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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 24Na 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 24Na. 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 24Na 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 24Na 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 24Na
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臨界事故時の迅速線量評価プログラム，RADAPAS 

日本原子力研究開発機構 原子力基礎工学研究部門

環境・放射線工学ユニット

高橋 史明

（2006 年 7 月 3 日受理）

臨界事故においては，核分裂性物質の近傍にいる者は急性障害の原因となるような高線量の被

ばくを受ける可能性がある。このような場合，被ばくの重度を考慮して，医療措置を遂行する必

要がある。そのため，事故発生直後の段階で線量を評価する必要がある。中性子被ばくに伴い体

内に生成される 24Na の放射能値に基づく線量評価は，臨界事故時の有効な手法の一つとされてい

る。そこで，生成される 24Na の放射能から被ばく者の線量を迅速に算出するプログラム，

RADAPAS(臨界事故時における放射化ナトリウムからの迅速線量評価プログラム)を開発した。

RADAPAS は，大きくデータベース部と線量計算部の２つから構成される。データベース部は，

以前のモンテカルロ計算コードを用いた解析で得たエネルギースペクトル及び 24Na 量からの線

量換算係数を含む。線量計算においては，事故現場の線源条件あるいはエネルギースペクトルを

対話形式により表示画面を用いて入力する。RADAPAS は，入力された情報及び 24Na の比放射能

測定値からデータベースにある換算係数を用いて被ばく者の受けた線量を迅速に算出する。

本報告書では，RADAPAS における線量評価法及び線量換算係数データを示すとともに，使用

法を記す。

原子力科学研究所（駐在）：〒319-1195 茨城県那珂郡東海村白方白根 2-4 



iii 

JAEA-Data/Code 2006-019

iii

Contents

1. Introduction …………………………………………………..…………………………………....... 1

2. Overview of RADAPAS …………………………………………..………………………………….. 2
 2.1 Incorporated data in RADAPAS ………………………………………………………………….. 2 
 2.2 Dose calculation in RADAPAS …………………………………………………………………... 2 
  2.2.1 Dose calculation based upon the information for the criticality configuration in an accident ... 3 
  2.2.2 Dose calculation with the energy spectrum analyzed after an accident ……………………… 3 

3. Availability of RADAPAS ……………………………………………………..………………………. 3

4. Conclusions …………………………………………………..…………………………………..… 5

References .………………………………………………………………………………………………. 5

Appendix-A Conversion coefficients from specific activity of 24Na induced in human body to 

radiation dose averaged over a whole body ……………………………………………... 9

Appendix-B User’s Manual of RADAPAS (in English) ……...……………………..………………… 29

Appendix-C User’s Manual of RADAPAS (in Japanese) ……..……………………..…….…….….... 57



iv 

JAEA-Data/Code 2006-019

iv

目 次 

1. 緒言 …………………………………………………………………………….……………………. 1

2. RADAPAS の概要 ……………………………………………………………………..………..…… 2

 2.1 RADAPAS へ内蔵されているデータ ……………………………………………………..……. 2 
 2.2 RADAPAS における線量計算 …………………………………………………….……………. 2 
  2.2.1 事故時の臨界体系に係る情報に基づく線量評価 ……………………………………….. 3 
  2.2.2 事故後に解析されたエネルギースペクトルを用いた線量評価 ……………..………… 3 

3. RADAPAS の性能検証 ……………………………………………………………………………… 3

4. 結言 ……………………………………………………………………………………………..…… 5

参考文献 ……………………………………………………………………………………….……..… 5

付録-A 人体内に生成される 24Naの比放射能値から全身平均線量への換算係数 ……….………… 9

付録-B RADAPAS の使用マニュアル（英語版）…………………..……………………………..…….. 29

付録-C RADAPAS の使用マニュアル（日本語版）………..…………………………………..…….. 57



－ 1 －

JAEA-Data/Code 2006-019

1

1. Introduction 
 Most of past criticality accidents had occurred at nuclear fuel processing facilities during 1950s to 
1960s 1). 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 2). 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 2), 3), 4). In such a case of severe exposure, information about radiation dose to an exposed person is 
necessary for judgment of the medical treatment 4), 5), 6). 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 7). In addition, a system using dosimeters is being 
developed to estimate high radiation doses from neutron and gamma-rays 8).
 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 4), 9), 

10), 11). Especially, dicentrics rarely occur in non-irradiation people 12) 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 12). The magnitude of exposure can be 
assumed from depletion kinetics of lymphocyte within 48 hours after a severe radiation accident 5), 6), 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 24Na induced in human body element through neutron 
exposure in past criticality accidents 2), 4), 14), 15). The half life (T1/2=14.96 hours) and energies of emitted 
gamma-rays (1.37MeV and 2.74MeV) of 24Na have advantageous conditions in quantification of activity 
by gamma-rays spectrometry. On the other hand, the quantitative relation between the activity of induced 
24Na 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 7). Thus, a previous analysis 16) using Monte Carlo calculation code MCNP 17) had clarified 
conversions from 24Na 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 24Na 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 24Na. RADAPAS involves database of energy spectra and coefficients for 
dose conversion from quantity of induced 24Na, which had been derived in the previous analysis 16). 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 24Na 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 24Na.
 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 24Na 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 7). Thus 
the previous analysis 16) 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 24Na 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 7). 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 24Na induced in body tissue 4). Otherwise, a whole body counter is to be applied to 
measure the induced 24Na activity. RADAPAS therefore prepares data for dose conversion from specific 
activity of 24Na 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 24Na specific activity 16), 18), 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 24Na specific activity, Gy/(24Na-Bq/23Na-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’) 16). The dose due to gamma ray exposure is called as ‘Gamma-ray 
dose’ in RADAPAS.  

Appendix A lists conversion coefficients from 24Na 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 
24Na 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 
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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 24Na 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 24Na
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 16). Thus, the energy spectrum obtained with a 
certain calculation or a measurement is preferable to be applied to dose calculation from 24Na 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 24Na 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 24Na specific 
activity for heavily exposed persons in the first criticality accident in Japan in detail 4). 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 



－ 4 －

JAEA-Data/Code 2006-019

4

the accident, which had been carried out by NIRS 4).
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 4). Specific 
activity of induced 24Na 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 4) by the Oak 
Ridge National Laboratory 18). 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 4). Organ doses per unit fluence were derived with the dose conversion coefficients 
in ICRP Publication 74 19). After that, radiation dose over a whole body was assessed by averaging the dose 
for each tissue weighted by the mass of individual tissue 4). Thus, NIRS derived the conversion coefficient 
of radiation dose to the whole body from neutron exposure as 6.6x10-5 (Gy/(24Na-Bq/23Na-g))4) . The ratio 
of dose from gamma-ray exposure to dose from neutron was assessed from the radiation monitoring in the 
emergency management 4). The IAEA technical report 7) 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 4). The former method and the latter method had given the 
conversion coefficients of 1.03x10-4 (Gy/(24Na-Bq/23Na-g)) and 1.59x10-4 (Gy/(24Na-Bq/23Na-g)) for 
radiation dose from external gamma-rays, respectively 4).

In RADAPAS, the closest criticality system to the accident should be firstly selected from the 
configurations in Table 1. A dose conversion coefficient from 24Na 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 4). The conversion coefficients for the 
‘neutron dose’ and the ‘2nd-gamma-ray dose’ are 6.23x10-5 (Gy/(24Na-Bq/23Na-g)) and 1.26x10-5

(Gy/(24Na-Bq/23Na-g)) for the configuration, respectively. Thus, the sum of dose conversions for external 
neutron exposure is 7.49x10-5 (Gy/(24Na-Bq/23Na-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 24Na. The conversion 
coefficient for the ‘gamma-ray dose’ is 1.04�10-4(Gy/(24Na-Bq/23Na-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 20). 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 24Na 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 24Na 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) 21). 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 24Na 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 24Na
induced in the irradiated NaCl solution with RADAPAS. The using dosimeter system 8) and calculation 21)

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 7). 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 24Na 

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 
fuel (cm) 

Surrounding 

and its thickness (cm) 

17.4 18.6 20.2 23.8 30.0 42.4 50.0 

None  �� �� �� �� �� �� �� ��

Concrete 10

20

30

40

50

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

Heavy-type

Concrete 

10

20

30

50

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

��

Iron 5

10

20

30

50

��

��

��

��

��

��

��

��

��

��

��

��
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Fig.1 Display for definition of criticality configuration in RADAPAS 

Fig.2� Display for definition of arbitrary neutron energy spectrum 
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Appendix-A  Conversion coefficients from specific activity of 24Na induced in human body to 
radiation dose averaged over a whole body 

RADAPAS involves conversion coefficients from 24Na 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 24Na 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 24Na 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 ‘2nd 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(24Na-Bq/23Na-g)) 

A) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
 irradiation 

Lateral 
 irradiation 

Frontal  
irradiation 

Lateral 
 irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose 

8.504×10-5

1.299×10-5

8.091×10-6

6.624×10-5

1.264×10-5

6.319×10-5

6.503×10-5

1.261×10-5

8.083×10-5

6.367×10-5

1.251×10-5

9.342×10-5

6.232×10-5

1.256×10-5

1.040×10-4

6.121×10-5

1.248×10-5

1.196×10-4

6.049×10-5

1.241×10-5

1.458×10-4

6.022×10-5

1.237×10-5

1.584×10-4

1.092×10-4

1.295×10-5

1.370×10-5

8.691×10-5

1.264×10-5

1.090×10-4

8.555×10-5

1.257×10-5

1.392×10-4

8.419×10-5

1.251×10-5

1.612×10-4

8.230×10-5

1.241×10-5

1.796×10-4

8.110×10-5

1.246×10-5

2.072×10-4

8.015×10-5

1.236×10-5

2.530×10-4

7.975×10-5

1.238×10-5

2.794×10-4

8.436×10-5

1.288×10-5

8.027×10-6

6.624×10-5

1.264×10-5

6.319×10-5

6.515×10-5

1.264×10-5

8.098×10-5

6.295×10-5

1.237×10-5

9.236×10-5

6.232×10-5

1.256×10-5

1.040×10-4

6.155×10-5

1.255×10-5

1.202×10-4

6.094×10-5

1.250×10-5

1.469×10-4

6.068×10-5

1.246×10-5

1.595×10-4

1.057×10-4

1.254×10-5

1.327×10-5

8.419×10-5

1.255×10-5

1.056×10-4

8.290×10-5

1.218×10-5

1.348×10-4

8.455×10-5

1.256×10-5

1.619×10-4

7.950×10-5

1.199×10-5

1.735×10-4

7.864×10-5

1.208×10-5

2.009×10-4

7.776×10-5

1.199×10-5

2.454×10-4

7.732×10-5

1.201×10-5

2.665×10-4

*� 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) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
 irradiation 

Lateral 
 irradiation 

Frontal 
 irradiation 

Lateral 
 irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

4.521×10-5

1.226×10-5

8.969×10-6

4.015×10-5

1.200×10-5

4.562×10-5

4.008×10-5

1.190×10-5

5.741×10-5

3.944×10-5

1.194×10-5

6.500×10-5

3.944×10-5

1.191×10-5

7.406×10-5

3.937×10-5

1.195×10-5

8.560×10-5

3.940×10-5

1.192×10-5

1.043×10-4

3.953×10-5

1.192×10-5

1.115×10-4

6.042×10-5

1.225×10-5

1.606×10-5

5.415×10-5

1.194×10-5

8.067×10-5

5.362×10-5

1.184×10-5

1.014×10-4

5.332×10-5

1.190×10-5

1.148×10-4

5.336×10-5

1.194×10-5

1.309×10-4

5.328×10-5

1.195×10-5

1.513×10-4

5.345×10-5

1.185×10-5

1.847×10-4

5.360×10-5

1.185×10-5

1.975×10-4

4.563×10-5

1.238×10-5

9.052×10-6

4.078×10-5

1.218×10-5

4.634×10-5

4.074×10-5

1.210×10-5

5.835×10-5

4.011×10-5

1.214×10-5

6.612×10-5

4.014×10-5

1.212×10-5

7.536×10-5

4.311×10-5

1.309×10-5

9.373×10-5

4.016×10-5

1.215×10-5

1.064×10-4

4.027×10-5

1.214×10-5

1.136×10-4

5.850×10-5

1.186×10-5

1.555×10-5

5.245×10-5

1.157×10-5

7.814×10-5

5.198×10-5

1.148×10-5

9.829×10-5

5.166×10-5

1.153×10-5

1.112×10-4 

5.171×10-5

1.157×10-5

1.268×10-4

5.164×10-5

1.158×10-5

1.466×10-4

5.182×10-5

1.148×10-5

1.791×10-4

5.196×10-5

1.148×10-5

1.914×10-4

*� 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) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
 irradiation 

Lateral  
irradiation 

Frontal  
irradiation 

Lateral  
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

3.129×10-5

1.172×10-5

2.229×10-5

3.084×10-5

1.159×10-5

5.647×10-5

3.069×10-5

1.160×10-5

6.653×10-5

3.041×10-5

1.156×10-5

7.295×10-5

3.069×10-5

1.156×10-5

8.089×10-5

3.077×10-5

1.164×10-5

9.179×10-5

3.116×10-5

1.160×10-5

1.090×10-4

3.154×10-5

1.159×10-5

1.162×10-4

4.262×10-5

1.173×10-5

4.119×10-5 

4.207×10-5

1.161×10-5

1.027×10-4

4.191×10-5

1.160×10-5

1.201×10-4

4.155×10-5

1.162×10-5

1.316×10-4

4.189×10-5

1.164×10-5

1.460×10-4

4.209×10-5

1.165×10-5

1.662×10-4

4.255×10-5

1.166×10-5

1.963×10-4

4.306×10-5

1.164×10-5

2.096×10-4

3.202×10-5

1.199×10-5

2.281×10-5

3.168×10-5

1.190×10-5

5.800×10-5

3.153×10-5

1.192×10-5

6.836×10-5

3.125×10-5

1.188×10-5

7.498×10-5

3.155×10-5

1.189×10-5

8.317×10-5

3.165×10-5

1.197×10-5

9.441×10-4

3.204×10-5

1.191×10-5

1.121×10-4

3.245×10-5

1.193×10-5

1.195×10-4

4.134×10-5

1.137×10-5

3.995×10-5

4.083×10-5

1.126×10-5

9.969×10-5

4.068×10-5

1.126×10-5

1.166×10-4

4.032×10-5

1.128×10-5

1.277×10-4

4.066×10-5

1.129×10-5

1.417×10-4

4.085×10-5

1.131×10-5

1.613×10-4

4.131×10-5

1.132×10-5

1.906×10-4

4.181×10-5

1.130×10-5

2.035×10-4

*� 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) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral 
 irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

2.601×10-5

1.144×10-5

4.012×10-5

2.679×10-5

1.142×10-5

7.472×10-5

2.694×10-5

1.137×10-5

8.995×10-5

2.674×10-5

1.137×10-5

9.139×10-5

2.698×10-5

1.139×10-5

9.951×10-5

2.712×10-5

1.139×10-5

8.499×10-5

2.743×10-5

1.141×10-5

1.273×10-4

2.744×10-5

1.141×10-5

1.352×10-4

3.564×10-5

1.149×10-5

7.482×10-5

3.679×10-5

1.142×10-5

1.374×10-4

3.696×10-5

1.143×10-5

1.659×10-4

3.674×10-5

1.145×10-5

1.678×10-4

3.704×10-5

1.145×10-5

1.821×10-4

3.733×10-5

1.145×10-5

1.557×10-4

3.783×10-5

1.147×10-5

2.325×10-4

3.765×10-5

1.146×10-5

2.467×10-4

2.683×10-5

1.180×10-5

4.138×10-5

2.766×10-5

1.180×10-5

7.715×10-5

2.782×10-5

1.174×10-5

9.289×10-5

2.803×10-5

1.191×10-5

9.580×10-5

2.789×10-5

1.177×10-5

1.028×10-4

2.803×10-5

1.177×10-5

8.782×10-5

2.835×10-5

1.179×10-5

1.316×10-4

2.836×10-5

1.179×10-5

1.397×10-4

3.461×10-5

1.115×10-5

7.264×10-5

3.575×10-5

1.110×10-5

1.335×10-4

3.590×10-5

1.110×10-5

1.612×10-4

3.608×10-5

1.125×10-5

1.648×10-4

3.597×10-5

1.112×10-5

1.768×10-4

3.627×10-5

1.113×10-5

1.513×10-4

3.675×10-5

1.114×10-5

2.259×10-4

3.658×10-5

1.113×10-5

2.397×10-4

*� in a 3mm thickness stainless-steel container 
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Table A-5� Fissile material with 40cm thickness concrete (Unit: Gy(24Na-Bq/23Na-g)) 

A) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral 
 irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

2.351×10-5

1.132×10-5

6.212×10-5

2.444×10-5

1.129×10-5

9.774×10-5

2.492×10-5

1.130×10-5

1.086×10-4

2.467×10-5

1.130×10-5

1.153×10-4

2.483×10-5

1.125×10-5

1.253×10-4

2.515×10-5

1.131×10-5

1.349×10-4

2.552×10-5

1.133×10-5

1.546×10-4

2.530×10-5

1.132×10-5

1.594×10-4

3.223×10-5

1.139×10-5

1.160×10-4

3.365×10-5

1.127×10-5

1.815×10-4

3.426×10-5

1.127×10-5

2.006×10-4

3.398×10-5

1.143×10-5

2.131×10-4

3.416×10-5

1.129×10-5

2.310×10-4

3.462×10-5

1.129×10-5

2.494×10-4

3.519×10-5

1.143×10-5

2.841×10-4

3.489×10-5

1.128×10-5

2.938×10-4

2.435×10-5

1.173×10-5

6.433×10-5

2.533×10-5

1.170×10-5

1.013×10-4

2.581×10-5

1.170×10-5

1.125×10-4

2.460×10-5

1.127×10-5

1.150×10-4

2.572×10-5

1.165×10-5

1.298×10-4

2.605×10-5

1.172×10-5

1.397×10-4

2.651×10-5

1.177×10-5

1.606×10-4

2.621×10-5

1.172×10-5

1.651×10-4

3.134×10-5

1.108×10-5

1.128×10-4

3.270×10-5

1.095×10-5

1.763×10-4

3.330×10-5

1.095×10-5

1.950×10-4

3.302×10-5

1.110×10-5

2.070×10-4

3.319×10-5

1.096×10-5

2.244×10-4

3.365×10-5

1.097×10-5

2.424×10-4

3.421×10-5

1.111×10-5

2.762×10-4

3.393×10-5

1.097×10-5

2.858×10-4

*� 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) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral 
 irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

2.281×10-5

1.117×10-5

8.783×10-5

2.348×10-5

1.124×10-5

1.267×10-4

2.320×10-5

1.123×10-5

1.383×10-4

2.369×10-5

1.124×10-5

1.469×10-4

2.399×10-5

1.126×10-5

1.573×10-4

2.399×10-5

1.126×10-5

1.686×10-4

2.535×10-5

1.120×10-5

1.898×10-4

2.460×10-5

1.126×10-5

1.964×10-4

3.155×10-5

1.122×10-5

1.646×10-4

3.247×10-5

1.138×10-5

2.361×10-4

3.220×10-5

1.124×10-5

2.579×10-4

3.280×10-5

1.124×10-5

2.735×10-4

3.327×10-5

1.124×10-5

2.924×10-4

3.314×10-5

1.125×10-5

3.133×10-4

3.506×10-5

1.138×10-5

3.513×10-4

3.411×10-5

1.137×10-5

3.638×10-4

2.366×10-5

1.159×10-5

9.112×10-5 

2.434×10-5

1.165×10-5

1.313×10-4

2.406×10-5

1.165×10-5

1.435×10-4

2.458×10-5

1.167×10-5

1.524×10-4

2.490×10-5

1.168×10-5

1.632×10-4

2.488×10-5

1.167×10-5

1.748×10-4

2.630×10-5

1.162×10-5

1.969×10-4

2.552×10-5

1.168×10-5

2.038×10-4

3.066×10-5

1.091×10-5

1.600×10-4

3.156×10-5

1.106×10-5

2.295×10-4

3.130×10-5

1.092×10-5

2.507×10-4

3.187×10-5

1.092×10-5

2.657×10-4

3.233×10-5

1.093×10-5

2.842×10-4

3.220×10-5

1.093×10-5

3.044×10-4

3.408×10-5

1.106×10-5

3.415×10-4

3.316×10-5

1.105×10-5

3.537×10-4

*� in a 3mm thickness stainless-steel container 
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Table A-7� Fissile material with 10cm thickness heavy-type concrete (Unit: Gy(24Na-Bq/23Na-g)) 

A) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral  
irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

4.536×10-5

1.243×10-5

1.332×10-5

4.484×10-5

1.235×10-5

4.772×10-5

4.541×10-5

1.231×10-5

5.766×10-5

4.528×10-5

1.233×10-5

6.488×10-5

4.582×10-5

1.234×10-5

7.345×10-5

4.647×10-5

1.236×10-5

8.415×10-5

4.683×10-5

1.231×10-5

1.015×10-4

4.245×10-5

1.099×10-5

1.044×10-4

6.034×10-5

1.236×10-5

2.446×10-5

5.999×10-5

1.219×10-5

9.092×10-5

6.072×10-5

1.220×10-5

1.039×10-4

6.047×10-5

1.220×10-5

1.165×10-4

6.118×10-5

1.221×10-5

1.319×10-4

6.222×10-5

1.223×10-5

1.512×10-4

6.281×10-5

1.224×10-5

1.818×10-4

6.293×10-5

1.224×10-5

1.995×10-4

4.550×10-5

1.246×10-5

1.336×10-5

4.514×10-5

1.243×10-5

4.804×10-5

4.574×10-5

1.240×10-5

5.808×10-5

4.561×10-5

1.242×10-5

6.535×10-5

4.615×10-5

1.243×10-5

7.398×10-5

4.681×10-5

1.245×10-5

8.476×10-5

4.720×10-5

1.241×10-5

1.023×10-4

4.276×10-5

1.107×10-5

1.052×10-4

5.835×10-5

1.195×10-5

2.365×10-5

5.808×10-5

1.180×10-5

8.803×10-5

5.875×10-5

1.180×10-5

1.005×10-4

5.853×10-5

1.181×10-5

1.128×10-4

5.918×10-5

1.181×10-5

1.276×10-4

6.021×10-5

1.183×10-5

1.463×10-4

6.081×10-5

1.185×10-5

1.760×10-4

6.092×10-5

1.185×10-5

1.893×10-4

*� in a 3mm thickness stainless-steel container 
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Table A-8� Fissile material with 20cm thickness heavy-type concrete (Unit: Gy(24Na-Bq/23Na-g)) 

A) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral 
 irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

3.591×10-5

1.225×10-5

3.270×10-5

3.946×10-5

1.228×10-5

6.102×10-5

3.982×10-5

1.234×10-5

6.868×10-5

4.023×10-5

1.233×10-5

7.314×10-5

4.050×10-5

1.222×10-5

8.023×10-5

4.106×10-5

1.224×10-5

8.806×10-5

4.174×10-5

1.225×10-5

1.009×10-4

4.297×10-5

1.226×10-5

1.050×10-4

4.828×10-5

1.220×10-5

6.196×10-5

5.309×10-5

1.210×10-5

1.136×10-4

5.362×10-5

1.210×10-5

1.270×10-4

5.407×10-5

1.210×10-5

1.350×10-4

5.460×10-5

1.210×10-5

1.481×10-4

5.529×10-5

1.211×10-5

1.624×10-4

5.625×10-5

1.225×10-5

1.849×10-4

5.561×10-5

1.224×10-5

1.927×10-4

3.623×10-5

1.236×10-5

3.299×10-5

3.979×10-5

1.238×10-5

6.153×10-5

4.018×10-5

1.245×10-5

6.931×10-5

4.059×10-5

1.234×10-5

7.381×10-5

4.087×10-5

1.233×10-5

8.096×10-5

4.140×10-5

1.235×10-5

8.880×10-5

4.212×10-5

1.236×10-5

1.018×10-4

4.336×10-5

1.237×10-5

1.060×10-4

4.667×10-5

1.180×10-5

5.989×10-5

5.131×10-5

1.169×10-5

1.098×10-4

5.186×10-5

1.170×10-5

1.228×10-4

5.229×10-5

1.171×10-5

1.306×10-4

5.279×10-5

1.170×10-5

1.432×10-4

5.345×10-5

1.170×10-5

1.570×10-4

5.440×10-5

1.184×10-5

1.788×10-4

5.464×10-5

1.184×10-5

1.863×10-4

*� in a 3mm thickness stainless-steel container 
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Table A-9� Fissile material with 30cm thickness heavy-type concrete (Unit: Gy(24Na-Bq/23Na-g)) 

A) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral 
 irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

3.327×10-5

1.210×10-5

5.569×10-5

3.743×10-5

1.216×10-5

7.844×10-5

3.772×10-5

1.216×10-5

8.461×10-5

3.789×10-5

1.217×10-5

8.837×10-5

3.805×10-5

1.216×10-5

9.299×10-5

3.849×10-5

1.223×10-5

1.001×10-4

3.908×10-5

1.218×10-5

1.096×10-4

3.993×10-5

1.221×10-5

1.133×10-4

4.495×10-5

1.198×10-5

1.058×10-4

5.050×10-5

1.212×10-5

1.477×10-4

5.088×10-5

1.211×10-5

1.584×10-4

5.106×10-5

1.213×10-5

1.652×10-4

5.141×10-5

1.211×10-5

1.736×10-4

5.190×10-5

1.210×10-5

1.869×10-4

5.263×10-5

1.211×10-5

2.034×10-4

5.384×10-5

1.211×10-5

2.103×10-4

3.363×10-5

1.224×10-5

5.630×10-5

3.781×10-5

1.228×10-5

7.925×10-5

3.811×10-5

1.228×10-5

8.548×10-5

3.828×10-5

1.230×10-5

8.928×10-5

3.842×10-5

1.228×10-5

9.389×10-5

3.886×10-5

1.235×10-5

1.011×10-4 

3.945×10-5

1.230×10-5

1.107×10-4

4.032×10-5

1.233×10-5

1.144×10-4

4.344×10-5

1.158×10-5

1.022×10-4

4.884×10-5

1.172×10-5

1.429×10-4

4.923×10-5

1.172×10-5

1.533×10-4

4.939×10-5

1.173×10-5

1.598×10-4

4.971×10-5

1.171×10-5

1.679×10-4

5.016×10-5

1.170×10-5

1.806×10-4

5.090×10-5

1.172×10-5

1.967×10-4

5.208×10-5

1.172×10-5

2.034×10-4

*� in a 3mm thickness stainless-steel container 
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Table A-10� Fissile material with 50cm thickness heavy-type concrete (Unit: Gy(24Na-Bq/23Na-g)) 

A) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral 
 irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

3.367×10-5

1.210×10-5

5.758×10-5

3.621×10-5

1.217×10-5

1.233×10-4

3.615×10-5

1.211×10-5

1.306×10-4

3.629×10-5

1.212×10-5

1.293×10-4

3.689×10-5

1.218×10-5

1.355×10-4

3.627×10-5

1.211×10-5

1.357×10-4

3.742×10-5

1.213×10-5

1.493×10-4

3.922×10-5

1.223×10-5

1.463×10-4

4.539×10-5

1.202×10-5

1.093×10-4

4.898×10-5

1.201×10-5

2.340×10-4

4.881×10-5

1.200×10-5

2.467×10-4

4.901×10-5

1.215×10-5

2.442×10-4

4.988×10-5

1.200×10-5

2.553×10-4

4.897×10-5

1.201×10-5

2.567×10-4

5.068×10-5

1.203×10-5

2.814×10-4

5.326×10-5

1.217×10-5

2.754×10-4

3.408×10-5

1.225×10-5

5.828×10-5

3.658×10-5

1.230×10-5

1.246×10-4

3.655×10-5

1.224×10-5

1.321×10-4

3.669×10-5

1.225×10-5

1.307×10-4

3.727×10-5

1.230×10-5

1.369×10-4

3.367×10-5

1.224×10-5

1.372×10-4

3.780×10-5

1.226×10-5

1.508×10-4

3.965×10-5

1.236×10-5

1.479×10-4

4.387×10-5

1.162×10-5

1.056×10-4

4.741×10-5

1.162×10-5

2.265×10-4

4.721×10-5

1.161×10-5

2.387×10-4

4.741×10-5

1.175×10-5

2.363×10-4

4.827×10-5

1.161×10-5

2.471×10-4

4.736×10-5

1.161×10-5

2.483×10-4

4.900×10-5

1.153×10-5

2.721×10-4

5.152×10-5

1.177×10-5

2.664×10-4

*� in a 3mm thickness stainless-steel container 



－ 20 －

JAEA-Data/Code 2006-019

20

Table A-11   Fissile material with 5cm thickness iron (Unit: Gy(24Na-Bq/23Na-g)) 

A) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral 
 irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

6.125×10-5

1.288×10-5

4.273×10-6

5.189×10-5

1.263×10-5

2.432×10-5

 5.195×10-5

1.265×10-5

3.079×10-5

5.195×10-5

1.266×10-5

3.580×10-5

5.240×10-5

1.263×10-5

4.149×10-5

5.270×10-5

1.270×10-5

4.902×10-5

5.342×10-5

1.267×10-5

6.056×10-5

5.339×10-5

1.266×10-5

6.522×10-5

7.941×10-5

1.271×10-5

7.207×10-6

6.828×10-5

1.274×10-5

4.294×10-5

6.837×10-5

1.249×10-5

5.443×10-5

6.822×10-5

1.262×10-5

6.309×10-5

6.884×10-5

1.250×10-5

7.319×10-5

6.922×10-5

1.250×10-5

8.659×10-5

7.006×10-5

1.249×10-5

1.066×10-4

7.014×10-5

1.250×10-5

1.151×10-4

6.078×10-5

1.278×10-5

4.240×10-6

5.180×10-5

1.261×10-5

2.428×10-5

5.186×10-5

1.263×10-5

3.074×10-5

5.186×10-5

1.264×10-5

3.574×10-5

5.231×10-5

1.260×10-5

4.142×10-5

5.261×10-5

1.268×10-5

4.893×10-5

5.329×10-5

1.264×10-5

6.042×10-5

5.329×10-5

1.264×10-5

6.510×10-5

7.673×10-5

1.228×10-5

6.964×10-6

6.596×10-5

1.230×10-5

4.418×10-5

6.602×10-5

1.206×10-5

5.256×10-5

6.590×10-5

1.219×10-5

6.094×10-5

6.652×10-5

1.208×10-5

7.072×10-5

6.690×10-5

1.208×10-5

8.369×10-5

6.772×10-5

1.207×10-5

1.030×10-4

6.781×10-5

1.209×10-5

1.113×10-4

*� 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) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral 
 irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

4.345×10-5

1.276×10-5

1.914×10-6

3.872×10-5

1.256×10-5

8.854×10-6

3.900×10-5

1.256×10-5

1.094×10-5

3.909×10-5

1.257×10-5

1.239×10-5

3.926×10-5

1.257×10-5

1.424×10-5

3.959×10-5

1.264×10-5

1.658×10-5

4.006×10-5

1.258×10-5

2.000×10-5

4.012×10-5

1.258×10-5

2.133×10-5

5.648×10-5

1.255×10-5

3.399×10-6

5.095×10-5

1.247×10-5

1.615×10-5

5.133×10-5

1.247×10-5

1.982×10-5

5.135×10-5

1.248×10-5

2.246×10-5

5.160×10-5

1.247×10-5

2.586×10-5

5.221×10-5

1.249×10-5

3.025×10-5

5.280×10-5

1.248×10-5

3.638×10-5

5.280×10-5

1.248×10-5

3.888×10-5

4.319×10-5

1.269×10-5

1.903×10-6

3.858×10-5

1.251×10-5

8.824×10-6

3.891×10-5

1.253×10-5

1.091×10-5

3.897×10-5

1.253×10-5

1.236×10-5

3.917×10-5

1.254×10-5

1.421×10-5

3.948×10-5

1.260×10-5

1.653×10-5

3.997×10-5

1.255×10-5

1.995×10-5

4.002×10-5

1.255×10-5

2.128×10-5

5.452×10-5

1.212×10-5

3.281×10-6

4.915×10-5

1.203×10-5

1.558×10-5

4.952×10-5

1.203×10-5

1.912×10-5

4.953×10-5

1.203×10-5

2.166×10-5

4.979×10-5

1.204×10-5

2.496×10-5

5.036×10-5

1.205×10-5

2.918×10-5

5.094×10-5

1.204×10-5

3.510×10-5

5.094×10-5

1.204×10-5

3.751×10-5

*� 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) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral 
 irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

2.582×10-5

1.259×10-5

6.869×10-7

2.428×10-5

1.249×10-5

1.890×10-6

2.451×10-5

1.249×10-5

2.176×10-6

2.451×10-5

1.254×10-5

2.291×10-6

2.463×10-5

1.249×10-5

2.463×10-6

2.468×10-5

1.254×10-5

2.749×10-6

2.491×10-5

1.249×10-5

3.265×10-6

2.514×10-5

1.254×10-5

3.265×10-6

3.352×10-5

1.246×10-5

1.193×10-6

3.169×10-5

1.233×10-5

3.580×10-6

3.198×10-5

1.234×10-5

4.114×10-6 

3.197×10-5

1.234×10-5

4.245×10-6

3.210×10-5

1.233×10-5

4.642×10-6

3.221×10-5

1.233×10-5

5.170×10-6

3.246×10-5

1.232×10-5

6.228×10-6

3.283×10-5

1.231×10-5

6.089×10-6

2.568×10-5

1.253×10-5

6.834×10-7

2.421×10-5

1.245×10-5

1.885×10-6

2.444×10-5

1.245×10-5

2.170×10-6

2.444×10-5

1.251×10-5

2.284×10-6

2.456×10-5

1.245×10-5

2.456×10-6

2.463×10-5

1.251×10-5

2.743×10-6

2.484×10-5

1.245×10-5

3.255×10-6

2.507×10-5

1.251×10-5

3.255×10-6

3.222×10-5

1.197×10-5

1.146×10-6

3.049×10-5

1.187×10-5

3.445×10-6

3.076×10-5

1.187×10-5

3.957×10-6

3.076×10-5

1.187×10-5

4.084×10-6

3.088×10-5

1.187×10-5

4.465×10-6

3.099×10-5

1.186×10-5

4.974×10-6

3.123×10-5

1.186×10-5

5.992×10-6

3.159×10-5

1.185×10-5

5.860×10-6

*� 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) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral 
 irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

1.834×10-5

1.246×10-5

5.714×10-7

1.768×10-5

1.241×10-5

8.581×10-7

------- 

------- 

-------

1.773×10-5

1.241×10-5

9.153×10-7

------- 

------- 

-------- 

1.784×10-5

1.246×10-5

9.720×10-7

------- 

------- 

------- 

1.808×10-5

1.247×10-5

9.725×10-7

2.380×10-5

1.230×10-5

1.070×10-6

2.285×10-5

1.216×10-5

1.737×10-6

------- 

------- 

-------

2.298×10-5

1.229×10-5

1.737×10-6

------- 

------- 

------- 

2.310×10-5

1.215×10-5

1.870×10-6

------- 

------- 

------- 

2.351×10-5

1.215×10-5

1.870×10-6

1.830×10-5

1.243×10-5

5.701×10-7

1.764×10-5

1.239×10-5

8.562×10-7

------- 

------- 

------- 

1.770×10-5

1.239×10-5

9.138×10-7

------- 

------- 

------- 

1.781×10-5

1.244×10-5

9.703×10-7

------- 

------- 

------- 

1.805×10-5

1.245×10-5

9.709×10-7

2.288×10-5

1.183×10-5

1.028×10-6

2.198×10-5

1.170×10-5

1.671×10-6

------- 

------- 

------- 

2.210×10-5

1.182×10-5

1.670×10-6

------- 

------- 

------- 

2.222×10-5

1.169×10-5

1.798×10-6

------- 

------- 

------- 

2.261×10-5

1.169×10-5

1.799×10-6

*� 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) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral 
 irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

1.204×10-5

1.238×10-5

6.912×10-7

1.170×10-5

1.233×10-5

7.493×10-7

------- 

------- 

------- 

1.176×10-5

1.233×10-5

7.493×10-7

------- 

------- 

------- 

1.181×10-5

1.238×10-5

7.488×10-7

------- 

------- 

------- 

1.187×10-5

1.238×10-5

7.488×10-7

1.544×10-5

1.219×10-5

1.354×10-6

1.504×10-5

1.220×10-5

1.491×10-6

------- 

------- 

------- 

1.518×10-5

1.206×10-5

1.491×10-6

------- 

------- 

------- 

1.518×10-5

1.206×10-5

1.491×10-6

------- 

------- 

------- 

1.532×10-5

1.206×10-5

1.491×10-6

1.203×10-5

1.237×10-5

6.904×10-7

1.169×10-5

1.233×10-5

7.488×10-7

------- 

------- 

------- 

1.175×10-5

1.233×10-5

7.488×10-7

------- 

------- 

------- 

1.180×10-5

1.238×10-5

7.484×10-7

------- 

------- 

------- 

1.186×10-5

1.238×10-5

7.484×10-7

1.484×10-5

1.172×10-5

1.302×10-6

1.446×10-5

1.173×10-5

1.433×10-6

------- 

------- 

------- 

1.459×10-5

1.160×10-5

1.433×10-6

------- 

------- 

------- 

1.460×10-5

1.160×10-5

1.434×10-6

------- 

------- 

------- 

1.473×10-5

1.160×10-5

1.436×10-6

*� in a 3mm thickness stainless-steel container 
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Table A-16  Fissile material with 5cm thickness lead (Unit: Gy(24Na-Bq/23Na-g)) 

A) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral 
 irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

6.965×10-5

1.292×10-5

1.382×10-6

5.404×10-5

1.257×10-5

6.703×10-6

5.275×10-5

1.251×10-5

8.084×10-6

5.162×10-5

1.250×10-5

9.016×10-6

5.093×10-5

1.242×10-5

1.049×10-5

5.027×10-5

1.242×10-5

1.224×10-5

4.960×10-5

1.234×10-5

1.489×10-5

4.939×10-5

1.241×10-5

1.588×10-5

8.960×10-5

1.284×10-5

2.358×10-6

7.095×10-5

1.242×10-5

1.189×10-5

6.963×10-5

1.233×10-5

1.432×10-5

6.816×10-5

1.240×10-5

1.614×10-5

5.112×10-5

1.314×10-5

1.121×10-5

6.645×10-5

1.222×10-5

2.188×10-5

6.578×10-5

1.229×10-5

2.675×10-5

6.559×10-5

1.231×10-5

2.840×10-5

6.907×10-5

1.281×10-5

1.371×10-6

5.407×10-5

1.257×10-5

6.707×10-6

5.291×10-5

1.255×10-5

8.108×10-6

5.181×10-5

1.255×10-5

9.047×10-6

5.118×10-5

1.248×10-5

1.054×10-5

5.052×10-5

1.248×10-5

1.229×10-5

4.982×10-5

1.239×10-5

1.496×10-5

4.972×10-5

1.249×10-5

1.598×10-5

8.677×10-5

1.243×10-5

2.283×10-6

6.870×10-5

1.203×10-5

1.151×10-5

6.741×10-5

1.194×10-5

1.387×10-5

6.596×10-5

1.200×10-5

1.562×10-5

5.136×10-5

1.320×10-5

1.127×10-5

6.434×10-5

1.183×10-5

2.119×10-5 

6.369×10-5

1.190×10-5

2.590×10-5

6.351×10-5

1.192×10-5

2.750×10-5

*� 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) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral 
 irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

5.562×10-5

1.283×10-5

4.709×10-7

4.273×10-5

1.249×10-5

1.055×10-6

4.189×10-5

1.240×10-5

1.234×10-6

4.121×10-5

1.238×10-5

1.356×10-6

4.073×10-5

1.237×10-5

1.539×10-6

4.019×10-5

1.237×10-5

1.724×10-6

3.969×10-5

1.234×10-5

2.086×10-6

3.968×10-5

1.235×10-5

2.208×10-6

7.204×10-5

1.268×10-5

9.152×10-7

5.627×10-5

1.239×10-5

1.977×10-6

5.539×10-5

1.230×10-5

2.247×10-6

5.460×10-5

1.235×10-5

2.391×10-6

5.390×10-5

1.227×10-5

2.801×10-6

5.310×10-5

1.217×10-5

3.210×10-6

5.265×10-5

1.222×10-5

3.760×10-6

5.260×10-5

1.224×10-5

4.036×10-6

5.523×10-5

1.274×10-5

4.676×10-7

4.276×10-5

1.249×10-5

1.056×10-6

4.199×10-5

1.243×10-5

1.237×10-6

4.136×10-5

1.243×10-5

1.361×10-6

4.088×10-5

1.242×10-5

1.545×10-6

4.036×10-5

1.242×10-5

1.731×10-6

3.993×10-5

1.241×10-5

2.098×10-6

3.994×10-5

1.243×10-5

2.222×10-6

6.962×10-5

1.226×10-5

8.845×10-7

5.437×10-5

1.197×10-5

1.910×10-6

5.354×10-5

1.188×10-5

2.172×10-6

5.275×10-5

1.194×10-5

2.310×10-6

5.211×10-5

1.187×10-5

2.709×10-6

5.135×10-5

1.177×10-5

3.104×10-6

5.092×10-5

1.182×10-5

3.637×10-6

5.088×10-5

1.184×10-5

3.904×10-6

*� 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) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral 
 irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

3.715×10-5

1.265×10-5

1.737×10-7

2.851×10-5

1.238×10-5

1.728×10-7

------- 

------- 

------- 

2.738×10-5

1.236×10-5

2.311×10-7 

------- 

------- 

------- 

2.735×10-5

1.231×10-5

2.323×10-7

------- 

------- 

------- 

2.742×10-5

1.231×10-5

2.917×10-7

4.816×10-5

1.211×10-5

3.947×10-7

3.733×10-5

1.227×10-5

3.957×10-7

------- 

------- 

------- 

3.594×10-5

1.220×10-5

3.978×10-7

------- 

------- 

------- 

3.596×10-5

1.212×10-5

5.328×10-7

------- 

------- 

------- 

3.608×10-5

1.216×10-5

5.345×10-7

3.691×10-5

1.257×10-5

1.722×10-7

2.856×10-5

1.241×10-5

1.731×10-7

------- 

------- 

------- 

2.745×10-5

1.239×10-5

2.316×10-7

------- 

------- 

------- 

2.748×10-5

1.237×10-5

2.334×10-7

------- 

------- 

------- 

2.757×10-5

1.238×10-5

2.933×10-7

4.639×10-5

1.166×10-5

3.802×10-7

3.600×10-5

1.183×10-5

3.816×10-7

------- 

------- 

------- 

3.465×10-5

1.176×10-5

3.836×10-7

------- 

------- 

------- 

3.467×10-5

1.169×10-5

5.137×10-7

------- 

------- 

------- 

3.481×10-5

1.173×10-5

5.157×10-7

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

A) 24Na in soft tissue of a whole body B) 24Na in a whole body 

Fuel condition Frontal 
irradiation 

Lateral  
irradiation 

Frontal 
irradiation 

Lateral 
irradiation 

a) Metallic fuel 

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

b) Solution fuel (r=17.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

c) Solution fuel (r=18.6cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

d) Solution fuel (r=20.2cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

e) Solution fuel (r=23.8cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

f) Solution fuel (r=30.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

g) Solution fuel (r=42.4cm) *

   Neutron dose 

   2nd gamma-ray dose 

   Gamma-ray dose  

h) Solution fuel (r=50.0cm) *

   Neutron dose 

   2nd gamma-ray dose 

 Gamma-ray dose

1.470×10-5

1.234×10-5

5.741×10-8

1.162×10-5

1.219×10-5

5.698×10-8

------- 

------- 

------- 

1.152×10-5

1.221×10-5

5.705×10-8

------- 

------- 

------- 

1.159×10-5

1.216×10-5

5.711×10-8 

------- 

------- 

------- 

1.191×10-5

1.219×10-5

5.724×10-8

1.894×10-5

1.223×10-5

1.344×10-7

1.495×10-5

1.201×10-5

1.334×10-7

------- 

------- 

------- 

1.483×10-5

1.202×10-5

1.336×10-7

------- 

------- 

------- 

1.499×10-5

1.191×10-5

1.338×10-7

------- 

------- 

------- 

1.528×10-5

1.193×10-5

1.340×10-7

1.470×10-5

1.234×10-5

5.741×10-8

1.169×10-5

1.226×10-5

5.731×10-8

------- 

------- 

------- 

1.160×10-5

1.228×10-5

5.741×10-8

------- 

------- 

------- 

1.167×10-5

1.224×10-5

5.747×10-8

------- 

------- 

------- 

1.198×10-5

1.227×10-5

5.768×10-8

1.821×10-5

1.175×10-5

1.291×10-7

1.438×10-5

1.156×10-5

1.284×10-7

------- 

------- 

------- 

1.427×10-5

1.157×10-5

1.286×10-7

------- 

------- 

------- 

1.442×10-5

1.146×10-5

1.288×10-7

------- 

------- 

------- 

1.470×10-5

1.148×10-5

1.289×10-7

*� 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. 

i) Insert a media with RADAPAS into a drive in a personal computer. 
ii) 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, 

�/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. 

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 GUI. 

��[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.  

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 24Na 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. 

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. 

Start 

Read the file saved in the 
previous analysis? 

no

yes 
The saved file 

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

Quote from the data 
compendium in RADAPAS 

Use other energy spectrum 

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

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

1) Select the fuel condition 
2) Select surrounding material 

  (See Fig.B-6.)
Energy spectrum 

Indication of the selected 
spectra as a graphic format 

(See Fig.s B-12 to 16.)

Select the measurement method of 
24Na activity induced in body  

(See Fig.B-17.)

1) Select the dose to be estimated 
2) Select the irradiation geometry 
3) Input the 24Na specific activity 

(See Fig.B-19.)

Conversion coefficient 

Indication of the estimated doses 
as a table format 

(See Fig. B-20.)

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

Measurement of 24Na
specific activity 

Information of a 
criticality accident 

Indication of �/n dose ratio as a 
graphic format 

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

Information of a 
criticality accident 

Indication of the selected 
spectra as a graphic format 

(See Fig.s B-12 to 16.)

Select the measurement method of 
24Na activity induced in body  

(See Fig.B-17.)

1) Select the dose to be estimated 
2) Select the irradiation geometry 
3) Input the 24Na specific activity 

(See Fig.B-19.)

Indication of the estimated doses 
as a table format 

(See Fig. B-20.) Save as an Excel 
format 
(See Fig.B-22.) 

Measurement of 24Na
specific activity 

Analysis of energy spectra 
in an accident field 

1) Input derived energy distributions 
2) Input fluence ratio of �/n  

(See Fig.s B-9 to 11.)

Conversion coefficient 
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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. 

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

i)� [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. 

ii)  [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.  

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. 

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.  

i)  [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. 

ii)  [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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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. 

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 1st table will be indicated in a case, 
where [Neutrons] is selected in Fig.B-6. 

�� The 1st table is utilized to define energy distribution of neutrons, as depicted in Fig.B-9. The unit 
of energy bin is in MeV. 

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

�� The 3rd table is utilized to define the ratio of gamma-rays fluence to neutrons fluence, as depicted 
in Fig.B-10.

�

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. 

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 24Na 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. 

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. 

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).  

i) [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. 

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

iii) [Select scale] 
 A user can set the scale of the graph in a logarithm scale or a linearity scale with Fig.B-14.

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.   

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. 

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]. 

c)� 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 24Na specific activity 

1)� Select the method to measure 24Na specific activity 
The GUI in Fig.B-17 will be indicated, if a user clicks [Next >] in Fig.B-12.  

Fig.B-17  GUI for selecting the method to measure 24Na specific activity. 

RADAPAS prepares coefficients to derive radiation dose from 24Na 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 24Na 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 24Na 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.  

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. 

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.  

ii)  [Select the Irradiation Geometry] 
A user can define the irradiation geometry in a criticality accident, which can significantly affect dose 

conversion from 24Na 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. 

iii)  [Measured specific activity of 24Na (24Na-Bq/23Na-g)] 
 A user shall input the measured specific activity of 24Na (unit: 24Na-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 24Na specific activity at the time of 
exposure in the accident. Then, a user shall correct the measured value with the consideration of decay of 
24Na in the exposed person. The physical half-life time due to decay is 14.96 hours for 24Na. In addition, 
biological half-life, 10 days, may be taken into account for kinetics of the nuclide in the body. 
 The decay of 24Na 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 24Na specific activity is 8.50 x 104 (24Na-Bq/23Na-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 24Na specific activity. 

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. 

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.6, 
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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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 �/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 �/n dose 

ratio. (See the section B-9.) 
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B-9� Indication of �/n dose ratio as a graphic format 

1)� Flowchart for indication of a �/n dose ratio as a graphic format 
RADAPAS can depict a �/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 �/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. 

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

 It should be recommended that a user selects the method to indicate a graph for �/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.

Which graph will be depicted? 

Dependence of �/n dose ratio on 
radius of solution fuel 

Dependence of �/n dose ratio on 
thickness of shielding 

Selection of 
geometry 

Thickness of 
shielding 

Selection of 
thickness 

Graph (Fig.B-24) 

Select the shielding 

Irradiation 
geometry 

Graph (Fig.B-25) 

Which parameter 
will be fixed? 

Selection of 
geometry 

Radius of 
solution fuel 

Selection of 
radius 

Graph (Fig.B-26) 

Select the shielding 

Irradiation 
geometry 

Graph (Fig.B-27) 

Which parameter 
will be fixed? 



－ 50 －

JAEA-Data/Code 2006-019

50

Fig.B-24� �/n dose ratio graph (1). 

Fig.B-25� �/n dose ratio graph (2). 

Fig.B-26� �/n dose ratio graph (3). 



－ 51 －

JAEA-Data/Code 2006-019

51

Fig.B-27� �/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 

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

i)� [Which graph will you show?] 
�  A user shall set the x-axis of the �/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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Fig.B-29 GUI for definition of �/n dose ratio graph format (2) 

ii) [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 ��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. 

i) [Which parameter will you determine?] 
 Click [I will determine thickness of the shielding materials.], if a user intends to draw the ��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.

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 ��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 �/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 ��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. 

i) [Which parameter will you determine?] 
 Click [I will determine the irradiation geometry.], if a user intends to draw the ��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.

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

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 ��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 �/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 ��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. 

i)  [Which parameter will you determine?] 
 Click [I will determine the radius of the solution fuel.], if a user intends to draw the ��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.

Fig.B-32  A part of GUI in Fig.B-29 for selection of fuel radius. 
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ii) [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 ��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 �/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 ��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 ��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 ��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 �/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.  

Fig.B-33� GUI for defining the range of �/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 �/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]. 

c)� 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 �/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� ���������������������

C-1� ������������

1)� RADAPAS ��������������

RADAPAS ��Windows ������������������������������

RADAPAS �����������������������������������

� a)� ��������

�� CPU� Intel Pentium 200MHz ��

�� MEMORY� 64MB ��

�� HDD� ��������200MB ��

c) ��������

OS� Windows 98�SE ����Windows NT4.0(Service Pack 3 ��)�Windows 2000�Windows XP 
�����������Microsoft Excel �������

2)� ��������

�����������������������������������

i)� ������������������������

ii)� Windows OS ��������������������������������

� � ����”Setup.exe”���������������

iii)� ������������ GUI ������

����������������Windows �[����]������[���������]
�����[��������������]����������RADAPAS �������

3)� ������������

� RADAPAS ��[TARGET]��[Data]�������������

[TARGET]������������������ RADAPAS.exe ������

[Data]�������������������������

��Spectrum_catalog_Dat.dat� ���������������������

��Dose_catalog_Dat.dat� �   Spectrum_catalog_Dat.dat ������������������

�����������

��Mono_Dat.dat� � � � � ���������������

��Gamma_Neutron_Dat.dat� ���������������������/����������

��������
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C-2� �������������������

1)� ����

� RADAPAS ����������GUI ���� Fig.C-1 ����������������

 Fig.C-1� RADAPAS ��������� 5 �����

�������������������� RADAPAS �����������

�� [Outputs it to Excel]�C-8 ����

������������� GUI�Fig.C-19 �������������������

���������������� Microsoft Excel ����������������

�� [< Return] 
�� GUI �������������� GUI ��������

�� [Next >] 
�� GUI ����������������� GUI ��������

�� [Save >] 
���������������������������������������

������������������� GUI ����������

�� [Cancel]
����������������RADAPAS ������������������

��������������������

2)� RADAPAS ��� GUI
� RADAPAS ��������Fig.C-2 ��� GUI �������

Fig.C-2� RADAPAS ��� GUI 

������ RADAPAS ����������������������[The existing 
evaluation result file]����������������������������������

���

����[The existing evaluation result file]��������[Next>]��������
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C-3� ����������������

1)� RADAPAS����������������

RADAPAS �������������������������������������

����Fig.C-3��RADAPAS�����������������������������

�������������������������������������������

���������������������������������� 24Na�������

������������������������������������Fig.C-2 � GUI
������������������Fig.C-6����������������������

�������������������

Fig.C-3� �������������������

Fig.C-4�� Fig.C-5���������������������������������

�����

���

����������������

���

����

�������

������������������

���������������

������� ����������

������������
�����������

������� �� ���������

�������������������
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Fig.C-4� RADAPAS����������(�)

� ������������������������������������������

����������������������

�������
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� � ��������� ���
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Fig.C-5� RADAPAS����������(�)

� ������������������������������������������

�������������������������������������������

�������������

�������

�������������

��������������

�������� ����������������
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���������� ���

�

������������

��������������

�����������������

���������� ���
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���������� �

������
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2)� ����������������

���� Fig.C-2 �[Next >]����������Fig.C-6� GUI �������

Fig.C-6� ������������������������������ GUI 

i)� [Select the method to determine energy spectrum] 
� �������������������������������������������

�� [Quote from the compendium data prepared in this system] 
����������������������������������[Quote from 
the compendium data prepared in this system]������

�� [Use of other Energy Spectrum] 
��������������������������������������

�������������������������[Use of other Energy Spectrum]�
�����

ii)  [Which radiation energy spectrum shall be determined?]  
����������������������������������

�� [Neutron and Gamma-rays] 
�� [Neutron]

�����Fig.C-7 ���

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

����������������������������[Next>]��������
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Fig.C-6 �[Next>]����������Fig.C-7� GUI �������

Fig.C-7� ���������������� GUI

Fig.C-6 �������� RADAPAS ����������������[The input for energy 
spectrum determination]��������

���������[<Return]������� Fig.C-6 ������������[Select the method 
to determine energy spectrum]��[Which radiation energy spectrum shall be determined?] ����

Fig.C-6 �����������������Fig.C-7 �[The input for energy spectrum determination]
��������
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C-4� ������������������������ ��������������

Fig.C-6 ��� GUI ��[Quote from the compendium data prepared in this system]��������

Fig.C-8� GUI �������

Fig.C-8� ����������������� GUI 

�����Fig.C-8 ��� GUI ����������������������������

���Table1 �������������������������������������

���������������������

���

Table1 �����������������RADAPAS �����������������

������������������Table1 ��������������

i)  [Select the Fuel Material] 
�����[Solution]����[Metal (Without hydrogen material)]������������

�����������������������������������������

������

ii)  [Select the Material surrounding the Fuel] 
���������������������[Concrete]�[Heavy type concrete]�[Iron]�[Lead]
�������������

���������������[None]�������������

iii)  [Select the Solution Radius] 
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� [Select the Fuel Material]��[Solution]���������������������[17.4cm]�
[18.6cm]�[20.2cm]�[23.8cm]�[30cm]�[42.4cm]�[50cm]�������������

� ����235U �����������������������������������

������ 100�r=17.4cm��� 1095(r=50cm)����

� [Metal (Without hydrogen material)]����[8.74cm]�������������

� =>����������������������������

��

� ������������������������������������������

�������������������������������������������

iv)  [Select the Thickness of the Material] 
    [Select the Material surrounding the Fuel]�������������������������

    [Select the Material surrounding the Fuel]� [None]������[0cm]�����������

�� 2��Fig.C-8 ���

� ������������� 23.8cm����������(10cm �)�����������

���������������������������

��������������[Setup]������������� Table1 ���������

��������Fig.C-7 � GUI ��������Fig.C-7 �[Next>]��������

��������Fig.C-8 � GUI ������������������������ Table1
��������������Table1 ��������������������������

���� Fig.C-7 ���������[Next>]��������

���

[Cancel]���������Fig.C-7 �����������Fig.C-8 ������������

��

� � ������������ 4 ����������������������������

����������������������
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C-5� ������������������������ ��������������

Fig.C-6���GUI�������[Use of other Energy Spectrum]��������Fig.C-9�GUI
������

Fig.C-9� ��������������������� GUI

� Fig.C-6 � GUI �[Which radiation energy spectrum shall be determined?] �����[Neutron and 
Gamma-rays]�������������������� GUI �������Fig.C-6 � GUI �
[Neutrons]���������������������

��� 1 ����Fig.C-9 ������������������� GUI ���������

������ MeV ����

��� 2 ������������������� GUI ��������������� MeV
����

��� 3 ���������������������� Fig.C-10��� GUI ����

�

Fig.C-10� ��������������������� GUI
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� ������������������������������������������

�����

i) [Number of energy bin] 
�����Fig.C-9 �[Number of energy bin]�����������������������

����

ii) [Energy spectrum] 
�����Fig.C-11�Fig.C-9 ����� GUI ����������������������

����������������������������

Fig.C-11� ������������������ GUI�Fig.C-9 ��������

iii) [Fluence ratio of gamma-rays to neutrons] 
� � ����������������������� Fig.C-10 � GUI �����/�����

�������������������

�����Fig.C-9 ������������������[Setup]�������������

������������Fig.C-7 � GUI �������������Fig.C-7 � GUI �[Next>]
��������

Fig.C-9 � GUI �����������������������������������

��������������������Fig.C-9 �[Setup]������������Fig.C-7
� GUI ����������[Next>]��������

���

����[Cancel]����������Fig.C-7 � GUI �����������Fig.C-9 ��

Fig.C-11 ����� GUI ����������
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C-6� ��������������������

1)� �������

� RADAPAS ����� 24Na ����������C-4 ��� C-5 �������������

����������������������������C-5 �������������

�������������������������������������������

��������������������������������

� ���� Fig.C-7 �[Next >]����������Fig.C-12� GUI �������

Fig.C-12� ������������������ GUI 

Fig.C-12 ��[The display of graph]�������������������������

Fig.C-13����������������

�� 3
� ��������Fig.C-8 � GUI ������������ 23.8cm����������(10cm
�)������������������������������

Fig.C-13� ���������������������



－ 69 －

JAEA-Data/Code 2006-019

69

���

���� Fig.C-12 �[Next>]������������������������������

����������C-7 ���������

������������������������������������������

������������(Fig.C-13)�

i)� [Selected data] 
� [Neutron]����[Gamma-rays]������������Fig.C-7 � GUI �[Which radiation 

energy spectrum shall be determined?]�[Neutrons]��������[Neutron]���������

��

ii)� [Select kind] 
� [Normal](d�/dE)���[Lethargy](d�/letahargy)�������������

iii)�  [Select scale] 
Fig.C-14���������������������������������

Fig.C-14� ���������������� GUI

iv) [The range of graph] 
� ���������������������[RangeSet]��������� Fig.C-15 ��

����������������������������������������[SetUp]
����������������������������������

� ����[Cancel]����������������������������������

Fig.C-15� ���������������� GUI
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�� 4�
� [Lethargy] �[Select kind]�����[Select scale]����������������Fig.C-13
������Fig.C-16 ����������������Fig.C-15 ��������

Fig.C-16� ���������������

2)� ����������

� Fig.C-13 ���� Fig.C-16 ������������������������������

�������������������������

a)� �������������

� � [Printing]�������������������������������������

����

b)� �������������

� � [Save]����������������������������� JPG �������

�����������

c)� ��������

� ����[Close]����������Fig.C-12 ��� GUI ��������

���������������������������������Fig.C-12 � GUI �
[The display of graph]����������

�����������������������������[Next >]��������



－ 71 －

JAEA-Data/Code 2006-019

71

C-7� �� ���� ������������������

1)� ������������ 24Na ����

���� Fig.C-12 �[Next >]����������Fig.C-17� GUI �������

Fig.C-17� 24Na ���������������� GUI 

� RADAPAS �����������������������������������
24Na ����������������������������A ����

[Which specific activity of 24Na will be utilized to estimate dose?] 
��[Measured specific activity with whole body counter] 

� � � ��������� 24Na �������������������

��[Measured specific activity for the soft-tissue (blood)] 
���������������� 24Na ����������������������

���������

�� 5��Fig.C-18 ���

� �����[Measured specific activity for the soft-tissue (blood)]���������������

�������������������������

��������������[Next >]��������
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2)� ������� GUI 
� ���� Fig.C-17 �[Next >]����������Fig.C-18� GUI �������

Fig.C-18� ��������� GUI 
�

� ������������������[Input for the dose evaluation]��������

� ���� Fig.C-18 �[Input for the dose evaluation]����������Fig.C-19� GUI ���

����

Fig.C-19� ������� GUI 

i)� [Shall you estimate the Absorbed Dose in below (unit in Gray)?] 
� ������������������������������������������

������
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�[Whole body] 
� � � �������

� � �[Red bone marrow] 
�����������

�[Lung] 
� ��������

���

RADAPAS ����� 2.1 �����������������������������

����������������������

ii) [Select the Irradiation Geometry] 
�����24Na ����������������������������������

������������

��[Anterior-Posterior(AP)] 
� � � ����������������������������������������

�����

��[Lateral]
� � � ��������������������������������������

�� [Anterior-Posterior(AP) and Lateral] 
   [Anterior-Posterior(AP) and Lateral]��������������������������

���

� ������������������������������������������

���������������[Anterior-Posterior(AP)]�������

� ���������������������������������

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

��24Na-Bq/23Na-g��������������

���

� RADAPAS ���������������� 24Na �������������������

������������������� 24Na ����������������������

����� 24Na ���������� 14.96 �����������������������

�������� 10 ������������������

� ������������������ 24Na ��������������������1 �

�������������������������������������������

������������������

�� 6��Fig.C-19 ���

 [Shall you estimate the Absorbed Dose in below (unit in Gray)?] ������������

���������[Anterior-Posterior(AP)]����
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��������� �������������
����
������������������������������������ � ��� �����������

�����������������������
�
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C-8� ��������� ����� ��������

1)� �������

Fig.C-19 ��������������� Fig.C-18 � GUI �[Next >]����������

Fig.C-20� GUI ��������� GUI � RADAPAS ����������������� 24Na
��������������

Fig.C-20� ������� GUI 

Fig.C-19 �[Shall you estimate the Absorbed Dose in below (unit in Gray)?]����������

��������������������������������Fig.21��� Fig.20 �

��������������������������������

Fig.C-21� �����������

�� 7��Fig.C-20 ���

Fig.C-20 ����������������Fig.C-6, Fig.C-8, Fig.C-17 �� Fig.C-19 �����

��������������

���

� RADAPAS �������������������������������������

���Fig.C-20 ��������������������������������

2)� ����� Excel �����������

���� Fig.C-20 �[Outputs it to Excel]���������Fig.C-22�����������

Excel ������������������Fig.C-19 �[Shall you estimate the Absorbed Dose in 
below (unit in Gray)?]����������������������������������

����������

�
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Fig.C-22� ����� Excel �����

3)� ��������������

����������������������������������������

Fig.C-20 �[Save]�����������������������������Fig.C-22 ���

���� Excel ���������������������

4)� �������

�������������������Fig.C-20 �[Cancel]��������

���

� ��������������� 2)�� 3)�����������������������

�����

5)�  RADAPAS ������������������������

���� Fig.C-20 �[Next >]������RADAPAS ��/����������������

������C-9 �����
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C-9� ���������������

1)� �������������������������

Fig.C-6 �[Select the method to determine energy spectrum]��[Quote from the compendium data 
prepared in this system]��������RADAPAS ��/������������������

���������

Fig.C-23 ���/����������������������������

���

� ���������C-4 �� C-8 ��������������Fig.C-6 ��[Use of other Energy 
Spectrum]����������������������

Fig.C-24� �/��������������������

� ������������������/������������������������

������������������ Fig.C-24�Fig.C-25�Fig.C-26 �� Fig.C-27 �����

���������������

�������������

������������

���

��������

��������

�������

���������

�������

����������������

�������

���

�������

�������

����

����������������

���������

�������

�������

����

�������

���

�������

�������

���������������� ����������������
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Fig.C-24� �/����������(1) 

Fig.C-25� �/����������(2) 

Fig.C-26� �/����������(3) 
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Fig.C-27� �/����������(4) 

2)� ������������������

� ���� Fig.C-20 �[Next >]����������Fig.C-28� GUI �������

Fig.C-28� �/������������������ GUI(1) 

i)� [Which graph will you show?] 
� ������/�������� X ��������������

��[Dependence of g/n dose ratio on radius of solution fuel] 
���� Fig.C-24 �� Fig.C-25 ����������� X �������������

����������

��[Dependence of g/n dose ratio on thickness of shielding materials] 
���� Fig.C-24 �� Fig.C-25 �������������� X ����������

�������������

���

� � [Dependence of g/n dose ratio on thickness of shielding materials]���������Fig.C-28 ��

Fig.C-29� GUI �����������

� �����Fig.C-28 �� Fig.C-29 ����������������
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Fig.C-29� �/������������������ GUI (2) 

ii) [Select the composition of shielding material] 
� �����Fig.C-28 �� Fig.C-29 ������������������������

� �������������[Concrete]�[Heavy type concrete]�[Iron]�[Lead]���������

�������������[None]����������

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

Fig.C-29 ��[None]�������������

3)� ���������(1)�Fig.C-24 ����

� Fig.C-24 ���������������/�����������������������

����������[Which graph will you show?]��[Dependence of g/n dose ratio on radius of 
solution fuel]����������������������Fig.C-28 � GUI �������

i)� [Which parameter will you determine?] 
�����Fig.C-24 �������/���������������������[I will 

determine thickness of the shielding materials.]��������

����������������Fig.C-30����������

Fig.C-30� �������������� Fig.28 � GUI ���

ii)� [Select thickness of the shielding material] 
� �����Table 1 �����������Fig.C-31 � GUI ����������������

��������Fig.C-25 �����������������[The display of graph]�����

���

�� 8��Fig.C-24 ���
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Fig.C-24 �����������/���������������������������

������������������

4)� ���������(2)�Fig.C-25 ����

� Fig.C-25 ���������������/�����������������������

�������������[Which graph will you show?]��[Dependence of g/n dose ratio on radius 
of solution fuel]����������������������Fig.C-29 � GUI �������

i)  [Which parameter will you determine?]  
�����Fig.C-25 �������/��������������������� [I will 

determine the irradiation geometry.]��������

����������������Fig.C-31����������

Fig.C-31� ���������������� Fig.28 ���� Fig.C-29 � GUI ���

ii)� [Select the irradiation geometry] 
�����Fig.C-31 �������������������������Fig.C-25 ����

���/����������������[The display of graph]��������

�� 9��Fig.C-25 ���

Fig.C-25 �����������/���������������������������

�������������AP �������������

5)� ���������(3)�Fig.C-26 ����

� Fig.C-26 �����������������/��������������������

���������[Which graph will you show?]��[Dependence of g/n dose ratio on thickness of 
shielding materials]���������������������� Fig.C-30 � GUI �������

i)� [Which parameter will you determine?]  
�����Fig.C-26 �������������  [I will determine the radius of the solution fuel.]

��������

����������������Fig.C-32����������

Fig.C-31� ��������������� Fig.29 � GUI ���

ii)� [Select the radius of fuel.] 
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�����Fig.C-31 �������������������

����Fig.C-26 �������/���������������������[The display of 
graph]��������

�� 10��Fig.C-26 ���

Fig.C-26 ���/�����������������������������������

������������������� 20.2cm ����

6)� ���������(4)�Fig.C-27 ����

� Fig.C-27 �����������������/���������������������

����������������[Which graph will you show?]��[Dependence of g/n dose ratio on 
thickness of shielding materials]���������������������� Fig.C-29 � GUI
��������

i)  [Which parameter will you determine?] 
�����Fig.C-27 �������/��������������������� [I will 

determine the irradiation geometry.]��������

����������������Fig.C-31 ����������

ii)� [Select the irradiation geometry] 
�����Fig.C-31 �������������������������Fig.C-27 ����

�������������[The display of graph]��������

�� 11��Fig.C-27 ���

� Fig.C-27 �������������������/�������������������

����������������������AP �������������

7) �����������

������������������������������[RangeSet]��������

��Fig.C-33� GUI ����

Fig.C-33� ���������������� GUI
������������������������������������[SetUp]���

�����������������������������
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�����[Cancel]�����������������������������������

8)� ����������

� ������������������������������������������

����������

a)� �������������

� [Printing]��������������������������������������

���

b)� �������������

� [Save]����������������������������� JPG ��������

����������

c)� ��������

����[Close]�������������Fig.C-28���� Fig.C-29� GUI����

9)� �������

�������������������������/�����������������

�����Fig.C-28��� Fig.C-29�[Save]��������

�����C-8������������������������������

10)� �������

�������������������Fig.C-28��� Fig.C-29�[Cancel]��������

���

� ��������������C-8 ��� C-9 ���������������������

�����������������
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