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In a criticality accident, a person near fissile material can receive extremely high dose which can cause
acute health effect. For such a case, medical treatment should be carried out for the exposed person,
according to severity of the exposure. Then, radiation dose should be rapidly assessed soon after an
outbreak of an accident. Dose assessment based upon the quantity of induced **Na in human body through
neutron exposure is expected as one of useful dosimetry techniques in a criticality accident. A dose
assessment program, called RADAPAS (RApid Dose Assessment Program from Activated Sodium in
Criticality Accidents), was therefore developed to assess rapidly radiation dose to exposed persons from
activity of induced **Na. RADAPAS consists of two parts; one is a database part and the other is a part for
execution of dose calculation. The database contains data compendiums of energy spectra and dose
conversion coefficients from specific activity of **Na induced in human body, which had been derived in a
previous analysis using Monte Carlo calculation code. Information for criticality configuration or
characteristics of radiation in the accident field is to be interactively given with interface displays in the
dose calculation. RADAPAS can rapidly derive radiation dose to the exposed person from the given
information and measured **Na specific activity by using the conversion coefficient in database.

This report describes data for dose conversions and dose calculation in RADAPAS and explains how to

use the program.

Keywords: Dose Assessment System, RADAPAS, Activated Sodium (Sodium-24), Criticality Accident,
Energy Spectrum, Radiation Dose, Neutron, Gamma-ray, Specific Activity of **Na
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1. Introduction

Most of past criticality accidents had occurred at nuclear fuel processing facilities during 1950s to
1960s ". The possibility of a criticality accident has become little in recent years, because technical devices
and procedure manuals have been modified to prevent uncontrolled excursions in fissile material. A
criticality accident, however, occurred in a Russian nuclear facility (Sarov) in 1997 . Following in 1999,
unapproved procedures in processing nuclear fuel brought about the first criticality accident in Japan
(Tokai-mura) 3 The workers near the fissile material received fatal radiation dose in the recent two
accidents ?**¥. In such a case of severe exposure, information about radiation dose to an exposed person is
necessary for judgment of the medical treatment *">*®. Thus, managements for dosimetry in a criticality
accident should be prepared to operate facilities for nuclear fuel processing or reprocessing by means of
precautions. The International Atomic Energy Agency (IAEA) recommends a dosimetry technique for
criticality accidents using several kinds of activated foils . In addition, a system using dosimeters is being
developed to estimate high radiation doses from neutron and gamma-rays *.

Radiation dose to human body can be assessed by utilizing biological material, such as chromosome
and blood, if persons are exposed to large amount of radiation. Dose assessments with analyses of

chromosome structural aberration in human lymphocytes were applied to some past radiation accidents K

10-10 Egpecially, dicentrics rarely occur in non-irradiation people '? and the observation of dicentric is not
too difficult because of its peculiar formation. Then, correlations between the frequency of dicentric and
dose are studied for different types of radiation in many laboratories '?. The magnitude of exposure can be
assumed from depletion kinetics of lymphocyte within 48 hours after a severe radiation accident 56.13)
This technique can be carried out with a procedure of usual blood test in a medial facility. In addition,
radiation dose was assessed from the activity of **Na induced in human body element through neutron
exposure in past criticality accidents ?* *" ' The half life (T;,=14.96 hours) and energies of emitted
gamma-rays (1.37MeV and 2.74MeV) of **Na have advantageous conditions in quantification of activity
by gamma-rays spectrometry. On the other hand, the quantitative relation between the activity of induced
*Na and radiation dose to human body significantly depends on energy distribution of neutrons in the
accident field. This method alone therefore had been regarded as applicable to screening heavily exposed
persons . Thus, a previous analysis '® using Monte Carlo calculation code MCNP '” had clarified
conversions from **Na specific activity in human body tissue to radiation dose for hypothesized accidents
of criticality accident. The clarified conversions can evaluate radiation dose to exposed persons within
certain uncertainty from *Na specific activity based upon information of the criticality configuration.

From the background in above, a program called RADAPAS (RApid Dose Assessment Program from
Activated Sodium in Criticality Accidents), was developed to assess rapidly radiation dose to exposed
persons from activity of induced **Na. RADAPAS involves database of energy spectra and coefficients for
dose conversion from quantity of induced **Na, which had been derived in the previous analysis '. A user
can set the criticality configuration and energy characteristics by a dialogue method with interface displays.
Radiation dose to human body can be rapidly calculated from measured **Na specific activity by the set
resources and the conversion coefficients in the database. This report also explains how to use the program,
RADAPAS.
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2. Overview of RADAPAS

RADAPAS is available for personnel computers running the Windows-XP operation system. Any
complicated procedures are not required to carry out dose calculation. RADAPAS consists of two parts.
One of them is a database, which contains compendiums of energy spectra and dose conversion coefficients.
The other part has execution files for dose calculation from specific activity of induced **Na.

The section 2.1 and 2.2 describe the database and the dose calculation in RADAPAS, respectively.

2.1 Incorporated data in RADAPAS

Dose conversion from activity of **Na induced in human body requires information about energy
distribution of incident neutrons. It had been stated that configuration of nuclear fuel and its surroundings
affect energy spectrum and mixture characteristics of neutrons and gamma-rays in the accident field”. Thus
the previous analysis '® had offered data for energy distribution of neutrons and gamma-rays escaping from
the prospective configurations in facilities of nuclear fuel processing or reprocessing. Dose conversion
coefficients from quantity of induced **Na had been derived in the simulations, where a whole body had
been assumed to receive uniform exposure with each calculated energy distribution. These data were
incorporated as databases in RADAPAS. In addition, an energy spectrum can be assessed by other
calculation with the information of an accident field or a measurement with the dosimetric systems
recommended by IAEA ”. Thus conversion coefficients for mono-energetic radiations are also prepared to
utilize such energy spectrum with arbitrary energy bin.

A gamma-ray spectrometry is to be performed for blood sample with a Ge semi-conductor detector to
measure the activity of *Na induced in body tissue ¥. Otherwise, a whole body counter is to be applied to
measure the induced **Na activity. RADAPAS therefore prepares data for dose conversion from specific
activity of **Na averaged over soft tissue of a whole body or over a whole body. As incident direction of
radiations to human body also affects the dose conversion from **Na specific activity ' '®, RADAPAS
involves dose conversion coefficients for frontal or lateral irradiation geometries.

The data in RADAPAS can give radiation doses to whole body, bone marrow over whole body and
lung tissue. Since acute health effect should be considered in high dose exposure, the unit of conversion
coefficient is absorbed dose per **Na specific activity, Gy/(**Na-Bq/**Na-g). Doses from external neutrons
and gamma-rays are separately given. Two dose components are separately calculated for the neutron
exposure here. One is the dose from gamma-rays emitted through capture reaction of thermalized neutrons
by elements of human body elements (‘2nd gamma dose’) and the other is dose due to energy deposition by
other charged particles (‘Neutron dose’)'®. The dose due to gamma ray exposure is called as ‘Gamma-ray
dose’ in RADAPAS.

Appendix A lists conversion coefficients from **Na specific activity to whole body dose.

2.2 Dose calculation in RADAPAS

Energy spectrum in the accident field should be firstly determined in dose calculation with
RADAPAS. Following, radiation doses are calculated based upon the energy spectrum from the measured
**Na specific activity. A user can select the two methods to carry out dose calculation as below.

The manuals for dose calculation are described in Appendix B (in English) and in Appendix C (in



JAEA-Data/Code 2006-019

Japanese) in detail.

2.2.1 Dose calculation based upon the information for the criticality configuration in an accident

This method is to be applied to the case, where the criticality configuration is informed after an
accident. In RADAPAS, dose calculation can be performed with the incorporated data for the configuration
in Table 1, which are supposed as accident conditions in nuclear fuel processing or reprocessing facilities.
The criticality system closest to the accident condition should be selected from Table 1 by a dialogue
method with the display in Fig.1. The energy spectra and dose conversion coefficients are automatically
selected from the incorporated database, according to the interactively defined condition. The selected
energy spectra can be seen as a graphic format. Radiation dose to exposed persons can be calculated by
multiplying the measured **Na specific activity by the selected coefficients in RADAPAS. If a user obtains
information for a condition of irradiation geometry and the method of gamma-rays spectrometry for **Na
activity measurement, these resources should be defined to utilize appropriate dose conversion coefficients
in RADAPAS. The utilized conversion coefficient and calculated doses can be saved as a table in the Excel

file. The ratio of neutron dose to gamma-rays can be also confirmed with a graphic format.

2.2.2 Dose calculation with the energy spectrum analyzed after an accident

It can be considered that energy distribution of radiations is analyzed for an accident field by the
radiation transport calculation with more information. The dosimetry system recommended by IAEA can
assume neutron energy spectrum by measurement using various kinds of activated foils 7. As described in
section 2.1, energy spectra in RADAPAS had been ideal conditions, where contribution of radiations
scattered at room walls had not been taken into account '®. Thus, the energy spectrum obtained with a
certain calculation or a measurement is preferable to be applied to dose calculation from **Na specific
activity. In RADAPAS, energy spectrum can be set with the display in Fig.2 by referring to the estimated
spectrum. The dose conversion coefficient for each energy bin is calculated by interpolation of the data for
mono-energetic neutron exposure using a 4-point Lagrangian formula on a log-log scale.

Activation of sodium in human body cannot directly relate to gamma-ray exposure. Thus, the
gamma-ray dose can be assumed from the quantity of induced **Na only in the case, where a user can get
information about the ratio of fluence of gamma rays to that of neutrons and the energy spectrum for
gamma-rays and in an accident field. If these two resources are informed, the gamma-ray dose can be
calculated with conversion coefficients from unit fluence to radiation dose for mono-energetic photon

exposure and neutron dose in RADAPAS.

3. Availability of RADAPAS

In some past criticality accidents, radiation doses to heavily exposed persons were assessed from
activated sodium through neutron exposure. Among the dose assessments in the past accidents, the National
Institute on Radiological Sciences (NIRS) reported the dose conversion from the measured **Na specific
activity for heavily exposed persons in the first criticality accident in Japan in detail »_ Thus, to check its
availability, RADAPAS was applied to neutron dose assessment for the heavily exposed persons. The used

dose conversion coefficients and result were compared with those in the initial dose estimation soon after
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the accident, which had been carried out by NIRS .

In the dose assessment by NIRS, a neutron energy spectrum was calculated with consideration of
structure of the uranium solution fuel and the stainless-steel container by the ANISN code *. Specific
activity of induced **Na per unit neutron fluence for the energy spectrum was derived from the capture
probability of human body, which had been calculated by using a BOMAM-type phantom ¥ by the Oak
Ridge National Laboratory '"®. The irradiation geometry was assumed as uniform exposure from the frontal
side for the first approximation in an emergency case, although NIRS recognized heterogeneous exposure
of the exposed persons *. Organ doses per unit fluence were derived with the dose conversion coefficients
in ICRP Publication 74 ). After that, radiation dose over a whole body was assessed by averaging the dose
for each tissue weighted by the mass of individual tissue » Thus, NIRS derived the conversion coefficient
of radiation dose to the whole body from neutron exposure as 6.6x10” (Gy/(**Na-Bq/**Na-g))* . The ratio
of dose from gamma-ray exposure to dose from neutron was assessed from the radiation monitoring in the
emergency management *. The IAEA technical report " shows the ratio of neutron to gamma-ray in air
kerma as a graphic style for nuclear solution fuel with various sizes. The data reported by IAEA was also
utilized in the dose assessment by NIRS *. The former method and the latter method had given the
conversion coefficients of 1.03x10* (Gy/(**Na-Bq/*Na-g)) and 1.59x10™* (Gy/(**Na-Bg/**Na-g)) for
radiation dose from external gamma-rays, respectively *.

In RADAPAS, the closest criticality system to the accident should be firstly selected from the
configurations in Table 1. A dose conversion coefficient from **Na specific activity is automatically
selected, according to the selected system. A criticality configuration with the solution fuel (r=23.8cm) and
the stainless-steel container (t=3mm) was selected from Table 1 . The conversion coefficients for the
‘neutron dose’ and the 2"-gamma-ray dose’ are 6.23x10° (Gy/(*'Na-Bg/**Na-g)) and 1.26x107
(Gy/(*Na-Bg/**Na-g)) for the configuration, respectively. Thus, the sum of dose conversions for external
neutron exposure is 7.49x107” (Gy/(**Na-Bq/**Na-g)) for the selected configuration. This value agrees with
the coefficients given by NIRS soon after the accident within 15 %. The difference is due to the energy
spectrum and interpolation method in the dose conversion from quantity of **Na. The conversion
coefficient for the ‘gamma-ray dose’ is 1.04 X 10*(Gy/(**Na-Bq/*’Na-g)). This is very close to the value
given by NIRS, which had been derived based upon the radiation monitoring results.

In addition, the radiation doses to heavily exposed persons were analyzed with a computational
method using radiation transport codes in detail *”. The calculation used the source and human models,
which had been determined with a mock-up facility for the accident condition. The quantitative relation
between **Na specific activity and radiation dose calculated in the numerical analysis agreed well with the
conversion coefficients in database of RADAPAS. This result suggests that RADAPAS can give radiation
dose for heterogeneous exposure near a criticality configuration.

The incorporated data in RADAPAS are based upon the analyses, which had been performed for
hypothesized conditions without consideration for scattered radiations from room walls. Thus, an actual
accident field can give a different quantitative relation between induced **Na activity and radiation dose to
human body from the data in RADAPAS. The application of the dose conversion coefficient in RADAPAS
to a realistic accident field had been verified with an experiment at the Transient Experiment Critical

Facility (TRACY) in the Japan Atomic Energy Agency (JAEA)?". The experiment is described in the
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reference 21) in detail.

Sodium chorine (NaCl) solution contained in a water slab phantom had been exposed to neutrons
from the TRACY core tank. Neutron doses were derived from the specific activity of **Na induced in the
NaCl solution with the method in section 2.1. The structure of TRACY core tank was taken into account to
select the criticality system. Neutron dose was calculated as 8.5 Gy based upon the specific activity of *Na
induced in the irradiated NaCl solution with RADAPAS. The using dosimeter system® and calculation*"
gave neutron dose between 6.2 Gy and 7.2 Gy, respectively. The difference of neutron dose was about 30 %
between RADAPAS and the other methods. IAEA presents acceptable uncertainty of 50% for an initial
dose assessment within 48 hours after the occurrence of a criticality accident ”. Then, it can be assumed

that RADAPAS is applicable to rapid dose assessment in the initial stage after a criticality accident.

4. Conclusions

RADAPAS can rapidly calculate radiation doses to exposed persons from specific activity of **Na
induced in their bodies in criticality accidents. The dose calculation can be carried out with information for
a criticality configuration or radiation characteristic in an accident field. Any complicated procedures are
not required in the dose calculation. The availability of RADAPAS was verified by the comparison of the
radiation dose of the heavily exposed persons in the first criticality accident in Japan with the values, which
had been given by NIRS soon after the accident. An experiment in TRACY clarified that RADAPAS is
applicable to dose assessment in a realistic accident field. Then, it can be concluded here that RADAPAS
can rapidly give useful information of radiation dose medical staff to determine effective treatments in the

initial stage soon after an outbreak of a criticality accident.
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Table 1 Supposed criticality configurations in RADAPAS

Material of fuel Metal Solution in a 3mm thickness stainless-steel container
Radius of solution
Surrounding fuel (cm) 174 | 186 | 202 | 238 | 300 | 424 | 500
and its thickness (cm
None O O O O O O O O
Concrete 10 O O O O O O O O
20 O O O O O O O O
30 O O O O O O O O
40 O O O O O O O O
50 O O O O O O O O
Heavy-type 10 O O O O O O O O
Concrete 20 O O O O O O O O
30 O O O O O O O O
50 O O O O O O O O
Iron 5 O O O O O O O O
10 O O O O O O O O
20 O O O O O O O O
30 O O O O O
50 O O O O O
Lead 5 O O O O O O O O
10 O O O O O O O O
20 O O O O O
50 O O O O O

O: Available configurations
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= Metaldithout hydrogen materiall
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—aelect the zolution radius
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42 4cm " Blcm

Setup | Cancel

Fig.1 Display for definition of criticality configuration in RADAPAS

Meutron enerey spectrum lGam ma-ray/ Neutron

MNumber of energy bin
] |
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1 J22A1E-07 & 1 Q1358E-02 &
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g 1.0677E-05 g Q2R E-03
a 1.7603E-05 3 21838E-03
10 29023E-05 10 21543E-03
1 4 7850E-05 1 QA46Z4E-03
Setlp Gancel

Fig.2 Display for definition of arbitrary neutron energy spectrum



JAEA-Data/Code 2006-019

Appendix-A Conversion coefficients from specific activity of *Na induced in human body to

radiation dose averaged over a whole body

RADAPAS involves conversion coefficients from **Na specific activity to radiation dose to human
body. Dose calculation is carried out with the coefficients in RADAPAS. Among them, conversion
coefficients for radiation dose over a whole body are listed in tables in Appendix-A. The coefficients
involved in RADAPAS are derived with analyses, where a whole body is uniformly exposed, as described
in the text of Section 2.1. However, the presented numerical values are available to judge severity of
exposure in the initial stage soon after accident.

The data in column A) are preferable to dose calculation based upon **Na specific activity measured
by gamma-ray spectrometry of a blood sample. On the other hand, the data in column B) are preferable to
dose calculation based upon **Na specific activity measured by a whole body counter. The data for frontal
irradiation geometry can be also applied to the irradiation from the back side of body. The ‘2™ gamma-ray
dose’ is due to energy deposition by gamma-rays induced through neutron capture reaction of elements in
human body. The ‘Neutron dose’ is radiation dose by energy deposition of other charged particles in
neutron exposure. Only the ‘Gamma-ray dose’ relates to gamma-ray exposure in criticality accidents.

In RADAPAS, the conversion coefficients are automatically selected in dose calculation, if a user
selects the flowchart depicted in Fig.B-5 or Fig.C-5.
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Table A-1 Fissile material without any surroundings (Unit: Gy(**Na-Bq/*’Na-g))

A) **Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation

a) Metallic fuel

Neutron dose 8.504x10” 1.092x10™ 8.436x10” 1.057x10™

2" gamma-ray dose 1.299%107 1.295%107 1.288%107 1.254x107

Gamma-ray dose 8.091x10°° 1.370x107 8.027x10°° 1.327x107
b) Solution fuel (=17.4cm)”

Neutron dose 6.624x10” 8.691x107 6.624x107 8.419x107

2" gamma-ray dose 1.264x107 1.264x107 1.264x107 1.255%107

Gamma-ray dose 6.319x10” 1.090x10™ 6.319x10” 1.056x10™
¢) Solution fuel (=18.6cm) "

Neutron dose 6.503x10” 8.555%107 6.515%10” 8.290x10”

2" gamma-ray dose 1.261x107 1.257x107 1.264x107 1.218x107

Gamma-ray dose 8.083x10” 1.392x10™ 8.098x10” 1.348x10™
d) Solution fuel (r=20.2cm) *

Neutron dose 6.367x10” 8.419x107 6.295x10” 8.455x10”

2" gamma-ray dose 1.251x107 1.251x107 1.237x107 1.256x107

Gamma-ray dose 9.342x107 1.612x10™ 9.236x107 1.619x10™
¢) Solution fuel (=23.8cm) "

Neutron dose 6.232x10” 8.230x107 6.232x10° 7.950x10”

2" gamma-ray dose 1.256x107 1.241x107 1.256x107 1.199%107

Gamma-ray dose 1.040x10™ 1.796x10™ 1.040x10™ 1.735x10™
f) Solution fuel (r=30.0cm) "

Neutron dose 6.121x10” 8.110x107 6.155%10” 7.864x107

2" gamma-ray dose 1.248x107 1.246x107 1.255%107 1.208x107

Gamma-ray dose 1.196x10™ 2.072x10™* 1.202x10™ 2.009x10™
g) Solution fuel (r=42.4cm)

Neutron dose 6.049x10” 8.015x107 6.094x10” 7.776x10”

2" gamma-ray dose 1.241x107 1.236x107 1.250x107 1.199%107

Gamma-ray dose 1.458x10™ 2.530x10™ 1.469x10™ 2.454x10™
h) Solution fuel (r=50.0cm) *

Neutron dose 6.022x10” 7.975%10” 6.068x10” 7.732x10°

2" gamma-ray dose 1.237x107 1.238x107 1.246x107 1.201x107

Gamma-ray dose 1.584x10™ 2.794x10™ 1.595x10™ 2.665x10™

in a 3mm thickness stainless-steel container
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Table A-2  Fissile material with 10cm thickness concrete (Unit: Gy(24Na—Bq/23Na—g))
A) **Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation

a) Metallic fuel

Neutron dose 4.521x10” 6.042x107 4.563x10” 5.850x107

2" gamma-ray dose 1.226x107 1.225%107 1.238x107 1.186x107

Gamma-ray dose 8.969x10° 1.606x10° 9.052x10° 1.555x10°
b) Solution fuel (=17.4cm)”

Neutron dose 4.015x10” 5.415x107 4.078x10” 5.245x107

2™ gamma-ray dose 1.200x107 1.194x107 1.218x107 1.157x107

Gamma-ray dose 4.562x107 8.067x107 4.634x107 7.814x107
¢) Solution fuel (r=18.6cm) ’

Neutron dose 4.008x10” 5.362x107 4.074x10” 5.198x107

2" gamma-ray dose 1.190x107 1.184x107 1.210x107 1.148x107

Gamma-ray dose 5.741x107 1.014x10™ 5.835x107 9.829x107
d) Solution fuel (r=20.2cm)

Neutron dose 3.944x107 5.332x107 4.011x107 5.166x107

2" gamma-ray dose 1.194x107 1.190x107 1.214x107 1.153%107

Gamma-ray dose 6.500%107 1.148x10™ 6.612x107 1.112x10™
e) Solution fuel (r=23.8cm) )

Neutron dose 3.944x107 5.336x107 4.014x10” 5.171x107

2" gamma-ray dose 1.191x107 1.194x107 1.212x107 1.157x107

Gamma-ray dose 7.406%107 1.309x10™ 7.536x107 1.268x10™
f) Solution fuel (r=30.0cm) :

Neutron dose 3.937x107 5.328x107 4311x107 5.164x107

2™ gamma-ray dose 1.195%107 1.195%107 1.309%107 1.158x107

Gamma-ray dose 8.560%107 1.513x10™ 9.373x107 1.466x10™
g) Solution fuel (r=42.4cm) :

Neutron dose 3.940x107 5.345x107 4.016x10” 5.182x107

2™ gamma-ray dose 1.192x107 1.185%107 1.215%107 1.148x107

Gamma-ray dose 1.043x10™ 1.847x10™ 1.064x10™ 1.791x10™
h) Solution fuel (r=50.0cm) *

Neutron dose 3.953x107 5.360x107 4.027x10” 5.196x107

2" gamma-ray dose 1.192x107 1.185%107 1.214x107 1.148x107

Gamma-ray dose 1.115x10™ 1.975x10™ 1.136x10™ 1.914x10™

in a 3mm thickness stainless-steel container
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Table A-3 Fissile material with 20cm thickness concrete (Unit: Gy(24Na—Bq/23Na—g))

A) *Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation

a) Metallic fuel

Neutron dose 3.129x10” 4262x107 3.202x107 4.134x10”

2" gamma-ray dose 1.172x107 1.173%107 1.199%107 1.137x107

Gamma-ray dose 2.229x107 4.119%107 2.281x107 3.995x107
b) Solution fuel (=17.4cm)”

Neutron dose 3.084x10” 4207107 3.168x10° 4.083x107

2" gamma-ray dose 1.159x10” 1.161x10° 1.190x10° 1.126x10°

Gamma-ray dose 5.647x10” 1.027x10™ 5.800x10” 9.969x10”
¢) Solution fuel (=18.6cm)”

Neutron dose 3.069x10” 4.191x107 3.153%10° 4.068%10”

2" gamma-ray dose 1.160x107 1.160x107 1.192x107 1.126x107

Gamma-ray dose 6.653%10” 1.201x10™ 6.836x10° 1.166x10™
d) Solution fuel (r=20.2cm) *

Neutron dose 3.041x10” 4.155x107 3.125%107 4.032x10”

2" gamma-ray dose 1.156x107 1.162x107 1.188x107 1.128x107

Gamma-ray dose 7.295%10” 1.316x10™ 7.498x10° 1.277x10™
e) Solution fuel (=23.8cm)”

Neutron dose 3.069x10” 4.189x107 3.155%10° 4.066x107

2" gamma-ray dose 1.156x107 1.164x107 1.189x107 1.129%107

Gamma-ray dose 8.089x10” 1.460x10™ 8.317x107 1.417x10™
f) Solution fuel (=30.0cm)”

Neutron dose 3.077x10” 4.209x107 3.165%10° 4.085x107

2" gamma-ray dose 1.164x107 1.165%107 1.197x107 1.131x107

Gamma-ray dose 9.179x107 1.662x10™ 9.441x10™ 1.613x10™
g) Solution fuel (r=42.4cm)

Neutron dose 3.116x107 4.255x10” 3.204x107 4.131x107

2" gamma-ray dose 1.160x107 1.166x107 1.191x107 1.132x107

Gamma-ray dose 1.090x10™ 1.963x10™ 1.121x10™ 1.906x10™
h) Solution fuel (r=50.0cm) "

Neutron dose 3.154x10” 4306x10” 3.245x107 4.181x107

2" gamma-ray dose 1.159%107 1.164x107 1.193%107 1.130x107

Gamma-ray dose 1.162x10™ 2.096x10™ 1.195x10™ 2.035x10™

in a 3mm thickness stainless-steel container
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Table A-4  Fissile material with 30cm thickness concrete (Unit: Gy(24Na—Bq/23Na—g))
A) **Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation

a) Metallic fuel

Neutron dose 2.601x10° 3.564x10” 2.683x10” 3.461x107

2" gamma-ray dose 1.144x107 1.149%107 1.180x107 1.115x10°

Gamma-ray dose 4.012x107 7.482x107 4.138x10” 7.264x107
b) Solution fuel (=17.4cm) "

Neutron dose 2.679%10° 3.679x10” 2.766x10” 3.575%10°

2" gamma-ray dose 1.142x107 1.142x107 1.180x107 1.110x10”

Gamma-ray dose 7.472x107 1.374x10™* 7.715%107 1.335%10™
¢) Solution fuel (=18.6cm) "

Neutron dose 2.694x10° 3.696x10” 2.782x10° 3.590x10°

2" gamma-ray dose 1.137x107 1.143%x107 1.174x107 1.110x10”

Gamma-ray dose 8.995x10” 1.659x10™ 9.289x10” 1.612x10™
d) Solution fuel (r=20.2cm) "

Neutron dose 2.674x10° 3.674x10” 2.803x10” 3.608x10°

2" gamma-ray dose 1.137x107 1.145%107 1.191x107 1.125%107

Gamma-ray dose 9.139x10” 1.678x10™ 9.580x10” 1.648x10™
e) Solution fuel (=23.8cm)”

Neutron dose 2.698x10° 3.704x10” 2.789x10” 3.597x10°

2" gamma-ray dose 1.139%107 1.145%107 1.177x107 1.112x10°

Gamma-ray dose 9.951x107 1.821x10™ 1.028x10™ 1.768x10™
f) Solution fuel (r=30.0cm) "

Neutron dose 2.712x10° 3.733x10” 2.803x10” 3.627x10°

2" gamma-ray dose 1.139%107 1.145%107 1.177x107 1.113x10°

Gamma-ray dose 8.499x10” 1.557x10™ 8.782x10° 1.513x10™
g) Solution fuel (r=42.4cm) "

Neutron dose 2.743%x10° 3.783%10” 2.835x10” 3.675x10°

2" gamma-ray dose 1.141x107 1.147x107 1.179%107 1.114x10°

Gamma-ray dose 1.273x10™ 2.325%10™ 1.316x10™ 2.259x10™
h) Solution fuel (r=50.0cm) *

Neutron dose 2.744x10° 3.765%x10” 2.836x10” 3.658x10°

2" gamma-ray dose 1.141x107 1.146x107 1.179%107 1.113x10°

Gamma-ray dose 1.352x10™ 2.467x10™ 1.397x10™ 2.397x10™

in a 3mm thickness stainless-steel container
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Table A-5 Fissile material with 40cm thickness concrete (Unit: Gy(Z“Na—Bq/23 Na-g))

A) **Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation

a) Metallic fuel

Neutron dose 2.351x107 3.223x107 2.435x107 3.134x107

2™ gamma-ray dose 1.132x10° 1.139x10° 1.173x10° 1.108x107

Gamma-ray dose 6.212x107 1.160x10™ 6.433x107 1.128x10™
b) Solution fuel (r=17.4cm) "

Neutron dose 2.444x107 3.365%107 2.533x107 3.270x107

2™ gamma-ray dose 1.129x10° 1.127x10° 1.170x10° 1.095x10°

Gamma-ray dose 9.774x107 1.815x10™ 1.013x10™ 1.763x10™
¢) Solution fuel (r=18.6cm) "

Neutron dose 2.492x107 3.426x107 2.581x107 3.330x107

2™ gamma-ray dose 1.130x10° 1.127x10° 1.170x10° 1.095x10°

Gamma-ray dose 1.086x10™ 2.006x10™ 1.125x10™ 1.950x10™
d) Solution fuel (r=20.2cm)

Neutron dose 2.467%107 3.398x107 2.460%107 3.302x107

2™ gamma-ray dose 1.130x10° 1.143x10° 1.127x10° 1.110x107

Gamma-ray dose 1.153x10™ 2.131x10™ 1.150x10™ 2.070x10™
¢) Solution fuel (=23.8cm) "

Neutron dose 2.483x107 3.416x107 2.572x107 3.319x107

2™ gamma-ray dose 1.125%10° 1.129x10° 1.165x10° 1.096x10°

Gamma-ray dose 1.253x10™ 2.310x10™ 1.298x10™ 2.244x10™
f) Solution fuel (r=30.0cm)”

Neutron dose 2.515%107 3.462x107 2.605%107 3.365%107

2™ gamma-ray dose 1.131x10° 1.129x10° 1.172x10° 1.097x10°

Gamma-ray dose 1.349x10™ 2.494x10™ 1.397x10™ 2.424x10™
g) Solution fuel (r=42.4cm)

Neutron dose 2.552x107 3.519x107 2.651x107 3.421x107

2™ gamma-ray dose 1.133x10° 1.143x10° 1.177x10° 1.111x107

Gamma-ray dose 1.546x10™ 2.841x10™ 1.606x10™ 2.762x10™
h) Solution fuel (r=50.0cm) "

Neutron dose 2.530%107 3.489x107 2.621x107 3.393x107

2™ gamma-ray dose 1.132x10° 1.128x10° 1.172x10° 1.097x10°

Gamma-ray dose 1.594x10™ 2.938x10™ 1.651x10™ 2.858x10™

in a 3mm thickness stainless-steel container
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Table A-6  Fissile material with 50cm thickness concrete (Unit: Gy(24Na-Bq/23Na-g))
A) *Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation

a) Metallic fuel

Neutron dose 2.281x10° 3.155%10° 2.366x10° 3.066x10”

2" gamma-ray dose 1.117x107 1.122x10° 1.159x10° 1.091x10”

Gamma-ray dose 8.783x10” 1.646x10™ 9.112x107 1.600x10™
b) Solution fuel (=17.4cm)”

Neutron dose 2.348x10” 3.247x10° 2.434x107 3.156x107

2" gamma-ray dose 1.124x107 1.138x107 1.165%107 1.106x107

Gamma-ray dose 1.267x10™ 2.361x10™ 1.313x10™ 2.295x10™
¢) Solution fuel (=18.6cm) "

Neutron dose 2.320x10° 3.220x10° 2.406x10° 3.130x107

2™ gamma-ray dose 1.123%107 1.124x107 1.165%107 1.092x107

Gamma-ray dose 1.383x10™ 2.579x10™ 1.435x10™ 2.507x10™
d) Solution fuel (r=20.2cm) *

Neutron dose 2.369x10” 3.280x10° 2.458x10” 3.187x107

2" gamma-ray dose 1.124x107 1.124x107 1.167x107 1.092x107

Gamma-ray dose 1.469x10™ 2.735%10™ 1.524x10™ 2.657x10™
¢) Solution fuel (=23.8cm) "

Neutron dose 2.399x10” 3.327x10° 2.490x10° 3.233x107

2" gamma-ray dose 1.126x107 1.124x107 1.168x107 1.093%107

Gamma-ray dose 1.573x10™ 2.924x10™ 1.632x10™ 2.842x10™
f) Solution fuel (=30.0cm)”

Neutron dose 2.399x10” 3.314x10° 2.488x107 3.220%107

2" gamma-ray dose 1.126x107 1.125%107 1.167x107 1.093%107

Gamma-ray dose 1.686x10™ 3.133x10™ 1.748x10™ 3.044x10™
g) Solution fuel (r=42.4cm)

Neutron dose 2.535%10” 3.506x10” 2.630x10° 3.408x10”

2" gamma-ray dose 1.120x107 1.138x107 1.162x107 1.106x107

Gamma-ray dose 1.898x10™ 3.513x10™ 1.969x10™ 3.415%10™
h) Solution fuel (r=50.0cm) *

Neutron dose 2.460x10” 3.411x107 2.552x107 3.316x107

2" gamma-ray dose 1.126x107 1.137x107 1.168x107 1.105%107

Gamma-ray dose 1.964x10™ 3.638x10™ 2.038x10™ 3.537x10™

in a 3mm thickness stainless-steel container
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Table A-7 Fissile material with 10cm thickness heavy-type concrete (Unit: Gy(**Na-Bq/*’Na-g))

A) *Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation

a) Metallic fuel

Neutron dose 4.536x107 6.034x10” 4.550x107 5.835x10”

2" gamma-ray dose 1.243%107 1.236x107 1.246x107 1.195%107

Gamma-ray dose 1.332x107 2.446x107 1.336x107 2.365%107
b) Solution fuel (=17.4cm)”

Neutron dose 4.484x107 5.999x10” 4.514x107 5.808x10”

2" gamma-ray dose 1.235%107 1.219%107 1.243%107 1.180x107

Gamma-ray dose 4.772x107 9.092x10° 4.804x107 8.803x10”
¢) Solution fuel (=18.6cm) "

Neutron dose 4.541x107 6.072x10° 4.574x10” 5.875%10”

2" gamma-ray dose 1.231x107 1.220x107 1.240%107 1.180x107

Gamma-ray dose 5.766x10” 1.039x10™ 5.808x10” 1.005x10™
d) Solution fuel (r=20.2cm) *

Neutron dose 4.528x107 6.047x10° 4.561x107 5.853x10”

2" gamma-ray dose 1.233%107 1.220x107 1.242x107 1.181x107

Gamma-ray dose 6.488x10” 1.165x10™ 6.535%10” 1.128x10™
¢) Solution fuel (=23.8cm) "

Neutron dose 4.582x107 6.118x107 4.615x107 5.918x107

2" gamma-ray dose 1.234x107 1.221x107 1.243%107 1.181x107

Gamma-ray dose 7.345%10” 1.319x10™ 7.398x10” 1.276x10™
f) Solution fuel (r=30.0cm)”

Neutron dose 4.647x107 6.222x107 4.681x10” 6.021x107

2" gamma-ray dose 1.236x107 1.223%107 1.245%107 1.183%107

Gamma-ray dose 8.415%10” 1.512x10™ 8.476x107 1.463x10™
g) Solution fuel (r=42.4cm)

Neutron dose 4.683x107 6.281x10° 4.720x107 6.081x107

2" gamma-ray dose 1.231x107 1.224x107 1.241x107 1.185%107

Gamma-ray dose 1.015%10™ 1.818x10™ 1.023x10™ 1.760x10™
h) Solution fuel (r=50.0cm) *

Neutron dose 4.245x107 6.293x10° 4.276x107 6.092x107

2" gamma-ray dose 1.099x107 1.224x107 1.107x107 1.185%107

Gamma-ray dose 1.044x10™ 1.995x10™ 1.052x10™ 1.893x10™

in a 3mm thickness stainless-steel container
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Table A-8 Fissile material with 20cm thickness heavy-type concrete (Unit: Gy(**Na-Bq/*’Na-g))

A) *Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation

a) Metallic fuel

Neutron dose 3.591x10” 4.828x107 3.623%10° 4.667x107

2™ gamma-ray dose 1.225x10° 1.220x10° 1.236x10° 1.180x107

Gamma-ray dose 3.270x107 6.196x107 3.299x107 5.989x107
b) Solution fuel (r=17.4cm) "

Neutron dose 3.946x10” 5.309x10” 3.979x10° 5.131x10”

2™ gamma-ray dose 1.228x107 1.210x10° 1.238x10° 1.169x10”

Gamma-ray dose 6.102x107 1.136x10™ 6.153x107 1.098x10™
¢) Solution fuel (=18.6cm) "

Neutron dose 3.982x10” 5.362x10° 4.018x107 5.186x10”

2™ gamma-ray dose 1.234x10° 1.210x10° 1.245x10° 1.170x10”

Gamma-ray dose 6.868x107 1.270x10™ 6.931x107 1.228x10™
d) Solution fuel (r=20.2cm)

Neutron dose 4.023x107 5.407x10° 4.059x107 5.229x10”

2™ gamma-ray dose 1.233x10° 1.210x10° 1.234x10° 1.171x10°

Gamma-ray dose 7.314x107 1.350x10™ 7.381x107 1.306x10™
¢) Solution fuel (=23.8cm) "

Neutron dose 4.050x107 5.460x10” 4.087x107 5.279x10”

2™ gamma-ray dose 1.222x10° 1.210x10° 1.233x10° 1.170x10”

Gamma-ray dose 8.023x107 1.481x10™ 8.096x107 1.432x10™
f) Solution fuel (r=30.0cm)”

Neutron dose 4.106x107 5.529x10° 4.140x107 5.345x10”

2" gamma-ray dose 1.224x10° 1.211x107 1.235x10° 1.170x10°

Gamma-ray dose 8.806x107 1.624x10™ 8.880x107 1.570x10™
g) Solution fuel (r=42.4cm)

Neutron dose 4.174x107 5.625x10° 4.212x107 5.440x10”

2" gamma-ray dose 1.225x10° 1.225x10° 1.236x10° 1.184x10°

Gamma-ray dose 1.009x10™ 1.849x10™ 1.018x10™ 1.788x10™
h) Solution fuel (r=50.0cm) "

Neutron dose 4.297x107 5.561x10” 4.336x107 5.464x10”

2" gamma-ray dose 1.226x10° 1.224x10° 1.237x10° 1.184x10”

Gamma-ray dose 1.050x10™ 1.927x10™ 1.060x10™ 1.863x10™

in a 3mm thickness stainless-steel container
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Table A-9 Fissile material with 30cm thickness heavy-type concrete (Unit: Gy(**Na-Bq/*’Na-g))

A) **Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation

a) Metallic fuel

Neutron dose 3.327x107 4.495x10” 3.363x107 4.344x10”

2" gamma-ray dose 1.210x107 1.198x107 1.224x107 1.158x107

Gamma-ray dose 5.569x107 1.058x10™ 5.630x107 1.022x10™
b) Solution fuel (=17.4cm)”

Neutron dose 3.743x107 5.050x107 3.781x107 4.884x107

2" gamma-ray dose 1.216x107 1.212x107 1.228x107 1.172x107

Gamma-ray dose 7.844x107 1.477x10™ 7.925%107 1.429x10™
¢) Solution fuel (=18.6cm) "

Neutron dose 3.772x107 5.088x107 3.811x107 4.923x10”

2" gamma-ray dose 1.216x107 1.211x10° 1.228x107 1.172x107

Gamma-ray dose 8.461x107 1.584x10™ 8.548x107 1.533%10™
d) Solution fuel (r=20.2cm)

Neutron dose 3.789x107 5.106x107 3.828x107 4.939x10”

2" gamma-ray dose 1.217x107 1.213x107 1.230x107 1.173%107

Gamma-ray dose 8.837x107 1.652x10™ 8.928x107 1.598x10™
¢) Solution fuel (=23.8cm) "

Neutron dose 3.805x107 5.141x107 3.842x107 4.971x10”

2 gamma-ray dose 1.216x107 1.211x10° 1.228x107 1.171x107

Gamma-ray dose 9.299x107 1.736x10™ 9.389x107 1.679x10™
f) Solution fuel (r=30.0cm)”

Neutron dose 3.849x107 5.190x107 3.886x107 5.016x107

2" gamma-ray dose 1.223%107 1.210x107 1.235%107 1.170x107

Gamma-ray dose 1.001x10™ 1.869x10™ 1.011x10™ 1.806x10™
g) Solution fuel (r=42.4cm) "

Neutron dose 3.908x107 5.263x107 3.945x107 5.090x107

2" gamma-ray dose 1.218x107 1.211x10° 1.230%107 1.172x107

Gamma-ray dose 1.096x10™ 2.034x10™ 1.107x10™ 1.967x10™
h) Solution fuel (r=50.0cm) *

Neutron dose 3.993x107 5.384x107 4.032x10” 5.208x107

2" gamma-ray dose 1.221x107 1.211x10° 1.233%107 1.172x107

Gamma-ray dose 1.133x10™ 2.103x10™ 1.144x10™ 2.034x10™

in a 3mm thickness stainless-steel container
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Table A-10  Fissile material with 50cm thickness heavy-type concrete (Unit: Gy(*'Na-Bg/**Na-g))

A) **Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation

a) Metallic fuel

Neutron dose 3.367x107 4.539x10” 3.408x107 4.387x10”

2" gamma-ray dose 1.210x107 1.202x107 1.225%107 1.162x107

Gamma-ray dose 5.758x107 1.093x10™ 5.828x107 1.056x10™
b) Solution fuel (=17.4cm)”

Neutron dose 3.621x107 4.898x10” 3.658x107 4.741x107

2" gamma-ray dose 1.217x107 1.201x107 1.230x107 1.162x107

Gamma-ray dose 1.233x10™ 2.340x10™ 1.246x10™ 2.265%10™
¢) Solution fuel (r=18.6cm) )

Neutron dose 3.615x107 4.881x10” 3.655x107 4.721x10°

2" gamma-ray dose 1.211x10” 1.200x107 1.224x107 1.161x107

Gamma-ray dose 1.306x10™ 2.467x10™ 1.321x10™ 2.387x10™
d) Solution fuel (r=20.2cm)

Neutron dose 3.629x107 4.901x10” 3.669x107 4.741x107

2" gamma-ray dose 1.212x107 1.215%107 1.225%107 1.175%107

Gamma-ray dose 1.293x10™ 2.442x10™ 1.307x10™ 2.363x10™
e) Solution fuel (r=23.8cm) )

Neutron dose 3.689x107 4.988x10” 3.727x107 4.827x107

2" gamma-ray dose 1.218x107 1.200x107 1.230x107 1.161x107

Gamma-ray dose 1.355x10™ 2.553x10™ 1.369x10™ 2.471x10™
f) Solution fuel (r=30.0cm) :

Neutron dose 3.627x107 4.897x10° 3.367x107 4.736x10”

2" gamma-ray dose 1.211x10” 1.201x107 1.224x107 1.161x107

Gamma-ray dose 1.357x10™ 2.567x10™ 1.372x10™ 2.483x10™
g) Solution fuel (r=42.4cm) :

Neutron dose 3.742x107 5.068x107 3.780x107 4.900x10”

2" gamma-ray dose 1.213x107 1.203x107 1.226x107 1.153%107

Gamma-ray dose 1.493x10™ 2.814x10™ 1.508x10™ 2.721x10™
h) Solution fuel (=50.0cm) "

Neutron dose 3.922x107 5.326x107 3.965x107 5.152x107

2" gamma-ray dose 1.223%107 1.217x107 1.236x107 1.177x107

Gamma-ray dose 1.463x10™ 2.754x10™ 1.479x10™ 2.664x10™

in a 3mm thickness stainless-steel container
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Table A-11  Fissile material with Scm thickness iron (Unit: Gy(24Na-Bq/23Na—g))
A) *Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation

a) Metallic fuel

Neutron dose 6.125x10” 7.941x10° 6.078x10” 7.673x10”

2" gamma-ray dose 1.288x107 1.271x10° 1.278x107 1.228x107

Gamma-ray dose 4.273x10°° 7.207x10° 4.240x10°° 6.964x10°
b) Solution fuel (=17.4cm)”

Neutron dose 5.189x10” 6.828x10° 5.180x10” 6.596x10”

2" gamma-ray dose 1.263%107 1.274x107 1.261x107 1.230x107

Gamma-ray dose 2.432x107 4.294x107 2.428x107 4.418x107
¢) Solution fuel (=18.6cm)”

Neutron dose 5.195x10” 6.837x10° 5.186x10” 6.602x10”

2" gamma-ray dose 1.265%107 1.249%107 1.263%107 1.206x107

Gamma-ray dose 3.079x10” 5.443x10” 3.074x10° 5.256x10”
d) Solution fuel (r=20.2cm) *

Neutron dose 5.195x10” 6.822x10° 5.186x10” 6.590x10”

2" gamma-ray dose 1.266x107 1.262x107 1.264x107 1.219%107

Gamma-ray dose 3.580x10” 6.309%10° 3.574x10° 6.094x10”
e) Solution fuel (=23.8cm)”

Neutron dose 5.240x10” 6.884x10° 5.231x10” 6.652x107

2" gamma-ray dose 1.263%107 1.250x107 1.260x107 1.208x107

Gamma-ray dose 4.149x107 7.319%107 4.142x107 7.072x107
f) Solution fuel (=30.0cm)”

Neutron dose 5.270x10” 6.922x10° 5.261x10° 6.690x10”

2" gamma-ray dose 1.270x107 1.250x107 1.268x107 1.208x107

Gamma-ray dose 4.902x107 8.659x10” 4.893x107 8.369x10”
g) Solution fuel (r=42.4cm)

Neutron dose 5.342x10” 7.006x10° 5.329x10” 6.772x10”

2" gamma-ray dose 1.267x107 1.249%107 1.264x107 1.207x107

Gamma-ray dose 6.056x10” 1.066x10™ 6.042x10° 1.030x10™
h) Solution fuel (r=50.0cm) "

Neutron dose 5.339x10” 7.014x10° 5.329x10” 6.781x10”

2" gamma-ray dose 1.266x107 1.250%107 1.264x107 1.209%107

Gamma-ray dose 6.522x107 1.151x10™ 6.510x107 1.113x10™

in a 3mm thickness stainless-steel container
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Table A-12 Fissile material with 10cm thickness iron (Unit: Gy(24Na—Bq/23Na—g))
A) **Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation

a) Metallic fuel

Neutron dose 4.345x107 5.648x10” 4319x10” 5.452x107

2™ gamma-ray dose 1.276x10° 1.255%10” 1.269x10” 1.212x10°

Gamma-ray dose 1.914x10° 3.399x10°° 1.903x10° 3.281x10°
b) Solution fuel (r=17.4cm) "

Neutron dose 3.872x10° 5.095x10” 3.858x10” 4.915x107

2™ gamma-ray dose 1.256x107 1.247x107 1.251x107 1.203%107

Gamma-ray dose 8.854x10°° 1.615x107 8.824x10°° 1.558x107
¢) Solution fuel (=18.6cm) "

Neutron dose 3.900x10” 5.133x10” 3.891x10” 4.952x107

2™ gamma-ray dose 1.256x107 1.247x107 1.253%107 1.203x107

Gamma-ray dose 1.094x107 1.982x107 1.091x107 1.912x107
d) Solution fuel (r=20.2cm) "

Neutron dose 3.909x10° 5.135x10” 3.897x10° 4.953x107

2™ gamma-ray dose 1.257x107 1.248x107 1.253%107 1.203%107

Gamma-ray dose 1.239x107 2.246x107 1.236x107 2.166x107
¢) Solution fuel (=23.8cm) "

Neutron dose 3.926x10° 5.160x10” 3.917x10° 4.979x107

2" gamma-ray dose 1.257x107 1.247x107 1.254x107 1.204x107

Gamma-ray dose 1.424x10° 2.586x107 1.421x10° 2.496x10”
f) Solution fuel (r=30.0cm)”

Neutron dose 3.959x10° 5.221x10” 3.948x10” 5.036x10°

2™ gamma-ray dose 1.264x107 1.249%107 1.260x107 1.205%107

Gamma-ray dose 1.658x107 3.025%10” 1.653x107 2.918x107
g) Solution fuel (r=42.4cm) "

Neutron dose 4.006x107 5.280x10” 3.997x10” 5.094x10”

2™ gamma-ray dose 1.258x107 1.248x107 1.255%107 1.204x107

Gamma-ray dose 2.000x107 3.638x10” 1.995x107 3.510x10°
h) Solution fuel (=50.0cm) "

Neutron dose 4.012x10° 5.280x10” 4.002x107 5.094x10”

2™ gamma-ray dose 1.258x107 1.248x107 1.255%107 1.204x107

Gamma-ray dose 2.133x107 3.888x10” 2.128x10° 3.751x10°

* .

in a 3mm thickness stainless-steel container
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Table A-13 Fissile material with 20cm thickness iron (Unit: Gy(24Na—Bq/23Na—g))

A) **Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation

a) Metallic fuel

Neutron dose 2.582x10” 3.352x10° 2.568x107 3.222x107

2" gamma-ray dose 1.259%107 1.246x107 1.253%107 1.197x107

Gamma-ray dose 6.869x107 1.193x10° 6.834x107 1.146x10°°
b) Solution fuel (=17.4cm)”

Neutron dose 2.428x10° 3.169x107 2.421x107 3.049x107

2" gamma-ray dose 1.249%107 1.233%107 1.245%107 1.187x107

Gamma-ray dose 1.890x10° 3.580x10° 1.885x10° 3.445x10°
¢) Solution fuel (=18.6cm) "

Neutron dose 2.451x10° 3.198x10° 2.444x107 3.076x107

2" gamma-ray dose 1.249%107 1.234x107 1.245%107 1.187x107

Gamma-ray dose 2.176x10° 4.114x10° 2.170x10° 3.957x10°
d) Solution fuel (r=20.2cm) *

Neutron dose 2.451x10° 3.197x10° 2.444x107 3.076x107

2" gamma-ray dose 1.254x107 1.234x107 1.251x107 1.187x107

Gamma-ray dose 2.291x10° 4.245%x10°° 2.284x10° 4.084x10°°
¢) Solution fuel (=23.8cm)”

Neutron dose 2.463%10° 3.210x10° 2.456x10° 3.088x10”

2" gamma-ray dose 1.249%107 1.233%107 1.245%107 1.187x107

Gamma-ray dose 2.463x10° 4.642x10°° 2.456x10° 4.465x10°°
f) Solution fuel (r=30.0cm) "

Neutron dose 2.468x10” 3.221x10° 2.463%10° 3.099x107

2" gamma-ray dose 1.254x107 1.233%107 1.251x107 1.186x107

Gamma-ray dose 2.749x10° 5.170x10°° 2.743x10°° 4.974x10°°
g) Solution fuel (r=42.4cm) *

Neutron dose 2.491x10° 3.246x107 2.484x107 3.123x107

2" gamma-ray dose 1.249%107 1.232x107 1.245%107 1.186x107

Gamma-ray dose 3.265x10° 6.228x10° 3.255%x10° 5.992x10°°
h) Solution fuel (r=50.0cm) "

Neutron dose 2.514x10° 3.283%10° 2.507x10° 3.159%10°

2" gamma-ray dose 1.254x107 1.231x107 1.251x107 1.185%107

Gamma-ray dose 3.265x10° 6.089x10° 3.255%x10° 5.860x10°°

in a 3mm thickness stainless-steel container
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Table A-14 Fissile material with 30cm thickness iron (Unit: Gy(24Na—Bq/23Na—g))

A) *Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation
a) Metallic fuel
Neutron dose 1.834x107 2.380x10” 1.830x107 2.288x10”
2" gamma-ray dose 1.246x107 1.230x107 1.243%107 1.183%107
Gamma-ray dose 5.714x107 1.070x10° 5.701x107 1.028x10°
b) Solution fuel (=17.4cm)”
Neutron dose 1.768x107 2.285%10° 1.764x107 2.198x107
2" gamma-ray dose 1.241x107 1.216x107 1.239x107 1.170x107
Gamma-ray dose 8.581x107 1.737x10° 8.562x107 1.671x10°
¢) Solution fuel (=18.6cm) "
Neutrondose | - e e e
2"gamma-ray dose | - e | e
Gamma-ray dose | @ ————  emeeee | e e
d) Solution fuel (r=20.2cm) *
Neutron dose 1.773x107 2.298x10” 1.770x107 2.210x107
2" gamma-ray dose 1.241x107 1.229%107 1.239x107 1.182x107
Gamma-ray dose 9.153x107 1.737x10° 9.138x107 1.670x10°
¢) Solution fuel (=23.8cm) "
Neutrondose | - e e e
2"gamma-ray dose | o e | e
Gamma-ray dose =~ | @ - mmemeem L e e
f) Solution fuel (r=30.0cm)”
Neutron dose 1.784x107 2.310x10° 1.781x10° 2.222x107
2" gamma-ray dose 1.246x107 1.215%107 1.244x107 1.169%107
Gamma-ray dose 9.720x107 1.870x10° 9.703x107 1.798x10°
g) Solution fuel (r=42.4cm) "
Neutrondose | - e e e
2"gamma-ray dose | - e | e
Gamma-ray dose | @ - eeeeee | e e
h) Solution fuel (r=50.0cm) *
Neutron dose 1.808x107 2.351x10° 1.805x107 2.261x107
2" gamma-ray dose 1.247x107 1.215%107 1.245%107 1.169%107
Gamma-ray dose 9.725%107 1.870x10° 9.709x107 1.799x10°

in a 3mm thickness stainless-steel container
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Table A-15 Fissile material with 50cm thickness iron (Unit: Gy(24Na-Bq/23Na-g))

A) *Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation
a) Metallic fuel
Neutron dose 1.204x107 1.544x10° 1.203x10° 1.484x10”
2" gamma-ray dose 1.238x107 1.219x107 1.237x107 1.172x107
Gamma-ray dose 6.912x107 1.354x10° 6.904x107 1.302x10°
b) Solution fuel (=17.4cm)”
Neutron dose 1.170x107 1.504x107 1.169x10° 1.446x10”
2™ gamma-ray dose 1.233%107 1.220x107 1.233%107 1.173%107
Gamma-ray dose 7.493%107 1.491x10° 7.488x107 1.433x10°
¢) Solution fuel (=18.6cm) "
Neutrondose |  ——e- emmeee | e e
2" gamma-ray dose | meeem e | e
Gamma-ray dose =~ | @ - mmeeeee e e
d) Solution fuel (r=20.2cm) *
Neutron dose 1.176x107 1.518x107 1.175%10° 1.459x10”
2" gamma-ray dose 1.233%107 1.206x107 1.233%107 1.160x107
Gamma-ray dose 7.493x107 1.491x10° 7.488x107 1.433x10°
e) Solution fuel (=23.8cm)”
Neutrondose | mmeeeem e e e
2" gamma-ray dose | meeem e | e
Gamma-ray dose | @ - e | e e
f) Solution fuel (=30.0cm)”
Neutron dose 1.181x107 1.518x107 1.180x10” 1.460x10”
2" gamma-ray dose 1.238x107 1.206x107 1.238x107 1.160x107
Gamma-ray dose 7.488x107 1.491x10°° 7.484x107 1.434x10°°
g) Solution fuel (=42.4cm)
Neutrondose | mmeeeem e e e
2"gamma-ray dose | - e | e
Gamma-ray dose | @ - e | e e
h) Solution fuel (=50.0cm) "
Neutron dose 1.187x107 1.532x107 1.186x10° 1.473x10°
2" gamma-ray dose 1.238x107 1.206x107 1.238x107 1.160x107
Gamma-ray dose 7.488x107 1.491x10° 7.484x107 1.436x10°

in a 3mm thickness stainless-steel container
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Table A-16 Fissile material with Scm thickness lead (Unit: Gy(24Na—Bq/23 Na-g))

A) **Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation

a) Metallic fuel

Neutron dose 6.965x10” 8.960x10” 6.907x10° 8.677x10”

2" gamma-ray dose 1.292x107 1.284x107 1.281x107 1.243%107

Gamma-ray dose 1.382x10° 2.358x10° 1.371x10° 2.283x10°
b) Solution fuel (=17.4cm)”

Neutron dose 5.404x10” 7.095%10° 5.407x10° 6.870x10”

2" gamma-ray dose 1.257x107 1.242x107 1.257x107 1.203%107

Gamma-ray dose 6.703x10°° 1.189x107 6.707x10° 1.151x10°
¢) Solution fuel (=18.6cm) "

Neutron dose 5.275%10” 6.963x10° 5.291x10° 6.741x107

2" gamma-ray dose 1.251x107 1.233%107 1.255%107 1.194x107

Gamma-ray dose 8.084x107° 1.432x107 8.108x10°° 1.387x107
d) Solution fuel (r=20.2cm) *

Neutron dose 5.162x10° 6.816x10° 5.181x107 6.596x10”

2" gamma-ray dose 1.250%107 1.240%107 1.255%107 1.200x107

Gamma-ray dose 9.016x10° 1.614x107 9.047x10° 1.562x107
¢) Solution fuel (=23.8cm)”

Neutron dose 5.093x10” 5.112x107 5.118x107 5.136x107

2" gamma-ray dose 1.242x107 1.314x107 1.248x107 1.320x107

Gamma-ray dose 1.049%107 1.121x107 1.054x107 1.127x107
f) Solution fuel (r=30.0cm) "

Neutron dose 5.027x10” 6.645x10° 5.052x10° 6.434x107

2" gamma-ray dose 1.242x107 1.222x107 1.248x107 1.183%107

Gamma-ray dose 1.224x107 2.188x107 1.229x107 2.119x10”
g) Solution fuel (r=42.4cm)

Neutron dose 4.960x107 6.578x10° 4.982x107 6.369x10”

2" gamma-ray dose 1.234x107 1.229x107 1.239x107 1.190x107

Gamma-ray dose 1.489x107 2.675%10° 1.496x107 2.590x10”
h) Solution fuel (r=50.0cm) *

Neutron dose 4.939x107 6.559x10° 4.972x10° 6.351x10”

2" gamma-ray dose 1.241x107 1.231x107 1.249%107 1.192x107

Gamma-ray dose 1.588x107 2.840x10° 1.598x107 2.750x10”

in a 3mm thickness stainless-steel container
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Table A-17 Fissile material with 10cm thickness lead (Unit: Gy(24Na—Bq/23Na—g))

A) **Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation

a) Metallic fuel

Neutron dose 5.562x10” 7.204x10° 5.523x10” 6.962x10”

2" gamma-ray dose 1.283%107 1.268x107 1.274x107 1.226x107

Gamma-ray dose 4.709x107 9.152x107 4.676x107 8.845x107
b) Solution fuel (=17.4cm)”

Neutron dose 4.273%x10” 5.627x10” 4.276x107 5.437x107

2" gamma-ray dose 1.249%107 1.239%107 1.249%107 1.197x107

Gamma-ray dose 1.055x10° 1.977x10° 1.056x10° 1.910x10°
¢) Solution fuel (=18.6cm) "

Neutron dose 4.189x10” 5.539x10” 4.199x107 5.354x10”

2" gamma-ray dose 1.240%107 1.230x107 1.243%107 1.188x107

Gamma-ray dose 1.234x10° 2.247x10° 1.237x10° 2.172x10°
d) Solution fuel (r=20.2cm) *

Neutron dose 4.121x10” 5.460x10” 4.136x107 5.275%107

2" gamma-ray dose 1.238x107 1.235%107 1.243%107 1.194x107

Gamma-ray dose 1.356x10° 2.391x10° 1.361x10° 2.310x10°
¢) Solution fuel (=23.8cm) "

Neutron dose 4.073x10” 5.390x10” 4.088x107 5.211x10”

2" gamma-ray dose 1.237x107 1.227x107 1.242x107 1.187x107

Gamma-ray dose 1.539x10° 2.801x10° 1.545x10° 2.709x10°
f) Solution fuel (r=30.0cm)”

Neutron dose 4.019x10” 5.310x10” 4.036x107 5.135x10”

2" gamma-ray dose 1.237x107 1.217x107 1.242x107 1.177x107

Gamma-ray dose 1.724x10° 3.210x10° 1.731x10° 3.104x10°
g) Solution fuel (r=42.4cm)

Neutron dose 3.969x10” 5.265x10” 3.993x10” 5.092x10”

2" gamma-ray dose 1.234x107 1.222x107 1.241x107 1.182x107

Gamma-ray dose 2.086x10° 3.760x10° 2.098x10° 3.637x10°°
h) Solution fuel (r=50.0cm) *

Neutron dose 3.968x10” 5.260x10” 3.994x10° 5.088x10”

2" gamma-ray dose 1.235%107 1.224x107 1.243%107 1.184x107

Gamma-ray dose 2.208x10° 4.036x10° 2.222x10° 3.904x10°

in a 3mm thickness stainless-steel container
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Table A-18 Fissile material with 20cm thickness lead (Unit: Gy(24Na-Bq/23Na—g))

A) **Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation
a) Metallic fuel
Neutron dose 3.715%10” 4.816x107 3.691x10° 4.639x107
2" gamma-ray dose 1.265%107 1.211x10° 1.257x107 1.166x107
Gamma-ray dose 1.737x107 3.947x107 1.722x107 3.802x107
b) Solution fuel (=17.4cm)”
Neutron dose 2.851x10” 3.733%x10° 2.856x10° 3.600x10”
2" gamma-ray dose 1.238x107 1.227x107 1.241x107 1.183%107
Gamma-ray dose 1.728x107 3.957x107 1.731x107 3.816x107
¢) Solution fuel (=18.6cm) "
Neutrondose |  mmmee—m e | e e
2"gamma-ray dose | - e | e
Gamma-ray dose | @ - e | e e
d) Solution fuel (r=20.2cm) *
Neutron dose 2.738x10” 3.594x10° 2.745%10° 3.465%10”
2" gamma-ray dose 1.236x107 1.220x107 1.239x107 1.176x107
Gamma-ray dose 2.311x107 3.978x107 2.316x107 3.836x107
¢) Solution fuel (=23.8cm) "
Neutrondose @ | e e | e e
2"gamma-ray dose | - e | e
Gamma-ray dose | @ - e | e e
f) Solution fuel (r=30.0cm)”
Neutron dose 2.735%x10° 3.596x10° 2.748x10° 3.467x10”
2" gamma-ray dose 1.231x107 1.212x107 1.237x107 1.169%107
Gamma-ray dose 2.323x107 5.328x107 2.334x107 5.137x107
g) Solution fuel (r=42.4cm)
Neutrondose | s e | e e
2"gamma-ray dose | - e | e
Gamma-ray dose | @ - e | e e
h) Solution fuel (r=50.0cm) *
Neutron dose 2.742x10° 3.608x10” 2.757x10° 3.481x10°
2" gamma-ray dose 1.231x107 1.216x107 1.238x107 1.173%107
Gamma-ray dose 2.917x107 5.345x107 2.933x107 5.157x107

in a 3mm thickness stainless-steel container
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Table A-19 Fissile material with 50cm thickness lead (Unit: Gy(24Na—Bq/23 Na-g))

A) **Na in soft tissue of a whole body B) **Na in a whole body
Fuel condition Frontal Lateral Frontal Lateral
irradiation irradiation irradiation irradiation
a) Metallic fuel
Neutron dose 1.470x107 1.894x107 1.470x10” 1.821x10°
2" gamma-ray dose 1.234x107 1.223x107 1.234x107 1.175%107
Gamma-ray dose 5.741x10% 1.344x10” 5.741x10° 1.291x107
b) Solution fuel (=17.4cm)”
Neutron dose 1.162x107 1.495x107 1.169x107 1.438x10”
2" gamma-ray dose 1.219%107 1.201x107 1.226x107 1.156x107
Gamma-ray dose 5.698x10™® 1.334x107 5.731x10° 1.284x107
¢) Solution fuel (=18.6cm) "
Neutrondose | - e | e e
2"gamma-ray dose | - e | e
Gamma-ray dose | @ - e e e
d) Solution fuel (r=20.2cm) *
Neutron dose 1.152x107 1.483x107 1.160x10” 1.427x10°
2" gamma-ray dose 1.221x107 1.202x107 1.228x107 1.157x107
Gamma-ray dose 5.705x10°® 1.336x10” 5.741x10° 1.286x107
¢) Solution fuel (=23.8cm) "
Neutrondose | - e | e e
2"gamma-ray dose | - eeeeeee | e
Gamma-ray dose | @ --———- e e e
f) Solution fuel (r=30.0cm)”
Neutron dose 1.159x107 1.499x107 1.167x10° 1.442x10°
2" gamma-ray dose 1.216x107 1.191x107 1.224x107 1.146x107
Gamma-ray dose 5.711x10™ 1.338x10” 5.747x10° 1.288x107
g) Solution fuel (r=42.4cm)
Neutrondose | - e | e e
2"gamma-ray dose | - e | e
Gamma-ray dose | @ - e e e
h) Solution fuel (r=50.0cm) *
Neutron dose 1.191x107 1.528x107 1.198x107 1.470x10”
2" gamma-ray dose 1.219%107 1.193x107 1.227x107 1.148x107
Gamma-ray dose 5.724x10% 1.340x10” 5.768x10" 1.289x107

in a 3mm thickness stainless-steel container
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Appendix-B User’s Manual of RADAPAS (in English)

B-1 Recommended environment and installation
1) Recommended environment for executing RADAPAS

RADAPAS is available in a generally used personnel computer operating Windows system. Hardware

and software environments are recommended to execute normally RADAPAS as below.
a) Hardware

CPU Intel Pentium more than 200MHz

MEMORY more than 64MB

HDD more than 200MB as available capacity
b) Software

Operation System
Windows 98 (after version of SE) ,Windows NT4.0 (after version of Service Pack 3),
Windows 2000, Windows XP

Microsoft Excel is required to save the result of dose calculation.

2) Installing RADAPAS
RADAPAS can be installed to a personnel computer as below.
1) Insert a media with RADAPAS into a drive in a personal computer.
i) Open the drive of the media with RADAPAS by “My Computer” or “Explore” in Windows OS. And
then double-click on “Setup.exe”.
iii) Operate the GUI (Graphical User Interface), according to the indication.
For uninstalling RADAPAS, a user shall start [Addition and Deletion of Application] by selecting
[Control Panel] in the [Start Button] in Windows operating system. And then RADAPAS will be deleted.

3) Folder and Files in RADAPAS
RADAPAS involves two folders, [TARGET] and [Data].
The folder of [TARGET] involves a file of “RADAPAS.exe” to execute dose calculation.

Four files are contained in the folder of [Data] as below.

Spectrum_catalog_Dat.dat Neutrons and gamma-rays energy spectra.

Dose_catalog_Dat.dat Dose conversion coefficients for energy spectra saved in the file of

“Spectrum_catalog_Dat.dat”.

Mono_Dat.dat Dose conversion coefficients for mono-energetic radiations.

Gamma_Neutron Dat.dat A data file for the ratio of gamma-ray dose to neutron dose (hereinafter,

y/n dose ratio)
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B-2 Instruction of operation and the initial GUI in RADAPAS

1)  Instruction of operation in RADAPAS
Five buttons in Fig.B-1 are always indicated in the below part of GUI to operate RADAPAS.

Qutputs it to Excel < Return MHext » Save ‘ Gancel |

Fig.B-1 Five buttons for instruction of RADAPAS.

A user can select how to operate RADAPAS with each button as below.
[Outputs it to Excel] (see the section B-8)
This button is available on the GUI for the result of dose calculation (see, Fig.B-19). A user can
operate a file of the dose calculation result in the Microsoft Excel format, if click this button.
[<Return]
Move to a former GUI. This button is unavailable in the initial GUL
[Next >]
Move to a next GUI. This button is unavailable in the GUI for the result of dose calculation.
[Save ]
The definition of energy spectrum and dose calculation can be saved by clicking this button. This
button is available for the GUI for the result of dose calculation and later.
[Cancel]
Caution!! : RADAPAS will be compulsory terminated, if click this button. In this case, all of the

given definition and derived data are not saved.

2) Initial GUI in RADAPAS
The GUI in Fig.B-2 will be indicated, when a user starts RADAPAS.

The existing evaluation result file can also be used.

The existing evaluation result file:

Selection.. | Cancellation

A click of the [hext] starts a setup of dose evaluation

| Mext > | | Cancel

Fig.B-2  Initial GUI in RADAPAS.

A user shall give a file name in the blank below [The existing evaluation result file], if a user intends
to read a file saved in RADAPAS in a previous operation. A user shall keep the blank with no file name to
execute radiation dose calculation for a new condition.

Click [Next>], after a user confirm the blank below [The existing evaluation result file].
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B-3 Selection of the method to determine energy spectrum for dose calculation

1) Flowcharts of dose calculation in RADAPAS

Flowcharts of dose calculation and explanations in this section shall be referred to utilize RADAPAS.
Fig.B-3 shows the flowchart in the initial stage of dose calculation in RADAPAS. A user shall determine
energy spectrum and kinds of radiation at first in the dose calculation. Following, radiation dose to an
exposed person is to be calculated from the measured **Na specific activity based upon the energy
spectrum. There are two methods to determine the energy spectrum for dose calculation. If a user read a file
saved in RADAPAS with the GUI in Fig.B-2, Fig.B-6 will be indicated. After that, resources defined in the

previous operation will be automatically indicated at each step.

Start

The saved file

Read the file saved in the

previous analysis?

To Fig.B-4 or Fig.B-5

-Select how to determine the spectrum
- Select radiation to be estimated

Quote from the data Use other energy spectrum

compendium in RADAPAS

To Fig.B-4 To Fig.B-5

Fig.B-3 The flowchart in the initial stage of dose calculation in RADAPAS.

Fig.B-4 and Fig.B-5 depict the flowcharts how to calculate radiation dose, according to each method

to determine energy spectrum.
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v

Energy spectrum

criticality accident
(See Fig.B-6.)

. 1) Select the fuel condition
Information of a
2) Select surrounding material € -----

A4

Indication of the selected
spectra as a graphic format
(See Fig.s B-12t0 16.)

v

Select the measurement method of

Measurement of **Na 2 _ .
specific activity Na activity induced in body {¢ - - lconversion coefficient
(See Fig.B-17.)

A 4
1) Select the dose to be estimated

”| 2) Select the irradiation geometry

3) Input the *Na specific activity

(See Fig.B-19.)

\ 4

Indication of the estimated doses

as a table format ———ep
(See Fig. B-20.)

Save as an Excel
format
(See Fig.B-22.)

Indication of y/n dose ratio as a

graphic format
(See Fig.s B-24 to 27.)

Fig.B-4 Dose calculation in RADAPAS (1).

The dose calculation in this flowchart shall be selected, if a user obtains information for structure of

criticality configuration with nuclear fuel and materials surrounding the fuel.
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Information of a ﬂnalysis of energy spectra

criticality accident w an accident field

v

1) Input derived energy distributions
2) Input fluence ratio of y/n
(See Fig.s B-9to 11.)

|

Indication of the selected
spectra as a graphic format
(See Fig.s B-12 to 16.)

'

Select the measurement method of

24
Measurement of “'Na #Na activity induced in body ] ) »
specific activity i Conversion coefficient
(See Fig.B-17.)

\ 4
1) Select the dose to be estimated

2) Select the irradiation geometry

3) Input the #Na specific activity

(See Fig.B-19.)

A 4

\ 4

y
Indication of the estimated doses

as atable format ~  \_____ »
(See Fig. B-20.)

>Save as an Excel
format
(See Fig.B-22.)

Fig.B-5 Dose calculation in RADAPAS (2).

The dose calculation in this flowchart shall be selected, if energy spectrum in the field is analyzed by

dosimetry system using activated foils or calculations using a radiation transport code.
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2) Selection of the method to determine energy spectrum in dose calculation
The GUI in Fig.B-6 will be indicated, after a user clicks [Next >] in Fig.B-2.

P e U s e e T S e e (L T D ﬁ‘
=

Select the method to determine enerey spectrum

f* Quote from the compendium data prepared in this system

i Usze of other Enerey Spectrum
Which radiation energy spectrum shall be determined 7

& Meutron and Gamma-rays

" Meutron

< Return | Mext > | | Gancel |

Fig.B-6 GUI for selection of the method to determine energy spectrum in dose calculation.

1) [Select the method to determine energy spectrum]

A user shall select the method to determine energy spectrum for dose calculation at first.

[Quote from the compendium data prepared in this system]

Select [Quote from the compendium data prepared in this system], if a user obtains information

for structure of criticality configuration with nuclear fuel and materials surrounding the fuel.
* [Use of other Energy Spectrum]

Select [Use of other Energy Spectrum], if energy spectrum in the field is analyzed by

dosimetry system using activated foils or calculations using a radiation transport code.

il) [Which radiation energy spectrum shall be determined?]

Following, a user shall select the kind of radiation to be estimated.
*  [Neutron and Gamma-rays]
*  [Neutron]

Example 1 (see, Fig.B-6

[Quote from the compendium data prepared in this system]| and [Neutron and Gamma-rays] are

selected in this example. This condition will be adopted in the dose calculation examples in later.

Click [Next >], after a user confirms the selected two items.
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The GUI in Fig.B-7 will be indicated, after a user clicks [Next >] in Fig.B-6.

£ RApid Dose Assessment Program from Activated Sodium in criticality accident (RADAP AS)

The input for energy spectrum deter mination |

< Return | Next > | Save | Gancel| I

Fig.B-7  GUI for determination of energy spectrum.

Click [The input for energy spectrum determination] to continue dose calculation in RADAPAS with
the definition given with Fig.B-6.

Otherwise, click [< Return] to move back to Fig.B-6. And then, a user shall amend the definitions for
[Select the method to determine energy spectrum] and [Which radiation energy spectrum shall be

determined?] in Fig.B-6. After that, click [The input for energy spectrum determination] in Fig.B-7.
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B-4 Determination of energy spectrum (1) - The flowchart in Fig.B-4 -

The GUI in Fig.B-8 will be indicated, if a user selects [Quote from the compendium data prepared in
this system] in Fig.B-6.

2= RADAPAS [ae
Select the Fuel Material

(» Solution
= Metal®ithout hydrogen materiall

Select the Material surrounding the Fuel
™ Mone

" Goncrete

{¢ Heavy type concrete

" Tron

" Lead

Select the solution radius

" B.7dcm " 174cm " 18.6cm
™ 20.2cm (¢ 23.8cm " 30cm
" 42 4cm " B0cm

Select the Thickness of the Material

" Ocm " Bocm s 10cm
" 20cm " 30cm " 40cm
" BOcm

Setup | Cancel

Fig.B-8 GUI for selection of criticality configuration in dose calculation.

A user shall define the closest configuration to the condition in a criticality accident with Fig.B-8.
Energy spectra and dose conversion coefficients are prepared for the conditions in Table 1. Dose calculation
is available only for these conditions.

Caution!!
Dose calculation cannot be executed with RADAPAS for a condition, which is not listed in Table 1.

Then, a user shall refer Table 1 to continue dose calculation.

1) [Select the Fuel Material]
A user can select the material of nuclear fuel from [Solution] or [Metal (Without hydrogen material)].
The energy spectrum of radiations escaping from a metallic fuel was calculated without consideration
of a significant slowing down of neutrons due to capture reaction of hydrogen.

i1) [Select the Material surrounding the Fuel]
If shielding is located between the fuel and exposed person, a user can select one material from
[Concrete], [Heavy type concrete], [Iron] or [Lead].
[None] shall be selected, if no shielding is to be taken into account for dose calculation.

iii) [Select the solution radius]
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A user can select the radius of solution fuel from [17.4cm], [18.6cm], [20.2cm], [23.8cm], [30cm],
[42.4cm] or [SOcm], if [Solution] is defied in [Select the Fuel Material].
Radius was determined, according to the ratio of hydrogen to U in atomic number density. The
minimum and maximum values are 100 (r=17.4cm) and 1094 (r=50cm), respectively.
A user shall select [8.74cm], if [Metal (Without hydrogen material)] is defied in 1) [Select the Fuel
Material]. => This size is used to identify the selection of metallic fuel.
Guideline
If a solution fuel in the accident condition has different radius from the assumed conditions, a user
may select an alternative material close to the shielding. In this case, it is preferable to be selected a smaller

value than the radius of solution in the accident.

iv) [Select the Thickness of the Material]
A user can select the thickness of the material defined in [Select the Material surrounding the Fuel].
The thickness of [Ocm] shall be defined in the case, where [None] is selected in [Select the Material

surrounding the Fuel].

Example 2 (see, Fig.B-8.)
A configuration with solution fuel (r=23.8cm) and heavy-type concrete (t=10cm) is selected in this

example. This configuration will be adopted in the dose calculation example in later.

Click [Setup], after all items are defined. The GUI in Fig.B-7 will be indicated again, if the defined
condition corresponds to one of the configurations in Table 1. Following, click [Next >] in Fig.B-7.

Otherwise, the GUI in Fig.B-8 will be kept in a display. In such a case, the defined condition is not
involved in Table 1. A user shall change the definition, according to the configurations in Tablel. Click
[Next >], if Fig.B-7 is indicated in a display after the modification.
Caution!!

If a user clicks [Cancel], a display will indicate the GUI in Fig.B-7. However, the definition in Fig.

B-8 is not taken into account.
Guideline

If the accident condition involves different shielding from the assumed four materials, a user may

select an alternative material close to the shielding.
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B-5 Determination of energy spectrum (2) - The flowchart in Fig.B-5 -

The GUI in Fig.B-9 will be indicated, if a user selects [Use of other Energy Spectrum] in Fig.B-6.

E x|

Meutron enerey spectrum l Gamma-ray/ Neutron

Mumber of enerey bin
]
Upper limit of each enerey bin Differential fluence in each bin
1 J2XTE-07 & 1 01358E-02 &
2 B31BAE-07 2 QAZTARE-03
3 AT7A40E-07 | 3 02445E-03 |
4 1.4440E-06 4 B.6789E-03
A 23023E-06 5 91047E-03
i 30278E-06 fi 8.9517E-03
7 G.47RBE-05 7 86491 E-03
a 1.0677E-05 g Q2R E-03
a 1.7603E-05 ] 01838E-03
10 20023E-05 10 01643E-03
1 4 7AR0E-05 11 04624E-03 »
Setlp Cancel

Fig.B-9 GUI for definition of neutron energy spectrum.

The GUI consists of three tables in below, if a user selects [Neutron and Gamma-rays] for [Which
radiation energy spectrum shall be determined?] in Fig.B-6. Only the 1* table will be indicated in a case,
where [Neutrons] is selected in Fig.B-6.

«  The 1" table is utilized to define energy distribution of neutrons, as depicted in Fig.B-9. The unit

of energy bin is in MeV.

- The 2™ table is utilized to define energy distribution of gamma-rays. The unit of energy bin is in

MeV.

- The 3" table is utilized to define the ratio of gamma-rays fluence to neutrons fluence, as depicted

in Fig.B-10.

Meutron energy spectrum | Gamma-ray energy spectrum

Ratio of Total Fluence (Gamma - ravs/Neutron)

2 G300E-01

Setlp | Cancel |

Fig.B-10 GUI for definition of fluence ratio of gamma-rays to neutrons.
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A user shall give information about the energy spectrum to be used in dose calculation as follows.
i) [Number of energy bin]
A user shall input the number of energy bins in the blank below [Number of energy bin] in Fig.B-9.
ii) [Energy spectrum]
A user shall give the upper limit of energy bin in the left side and fraction of differential energy bin in

the right side in Fig.B-11 (The lower part of Fig.B-9), respectively.

Upper limit of each energy bin Ditferential fluence in each bin
1 221 E-07 & 1 O1388E-02 «
2 53166E-07 2 QG6216E-03
3 g7640E-07 | 3 Q2445E-037 |
4 1.4449E-06 4 A6780E-03
] 23823E-06 b 31047E-03
] 39278E-06 ] 8.9617E-03
7 6.4 758E-06 7 26491 E-03
g 1.0677E-05 g Q2261 E-03
a 1.7603E-05 g 91833E-03
10 28023E-05 10 91643E-03
11 4 78R0E-05 - 11 Q4624 E-03 »

Fig.B-11 GUI for definition of energy distribution (The lower part of Fig.B-9).

iii) [Fluence ratio of gamma-rays to neutrons]
A user shall input the ratio of total fluence of gamma-rays to that of neutrons with Fig.B-10 to derive

radiation dose from gamma-rays exposure.

Click [Setup], after a user inputs all information for all tables in Fig.B-9. The GUI in Fig.B-7 will be
indicated again, if all required resources are correctly given. Then, click [Next >] in the GUI in Fig.B-7.

If the GUI in Fig.B-9 is kept in a display, a user shall confirm all tables. Click [Setup] in Fig.B-9, after
a user correctly inputs all resources for energy spectrum. Click [Next >], after the GUI in Fig.B-7 is
indicated again.
Caution!!

If a user clicks [Cancel], a display will indicate the GUI in Fig.B-7. However, the definitions in Fig.s.

B-9 to B-11 are not taken into account.
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B-6 Indication of the defined energy spectrum as a graphic format

1) Indication of energy spectrum

In RADAPAS, dose conversion from **Na specific activity is based upon the defined energy
spectrum, according to the instructions in the sections of B-4 and B-5. Especially, an arbitrary energy
spectrum can be given by the method, which is described in Section B-5. It is recommended here that a user
confirms the defined energy spectrum as a graphic format before dose calculation.

The GUI in Fig.B-12 will be indicated, if a user clicks [Next >] in Fig.B-7.

E Ropid Dose Assessment Proeram from Activated Sodium in criticality accident (RADAPAS)

The digplay of eraph |

< Return | Mext > I Save | Gancel

Fig.B-12 GUI for reading the defined energy spectrum.

The defined energy spectrum will be depicted as a graphic format in Fig.B-13, if [The display of
graph] is clicked in Fig.B-12.

Example 3
The below graph depicts a neutron energy spectrum for the criticality configuration with solution fuel

(r=23.8cm) and heavy-type concrete (t=10cm), which is defined in the GUI in Fig.B-8.

-Select data
Neutron * Meutron
‘a =
108 Gamma-ray
104 ~Select Kind
& Mormal
108
" Letharey
102
=
2 Select scale -
§ 100 * log-dé (E}dE Y}
o  lin-d¢ (ENdE )
&1t
£ o ¢ lin-dé (ENdE (¥}
] € lin-d E)/dE 00Y)
® 10-3
=
o
10-4
10 RanzeSet I
10-%
10-7 Printing I
10-10 10-7 104 10-1 102

Enerey[MeV] Save I
Gloge I

Fig. B-13  Energy spectrum indicated as a graphic format
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Caution!!
If a user clicks [Next >] in Fig.B-12, RADAPAS goes to the next step for dose calculation (described

in Section B-7) without indicating a graph for energy spectrum.

The kind of radiation and scaling of energy spectrum can be altered with the items on the right part in
the graph (Fig.B-13).
1) [Selected data]
A user can select [Neutron] or [Gamma-ray]. Only [Neutron] is available, if a user selects [Neutron]

for [Which radiation energy spectrum shall be determined?] in the GUI of Fig.B-6.

it) [Select kind]
The graph can be plotted in the unit of [normal](d¢/dE) or [Lethargy] (d¢/letahargy).

iil) [Select scale]

A user can set the scale of the graph in a logarithm scale or a linearity scale with Fig.B-14.

Select zcale
{* log-d (ENAE YD

O lin-d¢ (E}/dE 4
" lin-d¢ (E}/dE 02
" lin-d¢ (EM/dE &)

Fig.B-14 GUI for defining the graph scale

iv) [The range of graph]
A user can set the range of both axes. Click [RangeSet] and then the GUI in Fig.B-15 will be opened.
A user shall input the maximum and minimum values for the both axes. Following, click [SetUp] and then
a new graph is plotted, according to the given values.
If a user clicks [Cancel], the amendment is not taken into account to plot the graph.
|; @

K axiz energy (Me\
a

a0
Min
|0.00000001

Y axis value
Max

[0
hin
[0.0001

Setlp | Cancel |

Fig.B-15 GUI for defining the range of energy spectrum
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Example 4
Fig.B-13 is altered to the graph in Fig.B-16, if [Lethargy] is selected for [Select kind] and the

logarithm scale is selected for both axes in [Select scale]. The range of graph is set as Fig.B-15.

& Neutron

Neutron
" Gamma-ray

Gelect Kind
" Narmal

w100 & Letharey

Select scale

o

B

W

Z 107 & log-de (EX/dE (Y2
2  lin-d E)/dE 0
:3," " lin-dd (E)/dE &)
f
&
H
o
S
=
=
&

 lin-d¢ (E)HE XY}

10-4 Printing
Energy[Me] Save
Cloze

Fig. B-16 Amended energy spectrum.

2) Operation for closing the graphic indication
The three buttons in the right lower part in Fig.B-13 or Fig.B-16 are utilized for printing, saving and

closing the graph as below.

a) Printing out the graph
A user can print out the graph indicated in the display by clicking [Printing].

b) Saving the graph
The indicated graph can be saved as a JPG-format file in an arbitrary folder by clicking [Save].

¢) Closing the graph
The GUI in Fig.B-12 will be indicated again, if a user clicks [Close].

If a user intends to depict the energy spectrum for the other kind of radiation, [The display of graph]

shall be clicked in Fig.B-12 again.

Click [Next >], if a user intends to carry out dose calculation in the next step.
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B-7 Dose calculation based upon the measured *Na specific activity

1) Select the method to measure “*Na specific activity
The GUI in Fig.B-17 will be indicated, if a user clicks [Next >] in Fig.B-12.

Which specific activity of 24 Ma will be utilized to estimate doze?
" Measured specific activity with whole body counter

i+ Measured specific activity for the soft-tizsuetblood)

< Return ‘ Mext > ‘ ‘ Gancel ‘

Fig.B-17 GUI for selecting the method to measure **Na specific activity.

RADAPAS prepares coefficients to derive radiation dose from **Na specific activity measured with

whole body counter or gamma-rays spectrometry of a blood sample. (Refer to Appendix-A.)

[Which specific activity of 24Na will be utilized to estimate dose?]
[Measured specific activity with whole body counter]
Select, if specific activity of **Na induced in the exposed person is measured with a whole body
counter.
[Measured specific activity for the soft-tissue (blood)]

Select, if specific activity of **Na in blood sample is measured with a gamma-ray spectrometry.

Example 5 (see, Fig.B-17)

[Measured specific activity for the soft-tissue (blood)] is selected here. Dose calculation will be

continued with this definition in the example of this manual.

Click [Next >], after a user selects the method.
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2) Dose calculation
The GUI in Fig.B-18 will be indicated, if a user clicks [Next >] in Fig.B-17.

___Bﬁp_i_d Dose Assessment Proeram from Activated Sodium in criticality accident (RADAPAS)

Ihput for dose evaluation |

< Return | et > | Haye | Gancel I

Oytputs it to Excel

Fig.B-18 GUI of initial indication for dose calculation.
Click [Input for the dose evaluation] to input essential resources for dose calculation.

The GUI in Fig.B-19 will be indicated, if a user clicks [Input for the dose evaluation] in Fig.B-18.

—5Shall vou estimate the Absorbed Dose in belownit in Gray)?

¥ Whaole body
[+ Redbone marrom
¥ Lune

—Select the Iradiation Geometry
{* finterior-Posterior (4F)

i Lateral (LATY
™ fnterior-Posterior (AP} and Lateral (LAT?

Meazured specific activity of 24 Na 24MNa-Bg/23 Na—g}

| B a000EDd]

Setlp Gancel

Fig.B-19 GUI for definition of dose calculation condition.
i) [Shall you estimate the Absorbed Dose in below (unit in Gray)?]

A user shall give a checking mark the dose to be estimated in the calculation. Each item has a meaning

as below.
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* [Whole body]
Radiation dose averaged over a whole body.

* [Red bone marrow]
Radiation dose averaged over red bone marrow in a whole body.

* [Lung]
Radiation dose averaged over a ling tissue.

Caution!!
In RADAPAS, dose calculations are carried out with conversion coefficients, which are analyzed for a

uniform exposure condition over a whole body, as described in the text of Section 2.1.

i1) [Select the Irradiation Geometry]
A user can define the irradiation geometry in a criticality accident, which can significantly affect dose
conversion from **Na specific activity.
[Anterior-Posterior(AP)]
This geometry is selected for the case, where the person is assumed to be exposed to radiation from
the front or back side of the body.
[Lateral]
This geometry is selected for the case, where the person is assumed to be exposed to radiation from
the lateral side of the body.
[Anterior-Posterior(AP) and Lateral]
If [Anterior-Posterior(AP) and Lateral] is selected, radiation doses are calculated with the two
irradiation geometries.
Caution!!
The irradiation geometry should be selected, according to the project area of incident radiation to a
human body. Then, [Anterior-Posterior (AP)] can be applied to calculate radiation dose for the
posterior-anterior irradiation geometry.

Radiation dose is ranged between the doses given by the two irradiation geometries.

iil) [Measured specific activity of 24Na (24Na-Bq/23Na-g)]

A user shall input the measured specific activity of *Na (unit: 24N21—Bq/23Na—g) induced in the blank
below [Measured specific activity of 24Na (24Na-Bq/23Na-g)].
Caution!!

In RADAPAS, the conversion coefficients are given for the **Na specific activity at the time of
exposure in the accident. Then, a user shall correct the measured value with the consideration of decay of
*Na in the exposed person. The physical half-life time due to decay is 14.96 hours for **Na. In addition,
biological half-life, 10 days, may be taken into account for kinetics of the nuclide in the body.

The decay of **Na during the measurement time can be also considered for a long-time measurement.

However, dose conversion can be carried out within certain accuracy for measurement less than one hour, if
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the measured activity is corrected with interval time between the time of accident and the middle time of

measurement.

Example 6 (see, Fig.B-19)
All doses are selected in [Shall you estimate the Absorbed Dose in below (unit in Gray)?].

The irradiation geometry is set as [Anterior-Posterior (AP)].
The measured **Na specific activity is 8.50 x 10* (**Na-Bg/**Na-g).

Click [Setup], after a user inputs all information. The GUI in Fig.B-18 will be indicated again, if all
required resources are correctly given.
Caution!!

If a user clicks [Cancel], a display will indicate the GUI in Fig.B-18. However, the definitions in Fig.

B-19 are not taken into account.
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B-8 Indication of calculated dose and save the result as an Excel-file format

1)  Indication of calculated dose
The GUI in Fig.B-20 will be indicated, if a user clicks [Next >] in Fig.B-18 after defining resources
with Fig.B-19. This GUI shows the calculated radiation dose, the utilized dose conversion coefficients and

the measured **Na specific activity.

E‘c; YApid Dose Assessment Program from Activated Sodium in eriticality accident (REDAPAS) Qi

Specific activity of 24Na @4Ma-Bo,/23Ma-g)
|3.5UUU E+04

Whale body | Red bore marrowl Lung ]
AP Gonversion Coefficient (Gy/ @24 Na-Bg/ 23 Ma—egh AP Evaluation result Gy

Meutron Doze 4 5820E-05 Meutroh Doze 3804 7E+00
2nd Gamma Dose 1.2340E-05 2nd Gamma Dose 1.0459E+00
Gamma Doze 7.3480E-05 Gamma Doze G.2433E+00
Total 11187E+01

Qutputs it to Excel < Return Mext > Save ‘ Gancel |

Fig.B-20 GUI indicating the calculated dose with RADAPAS

Radiation doses are given in different tables, if a user select two or three items in [Shall you estimate
the Absorbed Dose in below (unit in Gray)?] with Fig.B-19. A user can select the radiation dose to be
indicated in GUI with the upper part of Fig.B-20, as depicted in Fig.B-21.

Whole body | Red bone marru:-w] Lune l

Fig.B-21 Tab for changing radiation dose in Fig.B-20.

Example 7 (see, Fig.B-20)
Fig.B-20 shows the dose calculated with the conditions defined in the all above examples (see, Fig.o,
Fig.8, Fig.17 and Fig.19) in this manual.

Caution!!
In RADAPAS, dose calculations are carried out based upon the data, which are derived in uniform
exposure condition over a whole body. The results in Fig.B-20 should be utilized to judge the magnitude of

severity of exposure in the initial stage soon after a criticality accident.

2) Indication of calculated doses as a file of the Microsoft Excel
The calculated dose will be indicated with the Microsoft Excel in Fig.B-22, if a user clicks [Outputs it to
Excel] in Fig.B-20. Radiation doses are given on different sheets in a same file, if a user select two or three

items in [Shall you estimate the Absorbed Dose in below (unit in Gray)?] with Fig.B-19.
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ot Excel - HEE
) 7rLE FEE HTW BAD SRQ Y-MD FoRO e AL — =
MS PIiwh - -lBU EEE LA DEEHS SRV BB @z A& AR g -
\ Ad | = | Specific activity of 24Ma (24 Ma-Ba/ 23 Ma—g)
A E 8] D E F G H i K ke ful Iz
1 |Specific activity of 24Ma (24Ma-Bg/23Na-g) I
2 8.5000E+04
3
4 |AP Conversion Coefficient (Gy/{24Na-Bo/23Ma—gn AP Bvalugtion result (Gy?
5 Meutron Dose 4.5620E-05% MNeutron Dose 3.8847E+00
& |[2nd Gamma Dose 1.2340E-05 2nd Garma Dose 1.0489E+00
7 |Gamma Doge 7.3450E-05 Garnma Dose G.2433E+00
g Total 1.1187E+1

Fig.B-22 An Excel file indicating the radiation dose calculated with RADAPAS

3) Save the definitions for dose calculation and results

Click [Save] in Fig.B-20, if a user intends to save all definitions for the determination of energy spectrum

and dose calculation. In addition, it is recommended that the calculated dose is saved as a file of the

Microsoft Excel with Fig.B-22.

4) Finish dose calculation with RADAPAS
Click [Cancel] in Fig.B-20, if a user intends to finish RADAPAS.

Caution!!

A user shall confirm whether the essential files are saved or not by the instructions in 2) and 3).

5) Continue RADAPAS (indication of y/n dose ratio as a graphic fromat)
If a user clicks [Next >] in Fig.B-20, RADAPAS moves to the next step to depict the graph of y/n dose
ratio. (See the section B-9.)
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B-9 Indication of y/n dose ratio as a graphic format

1) Flowchart for indication of a y/n dose ratio as a graphic format
RADAPAS can depict a y/n dose ratio, as a graphic format, if [Quote from the compendium data
prepared in this system] is selected in [Select the method to determine energy spectrum] in Fig.B-6.
Fig.B-23 shows the flowchart to indicate a y/n dose ratio as a graphic format.

Caution!!

This section is independent from the instructions till the former sections (B-4 to B-8). The below

operation is unavailable, if [Use of other Energy Spectrum] is selected in Fig.B-6.

| |

Which graph will be depicted?

Dependence of y/n dose ratio on D(Iapendence of v n dose ratio on
radius of solution fuel thickness of shielding
| Select the shielding | | Select the shielding |

Which parameter
will be fixed?

Which parameter
will be fixed?

Thickness of Irradiation

Radius of Irradiation
shielding geometry solution fuel geometry
Selection of Selection of Selection of Selection of
thickness geometry radius Comery

Graph (Fig.B-24)

Graph (Fig.B-25) Graph (Fig.B-26)

Graph (Fig.B-27)

Fig.B-24 Flowchart for indication of a y/n dose ratio graph.

It should be recommended that a user selects the method to indicate a graph for y/n dose ratio,

according to this flowchart. The graph is depicted with one of the formats, as depicted in Fig. 24, Fig. 25,
Fig.26 and Fig.27.
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RangeSet
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0s Printing
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radius fuelfcm] Save
Glose

Gammaray dose/Neutron dose (Whale body dosel

Fig.B-24 vy/n dose ratio graph (1).
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sS4 & Scm
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£
5 2 RaneeSet
o
1 Printing
10 20 a0 40 60
radiuz fuellem] Save
Close

Fig.B-25 vy/n dose ratio graph (2).

E RADAPAS E3

Gammaray doze/MNeutran dose Olhole body dose)

RangeSet
1 Printing

10 20 30 40 50

shielding material{Concrete[cm] Save
Class

Fig.B-26 vy/n dose ratio graph (3).
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RADAF AS

Radius(AP]

—&— 174cm
= 18.6cm
% 202cm
% 238cm
—*— 3lcm
—&— 424cm
® Blcm

Gammaray dose/Neutron dose Mhale body dose)

shielding material{Concretel(cm]

Fig.B-27 vy/n dose ratio graph (4).

2) Format of a graph and shielding material
The GUI in Fig.B-28 will be indicated, if a user clicks [Next>] in Fig.B-20

RApid Dose Assessment Program from Activated Sodium in criticality accident (RADAP AS)

x|

RangeSet

Printing
Save
Close

i Heavy type concrete

~Which parameter will vou determine?
¢ Twill determine thickness of the chielding materials. i Tron

= Iwill determing the irradiation geometry. i Lead

~Which eraph will you draw? ~Select the composition of shielding material
i+ Dependence of g/h dose ratio on radius of solution fuel i+ Mone
i~ Dependence of g/h doge ratio on thickness of shielding material i Concrete

~Select the thickness of material
@ Ocm " Bom " 10cm  2em

< Return | I | Save |

 3cm Ao " Blcm The dizplay of eraph

Gancel

Fig.B-28 GUI for definition of y/n dose ratio graph format (1)

1) [Which graph will you show?]
A user shall set the x-axis of the y/n dose ratio graph at first.

*+ [Dependence of g/n dose ratio on radius of solution fuel]

Select, if a user intends to draw the graph with radius of solution on the x-axis, as depicted in

Fig.B-24 and Fig.B-25.

+ [Dependence of g/n dose ratio on thickness of shielding materials]

Select, if a user intends to draw the graph with thickness of shielding materials on the x-axis, as

depicted in Fig.B-27 and Fig.B-28.

Caution!!

If [Dependence of g/n dose ratio on thickness of shielding materials] is selected, Fig.B-28 is
automatically replaced with the GUI in Fig.B-29. A user can see difference in the left side between

Fig.B-28 and Fig.B-29.
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= nt ||
| —hich eraph will vou draw? Select the composition of shielding material

" Dependence of e/n dose ratio on radiug of =olution fuel i

+ Dependence of e/h dose ratio on thickness of shielding material ¥ Concrete

‘ihich parameter will you determine? " Heavy type concrete

@+ Twill determine radius of the solution fuel. " Tron

" T will determine the irradiation geometry. " Lead

| —Select the radiuz of fuel
" 174cm " 186cm + 20.2cm " 238cm

" 30cm " 424cm " Blcm The display of eraph
= < Return | | Save | Gancel |

Fig.B-29 GUI for definition of y/n dose ratio graph format (2)

i1) [Select the composition of shielding material]

A user shall select the material of shielding on the right side in Fig.B-28 or Fig.B-29.

Four shielding materials can be taken into account here; [Concrete], [Heavy type concrete], [Iron] and
[Lead]. In addition, [None] can be selected for the case, where no shielding is taken into account.

[None] cannot be selected in Fig.B-29, if a user selects [Dependence of g/n dose ratio on thickness of

shielding materials]

3) Definition of graphic indication (1) (with a format in Fig.B-24)
Fig.B-24 depicts dependence of y/n dose ratio on radius of solution fuel for the two irradiation
geometries. At first, a user shall confirm whether [Dependence of g/n dose ratio on radius of solution fuel]

is selected or not for [Which graph will you show?]. In this case, the GUI in Fig.B-28 is indicated.

1) [Which parameter will you determine?]

Click [I will determine thickness of the shielding materials.], if a user intends to draw the y/n dose
ratio graph with the format as depicted in Fig.B-24.

In this case, the bottom column in the left side is indicated as Fig.B-30.

Select the thickness of material
o Ocm " Bcm " 10cm " 20cm

" 3em " 40cm " Blcm

Fig.B-30 A part of GUI in Fig.B-28 for selection of shielding thickness.

ii) [Select thickness of the shielding material]
A user shall select thickness of material with Fig.B-30, according to Table 1. Following, click [The
display of graph] to draw a y/n dose ratio graph with a format, as depicted in Fig.B-24.

Example 8 (see, Fig.B-24)

Fig.B-24 shows dependence of y/n dose ratio on radius of solution fuel for the two irradiation

geometries. No surrounding shielding is taken into account for the configuration here.
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4) Definition of graphic indication (2) (with a format in Fig.B-25)
Fig.B-25 depicts dependence of y/n dose ratio on radius of solution fuel for the configurations with
different shielding thickness. At first, a user shall confirm whether [Dependence of g/n dose ratio on radius
of solution fuel] is selected or not for [Which graph will you show?]. In this case, the GUI in Fig.B-28 is

indicated.

1) [Which parameter will you determine?]
Click [I will determine the irradiation geometry.], if a user intends to draw the y/n dose ratio graph
with the format as depicted in Fig.B-25.

In this case, the bottom column in the left side is indicated as Fig.B-31.

Select the irradiation geometry
# AP irradiation

" LAT irradiation

Fig.B-31 A part of GUI in Fig.B-28 or Fig.B-29 for selection of irradiation geometry.

i1) [Select the irradiation geometry]
A user shall select the irradiation geometry with Fig.B-31. Following, click [The display of graph] to
draw a y/n dose ratio graph with a format, as depicted in Fig.B-25.

Example 9 (see, Fig.B-25
Fig.B-25 shows dependence of y/n dose ratio on radius of solution fuel for the configurations with

concrete shielding. The AP irradiation geometry is taken into account here.

5) Definition of graphic indication (3) (with a format in Fig.B-26)

Fig.B-26 depicts dependence of y/n dose ratio on thickness of shielding material for the two
irradiation geometries. At first, a user shall confirm whether [Dependence of g/n dose ratio on thickness of
shielding materials] is selected or not for [Which graph will you show?]. In this case, the GUI in Fig.B-29

is indicated.

1) [Which parameter will you determine?]
Click [I will determine the radius of the solution fuel.], if a user intends to draw the y/n dose ratio
graph with the format as depicted in Fig.B-26.

In this case, the bottom column in the left side is indicated as Fig.B-32.

Select the radius of fuel
" 174cm " 186cm f« 202cm 0 238cm

i 30cm " 424cm i Blcm

Fig.B-32 A part of GUI in Fig.B-29 for selection of fuel radius.
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i1) [Select thickness of the shielding material]

A user shall select radius of solution fuel with Fig.B-32.

Following, a user shall click [The display of graph] to draw a y/n dose ratio graph with a format, as
depicted in Fig.B-26.

Example 10 (see, Fig.B-26)
Fig.B-26 shows dependence of y/n dose ratio on thickness of concrete shielding for the two irradiation

geometries. In this case, radius of solution fuel is set to 20.2cm.

6) Definition of graphic indication (4) (with a format in Fig.B-27)

Fig.B-27 depicts dependence of y/n dose ratio on thickness of shielding material for the configurations
with different solution fuel radius. At first, a user shall confirm whether [Dependence of g/n dose ratio on
thickness of shielding materials] is selected or not for [Which graph will you show?]. In this case, the GUI
in Fig.B-29 is indicated.

i) [Which parameter will you determine?]
Click [I will determine the irradiation geometry.], if a user intends to draw the y/n dose ratio graph
with the format as depicted in Fig.B-27.

In this case, the bottom column in the left side is indicated as Fig.B-31.

ii) [Select the irradiation geometry]
A user shall select the irradiation geometry with Fig.B-31. Following, click [The display of graph] to
draw a y/n dose ratio graph with a format, as depicted in Fig.B-27.

Example 11 (see, Fig.B-27
Fig.B-27 shows dependence of y/n dose ratio on thickness of concrete shielding for solution fuel with

different radius. The AP irradiation geometry is taken into account here.

7) The range of graph
A user can set the range of both axes. Click [RangeSet] and then the GUI in Fig.B-33 will be opened.

=

B o 0

X axis (om)
Max

Setlp | Ciancel |

Fig.B-33 GUI for defining the range of y/n dose ratio graph.
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A user shall input the maximum and minimum values for the both axes. Following, click [SetUp] and
then a new graph is plotted, according to the given values.

If a user clicks [Cancel], the amendment is not taken into account to plot the graph.

8) Operation for closing the graphic indication
The three buttons in the right lower part in the y/n dose ratio graph are utilized for printing, saving and

closing the graph as below.

a) Printing out the graph
A user can print out the graph indicated in the display by clicking [Printing].

b) Saving the graph
The indicated graph can be saved as a JPG-format file in an arbitrary folder by clicking [Save].

¢) Closing the graph
The GUI in Fig.B-28 or Fig.B-29 will be indicated again, if a user clicks [Close].

9) Save the definitions for dose calculation

Click [Save] in Fig.B-28 or Fig.B-29, if a user intends to save all the definition for determination of
energy spectrum, dose calculation and y/n dose ratio graph.

In this case, a user can save all instructions through dose calculation, including the operation till the

section B-8.

10)  Finish RADAPAS

Click [Cancel] in Fig.B-28 or Fig.B-29, if a user intends to finish RADAPAS.
Caution!!

A user shall confirm whether the essential files are saved or not by the instructions described in the
sections of B-8 and B-9.
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Appendix C RADAPAS D EA~=27 )L (HBAFER)

C-1 HBBRERUTAAM—IL
1) RADAPAS OFEATIZHRWTHERE S D BB
RADAPAS %, Windows ¥ A7 LZEET2INHO A=Y Fra s va—2 THATE %,
RADAPAS O IEF RBIEIZIX, LFON— R =7 KO 7 by = TERESHR IS,
a) N RU =T REE
CPU Intel Pentium 200MHz 24 _E
MEMORY 64MB Ll E
HDD ZEx%&Ee LT, 200MB UL E
o) V7 hUxTERE
OS Windows 98 (SE LAF%), Windows NT4.0(Service Pack 3 LL[%), Windows 2000, Windows XP
T — X HARTFT D728, Microsoft Excel 23 H & 72 5,

2) ARV

Ta 7T AL, LFOFIET =Y FarBa—F~f A M—LEND,

) By N7 T4 AT EHNGDO RTA TITHAT 5,

ii) WindowsOS D~ A 2L Ea— X F T2 AT —I00RRDO K74 7 %<,

Z D%, Setup.exe” 7 T ANEX TN U v T T D,

i) fERICIES T, BRI/ GUI Z#(ET 5,

Tag T ADT A A M—)UE, Windows D[A X — MA=a—LD[a> hr—/L/%)L]
ZIEINL, 77V r—ra v oBMEAIRZ BEET 5, 0%, RADAPAS ZHIBRE N D,

3) TANEKOT 7 A AR
RADAPAS (%, [TARGET]} (N[Data]® 2 5D 7 4+ VX% HT 5,
[TARGET]Z # VA I21%, #EFHHEOFAT7 7 A /L RADAPAS.exe 3 E £415,

[Data] 7 A VA IZIX FRED L 224207 7 A VR EEND,
- Spectrum_catalog Dat.dat TRV FX—AXT N ZaTT—HT 7 A )L

* Dose_catalog_Dat.dat Spectrum_catalog Dat.dat 7 7 A /WIZE £ DH TR /ILF—ART |
P % M AR S
* Mono_Dat.dat ARG R D R E AR L

- Gamma Neutron Dat.dat  HET-#REICKTT 2 v B EDOK (CLF, Ty /n#&E] £ 95,)
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C-2 RADAPAS DO EI{EIEE R U] GUI

1) BEEE
RADAPAS ZEIfESE 5729012, GUI O TEBIZ Fig.C-1 O 5 DDOREZ U INFEIZR RSN D,

Outputz it to Excel ‘ < Return ‘ Mext > ‘ Save ] Cancel |

Fig.C-1 RADAPAS OEIMEfREICHWD 5 DDHRZ

FEHEIE, &RZ L 2HNT, TRid &350 RADAPAS OEMEILEZBRIN TX 5,
[Outputs it to Excel] (C-8 Hiz[)
ZORE AL, MEFER GUI (FigC-19 M) THATE S, ZORZ D7 v
7k, AR IR ETMA B 4 Microsoft Excel TG D7 7 A V& L THE{ETE A,

[< Return]

A GUI ~8h9 5, Z DR Z U 3HIH GUI TITHERE L7232V,

[Next >]

WD GUI ~BENIT D, ZORK AIHERETRO GUI TITHERE L 720,
[Save >]

ZOREHI Yy I THIEIZEY, BE LI RNAFX =AY M)LK O SRl

Eh 7 7 A MURFET D, BREREROER GUI LIE TOHERET 5,

[Cancel]

FE! 7 Vw7352 LICkY, RADAPAS ZHIRIICK T4 5, Z0BEE, TnE
TIIRE L2 TOT — X IIRFEI N,

2) RADAPAS O] GUI
RADAPAS # [fth L7-%4, Fig

2 TRT GUL BREREND,

n Activated Sodium in criticality a

The existing evaluation result file can also be used.

The existing evaluation result file:

Selection Cancellation

# click of the [hext] startz a zetup of dose evaluation.

Outputs it to Exce = ] Next > I Save Cancel

Fig.C-2 RADAPAS O] GUI

LIHT DO #ET RADAPAS IZIR1F LT T 7 A N ZFEFHIAT S IL, i3 1X[The existing
evaluation result file] D FHIIZ 7 7 A V4 % ATTT 5, B OBETAMZ FITT 25518, 20 &
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{8 3 1 X[ The existing evaluation result file] D Nl Z 2 L, [Next>]% 27 VU v 735,
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2) TRAF—RARY NRELEOERR
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MActivate Calibpacculent ARSIALAS

Select the method to determine enerey spectrum -
{* Cluote from the compendium data prepared in this system

" Usze of other Enerey Spectrum

Which radiation eneregy spectrum shall be determined 7

" Meutron and Gamma-rays

" Meutron

< Return ‘ Mesxt > | Have ‘ Cancel ‘

1) [Select the method to determine energy spectrum]
ERE L, MEFRICH T2 =RV F— 2T MVOWREEE BN L2 TR B0,

[Quote from the compendium data prepared in this system]
it P 2SR K OV DREED 70> & 72 2 BEFYASRIZAR D 1 2 15725512, [Quote from
the compendium data prepared in this system] 2 i%®{R 7%,

[Use of other Energy Spectrum]
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0 I DT R — AT NVHMEMNT ST 54, [Use of other Energy Spectrum]%
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Fig.C-6 T[Next>]% 2 U v 7 L1254, Fig.C-7 O GUI BF R S41D,

E:_Rﬂpid Dose Assessment Proeram from Activated Sodium in criticality accident (RADAP AS)

The input for eneregy spectrum determination |

< Return | MNext | Save | Gancel I

Fig.C-7 T /LF—AXT FMUREDTZHD GUI

Qutputs it to Excel

Fig.C-6 TaXJE L7251 T RADAPAS (ZH51T DGR 2kt 254, [The input for energy
spectrum determination] % 2 V v 7 35,

ZENLNDEGANL, [<Return]Z 7 U 27 LT Fig.C-6 IZR 5, & D%, i & 1X[Select the method
to determine energy spectrum]}2 U\[Which radiation energy spectrum shall be determined?] DF¢E %
Fig.C-6 TEH L72< TE7e b 72w, £ D%, Fig.C-7 T[The input for energy spectrum determination]
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Fig.C-6 (279" GUI C, [Quote from the compendium data prepared in this system] % &R L 72354,
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ZD LD IEASWNER WS, [None] 28R L 72 < TIEZ2 b 72w,

iii) [Select the Solution Radius]
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[Select the Fuel Material] C, [Solution]% H&iR L 7=35A DWW T, IEHRIREFO 8% [17.4cm],
[18.6cm], [20.2cm], [23.8cm], [30cm], [42.4cm], [50cm]7>DHIRINT 5 Z ENTE 5,
BT, UK T BAFEOF R (RHEEEE) Ik vikE S, foIMER O E
X, N 100 (=17.4cm) KO 1095(r=50cm) T 5,
[Metal (Without hydrogen material) | D555, [8.74cm]Z 18R L 72 < TIX7ZR B 7200,
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et
FHURZR DOV D ABE STV DRI L B 2R 2 H T 2581, EHF IR bIEVVE
HIEIRNT DL LIZRDTHA D, ZOHE, FHEMHFLV/NSREZERT L EDBFELYY,

iv) [Select the Thickness of the Material]
[Select the Material surrounding the Fuel] Ci#IR L 7=, #E~WMOE X Z8INT 5 2 E N TEX 5,
[Select the Material surrounding the Fuel]% [None] & L7354, [0cm]& L72< TixZe b0,

Bl 2 : (Fig.C-8 )
Z BT, WIRREE (82 23.8cm) KOVE 7 U — h(10em JE)H) 5 72 AR DNEIR S
TW5, ZOWRE, UBEOBEFEOFITCHLEAIND,

I EOIHEBE %42 TERE LI, [Setuplx 2 Vv 735, RESMN Tablel |- T 50— L
—EH LW, FigC-7 D GUI ~R5bH, D%, FigC-7 CNext>1%7 Y v 735,
ZNLANDYA, Fig.C-8 @ GUI 2l L TIEAREN D, Z DL 9 elhfy, sXESMED Tablel
WZEENTW W, fEHFIL, Tablel IZHDERICHEST, RELZEL LR TUIRLRW, &
IEDOIZ Fig.C-7 BNERENT-HE, Next>12 27V v 795,
T !

[CancellZ 7 U v 735 &, Fig.C-T HRERRIND, 727201, Fig.C-8 TORREILHIEZ 720,
FizEay

FHARPEE ST D 4 SOWE L ITRR DB~ 2 EZ05EEE, ERETRbIIN
R ERDMBEEERT D2 LI THAS D,



JAEA-Data/Code 2006-019

C-5 IRILF—ARIMLREE(2) —FigC-5 ND7A—Fv—MZ&LBFEH—

Fig.C-6 ({27~ 9 GUI O fJJIA H T[Use of other Energy Spectrum] % 4R L 72354, Fig.C-9 ® GUI
DEEIT S,

Meutron enerey spectrum l Gamma-ray/ MNeutron

Mumber of enerey bin
]
Upper limit of each enerey bin Differential fluence in each bin
1 J2XTE-07 & 1 01358E-02 &
2 B.31BAE-07 2 QAZT1AE-03
3 AT7A40E-07 | 3 02445E-03 |
4 1.4440E-05 4 B.G7E9E-03
A 23023E-06 5 91047E-03
i 30278E-06 fi 8.9617E-03
7 G.47hBE-05 7 86491 E-03
a 1.0677E-05 g QZZR1E-03
a 1.7603E-05 ] 01838E-03
1a 28023E-05 10 01643E-03
1 4 7AR0E-05 + 11 04624E-03 »
Setlp | Cancel ‘

Fig.C-9 MM T RNLX =AY MLERET D7D GUI

Fig.C-6 @ GUI T[Which radiation energy spectrum shall be determined?] {Z-2V C, [Neutron and
Gamma-rays|Z 3R L7255, LARD 320X 775 GUI WRRSNSH, FigC-6 O GUI T
[Neutrons] Z 1R L7255, 51 ¥ T OHRNRERRIND,

%1 270, FigCO IRTHHEFZRNLF =AY MLVOKE GUI ThdH, =R/L¥—
B DAL MeV Th %,

B2 2T, vy TR R AT MVOBRGE GUL Th 5, =R/ F—E DAL MeV
Th D,

F3ATNE, tEAf— y BRO T A EFRET D Fig.C-10 (2R T GUI Th 5,

RADAPAS x|

Neutron energy spectrum I Gamma-ray energy spectrum Gi |

Ratio of Total Fluence{Gamma - rays/ Neutron?

2.6380E-01

Setlp | Cancel |

Fig.C-10 v /DT LTy A% AJ1T 57250 GUI
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EAFEE, MEHEICHWDLZRLXF =AY MURLEREZLULTO X 91 AT L T
IRBTRVN,
1) [Number of energy bin]
i 1%, Fig.C-9 ®[Number of energy bin] D FZEHIZ =L F— B L DA A L7e < Tix7
BV,
i1) [Energy spectrum]
¥ 1%, Fig.C-11 (Fig.C-9 ® F#R) @ GUI T, EDOMIc= L ¥—r oo EREE AL,
FORIZHE L DTNV 2AEGE AT LTI R B2V,

Upper limit of each enerey bin Differential fluence in gach bin
1 J22TE-07 & 1 Q1388E-02 «
2 5.31BEE-07 2 Q6216E-03
3 8.7640E-07 | 3 Q2445E-037 |
4 1.4449E-06 4 aa7A9E-03
] 2.3823E-06 5 1047E-03
fi J9273E-06 i 2061 7E-03
7 6.4758E-06 7 26491 E-03
g 1.0677E-05 g 02267 E-03
a 1.7602E-05 g 0.1338E-03
10 29023E-05 10 Q. 1543E-03
11 4. 7850E-05 + 11 QAGZ4E-03 -

Fig.C-11 THX/LF =AY M ERET 572D GUI (Fig.C-9 D FEDILKIX])

ii1) [Fluence ratio of gamma-rays to neutrons]
y BT < IC XD MEZ TS 25613, B Fig.C-10 @ GUI TH >~y o4
TN A AT LTI B 7Ry,

EHFE I, FigC9 DR TIZHOWTEFEHREAT LI, [Setupla 2 U v 745, £ TOHEH
NIEL L A ESN=54A, FigC-7 O GUI AFERIND, £ LT, Fig.C-7 ® GUI T[Next>]
27V v I35,

Fig.C-9 ® GUI MRS o56, HHEIFEY 7EHER LR TUI R LR, =R F—2R
R MRS B ZIE L AJ LT-t%, FigC9 T[Setuplx 7 U v 735, =Dk, FigC-7
D GUI BNHIERENT%, Next>]2 7 U v 795,

T !

i A 23 [Cancel |2 7 U v 7 L7354, FigC-7 @ GUI RFrEN5, 7272L, FigC9o b
Fig.C-11 TOR%EL GUI TR S TUVRU,
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C-6 RELEIRILF—ARIMNLDTFIETR

1) 77 7HRRIGE

RADAPAS TlZ, 1AM **Na ORSRERIEM S, C-4 #i O C-5 HillZFiulk L7-HRIC L v g
SN RNV F =AY MUCESEHEZR T 5, FRZ, C-5 8iTiid L7z FETIE, (R
DITRNF—AXT MVRERSIND, 22T, EHAEIREFRZETT 200, RESNZ
TRNVF =AY NV E T T TFRRICEVERT S Z LRSS,

il 3873 Fig.C-7 C[Next>1% 7 U v 7 L7z¥4, Fig.C-12 ® GUI NFE RSN D,

RApid Dose Assessment Proeram from Activated Sodium in criticality accident (RADAPAS)

The dizplay of eraph |

Outputs it to Excel

< Return | Mext > I Save | Gancel

Fig.C-12 T RNLF—AT N EFAIAT DD GUI

Fig.C-12 C, [The display of graph]237 U v 7 S b &, E LIZZRALF—ANT FLR
Fig.C-13 DL 52/ 57 L LTHERENS,

BiR 3
LLFD 77 71, Fig.C-8 @ GUI Tax i L 72 iREE (4% 23.8cm) K UVE =27 U — K (10cm
NG 72 HIRRICET 2 =RV X — AT FLERLTNA,

RADAPAS
Gelect data
Heuten i+ Meutron
105 1 Gamma-ray
10+ —Select Kind
108 " Mormal
i Letharey
= 102
2 Select scale
I 1o * log-d @ (E)/dE 4}
g
Eeh  lin-d# (E}/dE 00
Q10 .
£ 102 " lin-dd (E}/dE (¥}
2  lin-d E)/dE 6
® 10-3
=
10-4
M RangeSet I
10-%
10-7 Printing I
10-10 10-7 04 10-1 102

Energy[MeV] Save I
Cloze I

Fig.C-13 7 7 7B TR RSN RLF—AT FL
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HE !
flEJH#3 Fig.C-12 T[Next>]& 7 U v 7 LTedfy, TRVFX—ANRY ME 7T TR RETIZ,
FREFHEOWR OB (C-7 #iCTitik) ~itETr,

TARNF =AY MVOAIZH HEHE T, KrRT DO T T 7 DA — V%
IR 25 Z L 3 ATRE T H 5 (Fig.C-13),

1) [Selected data]
[Neutron] $ L < (X[Gamma-rays] %3R35 Z L3 TX 5, Fig.C-7 @ GUI T[Which radiation

energy spectrum shall be determined?] C[Neutrons]% 3R L 72354, [Neutron]DANEMERIHE & 72
Do

i1) [Select kind]
[Normal](d ¢ /dE) % 7= I%[Lethargy](d ¢ /letahargy) TO 7' 12 v RN A[HETH 5,

iii)  [Select scale]

Fig.C-14 T/ 7 7 DA r— V%, 5L LA ERET 2 2 ENARETH D,

Select scale
(¢ log-d¢ (ENAE (070

" lin-d ¢ E}dE &4
 lin-d ¢ (E}dE )
O lin-d & (E}dE )

Fig.C-14 7' 7 DA/ —)LaiRiET 5= GUI

iv) [The range of graph]

L, 77 7 OO A4 E TE 5, [RangeSet]x 7 U v 7 L721£1T Fig.C-15 233
REND HHEE, M SV TR/IME & RRfEZ AT L7 < TI R B 722w, % T, [SetUp]
27V 7T HEEZILNIEIZEST, HILW I 7087 my hahbd,

fEE N [Cancel|& 7 U v 7 Ly, AR LIZEHIIRKBENTIC/ 7747 1y b5,

H axiz enerey (Mel)
Max

30
Iin
|0.00000001

Y axis value

Pasx
[10

Min
0,000

Setlp | Cancel |

Fig.C-15 7 7 7 OFR R EZRET D72 D GUI
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Bi= 4
[Lethargy] 75[Select kind]C, MifiAs[Select scale] Tt 77" A 7 —/)L L R IE S =4, Fig.C-13
DTT 7L, FigC-16 DL IICEHEIND, Zr#fiiliL, FigC-15DLEBY THD,

Neutron

&+ MNeutron

 Gamma-ray

~SGelect Kind
© MNormal

109 f* Letharey

- Select scale

10-1 o log-de (EXdE (YD
© lin-de (E)/dE )
" lin-de {E)/dE &)
 lin-dé (E)/HE XY}

Flux[n/cm™ ¢ per Lethargy.total=1]

o]

10-4+ Printing I
Enerev[Me] L‘
Cloze I

Fig.C-16 AH Iz R /ILF—A7 hL

2) 7T TFRIROETAE
Fig.C-13 % L < 1% Fig.C-16 DA F#IZH D 3 ODRZ 1%, UTFDO L HICTRAF =227 |
NVOHIR, RAFROERE T 2 F 7T 5T 5,

a) TRLF—AT NLOHI
[Printing] % 7 U » 7 3% 2 LISk D, FRTOZHLF =Ry MARERT S 2 LA TR
Lied,

b) TRAF—ART FILORLF
[Savel# 2 U v 752 LICh D, FRNDY T TEAEEDT 4 L HIC PG 7 7 Ak LT
BT B2 LTS,

¢) T TEIROKT
ERFE D [Close]Z 7 U » 7 LIz¥54, FigC-12 1255 GUI BEEREND,

i I DM D SRR D = R L F— 27 ML ORIRE ERT 5 8541%, Fig.C-12 ® GUI T

[The display of graph|Z 57 U v 7 3%,
EHEDROBEIE TOMBIREOETLZEXTOHAE, T2 TNext>227 Y v 7%,
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C-7 4RE *Na QHLBUHBEEICE SIS HREHT

1) HREHE OILRE & 7o 5 AR *Na iU BE
i 3878 Fig.C-12 T[Next>|% 7 U v 7 L1254, Fig.C-17 ® GUI BNE RIS D,

't Program from

“Which specific activity of 24Ma will be utilized to eztimate doze?-
i Measured specific activity with whole body counter

i+ Measured specific activity for the soft-tizsuetblood)

< Return ‘ Mext > ‘ Save ‘ Gancel

Fig.C-17 *Na FLHUFRRED & BIEZ R ET 5 72D GUI

RADAPAS 1%, &8 T 724 LIIMEY > 7LDy A7 ba A M) TEESNZ
*Na HHIHED & OB 21T IR A R LT\ 5, ((Hk—A 2R,)

[Which specific activity of 24Na will be utilized to estimate dose?]
[Measured specific activity with whole body counter]
BB T B THRL M Na O HERESNIE SN2 E, BIRT S,
[Measured specific activity for the soft-tissue (blood)]
%EZ ILED OB L2 Mg O AR *Na OHHFEEDR vy A2 hu 2 b THIESh
7/7 (=) @*R#ZD

Bil% 5 : (Fig.C-18 ZHR)
Z 2 TClX, [Measured specific activity for the soft-tissue (blood)]2M&IR LT\ 5, Z DK, A~
=27 VOFITIE, T O TREFFENME ST D,

EREITHIEEZRIR U725, Next>]2 27 U v 795,
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2) MEFEORE GUI
i Fi#4 73 Fig.C-17 T[Next>]% 7 U v 7 L1284, Fig.C-18 D GUI BNE/REN 5,

_Rﬂpid Dose Assessment Proeram from Activated Sodium in criticality accident (RADAP AS)

Ihput for dose evaluation |

< Return | et > | Save I Gancel I

Cutputs it to Excel

Su

Fig.C-18 #&EzHE OFIHIERE GUI

MEHRIC LI EHR A AJ)T 5729, [Input for the dose evaluation]|% 7 U » 7 95,

4

fifi 387 Fig.C-18 C[Input for the dose evaluation]% 7 U 7 L7434, Fig.C-19 ® GUI 23F/R
b,

RADAPAS

~5Shall vou estimate the Absorbed Doze in belowinit in Grayl? -
v Whole body

¥ Redbone marrow

v Lung

—Gelect the Tradiation Geometry
% Anterior—Posterior (AP}

{ Lateral (LAT}
" Anterior—Posterior (8P} and Lateral (LAT)

Measured specific activity of 24Ma 24 Na-Bg/23Ma-g)

| 5.5000E04])

Setlp Cancel

Fig.C-19 #EFIHE DK E GUI
1) [Shall you estimate the Absorbed Dose in below (unit in Gray)?]

FERETL, FHMEXRETREBEIC—F T 2L TUIR B R, FHEBIE, Tieo
BZ R,
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* [Whole body]
B O

* [Red bone marrow]
L IR EE BE DA

- [Lung]
JTikELARk D -2

HE !
RADAPAS Tif, A 2.1 fiCitik L7z X 918, BRI LGB T W T &
AR 2 VT, MEFHENE TSN D,

i) [Select the Irradiation Geometry|
EHEIE, *Na &85O OMEMRBICR & 2P BE 5 2 2003 < H K2 BEH#RO A S 5
EIRT DL LN TE D,
* [Anterior-Posterior(AP)]
HEHRDY, NEOFTE S L <A D A Lz EHEII SN2 5E81T, 2 ORISR
R s,
+ [Lateral]
TGRS AR 52 5 AFT LTz EHERI S NGBS, T ORIRMFITERIN D,
[Anterior-Posterior(AP) and Lateral]
[Anterior-Posterior(AP) and Lateral|2%i®IR S 72355, 2 DOMKEM CRENHAE IS,
MRET A A N VIR, RO AR 2 AFHBSEHREIC & > TERS g uidzmbreu,
ZDT, %RIFBEHNZOVTE, [Anterior-Posterior(AP)]| 23R X415,
PUT<BREIT, 2 20T AA N TEZONLHHEDOHDIEELIND,

i) [Measured specific activity of 24Na(24Na-Bq/23Na-g)]
il #1%, [Measured specific activity of 24Na (24Na-Bq/23Na-g)] F D ZEMiiZ **Na Heiictae (B
fif : *Na-Bq/"Na-g) Z A L7e< TTR LR,

RADAPAS Tl, #I < BHC AARICA R S 4172 *Na O HHHHEIC DUV CRREBHEAR N 5 2 5
NTWD, 2O, HHEZAMENTO *Na DEAZZE L THIEMBEMIEST 2 0ERD 5,
FABEC £ 5 *Na OME2R) 22 0001 14.96 BERITH 5, MNx T, HREOERNREIC X 5 40%
HIZ2 A TH D 10 HRIOBE b LERH D RENEL H 5,

REFEOBEIE B TIE, BERMTO *Na ORENZB SN LA REN G H D, 72720, 18
LN ORIE CThiUE, JIEDOFRHIRZ & FHRF O R ORBRE 2B E L T, MEMEZMHET N
1, REEED JWBREFHEAN FTRE & 72 D,

B 6 - (Fig.C-19 1)
[Shall you estimate the Absorbed Dose in below (unit in Gray)?] CT& T DO EEZHINT 5,
St A R VI, [Anterior-Posterior(AP)] & 9%,
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*Na LU BEDRIEM L, 8.50 X 10°(**Na-Bg/*Na-g) & T~ 5,

FEREITRHEBEZ AN L%, [Setuplz 7 U w745, RIEEMNELL AN ESNTESA,
Fig.C-18 ® GUI WEHUFRRIN 5,

EFF 3 [Cancel] (WD IEL) 227 U v 7 L7c8%A, Fig.C-18 @ GUI BRERIND, 7271201
Fig.C-19 TORB BT S LTV,
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C-8 HHREHEBROKRTRUY Excel BRIZKHBRFE

1) EHEREROFRR

Fig.C-19 TH#MARE L7 LT, #HFE Fig.C-18 @ GUI T[Next >|&2 27 YV v 7 LI=HA,
Fig.C-20 O GUI NFEREN 5, D GUI IZ RADAPAS D FHERS S, 1 & 7= #aBRH0% O **Na
DL RERlEME 2 Rn T 5,

Specific activity of 24Na 24Na-Bg/23Na-g)
|8.EDDDE+D4

Whols body | Red hone marrowl Lune ]
AP Conversion Coefficient (Gv/ 24 Na-Bg/23Ma—gh AP Evaluation result Gy}

Meutron Dose 4 BE20E-05 Heutron Doge JB04TE+O0
2nd Gamma Dose 1.2340E-05 2nd Gamma Dose 1.0439E+00
Gamma Doge 7.3450E-05 Gamma Doge 6.2433E+00
Total 11187E+01

Qutputs it to Excel < Return 1 Mext > | Save ‘ Gancel |

Fig.C-20 FtHEAEROFIR GUI

Fig.C-19 ?D[Shall you estimate the Absorbed Dose in below (unit in Gray)?] T, 2% L<IL3 2D
MEAZBIN L2056, Bedb7 —7 NV TRERNEREND, EHAFIE, Fig2l1 1277”7 Fig20 ©
OV EZZ T E2HNT, FRTOMBELERT 5N TE D,

Whale body l Red bone marrow ] Lung ]

Fig.C-21 f5RFROUIVEZ Z 7

Bl 7« (Fig.C-20 Z:H8)

Fig.C-20 I¥, R~==T7 /L CEFK L7=5M (Fig.C-6, Fig.C-8, Fig.C-17 L\ Fig.C-19 &) 2
WCORRE SN REETRT,
HEE!

RADAPAS Ti, @HBE—IE LRI THIT ST — XIS &, MEHFENETS
N5, Fig.C-20 DFERIT, FHEEZ OIS BHEDOHEEITHN OGN L REHDTH D,

2) FHEAEFRD Excel 7 7 A MERIZ L D FR

i FH# 73 Fig.C-20 T[Outputs it to Excel]Z 27 Y v 735 &, Fig.C-22 D L 9 TR EFHRER %
Excel 7 7 A LV CHRRTHZ ENAHETH 5, Fig.C-19 D[Shall you estimate the Absorbed Dose in
below (unit in Gray)?] T, 2% L<IX3 DOMELZTIR LIS, Fl—D7 7 AV TERRL— b
ICHRENFR ST,
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rosoft Excel - Bookl

TIHE REE FTO FAD ENOQ YD TR0 L EOW ALE

| _l&
[MsPTysh -1 - BU|EEE|1-2-A-YDSEHS SGRY BB - (@ A BHN -
A1 | = Specific activity of 24MNa (24Na-Bo/23Na—g)
A B | G D | E % | G H | I J | K L | Il

1 |Specific activity of 24Ma (24N Bo/23Na—g

2 | 8.5000E+04 |

3

4 |AP Conversion Coefficient (Gy/(24Na—Bo/?3Na—g)) AP Fvaluation result (Gy)

5 |Meutron Dose 4 5820E-05 MNeutron Dose 3.58947E+00
- § 2nd Gamma Dose 1.2340E-05 2nd Gamma Dose 1.0489E+00

7 Gamma Dose 7.3450E-05 Gamma Dose G.2433E+00
B Total 1.1187E+01
2 | | | |
(10

Ak
e
13

18]

Fig.C-22 FIHEfERD Excel 12 L 5 #R

3) MREFHEOBRE R ONER O

FEREDRE LRV —AXT ML, HREEROLSTOREORTFELENT 555,
Fig.C-20 C[Savelx 7 U v 7 35, ZIUIMZ T, FHE SNTHREMEIC OV T, Fig.C-22 Ojj#E
Z T Excel TERD 7 7 A LV TIRIFT 5 Z LR SN D,

4) MEFTROKT
EREDREHEOKR T 2B KT 54, Fig.C-20 TlCancellZ 2 U v 735,
!

BEEL, RELRDT7 7 ANB DR NOEIET, RIFESNTWDENENZMER L T
AN ANTAN

5)  RADAPAS Offfse (v #r/ Wk 1fr & 77 7 TOZRR)

3 78 Fig.C-20 T[Next >]% L7-34, RADAPAS (Lv/nfpELD T T 7 2 FKRkT DHRODBE
pE~LC T (C-9 HiZH),
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CY rR/PHEFRELXDITSIRTE

)y HPETRRRERD ST T RRIRDS T —F v — |

Fig.C-6 ®D[Select the method to determine energy spectrum] T, [Quote from the compendium data
prepared in this system] % S8R L 72854, RADAPAS (X v/ nf&EOREZ 77 7 L LTERT D
ZLEWTRETH D,

Fig.C-23 12, v/nf&LD 77 7K TCORRIMIEDL 7a—F v — NaR7d,

AEINE, ZHET (C4 05 C-8HI) DOEMELITMMAL L T\ 5, Fig.C-6 T, [Use of other Energy
Spectrum] 3 EHR SN2 E 1, BT OEEIFFEEE L 72u,

EDTSTEHET S ?

BRFEEAD Y /ntLD EANWHMESAD

®KEHE T /ntb DIRTFEHE
v v
WA DER AT DEIR

‘]
EAVHDES BRET A AR BRIBHOFE BRESA AR
EAVHOES AT A AR SRR DR E BBET S AR
DER DR DER DEIR

¢ A A \4

Fig.C-24 vy/n#&ELD T T 7R RIMED 72 —F ¥ — b
K7a—Fy— el L, FHEN Y/ nRELD T T 7 2Ford 2 FEEZRIRT 5 2 L3

Bansd, 7771, LLFIZRT L SIS Fig.C-24, Fig.C-25, Fig.C-26 &1 Fig.C-27 (2’99 H
D150 TT ey hahd,
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E RADAPAS (x|
6
34 r =
Gz e
£ =
280 i
]
oien
o
£
& 24
=
= 22 Mone Ocm
3w i
w18
2
Ture
g
[-RF]
éeu 12 RanesSet |
10
08 Printing |
10 20 0 40 50
radius fuellom] Save |
Cloge |
iy 5L e
Fig.C-24 v /nfR&ELLOERT 7 7 (1)
E RADAPAS x|
]
ER
£
&
]
6
<
E
.é g // — Concrete (AP}
- //' o e —— 10em
£ — —®— 20cm)
R ,_,-*"__f —#— 30cm
= oS —&— 40cm
8 e —#— 50cm|
12 3 // P =
52 Rangeset
(]
1 Frinting
10 20 0 40 50
radius fuellsm] Save
Gloss
<y =N > —
Fig.C-25 v /nfRELOBERZ 7 7(2)
E RADAPAS 'E‘

Gammaray dose/Neutron dose Oihole body dose)

Solution Radiug = 202cm

RangeSet

Printine
20 a0 40 50
shielding material{Concretelcm] Save
Close

Fig.C-26 v /nfpELOBHRT Z 7(3)
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E raparas (%]

8 L]

-

Radiug (AP}

Gammaray dose/Neutron dose (Whole body dose)

Range3et

Printing
10 20 a0 40 &0
shielding material{Concrete) [cm] Save
Close

Fig.C-27 v /nfRELOBRZ 7 7 (4)

2) 777 74—~ MRESVOREE
i F#78 Fig.C-20 CT[Next>]1% 7 U v 7 L1284, Fig.C-28 O GUI NE/REND,

Rﬂpld Dose Assessment Program from Activated Sodium in criticality accident (RADAF AS)

—Which eraph will you draw? —Select the composition of shielding material
i Dependence of g/h doze ratio on radius of =olution fuel i+ Mone
" Dependence of g/h dose ratio on thickness of shielding material i~ Concrete

—Which parameter will vou determine? " Heavy type concrete

& Twill determine thickness of the shielding materials. " Tron

7 Twill determing the irradiation ezometry. i Lead

~Select the thickness of material
& Ocm " Bem " 10cm  20cm

i 30cm " 40cm i~ Bcm The dizplay of eraph

< Return I Mext > I Save I Cancel

Fig.C-28 vy /n#EILD VT 7R REHET H7-HD GUI()

i) [Which graph will you show?]
HHFIL, v/nfERT 7 70 Xz fEE L T bian,
* [Dependence of g/n dose ratio on radius of solution fuel]
i 1775 Fig.C-24 J O Fig.C-25 IT-T K 9 e 4 X e 35277 70RREZEX
THEEITERT 5,
[Dependence of g/n dose ratio on thickness of shielding materials]
i 778 Fig.C-24 KO Fig.C-25 ITRT L 9 RilE~WM DR S Z X Wil 52577 7 DRR
2 EHT L5 EI8IRT 5,
[Dependence of g/n dose ratio on thickness of shielding materials] 23R S 7= 855, Fig.C-28 1%
Fig.C-29 ® GUIL IZ HEIIZEI W Brb 5,
41X, Fig.C-28 XK O Fig.C-29 DDy D4R AR TE 5,
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= v = x|
‘Which eraph will vou draw? Select the composition of shielding material
" Dependence of e/h dose ratio on radiug of solution fuel {5
v Dependence of e/h dose ratio on thickness of shielding material % Concrete

‘Which parameter will vou determine® € Heavy typs concrele
& T will determine radius of the solution fuel. " Tron

" Twill determine the irradiation geometry. " Lead

Select the radius of fusl
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