
infinite source at twelve energies from 0.01 to 5 MeV (Gy per Bq s m>)

5 MeV 2MeV 1MeV 0.5MeV | 0.2 MeV 0.1MeV 0.07MeV

Organ 101 10 10 (10" (1079 1075 10"

Adrenals 2.692) | 9.6002) | 4.652) | 2.172) | 8.07(2) | 3.6003) 2.60(9)
Bsurface | 3.23(1) | 13.1(1) | 7.06(1) | 4.451) | 289(1) | 21.3(1) 16.6 (1)
Brain 297(1) | 11.1(1) | 5.231) | 2.53(1) | 9.71(2) 4.19(1) 2.54(1)
Breasts 2705) | 11.5(3) | 5.88(6) | 2.60(4) | 10.503) 5.01(5) 3.12(3)
Esophagus | 2.76(2) | 102Q2) | 4752) | 2373) | 8.15(3) 3.62(2) 227(3)

ST wall 281(1) | 10.0(1) | 4.66(1) | 2.403) | 8.63(2) 3.94(2) 2.47(2)
SI wall 272(1) | 9.91(1) | 461(1) | 2.10(1) | 8.06(1) 3.65(1) 2.14(1)
ULI wall 271(1) | 104Q2) | 4.672) | 224(1) | 8.49(3) 3.71(2) 2.22(2)
LLI wall 276(2) | 102(1) | 4.66(2) | 2.132) | 8.25(2) 3.58(1) 2.15(2)
G.Bladder | 2.773) | 9.922) | 4393) | 2223) | 841(3) 3.59(2) 2.16(3)

Heart 2.83(1) | 102(2) | 4.86(2) | 2.291) | 8.72(1) 3.94(2) 2.40(2)
Kidneys 281(1) | 10.6(2) | 4.942) | 2.2501) | 8.79(2) 4.02(3) 2.52(3)
Liver 276(1) | 104(1) | 4.89(1) | 2.37(2) | 8.69(1) 4.04(1) 2.46(2)
Lung 296(1) | 11.0(1) | 527(1) | 2.56(2) | 9.74(1) 4.55(1) 2.90(2)

Muscle 296(1) | 11.2(1) | 5.491) | 2.56(1) | 9.72(1) 4.47(1) 2.85(1)

Ovaries 2602) | 9.512) | 4323) | 2326) | 7.65(4) 3.61(3) 1.91(2)
Pancreas 270(1) | 10.12) | 4332) | 2.154) | 8.43(4) 3.57(2) 2.09(2)
Bone R 206(1) | 112(1) | 522(1) | 2.481) | 9.35(1) 416(1) | 2.51(1)

Skin 3.12(1) | 12.1(1) | s5.91(1) | 2.88(1) | 11.01) 5.17(1) 3.43(1)
Spleen 274(1) | 102(1) | 4.68(1) | 2.38(3) | 9.00(3) 4.04(2) 2.41(2)
Testes 295(4) | 10.8(3) | 5.043) | 246(5) | 10.5(7) | 4.23(4) 2.88(3)

Thymus | 2.85(4) | 104(1) | 5.11Q2) | 2.423) | 9.042) 428(2) 2.80(3)
Thyroid 275(3) | 10.52) | 5.36(4) | 2.656) | 8.91(3) 4.32(3) 2.89(6)
Ubladder | 2.70(1) | 102(2) | 4.77Q2) | 2.353) | 8.46(2) 4.08(3) 2.35(4)

Uterus 2.58(2) | 9.84(3) | 4.43(2) | 2.07(4) | 7.44(4) 3.69(5) 1.99(3)

E 2.85 10.7 5.04 243 9.49 432 2.76

(*) The values in brackets are relative errors
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Table § - continued

Organ O'(OISOM%V o.az()x_le%v 0.(01201y117e)v 0.015MeV 0.01MeV
Adrenals 1.31(7) 2.31(8) 1.46 (6) 4.16e-19(17) -
B surface 10.9(1) 29.6 (2) 47.6(1) 87.5e-18(1) 3.49¢-18(1)
Brain 1.54(3) 2.63(2) 1.38(1) 2.72e-19(3) -
Breasts 1.88(7) 11.1(2) 51.3(D) 2.62e-16(2) 5.45e-17(1)
Esophagus 1.07(3) 1.53(6) 0.44(7) 6.19e-20(20) -
ST wall 1.55(5) 3.05(2) 3.46(3) 2.45e-18(3) 3.01e-21(40)
ST wall 1.15(2) 1.72(2) 0.69(2) 1.21e-19(5) -
ULI wall 1.24(3) 2.17(3) 1.26(6) 2.73e-19(9) -
LLI wall 1.11(4) 1.71(2) 0.74(5) 1.23e-19(30) -
G. Bladder 1.13(4) 1.82(6) 0.66(6) 6.58e-20(25) -
Heart 1.43(3) 2.57(2) 1.77(2) 9.19e-19(17) 5.75e-22(30)
Kidneys 1.45(3) 3.67(3) 6.08(5) 5.12e-18(3) 1.20e-20(40)
Liver 1.50(3) 3.08(2) 2.98(1) 1.94e-18(2) 9.49e-22(16)
Lung 1.74(2) 3.95(1) 3.95(1) 2.18e-18(2) 1.48e-21(11)
Muscle 1.84(1) 5.77(1) 15.9(1) 5.00e-17(1) 6.89¢-18(1)
Ovaries 0.928(5) 1.04(6) 0.18(9) - -
Pancreas 1.11(4) 1.34(5) 2.68(6) 4.46e-21(40) -
Bone R 1.35(1) 3.13(2) 4.99(1) 9.45¢-18(1) 4.00e-19(1)
Skin 2.43(1) 11.3(D) 59.5(1) 3.67e-16(1) 1.75e-16(1)
Spleen 1.39(3) 2.79(2) 2.24(2) 7.70e-19(6) -
Testes 1.72(5) 6.68(4) 24.2(3) 8.75e-17(4) 7.33e-18(6)
Thymus 1.66(5) 4.08(4) 5.51(3) 4.41e-18(4) 3.92e-21(40)
Thyroid 1.60(7) 4.89(3) 13.1(3) 3.84e-17(4) 2.18e-18(9)
U bladder 1.27(3) 3.01(3) 3.01(3) 1.91e-18(4) 1.98e-21(70)
Uterus 0.851(4) 1.27(5) 3.70(10) 1.17e-20(60) -
E 1.61 4.52 11.3 3.93e-17 6.16e-18

(*) The values in brackets are relative errors

- The value of 4.16e-19(17) is 4.16 x 10"'° with the relative error of 17%.




JAERI-Tech 2004-079

Table 9 Organ doses calculated using MCNP code with phantom of 10 years due to
semi-infinite source at twelve energies from 0.01 to 5 MeV (Gy per Bq s m>)

5 MeV 2MeV 1MeV 0.5MeV | 0.2 MeV 0.1MeV 0.07MeV

Organ (1073 (107 107 (107 107 (10‘15) (10

Adrenals | 2.69(4) | 9.253) | 420(4) | 2.063) | 7.41(3) 3.36(6) 1.90(4)
Bsurface | 3.11(1) | 12.6(3) | 6.75(1) | 426(1) | 269 (1) 19.3(1) 14.6 (1)
Brain 293(1) | 11.0(1) | 5.151) | 243(1) | 9.46(2) 4.13(2) 2.38(1)
Breasts 2742) | 1134) | 5.69(4) | 2.60(4) | 11.6(5) 4.72(4) 3.23(3)
Esophagus | 2.66(1) | 9.62(2) | 4.532) | 1.983) | 7.87(5) 3.26(2) 1.76(1)

ST wall 2.63(1) | 9.542) | 4.592) | 2.16(2) | 829(3) 3.72(2) 2.22(2)

SI wall 2.612) | 9.42(1) | 430(1) | 2.0002) | 7.51(1) 3.28(2) 1.85(1)
ULIwall | 2.795) | 9.46(1) | 447(1) | 1.982) | 7.53(3) 3.46(2) 1.99(2)
LLI wall 2713) | 9.45(1) | 4342) | 2.103) | 7.58(2) 3.42(3) 1.88(2)

G.Bladder | 2.50(2) | 9.53(2) | 3.992) | 2.072) | 7.42(3) 3.49(6) 1.93(3)
Heart 293(5) | 9.85(1) | 456(3) | 2212) | 8.15(1) 3.81(3) 2.24(2)
Kidneys 2702) | 9.88(1) | 4713) | 224(2) | 83903) 3.75(2) 2.31(2)
Liver 2.69(1) | 9.86(1) | 4.64(1) | 2.1622) | 8.23(1) 3.76(1) 2.24(2)
Lung 2.993) | 10.9(1) | 5.08(1) | 2.42(1) | 9.36(1) 4.24(2) 2.62(1)

Muscle 3.033) | 11.2(1) | 536(3) | 247(1) | 9.48(1) 4.33(1) 2.71(1)

Ovaries 257(4) | 9.113) | 4.1003) | 1.873) | 7.00(3) 3.12(4) 1.80(5)
Pancreas 2372) | 8.62(1) | 4013) | 196(3) | 6.84(4) 3.10(3) 1.74(2)

Bone R 282(1) | 1053) | 477(1) | 22502) | 8.35(1) 3.63(1) 2.14(1)

Skin 246(3) | 9.933) | 4.49(1) | 2.18(1) | 8.45(1) 3.95(1) 2.60(1)

Spleen 2.68(1) | 975(2) | 4592) | 2.083) | 8.18(2) 3.72(4) 2.23(2)

Testes 2914) | 10.5@) | 4733) | 2283) | 9.33(7) 4.66(1) 2.86(6)

Thymus 2.652) | 10.6(4) | 4.933) | 2313) | 8412 3.89(2) 2.45(2)
Thyroid 2702) | 10.13) | 5.30(6) | 236(3) | 8.6503) 3.85(3) 2.67(3)
Ubladder | 2.712) | 9.622) | 4592) | 1.933) | 7.95(5) 3.52(5) 2.15(2)
Uterus 276(7) | 8.763) | 4.053) | 1.98(4) | 7.14(4) 2.86(3) 1.80(4)

E 2.79 10.2 4.78 2.24 8.82 4.10 2.52

(*) The values in brackets are relative errors
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Table 9 - continued

Organ 0'(()155??%\/ Ok%%¥§v 0.(01%1%%\/ 0.015MeV 0.01MeV
Adrenals 8.96(3) 1.53(4) 891(5) | 8.63¢-20(30) ]
B surface 93.7 (1) 22.6(1) 350(1) 597e-17(1) | 2.09-18(1)
Brain 12.6(1) 1.97(1) 8.97(1) 1.15¢-19(8) ;
Breasts 21.005) 9.83(6) 448(1) 243e-16(2) | 4.49¢-17(4)
Esophagus 8.64(6) 0.890(2) 250(4) | 2.13¢-20(38) ;
ST wall 11.72) 221(1) 22.8(2) 1.53e-18(4) | 1.22¢-22(70)
ST wall 8.92(1) 1.13(1) 4.19(2) 4.92¢-20(8) :
ULI wall 9.58(1) 1.52(3) 845(5) | 1.62¢-19(20) :
LLI wall 9.38(3) 121(3) 453(4) | 3.11e-20020) :
G. Bladder 9.49(4) 1.18(2) 389(4) | 2.39-20(28) :
Heart 11.4(2) 1.752) 11.4 5.12¢-19(5) | 2.24e-22(40)
Kidneys 12.32) 2.74(2) 37.7(1) 3.06e-18(4) | 2.42-21(50)
Liver 11.6(1) 2.19(1) 18.5(2) 8.84¢-19(3) | 1.386-22(70)
Lung 13.9(1) 2.87(2) 25.4(1) 118e-183) | 6.54e-22(35)
Muscle 247(1) 4.63(1) 176(1) 450e-17(1) | 6.33e-18(1)
Ovaries 8.19(4) 0.689(2) 1.10(8) ; .
Pancreas 8.99(6) 0.790(2) 1.25(5) : ]
Bone R 11.0(1) 2.26(2) 36.4(1) 741e-18(1) | 2.35e-19(1)
Skin 16.8(1) 7.62(1) #21(1) 2.99-16(1) | 1.42e-16(1)
Spleen 12.1(2) 2.0003) 13.43) | 3.92¢-19(10) ]
Testes 15.63) 6.19(4) 223(3) 8.03¢-173) | 5.85¢-18(6)
Thymus 13.4(2) 3.03(2) 35.7(2) 2.45¢-18(5) -
Thyroid 15.13) 43002) 126(3) 347e-173) | 1.58¢-18(18)
U bladder 11.4(4) 2.09(5) 20.7(2) I.14e-18(6) -
Uterus 8.66(5) 0.904(5) 2.11(8) . .
E 13.7 4.03 95.4 351e-17 5.00c-18

(*) The values in brackets are relative errors

- The value of 8.63¢e-20(3) is 8.63 x 10 with the relative error of 30%.
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Table 10 Organ doses calculated using MCNP code with phantom of 15 years due to
semi-infinite source at twelve energies from 0.01 to 5 MeV (Gy per Bq s m™)

5 MeV 2MeV IMeV 0.5MeV | 0.2MeV 0.1MeV 0.07MeV

Organ (10-13) (10»14) (10-14) (10-14) (10-15) (10-15) (10-15)

Adrenals | 2.60(4) | 8.732) | 3.88(3) | 1.66Q2) | 6.73(3) 2.51(3) 1.65(6)
Bsurface | 2.94(1) | 11.52(1) | 645(1) | 3.982) | 24.4(1) | 17.0Q1) 12.8(1)
Brain 275(1) | 10.72(1) | 525(1) | 236(2) | 8.71(2) 3.99(2) 2.21(1)
Breasts 2.84(1) | 10.74(1) | 5.22(1) | 2.582) | 9.97(2) 4.66(2) 2.93(2)
Esophagus | 247(1) | 8.67(1) | 3952) | 1712) | 651(2) 2.86(5) | 1.43(5)

ST wall 2553) | 8.701) | 422(1) | 1.832) | 7.22(1) 3.43(4) 1.87(2)
SI wall 2.48(1) | 8.59(1) | 4.052) | 1.77(2) | 6.40(1) 2.73(2) 1.61(3)
ULIwall | 2552) | 8.67(1) | 4291) | 1.733) | 6.60(2) 2.96(3) 1.66(2)
LLI wall 2.64(5 | 858(1) | 4.031) | 1.873) | 7.19(5) 2.92(3) 1.51(2)
G.Bladder | 2.402) | 8.75(3) | 4.18(2) | 1.64Q2) | 6.4002) 2.72(5) 1.50(2)

Heart 2.532) | 9202) | 421(2) | 1.903) | 7.20(2) 3.16(3) 1.63(3)
Kidneys 2572) | 9352) | 4372) | 1.993) | 7.3501) 3.21(2) 1.93(3)
Liver 256(1) | 9.20(1) | 4.352) | 1.92(3) | 7.81(1) 3.22(2) 1.88(1)
Lung 274(1) | 9.95(1) | 4.67(1) | 2.152) | 8.93(1) 3.61(1) 2.30(3)

Muscle 2.82(1) | 10.531) | s5.01(1) | 2.311) | 8.78(1) 4.00(1) 2.44(1)

Ovaries 2332) | 8.41(4) | 3.843) | 1.81(5) | 6.31(3) 2.63(6) 1.48(4)
Pancreas | 2.43(3) | 823(2) | 3.822) | 1.693) | 6.26(4) 2.50(3) 1.52(5)
Bone R 265(1) | 9.642) | 4552) | 2.19Q) | 7.94(2) 3.11(2) 1.84(2)

Skin 230(1) | 9.01(1) | 4.38(1) | 2.08(1) | 8.08(1) 3.85(1) 2.50(1)
Spleen 2612) | 9.323) | 4342) | 1.893) | 7.27(2) 3.01(3) 1.98(4)
Testes 2.683) | 9.76(4) | 4452) | 2.32(5) | 8.94(4) 3.73(4) 2.41(5)

Thymus 2532) | 9212) | 4192) | 2.094) | 8.26(5) 3.53(5) 2.16(4)
Thyroid 257(3) | 1026(3) | 4.68(2) | 2.344) | 9.39(3) 3.91(6) 2.99(3)
Ubladder | 2.633) | 9.403) | 4.07(2) | 1.872) | 7.193) 2.97(3) 1.79(4)
Uterus 2482) | 8342) | 3.932) | 1.672) | 62002) 2.59(4) 1.44(4)

E 2.65 9.58 4.45 2.14 8.23 3.55 2.20

(*) The values in brackets are relative errors
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Table 10 - continued

0.03MeV

Organ 0'85015’1[%\' 1o 0.02MeV | 0.015MeV 0.01MeV
Adrenals 7.85(7) 1.24(6) 4.47¢-18(6) | 3.42¢-20(20) -
B surface 75.1(1) 17.4(1) 227e-16(0.2) | 339e-17(03) |  7.32e-19(1)
Brain 12.4(3) 1.84(1) 5560-18(2) | 3.76e-20(6) ]
Breasts 19.6(2) 7.98(2) 2350-16(1) | 6.83e-17(1) | 6.14e-18(1)
Esophagus 5.98(3) 0.577(5) 9.87¢-19(7) | 1.66e-20(20) i
ST wall 10.1(3) 1.62(3) 112e-172) | 3.99-19(4) .
ST wall 7.233) 0.79(1) 189¢-18(2) | 1.65¢-20(7) -
ULI wall 7.83(4) 1.18(4) 3.92¢-18(4) | 3.42¢-20(11) }
LLI wall 7.62(5) 0.78(2) 1.956-18(5) | 9.35¢-21(20) ]
G. Bladder 7.53(5) 0.85(2) 211e-18(7) | 1.04e-20(35) -
Heart 9.42(3) 1.17(3) 5.94e-18(2) | 2.62¢-1903) ;
Kidneys 11.3(5) 2.20(4) 246e-17(2) | 1.07¢-18(3) .
Liver 10.2(2) 1.74(2) 1.06e-17(2) | 3.12¢-19(2) ;
Lung 12.2(3) 2.02(1) 1.02e-173) | 2.29e-19(3) :
Muscle 15.6(1) 4.49(1) 11.2e-17(1) | 3.24e-17(02) |  3.53¢-18(1)
Ovaries 6.22(8) 0.55(6) 1.65¢-19(10) i :
Pancreas 5.99(4) 0.51(5) 3.54e-19(8) - -
Bone R 9.08(2) 1.752) 2460-17(2) | 3.92e-18Q2) | 9.09¢-20(5)
Skin 18.2(2) 8.45(1) 43.6e-17(1) | 2.62¢-16(0.2) | 1.08¢-16(0.1)
Spleen 10.4(4) 1.51(1) 6.90c-18(4) | 1.15¢-19(9) )
Testes 16.5(7) 5.42(4) 1556-16(2) | 3.5%-172) | 1.10e-18(8)
Thymus 12.4(8) 2.49(2) 231e-17(3) | 1.07¢-18(6) -
Thyroid 15.8(6) 4.92(2) 135¢-16(2) | 3.18¢-17(2) | 9.95¢-19(20)
U bladder 9.87(6) 1.65(3) 122e-173) | 4.03e-19(4) ;
Uterus 8.20(8) 0.61(3) 1.14e-18(13) | 2.53¢-21(30) ]
E 12,6 3.03 5.96¢-17 1.58¢-17 1.69-18

(*) The values in brackets are relative errors

- The value of 3.42¢-20(20) is 3.42 x 10 with the relative error of 20%.
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Table 11 Organ doses calculated using MCNP code for adult phantom due to semi-
infinite source at twelve energies from 0.01 to 5 MeV (Gy per Bq s m™)

Organ 5MeV(10°) | 2Mev(10™) | 1MevV(10™) | 0.5MeV(10™) 0.2MeV(10™™)
Adrenals 2.43(5) 8.97(7) 4.07(3) 1.82(3) 6.46(3)
B surface 3.55(1) 13.0(1) 6.98(1) 4.06(1) 22.7(1)

Brain 2.95(1) 10.8(4) 5.19(2) 2.40(1) 8.53(2)

Breasts 3.22(4) 11.0(4) 5.34(2) 2.51(2) 9.87(3)
Esophagus 2.51(3) 9.39(4) 3.98(2) 1.83(2) 7.16(8)
ST wall 2.62(4) 8.79(2) 4.17(2) 2.00(3) 8.01(9)

SI wall 2.32(2) 8.63(3) 3.79(2) 1.88(3) 6.24(2)
ULI wall 2.30(2) 8.61(2) 4.22(6) 1.87(3) 6.80(4)
LLI wall 2.45(3) 9.00(3) 4.06(4) 1.93(3) 6.47(2)

G. Bladder 2.54(6) 9.06(6) 3.76(2) 1.96(2) 6.07(3)

Heart 2.55(3) 9.16(3) 4.33(3) 1.97(3) 6.96(2)
Kidneys 2.50(3) 9.32(3) 437(3) 1.96(2) 7.21(2)

Liver 2.78(6) 10.0(5) 420(2) 2.06(2) 7.36(2)

Lung 2.74(1) 10.3(3) 4.67(1) 2.25(2) 8.28(2)

Muscle 2.76(1) 10.3(2) 4.75(1) 2.26(1) 8.34(1)

Ovaries 2.45(9) 8.04(4) 3.63(4) 1.73(4) 6.73(6)
Pancreas 2.42(3) 8.59(3) 3.93(3) 1.80(2) 6.34(3)
Bone marrow 2.74(2) 9.97(2) 4.83(1) 2.18(1) 8.46(1)
Bone 2.85(2) 10.8(2) 5.15(1) 2.72(1) 12.8(1)
Skin 2.99(1) 11.5(1) 5.53(1) 2.73(1) 10.1(1)

Spleen 2.73(6) 9.14(2) 4.24(2) 2.05(2) 7.32(3)

Testes 2.66(9) 9.43(3) 451(2) 2.24(3) 8.52(5)
Thymus 2.61(5) 9.28(5) 4.22(2) 2.14(3) 7.78(5)
Thyroid 2.37(4) 10.0(3) 4.72(2) 2.29(5) 9.68(8)
U bladder 2.72(7) 9.22(6) 3.87(2) 1.87(2) 6.89(3)

Uterus 2.23(3) 8.53(4) 3.62(2) 1.89(2) 6.00(3)

E 2.64 9.46 4.44 2.10 8.19

(*) The values in brackets are relative errors
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Table 11 - continued

0.1 MeV 0.07 0.05 0.03
Organ '(10_15) MeV MeV MeV 0.02 MeV 0.015MeV 0.01 MeV
(10 | 10" | a0’
Adrenals 2.58(4) | 1.51(4) | 7.92(4) | 1.09(4) | 4.34e-18(9) | 3.71e-20(40) -
B surface 13.4(1) | 103(1) | 59.1¢(1) | 13.5(1) | 1.80e-16(1) | 2.88e-17(2) | 0.93e-18(4)
Brain 3.63(2) | 2.18(2) | 11.8(2) | 1.33(2) | 2.96e-18(2) | 1.31e-20(15) -
Breasts 432(2) | 3.002) | 19.92) | 6.79(2) | 2.09e-16(1) | 6.10e-17(6) | 4.49-18(1)
Esophagus 2.62(3) | 1.46(5) | 6.45(4) | 0.43(7) | 8.12e-19(15) | 6.04e-21(60) -
ST wall 3.44(6) | 1.96(8) | 10.3(2) | 1.49(4) | 1.07e-17(6) | 6.48e-18(9) -
SI wall 2.68(3) | 1.47(2) | 7.23(4) | 0.64(5) | 1.84e-18(3) | 1.58e-20(20) -
ULI wall 281(3) | 1.633) | 7.85(3) | 0.91(7) | 3.97e-18(7) | 4.29e-20(20) -
LLI wall 2.64(3) | 1.62(5) | 7.58(3) | 0.67(3) | 1.69e-18(6) | 1.31e-20(40) -
G. Bladder 2.88(6) | 1.58(8) | 7.31(3) | 0.81(9) | 1.82e-18(7) | 3.67e-20(40) -
Heart 2.92(2) | 1.67(2) | 8.54(2) | 1.10(4) | 5.10e-18(2) | 2.77e-19(15) .
Kidneys 322(2) | 1.96(3) | 11.3(2) | 2.08(2) | 2.22e-17(5) | 9.05e-19(5) .
Liver 321(1) | 1.952) | 10.5(2) | 1.42(2) | 8.73e-18(1) | 2.58e-19(3) -
Lung 3.61(1) | 227(1) | 12.7(2) | 1.88(2) | 1.16e-17(3) | 3.47e-19(3)
Muscle 3.73(1) | 2.35(1) | 14.3(4) | 3.55(1) | 8.80e-17(1) | 2.44e-17(1) | 1.94e-18(1)
Ovaries 2.63(8) | 1.32(4) | 5.64(4) | 0.38(7) | 4.30e-19(15) - -
Pancreas 2.72(4) | 1.41(3) | 6.40(4) | 0.44(5) | 3.69e-19(11) - -
Bone marrow | 3.47(1) | 1.83(1) | 9.15(1) | 1.60(1) | 2.51e-17(1) | 4.95e-18(2) | 1.54e-19(2)
Skin 473(1) | 3.17(1) | 22.0(1) | 8.92(1) | 4.69e-16(1) | 2.81e-16(1) | 1.05e-16(1)
Spleen 339(2) | 1.84(2) | 103(4) | 1.34(2) | 6.49e-18(8) | 8.37e-20(20) -
Testes 3.93(6) | 2.43(4) | 16.7(5) | 5.31(3) | 1.19e-16(2) | 2.51e-17(2) | 6.76e-19(4)
Thymus 3.57(7) | 2.15(5) | 12.8(7) | 2.27(9) | 2.02e-17(5) | 1.05e-18(20) -
Thyroid 4.09(4) | 2.86(6) | 16.0(4) | 4.47(4) | 1.12e-16(3) | 2.39e-17(3) | 3.70e-19(9)
U bladder 291(6) | 1.94(3) | 102(4) | 1.39(3) | 1.10e-17(3) | 4.40e-19(11) -
Uterus 2.72(6) | 1.87(3) | 6.24(3) | 0.57(5) | 8.79e-19(14) | 3.31e-20(70) -
E 3.55 2.19 12.4 2.77 5.41e-17 1.3%e-17 1.47e-18

(*) The values in brackets are relative errors
- The value of 3.71e-20(40) is 3.71 x 10 with the relative error of 40%
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Table 12 Effective doses calculated for respective phantoms (Sv per Bq s m™)

Ener;
(Me\%gl Newborn 1-year 5-years 10-years 15-years Adult
0.01 1.45¢-18 8.05e-18 6.16e-18 5.00e-18 1.69¢-18 1.47¢-18
0.015 5.64e-17 4.71e-17 3.93e-17 3.51e-17 1.58e-17 1.39¢-17
0.02 1.58e-16 1.33e-16 1.13e-16 9.54e-17 5.96e-17 5.41e-17
0.03 6.01e-16 5.45e-16 4.52e-16 4.03e-16 3.03e-16 2.77e-16
0.05 1.90e-15 1.84e-15 1.61e-15 1.37e-15 1.26e-15 1.24e-15
0.07 3.08e-15 3.0le-15 2.76e-15 2.52e-15 2.20e-15 2.19-15
0.1 4.77e-15 4.68e-15 4.32e-15 4.10e-15 3.55e-15 3.55e-15
0.2 1.03e-14 1.00e-14 9.49e-15 8.82¢-15 8.23e-15 8.19e-15
0.5 2.646—14 2.57e-14 2.43e-14 2.24e-14 2.14e-14 2.10e-14
1.0 5.38e-14 5.25e-14 5.04e-14 4.78e-14 4.45e-14 4.44e-14
2.0 1.15e-13 1.12e-14 1.07e-13 1.02e-13 9.58e-14 9.46e-14
5.0 3.03e-13 2.96e-13 2.85e-13 2.79-13 2.65e-13 2.64e-13
Table 13 Conversion coefficients of effective dose (E/Air kerma)
with difference aged phantoms (Sv Gy™)
Energy
(MeV) Newbomn 1-year 5-years 10-years 15-years Adult
0.01 1.05e-2 5.85e-3 4.48e-3 3.63e-3 1.23e-3 1.07e-3
0.015 0.0327 0.0273 0.0228 0.0204 0.00914 0.00806
0.02 0.115 0.098 0.0824 0.0700 0.0436 0.0396
0.03 0.255 0.231 0.191 0.171 0.128 0.118
0.05 0.580 0.553 0.484 0.428 0.379 0.373
0.07 0.736 0.720 0.661 0.599 0.527 0.524
0.1 0.842 0.825 0.761 0.720 0.627 0.627
0.2 0.869 0.850 0.804 0.748 0.698 0.694
0.5 0.839 0.815 0.773 0.713 0.687 0.687
1.0 0.839 0.822 0.785 0.745 0.693 0.691
2.0 0.861 0.839 8.013 0.765 0.720 0.721
5.0 0.911 0.890 0.858 0.841 0.799 0.795
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Table 14 Effective dose coefficients of radionuclides for air submersion (Sv per Bq s m>)
(PO- New born phantom; P1- one year phantom; P5- five years phantom; P10- ten years phantom; P15- 15 years
phantom; Padult- adult phantom; PadultE- adult phantom from FGR-12)

Nuclide PO P1 P5 P10 P15 Padult PadultE
4-Be-7 2.65e-15 2.58e-15 2.44e-15 2.25e-15 2.15e-15. 2.10e-15 2.22e-15
11-Na-22 1.18e-13 1.15e-13 1.10e-03 1.04e-13 9.72e-14 9.65e-14 1.01e-13
11-Na-24 2.3%¢e-13 2.33e-13 2.22e-13 2.12e-13 2.00e-13 1.97e-13 2.08e-13
18-Ar-41 7.04e-14 6.87¢e-14 6.59e-14 6.27e-14 5.84e-14 5.82e-14 6.08e-14
19-K-40 - 8.69e-14 8.47e-14 8.12e-14 7.74e-14 7.22e-14 7.18e-14 7.51e-14
19-K-42 1.55e-14 1.51e-14 1.45¢e-14 1.38e-14 1.29e-14 1.28e-14 1.34e-14
21-Sc-46 1.08e-13 1.06e-13 1.0le-13 9.62e-14 8.96e-14 8.93e-14 9.32e-14
24-Cr-51 1.66e-15 1.61e-15 1.52e-15 1.40e-15 1.36e-15 1.31e-15 1.38e-15
25-Mn-54 4 46e-14 4.35e-14 4.16e-14 3.91e-14 3.67e-14 3.64e-14 3.82e-14
25-Mn-56 9.35e-14 9.12e-14 8.72¢e-14 8.29¢e-14 7.78e-14 7.70e-14 8.07e-14
26-Fe-59 6.45e-14 6.30e-14 6.06e-14 5.79e-14 5.38e-14 5.37e-14 5.56e-14
27-Co-56 1.99¢-13 1.94e-13 1.85e-13 [.76e-13 1.66e-13 1.64e-13 1.72e-13
27-Co-57 5.8%e-15 5.79¢e-15 5.33e-15 5.14e-15 4.79e-15 4.77e-15 4.94e-15
27-Co-58 5.19¢-14 5.06e-14 4.83e-14 4.52e-14 4.26e-14 4.22e-14 4.42e-14
27-Co-60 1.37e-13 1.34e-13 1.28e-13 1.22e-13 1.14e-13 1.13e-13 1.18e-13
28-Ni-65 3.06e-14 2.87e-14 2.87e-14 2.75e-14 2.57e-14 2.55e-14 2.62e-14
30-Zn-65 3.13e-14 3.06e-14 2.94e-14 2.80e-14 2.60e-14 2.60e-14 2.70e-14
30-Zn-69m 2.21e-14 2.15e-14 2.04e-14 1.87e-14 1.79¢-14 1.75e-14 1.85e-14
34-Se-75 1.95e-14 1.90e-14 1.79e-14 1.66e-14 1.55¢e-14 1.53e-14 1.63e-14
35-Br-83 3.75e-16 3.64e-16 3.46e-16 3.21e-16 3.05e-16 3.00e-16 3.15e-16
35-Br-84 1.01e-13 9.82e-14 9.81e-14 8.95e-14 8.44e-14 8.34e-14 8.77e-14
36-Kr-83m 8.65e-18 7.04e-18 5.65e-18 5.40e-18 2.64e-18 2.15e-18 2.20e-18
36-Kr-85m 7.89e-15 7.74e-15 7.18e-15 6.87e-15 6.20e-15 6.16e-15 6.64e-15
36-Kr-85 1.17e-16 1.14e-16 1.08e-16 9.96e-17 9.51e-17 9.32e-17 9.82e-17
36-Kr-87 4.45e-14 4.33e-14 4.13e-14 3.90e-14 3.70e-14 3.64¢-14 3.83e-14
36-Kr-88 1.12e-13 1.09e-13 1.04e-13 9.90e-14 9.32e-14 9.21e-14 9.68e-14
37-Rb-86 5.04e-15 491e-15 4.71e-15 4.48e-15 4.17e-15 4.16e-15 4.34e-15
37-Rb-88 6.39¢-14 6.22e-14 5.94e-14 5.67e-14 5.35e-14 5.28e-14 5.55e-14
37-Rb-89 1.15e-13 1.13e-13 1.08e-13 1.03e-13 9.60e-14 9.53e-14 9.98e-14
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Table 14 - continued

Nuclide PO P1 PS5 P10 P15 Padult | PadultE
38-Sr-§9 4.65e-18 4.54e-18 4.35e-18 4.10e-18 3.84e-18 3.82e-18 3.99%-18
38-5r-91 3.78e-14 3.69¢-14 3.53e-14 3.34e-14 3.12¢-14 3.10e-14 3.24e-14
38-Sr-92 7.32¢14 7.16e-14 6.88e-14 6.60e-14 6.16e-14 6.12e-14 6.30e-14
38-Sr-93 1.25e-13 1.22e-13 1.16e-13 1.10e-13 1.03e-13 1.02e-13 1.07e-13
39-Y-90m 3.32¢-14 3.23e-14 3.06e-14 2.82e-14 2.68e-14 2.64e-14 2.78e-14
39-Y-91m 2.79%-14 2.71e-14 2.58e-14 2.38e-14 2.27e-14 2.23e-14 2.35e-14
39-Y-91 1.97e-16 1.92¢-16 1.85¢-16 1.76¢-16 1.64e-16 1.63e-16 1.70e-16
39-Y-92 1.36e-14 1.33e-14 1.27e-14 1.20e-14 1.12e-14 1.12e-14 1.17e-14
39-Y-93 5.27e-15 5.13e-15 4.90e-15 4.63e-15 4.35e-15 431e-15 4.52e-15
40-Zr-95 3.88e-14 3.79¢-14 3.63e-14 3.41e-14 3.19¢-14 3.17e-14 3.32e-14
40-Zr-97 4.68e-14 4.57e-14 4.37e-14 4.11e-14 3.85¢-14 3.83e-14 4.00e-14
41-Nb-93m 1.45¢-17 1.20e-17 1.0Te-17 8.62¢-18 4.92¢-18 4.47e-18 4.89%-18
41-Nb-95m 3.32e-15 3.24e-15 3.05e-15 2.82e-15 2.65e-15 2.62e-15 2.75e-15
41-Nb-95 4.08e-14 3.97e-14 3.79-14 3.55e-14 3.34e-14 3.31e-14 3.47e-14
41-Nb-97m 3.86e-14 3.77e-14 3.60e-14 3.39e-14 3.17e-14 3.16e-14 3.30e-14
41-Nb-97 3.53e-14 3.44e-14 3.2%¢-14 3.08e-14 2.89¢-14 2.87e-14 3.00e-14
42-Mo-93 5.45e-17 4.40e-17 3.75e-17 3.17e-17 1.67e-17 1.52e-17 1.64e-17
42-Mo-99 7.81e-15 7.62e-15 7.24e-15 6.79%-15 6.37e-15 6.30e-15 6.64e-15
42-Mo-101 8.40e-14 8.19¢-14 7.83e-14 7.41e-14 6.94e-14 6.88e-14 7.21e-14
43-Tc-99m 6.27e-15 6.16e-15 5.66e-15 5.51e-15 4.83e-15 4.83e-15 5.29%-15
43-Tc-101 1.77e-14 1.72¢-14 1.63e-14 1.50e-14 1.42¢-14 1.40e-14 1.47e-14
44-Ru-103 2.62e-14 2.54e-14 2.42e-14 2.23e-14 2.12e-14 2.08e-14 2.20e-14
44-Ru-105 3.93e-14 3.82¢-14 3.64e-14 3.3%-14 3.21e-14 3.16e-14 3.33e-14
45-Rh-103m 1.45e-17 1.25¢-17 1.05e-17 8.97¢-18 5.86e-18 5.33e-18 5.92e-18
45-Rh-105 4.03e-15 3.92¢-15 3.70e-15 3.3%-15 3.24e-15 3.17e-15 3.35e-15
45-Rh-106 1.09¢-14 1.07¢-14 1.02e-14 9.42e-15 8.94e-15 8.81e-15 9.26e-15
47-Ag-110m 1.46e-13 1.43e-13 1.37e-13 1.29¢-13 1.21e-13 1.20e-13 1.25e-13
47-Ag-111 1.38e-15 1.34e-15 1.27e-15 1.16e-15 1.11e-15 1.09e-15 1.15e-15
50-Sn-117m 7.26e-15 7.13e-15 6.55e-15 6.34e-15 5.60e-15 5.59%-15 6.05e-15
50-Sn-126 2.60e-15 2.53e-15 2.42e-15 2.27e-15 2.13e-15 2.11e-15 2.21e-15
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Table 14 - continued

Nuclide PO Pl P5 P10 P15 Padult | PadultE
51-Sb-124 1.01e-13 9.99¢-14 9.46e-14 8.97e-14 8.40e-14 8.34e-14 8.62¢-14
51-Sb-125 2.24e-14 2.18e-14 2.06e-14 1.91e-14 1.81e-14 1.78e-14 1.87e-14
51-Sb-126m 8.21e-14 7.99¢-14 7.60e-14 7.06e-14 6.70e-14 6.60e-14 6.94e-14
51-Sb-126 1.47e-13 1.43e-13 1.36e-13 1.27e-13 1.20e-13 1.19e-13 1.24e-13
51-Sb-127 3.67e-14 3.57e-14 3.40e-14 3.16e-14 2.99%-14 2.95e-14 3.10e-14
51-Sb-128 1.73e-13 1.68e-13 1.6le-13 1.50e-14 1.42e-13 1.40e-13 1.47e-13
51-Sb-129 7.49¢-14 7.30e-14 6.99¢-14 6.62e-14 6.19¢-14 6.15¢-14 6.38e-14
51-Sb-130 1.75e-13 1.70e-13 1.62e-13 1.53e-13 1.45e-13 1.42e-13 1.49¢-13
51-Sb-131 1.13e-13 1.10e-13 1.06e-13 1.00e-13 9.38e-14 9.32¢-14 9.75e-14

52-Te-123m 6.95e-15 6.81e-15 6.26e-15 6.06e-15 5.36e-15 5.34e-15 5.78e-15
52-Te-125m 6.52¢-16 5.90e-16 4.90e-16 4.25e-16 3.26e-16 2.99¢-16 3.30e-16
52-Te-127m 2.35e-16 2.16e-16 1.84e-16 1.66e-16 1.30e-16 1.21e-16 1.33e-16

52-Te-127 2.55e-16 2.48e-16 2.34e-06 2.15e-16 2.06e-16 2.0le-16 2.12e-16
52-Te-129m 1.71e-15 1.65e-15 1.56e-15 1.45¢e-15 1.35e-15 1.34e-15 1.42e-15
52-Te-129 3.20e-15 3.04e-15 2.89¢-15 2.67e-15 2.54e-15 2.50e-15 2.63e-15
52-Te-131m 7.84e-14 7.65e-14 7.31e-14 6.88e-14 6.45¢-14 6.40e-14 6.68e-14
52-Te-131 2.20e-14 2.15e-14 2.03e-14 1.92e-14 1.78e-14 1.76e-14 1.86e-14
52-Te-132 1.12e-14 1.10e-14 1.03e-14 9.54e-15 8.86e-15 8.74e-15 9.21e-15
52-Te-133m 9.88e-14 9.63e-14 9.22¢-14 8.71e-14 8.14e-14 8.09e-14 8.64¢e-14
52-Te-133 6.56e-14 6.3%¢-14 6.10e-14 5.75¢e-14 5.40e-14 5.35e-14 4.11e-14
52-Te-134 4.56e-14 4.44e-14 4.21e-14 3.92e-14 3.70e-14 3.65e-14 3.84e-14
53-1-129 5.30e-16 4.51e-16 4.03e-16 3.61e-16 2.76e-16 2.55e-16 2.79%-16
53-1-130 1.17¢-13 1.14e-13 1.09e-13 1.01e-13 9.58e-14 9.45e-14 9.93e-14
53-1-131 2.0le-14 1.96e-14 1.85e-14 1.70e-14 1.63e-14 1.5%¢-14 1.68e-14
53-1-132 1.12e-13 1.09e-13 1.04e-13 9.71e-14 9.16e-14 9.09e-14 9.51e-14
53-1-133 3.25¢e-14 3.16e-14 3.0le-14 2.7%-14 2.65e-14 2.6le-14 2.74e-14
53-1-134 1.43e-13 1.39-13 1.33e-13 1.25e-13 1.18e-13 1.17e-13 1.22e-13
53-1-135 8.87e-14 8.65¢-14 8.28e-14 7.87e-14 7.36e-14 7.31e-14 7.65e-14
54-Xe-123 3.35¢-14 3.26e-14 3.09e-14 291e-14 2.72e-14 2.68e-14 2.83e-14
54-Xe-125 1.30e-14 1.27e-14 1.19¢-14 1.11e-14 1.03e-14 1.02e-14 1.07e-14
54-Xe-127 1.16e-14 1.08e-14 .1.06e-14 9.78e-15 9.14e-15 9.02e-15 9.50e-15

54-Xe-131m 5.10e-16 4.76e-16 4.09e-16 3.77e-16 3.04e-16 2.89%¢-16 3.15e-16
54-Xe-133m 1.56e-15 1.50e-15 1.38e-15 1.26e-15 1.15e-15 1.12e-15 1.19e-15

54-Xe-133 1.78e-15 1.71e-15 1.55e-15 1.42e-15 1.22e-15 1.20e-15 1.32e-15
54-Xe-135m 2.25¢e-14 2.19¢-14 2.08e-14 1.92e-14 1.82e-14 1.7%¢-14 1.8%¢-14
54-Xe-135 1.28e-14 1.25e-14 1.18e-14 1.09¢-14 1.03e-14 1.02e-14 1.07e-14
54-Xe-138 6.18e-14 6.02e-14 5.74e-14 5.44e-14 5.12e-14 5.06e-14 5.32e-14

55-Cs-134m 1.01e-15 9.78e-16 8.80e-16 8.41e-16 7.18e-16 7.08e-16 7.79¢-16

55-Cs-134 8.23e-14 8.06e-14 7.6%¢-14 7.18e-14 6.78e-14 6.70e-14 7.03e-14
55-Cs-136 1.14e-13 1.11e-13 1.06e-13 1.01e-13 9.38e-14 9.33e-14 9.75e-14
55-Cs-138 1.32e-13 1.28e-13 1.23e-13 1.16e-13 1.09e-13 1.08e-13 1.14e-13
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Nuclide PO P1 P5 P10 P15 Padult PadultE
56-Ba-137m 3.16e-14 3.08e-14 2.93e-14 2.73e-14 2.58e-14 2.55e-14 2.68e-14
56-Ba-139 2.25e-15 2.21e-15 2.05e-15 1.98e-15 1.77e-15 1.77e-15 1.90e-15
56-Ba-140 9.40e-15 9.14e-15 8.66e-15 7.99e-15 7.59¢-15 7.45e-15 7.85e-15
57-La-140 1.28e-13 ].256«13 1.19e-13 1.13e-13 1.06e-13 1.05e-13 1.10e-13
57-La-141 1.48e-15 1.44e-15 1.38e-15 1.32e-15 1.23e-15 1.22e-15 1.28e-15
57-La-142 1.36e-13 1.32e-13 1.26e-13 1.20e-13 1.14e-13 1.12e-13 1.18e-13
58-Ce-141 3.66e-15 3.59¢-15 3.28e-15 3.19e-15 2.7%-15 2.79¢e-15 3.04e-15
58-Ce-143 1.40e-14 1.36e-14 1.27e-14 1.17e-14 1.12e-14 1.10e-14 1.14e-14
59-Pr-145 1.02e-15 9.92e-16 9.48e-16 8.93e-16 8.35e-16 8.29e-16 8.67e-14
60-Nd-147 6.82e-15 6.62¢-15 6.20e-15 5.73e-15 5.32e-15 5.23e-15 5.56e-15
61-Pm-148m 1.05e-13 1.03e-13 9.76e-14 9.08e-14 8.6le-14 8.49e-14 8.92¢e-14
61-Pm-148 3.16e-14 3.08e-14 2.95e-14 2.79e-14 2.6le-14 2.5%-14 2.71e-14
61-Pm-149 6.20e-16 6.04e-16 5.72e-16 5.28e-16 5.01e-16 4.92e-16 5.18e-16
61-Pm-151 1.69¢-14 1.65e-14 1.56e-14 1.45¢e-14 1.37e-14 1.35e-14 1.42e-14
63-Eu-52m 1.62e-14 1.58e-14 1.49¢e-14 1.42e-14 1.32e-14 1.31e-14 1.38e-14
63-Eu-152 6.24e-14 6.09e-14 5.82e-14 5.51e-14 5.12e-14 5.10e-14 531e-14
63-Eu-154 6.05e-14 5.90e-14 5.65e-14 5.36e-14 4.98e-14 4.96e-14 5.17e-14
63-Eu-155 2.73e-15 2.67e-15 2.44e-15 2.28e-15 1.98e-15 1.97e-15 2.16e-15
63-Eu-156 6.83e-14 6.65¢e-14 6.37e-14 6.05e-14 5.66e-14 5.62e-14 5.8%-14
72-Hf-181 2.76e-14 2.68e-14 2.53e-14 2.34e-14 2.21e-14 2.17e-14 2.30e-14
73-Ta-182 6.93e-14 6.77e-14 6.49e-14 6.18¢e-14 5.75e-14 5.72e-14 5.95¢-14
74-W-187 2.35e-14 2.29¢-14 2.17e-14 2.02e-14 1.90e-14 1.88e-14 1.98e-14
81-T1-208 1.89¢-13 1.87e-13 1.79¢-13 1.70e-13 1.61le-14 1.58e-13 1.67e-13
82-Pb-210 8.27e-17 7.80e-17 6.60e-17 6.04e-17 4.90e-17 4.68e-17 4.86e-17
82-Pb-212 7.21e-15 7.03e-15 6.61e-15 6.10e-15 5.69¢e-15 5.61e-15 5.95e-15
82-Pb-214 1.30e-14 1.27e-14 1.20e-14 1.10e-14 1.04e-14 1.02e-14 1.08e-14
83-Bi-212 5.56e-15 5.42e-15 5.18e-15 4.89¢-15 4.64e-15 4.61e-15 4.71e-15
83-Bi-214 8.27e-14 8.06e-14 7.70e-14 7.32e-14 6.86e-14 6.80e-14 7.12e-14
88-Ra-224 5.28e-16 5.17e-16 4.88e-16 4.50e-16 4.25e-16 4.19¢e-16 4.41e-16
88-Ra-226 3.67e-16 3.60e-16 3.36e-16 3.18e-16 2.90e-16 2.89¢-16 3.08e-16
89-Ac-228 4.64e-14 4.52e-14 433e-14 4.09¢e-14 3.82e-14 3.80e-14 3.96e-14
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Nuclide PO Pl P35 P10 P15 Padult | PadultE
90-Th-228 1.05e-16 1.02e-16 9.38e-17 8.76e-17 7.70e-17 7.64e-17 8.28e-17
90-Th-231 6.02e-16 5.78e-16 5.24e-16 4.84e-16 4.09e-16 4.08e-16 4.45e-16
90-Th-232 1.36e-17 1.24e-17 1.10e-17 1.01e-17 7.71e-18 7.47e-18 8.0le-18
90-Th-234 4.10e-16 4.00e-16 3.67e-16 3.40e-16 2.95¢e-16 2.94e-16 3.22e-16
91-Pa-233 1.10e-14 1.07e-14 1.00e-14 9.26e-15 8.6%¢e-15 8.54e-15 9.08e-15
92-U-232 2.30e-17 2.06e-17 1.82e-17 1.55e-17 1.20e-17 1.15e-17 1.25e-17
92-U-234 1.41e-17 1.26e-17 1.09e-17 9.89%¢e-18 6.93e-18 6.63e-18 7.12e-18
92-U-235 8.07e-15 7.90e-15 7.38e-15 7.01e-15 6.37e-15 6.35e-15 6.78e-15
92-U-236 9.66¢e-18 8.23e-18 7.00e-18 6.31e-18 3.95e-18 3.69¢-18 3.91e-18
92-U-237 6.37e-15 6.22e-15 5.78e-15 5.37e-15 4.90e-15 4.81e-15 5.18e-15
92-U-238 7.42e-18 6.28e-18 531e-18 4.78e-18 2.92e-18 2.70e-18 2.87e-18
93-Np-237 1.11e-15 1.06e-15 9.77e-16 9.11e-16 7.83e-16 7.76e-16 8.53e-16
93-Np-238 3.46e-14 3.37e-14 3.23e-14 3.07e-14 2.86e-14 2.85e-14 2.97e-14
93-Np-239 8.98e-15 8.80e-15 8.20e-15 7.66e-15 6.99¢-15 6.91e-15 7.43e-15"
94-Pu-236 1.21e-17 1.01e-18 8.56e-18 7.53e-18 4.47e-18 4.11e-18 4.42e-18
94-Pu-238 1.04e-17 8.60e-18 6.97e-18 6.37e-08 3.60e-18 3.27e-18 3.53e-18
94-Pu-239 6.76e-18 5.94e-18 5.20e-18 4.65¢-18 3.32e-18 3.16e-18 3.38e-18
94-Pu-240 9.94e-18 8.25¢-18 6.95e-18 6.10e-18 3.50e-18 3.20e-18 3.44e-18
94-Pu-242 8.33e-18 6.92e-18 5.84e-18 5.13e-18 2.96e-18 2.71e-18 2.96e-18
95-Am-241 9.45e-16 9.13e-16 8.23e-16 7.34e-16 6.38e-16 6.31e-16 6.70e-16
95-Am-242m 3.96e-17 3.44e-17 2.95e-17 2.60e-17 1.76e-17 1.65e-17 1.80e-17
95-Am-242 6.56e-16 6.38e-16 5.86e-16 5.56e-16 4.78e-16 4.77e-16 5.25e-16
95-Am-243 2.45e-15 2.38e-15 2.19e-15 2.00e-15 1.75e-15 1.74e-15 1.90e-15
96-Cm-242 1.11e-17 1.02e-17 8.66e-18 6.71e-18 3.88e-18 3.52e-18 3.82e-18
96-Cm-243 5.94e-15 5.80e-15 5.42e-15 5.06e-15 4.62e-15 4.57e-15 491e-15
96-Cm-244 9.43e-18 7.82e-18 6.58e-18 5.70e-18 3.28e-18 2.96e-18 3.23e-18
96-Cm-245 4.74e-15 4.64e-15 4.28e-15 4.08e-15 3.57e-15 3.57e-15 3.92e-15
96-Cm-247 1.65e-14 1.60e-14 1.52e-14 1.39¢-14 1.33e-14 1.30e-14 1.37e-14
96-Cm-248 6.88e-18 5.71e-18 4.81e-18 4.16e-18 2.39e-18 2.17e-18 2.36e-18
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