JAEA-Data/Code
@ 2009-008

Development of Radiation Dose Assessment System
for Radiation Accident (RADARAC)

Fumiaki TAKAHASHI, Yuji SHIGEMORI and Akiyuki SEKI

Division of Environment and Radiation Sciences
Nuclear Science and Engineering Directorate

>
rm
>
-
¥
=
o)
SN
)
-
.
(>

July 2009

Japan Atomic Energy Agency | HAIRTFHIAZTHAFEEE




ARV AR — MIMZATEIEN H AT I0FFEBR FERAE 23 A E W RAT 9 2 R i 5 T

AU R — b DOAFWENEFEHERMAICET 2 BMWEDEE, Fidd TICBWabE T,
BB, RVR— bORT ARSI FEPHFEREM AR — L~— (http//lwww.jaea.go.jp)
FORESNLTOET,

MSTATBOEN HARECT- S JeBa Rt WRoeBafin i ded DR se Bl it s
T319-1195  JRIRIEIRETAR SRS 19 7 FIAR 2 i 4
HHah 029-282-6387, Fax 029-282-5920, E-mail:ird-support@jaea.go.jp

This report is issued irregularly by Japan Atomic Energy Agency

Inquiries about availability and/or copyright of this report should be addressed to
Intellectual Resources Section, Intellectual Resources Department,

Japan Atomic Energy Agency

2-4 Shirakata Shirane, Tokai-mura, Naka-gun, Ibaraki-ken 319-1195 Japan

Tel +81-29-282-6387, Fax +81-29-282-5920, E-mail:ird-support@jaea.go.jp

© Japan Atomic Energy Agency, 2009




JAEA-Data/Code 2009-008

Development of Radiation Dose Assessment System for Radiation Accident (RADARAC)

Fumiaki TAKAHASHI, Yuji SHIGEMORI* and Akiyuki SEKI"

Division of Environment and Radiation Sciences
Nuclear Science and Engineering Directorate
Japan Atomic Energy Agency

Tokai-mura, Naka-gun, Ibaraki-ken

(Received May 14, 2009)

The possibility of radiation accident is very rare, but cannot be regarded as zero. Medical
treatments are quite essential for a heavily exposed person in an occurrence of a radiation accident.
Radiation dose distribution in a human body is useful information to carry out effectively the medical
treatments. A radiation transport calculation utilizing the Monte Carlo method has an advantageous in the
analysis of radiation dose inside of the body, which cannot be measured. An input file, which describes
models for the accident condition and quantities of interest, should be prepared to execute the radiation
transport calculation. Since the accident situation, however, cannot be prospected, many complicated
procedures are needed to make effectively the input file soon after the occurrence of the accident. In
addition, the calculated doses are to be given in output files, which usually include much information
concerning the radiation transport calculation. Thus, Radiation Dose Assessment system for Radiation
Accident (RADARAC) was developed to derive effectively radiation dose by using the MCNPX or
MCNP code. RADARAC mainly consists of two parts. One part is RADARAC INPUT, which involves
three programs. A user can interactively set up necessary resources to make input files for the codes, with
graphical user interfaces in a personnel computer. The input file includes information concerning the
geometric structure of the radiation source and the exposed person, emission of radiations during the
accident, physical quantities of interest and so on. The other part is RADARAC DOSE, which has one
program. The results of radiation doses can be effectively indicated with numerical tables, graphs and
color figures visibly depicting dose distribution by using this program. These results are obtained from
the outputs of the radiation transport calculations. It is confirmed that the system can effectively make
input files with a few thousand lines and indicate more than 20,000 data of radiation dose within a few
minutes.

This report describes making of input files and indication of radiation dose information with
RADARAC and how to use this system.

Keywords: Radiation Accident, Radiation Dose Assessment, Radiation Transport Calculation, MCNPX,
MCNP, Making Input Files, Indication of Radiation Dose, RADARAC
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1. Introduction

The possibility of radiation accident is very small but cannot be regarded as zero, although
many sophisticated technical devices and procedure manuals have been introduced in nuclear and
radiation treating facilities. Illegal handlings of fissile material caused the two recent criticality accidents.
-2 In some cases, workers and the public were exposed to radiations from radioactive materials, which
were unrecognized for a long term and left outside of nuclear or radiation treating facilities. > ¥ These
events had brought about heavily exposed persons and some of them received fatal doses. " ?* ¥ * Thus,
the medical treatment for the exposed person is one of the most important procedures following the
radiation accident.® The degree of exposure should be informed, such as radiation dose over a whole
body following an accident, based upon information by any instruments. In addition, radiation dose can
be assessed with activity of induced radioactive nuclides in body tissue for a neutron exposure. Thus,
“Rapid Dose Assessment Program from Activated Sodium in human body in Criticality Accidents
(RADAPAS)” had been already developed for a criticality accident. ©

The health effect due to radiation exposure closely relates to degree of absorbed dose,
especially in sensitive organs and tissues. The radiation dose distribution in a human body should be
informed in detail at the next step. The method of radiation transport calculation can accurately assess
imparted energy to body tissue, including inside of the human body. " !9 An input file, which
describes models for the accidental condition and quantities of interest, should be prepared to perform a
radiation transport calculation code. The radiation transport calculation code is usually applied to assess
the physical quantities in the radiation filed, where the inner configurations are clearly known. On the
contrary, the models of radiation source and an exposed person are to be set up following a radiation
accident, because the occurrence of accident cannot be prospected. Then, many complicated procedures
are to be necessary in the preparation of the input file even for a person, who has many experiences in
calculation. The calculated physical quantities are given in the output files with much information
concerning radiation transport. If much data are involved in the output files, some of the radiation doses
can be incorrectly informed in the process of extracting the interested values from the output files and
deriving the final results.

From these backgrounds, the Radiation Dose Assessment system for Radiation Accident
(RADARAC) was developed to obtain effectively necessary dosimetry data in medical procedures for a
heavily exposed person. The system of RADARAC mainly consists of two parts, DARAC _INPUT and
RADARAC_DOSE. While the former part lightens loads in making input files for the MCNPX ' or
MCNP 23 code, the latter part can indicate effectively information concerning radiation dose based
upon the results of the radiation transport calculation. All of the parts in RADARAC can be driven by a
generally personnel computer with MS-Windows system '

This report also explains how to use the system of RADARAC in Appendixes A to F.

(Appendixes C and D are written in Japanese).

2. Overview of RADARAC
The technique of a radiation transport calculation was applied to derive radiation dose to

exposed persons in past accidents. " '” Radiation accidents can be categorized by the type of radioactive
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materials causing the accident. A criticality accident was one of the most serious emergency events, since
victims were exposed to large amount of radiations. The Japan Atomic Energy Research Institute (JAERI;
now, Japan Atomic Energy Agency, JAEA) performed analysis of radiation dose distributions over bodies
for two heavily exposed persons in the criticality accident in 1999. " The analysis utilized MCNPX and
MCNP codes, because these codes can simulate fission reactions and transport of emitted radiations for
fissile material. In addition, most of radiation dose was due to the radiations from external of human body
for the past accidents, including criticality accidents. The MCNPX or MCNP code have advantageous in
the simulation of neutrons and photons, which are important radiations for external exposures. From
these backgrounds, utilizations of the two codes are considered in the development of RADARAC, which
is constructed by referring to the experience in the previous analysis by JAERI. ”

Figure 1 depicts the flowchart of dose assessments by RADARAC, which consists of two parts,
RADARAC INPUT and RADARAC DOSE. Whereas RADARAC INPUT is used to make input files
for the radiation transport calculation code (‘pre-processor’), RADARAC DOSE is used to indicate the

obtained results based upon the outputs of the radiation transport calculation (‘post-processor’).

Radiation accident Medical procedure
/ Radiation source [ Y
/ Exposed person Radiation dose
of interest
ASEEEEEEEEEEEEEEEsEssEssssssEEEEEEEEEEEEEEEEEEEEEEEEEEE ..............................; ................................ .

Making a source model Making a human model

— ¢ : v RADARAC_INPUT
Making input files of MCNP or MCNPX for (‘Pre-processor’)

1) Dose calculation, 2) Volume calculation

Do s ataor, 2 Vo e I

Input file Input file

Dose calculation Volume calculation
(MCNP or MCNPX) (MCNP or MCNPX)

Output file

Output file

RADARAC_DOSE

Deriving the radiation doses (‘Post-processor’)

based upon the output files

<Indication the information \

concerning radiation doses "

Fig.1 Overview of the flowchart for dose assessment by RADARAC combined with the MCNPX or
MCNP code.

A user should prepare necessary tools for RADARAC in Table 1. MCNPX code is more

preferable between the two radiation transport calculation codes, because RADARAC requires an option

72i



JAEA-Data/Code 2009-008

to calculate energy deposition per unit volume by the mesh scoring method, as described in Chapters 3
and 4. RADARAC can be driven by a generally used personal computer, which is operated under
MS-Windows system ™. Microsoft NET Framework 2.0 ™ should be equipped to the personal computer
for installing three programs in RADARAC INPUT. Although most functions in RADARAC DOSE can
be operated with the Microsoft-Excel, the MicroAVS " ' is essential to indicate three dimensional

graphics for skin dose distribution over a whole body.

Table 1 Necessary tool for dosimetry using RADARAC

Operation System Codes or Soft wares
RADARAC_INPUT MS-Windows system Microsoft. NET Framework 2.0
(Pre-processor) (for installing)
Radiation transport calculation Arbitrary™ MCNPX code or MCNP code
RADARAC DOSE MS-Windows system Microsoft-Excel, MicroAVS

(Post-processor)

*: A user should refer to the user’s manual of the MCNPX or the MCNP code.

3. Overview of RADARAC INPUT

It is important to make accurate models of the radiation source and the exposed person for dose
assessment in a radiation accident. RADARAC INPUT involves three programs in below to make the
input file for the MCNPX or the MCNP code.

/ Program for making a source model (see, section 3.1)

/ Program for making a human model (see, section 3.2)

/ Program for making input files of the radiation transport calculation (see, section 3.3)
The source and the human models are independently made in the form of the input file with the first and
the second programs, respectively. The second program is also used to set up dose quantities, because the
interested quantities are radiation doses to human body tissue here. RADARAC INPUT can be used to
construct only an input file for a source model or a human model by using the first and second programs.
However, RADARAC DOSE is inapplicable to a dose assessment with any other human models,

because the necessary tally cards can be lacked, as described in later.

3.1 Source Model Definition

In RADARAC INPUT, a user can set up necessary resources to construct a source model by a
dialogue method using interfaces by eight steps. Among them, the first step (‘Step 1°) and the last step
(“Step 8) are used to select making a new or revising the previously made models and to save the file of
the source model, respectively. Definition of the source model needs information concerning geometric
structure and characteristic of emitted radiations.

From the second to the fourth steps (‘Step 2’ to ‘Step 4°), a user sets up the source structure
with the surrounding configuration, such as a capsule or a tank. In this system, the geometry condition is
described with surface cards in the input file for the MCNPX or the MCNP code. The shape of source

, 11), 13)

model, however, can be set up with some of the ‘macrobody or combinatorial geometry, ‘CG’'"
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forms in the two codes. Figure 2 depicts the interface of ‘Step 2’ to select geometry type for a component
of the source configuration. The coordinate system, which is defined in this step, is used to define the
region of radiation emission. The selected geometry type and its parameters are automatically converted
into formats of a cell card and surface cards in the input file. Material data are given with the same form
as the input files of the MCNPX or MCNP code at ‘Step 3°. The geometry components, which are given
in ‘Step 2°, are combined or excluded each other to construct the configuration of the source model in
“‘Step 4°. In this step, material should be also applied to each area. Thus, the three steps (‘Step 2’ to “Step
4’) relate to describe the cell, the surface and the material cards for the configuration of the radiation
source in the input file. Appendix E describes some examples to set up geometries for a source

configuration.

Stepl Step2 Stepd Stepd Steph Stepd Step? Stepd

Shape of each part in the source structure

Add (s} Delete (D)
Mame for ea.. Type of shap... Hame for each part  |InSideAir
hSidehir RPP{LATI) §
OutSideS5US RPP{LATI) Type of shape for each part  |RPPCLATIY R
inRCGU RCG s g
autRCGEUS) RGG Parameter for defining tvpe of shape for each partom)
inBASE RGG e T 3
outBASEEUS)  RCC )
inRGGair RGGC Mimeoe: 3
Ymin: -3
e 3
Zmin: -20
Zma: 10

Quitia [ ReturniRy I \ st (M} ]

Fig.2 The interface to define a geometry component to construct a source configuration.

From the fifth to the seventh steps (‘Step 5’ to “Step 7°), a user can set up the characteristic of
emitted radiation during a radiation accident. In “Step 5°, the radiation type is selected for the calculation.
A nuclear fission source should be declared by selecting a use of ‘kcode’ card here. Here, the transport for
electrons can be also defined, but the tally cards are not prepared by the program for making a human
model in the next section. Energy distribution can be given in ‘Step 6°. If the energy distribution in
fission spectrum is appropriate for the calculation, a user can give the Maxell or the Watt type spectrum
with necessary parameters. At final, ‘Step 7’ is used to set up a point or a volume as a region to emit
radiations. The given resources in ‘Step 5’ to ‘Step 7’ are essential to set up the ‘sdef’ (or ‘kcode’) card
and the ‘mode’ in the MCNPX or the MCNP code.

3.2 Human Model Definition
3.2.1 Structure of Human Model
A user can interactively set up also a human model by giving necessary information by six

steps. Among them, the first step (‘Step 1°) and the last step (‘Step 6”) are used to select making a new or
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revising the previously made models and to save the file of the human model, respectively.
RADARAC_INPUT prepares two ‘standard’ models for a male and a female.

The main purpose of RADARAC is to clarify retrospectively radiation dose distribution in any
exposed persons. Gender, body size and posture at the time of an accident are important resources to

construct a human model. A mathematical model of MIRD-type phantom '”

can represent a human body
with simple geometric shapes. In addition, not so large storage and memories are required to execute
radiation transport calculation for dose assessment with the MIRD-type phantom in a computer. Two
standard models of MIRD-type phantoms are therefore prepared for male and female in
RADARAC _INPUT. The sizes of male and female models are 179.0 cm tall (73.2 kg weight) and 162.4
cm tall (57.7 kg weight), respectively. Especially, since RADARAC adapts modified MIRD-type
phantoms with movable limbs, '"® an exposed person can be defined with a human model in any posture.
The coordinate system for the standard model is same as the original MIRD-type phantom (x-axis; (+)
left, (-) right, y-axis; (+) back, (-) front, z-axis; (+) upper, (-) lower). The organs in the trunk, however,
are not defined in the human models for RADARAC _INPUT. A user can define necessary resources to

make automatically the human model with interfaces, as depicted in Fig.3.

Steelll Ster2 {RStensliEsten i REtePaRiEtaS Polar argles of Right Armideeres) Polar aneles of Left Armideares)

. Upper part Upper part
PhySIque Of the human mOdeI Zenith Anele 0 1000 % Zenith Anele 1 1000 %

Male or Female?

~ N Azimuth Anele B 1950 5 Azimuth Angle 1 3550 &
%) Male () Female
Heightizm) Lowwer Part Lower Part
= 17860 + Zenith Anele 1 2002 Zenith Anele 7 200 2
Bzimuth Anegle 1 1780 & Bzimuth Bnele 7 1680 %
Whizight{e)
7320 &
Palar aneles of Right Leeideereel Palar areles of Left Leeideereel
Upper part Upper part
Zenith Anele 7 1650 % Zenith Angle 1 1650 %
Bzimuth Anegle 1 2400 % Bzimuth Bnele i 3160 &
Lower Part Loweer Part
Zenith Angle 7 1750 = Zenith Anele 7 1650 %

Azimuth Angle 2400 % fizimuth Anele i 3180 &

=

(a) Gender and Physique (b) Posture (angles for limbs)
Fig.3 The interface to set up the human model in RADARAC INPUT.

A user can define gender, height and weight, height for the human model in ‘Step 2’ with the
interface in Fig.3 (a). The values given in ‘Step 2’ relate to parameters in the surface cards defining the
sizes of human model, skeletal system and lung. Here, the sizes are not changed for the head and the neck.
The density is also fixed for all tissues. The program changes the values in the parameters for the trunk
and the four limbs, according to the defined height and weight. The equation (1) presents how to change
parameters used for the shape in horizontal plane (x-y plane in MIRD-type phantom) from the parameters
in the standard model. On the other hand, the parameters to define height direction (z-axis in MIRD-type
phantom) are changed by the equation (2), according to the height.

MP,_, =SP, xs%x(W/(H3 ISH* < sm))*
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MP, = SP, x i 2)
SH

MPy _y: Parameters for the horizontal (x-y) plane of the defined human model in any size,
MP;: Parameters for the height (z-axis) of the defined human model in any size,
SPy_y: Parameters for the horizontal (x-y) plane of the standard model,
SP7: Parameters for the height (z-axis) of the standard model,
H: Height defined in “Step 2’ (cm),
W: Weight defined in ‘Step 2’ (kg),
SH: The height of standard model (cm) (Male: 179.0cm, Female; 162.4cm),
SW: The weight of standard model (kg) (Male: 73.2kg, Female; 57.7kg)

The shapes of the head and the trunk have elliptical cylinders, as the original MIRD-type

phantom. On the other hand, the limbs of the standard model have conical shapes and spherical joints. "

The arms and the legs are divided into upper and lower parts with the planes, which across the center of
the elbows and the knees. A user can set up the directions of the limbs with the interface of ‘Step 3 in
Fig.3 (b). Here, zenithal and azimuthal angles are given for the upper and the lower parts of the four
limbs. The equations from (3) to (12) represent the upper arms, where the zenithal and azimuthal angles
are defined as ‘@’ and ‘¢’. The program automatically makes the surface cards to give the last three
equations, according to the given resources in ‘Step 3’. The equations of (10), (11) and (12) indicate the
plane of boundary at the side of shoulder, the plane of boundary at the side of elbow and the curvature of

the cone surrounding the arm, respectively.
[ =sinf@xcos¢ 3),
m =sin @ x sin ¢ 4),
n=cos¢ %),
x,=x, +Ix(RxL/(R-r)) (6),
Y, = vy tmx(RXLIR-1)) (],
z, =z, +nx(RxL/(R-r)) (3,
k=R/(RxL/(R-r)) ),
l+m+n—(Ixx, +mxy, +nxz,) (10),
I+m+n—(Ix(x, +IxLy+mx(y, +mxL)y+mx(z, +nxL)) (11),
(=5, + (=2, + (=2, —(Ix(x=x,) +mx(y=y,)+nx(z~2,)
Skix(Ix(x=x)+mx(y—y,)+nx(z-z,)) (12)

2

(Xsn> Vsi» Zsn): Coordinate of the shoulder center (fixed)

6. Zenithal angle of upper arm,

¢ Azimuthal angle of upper arm,

L: Distance between the center of shoulder and the center of elbow,

R: Radius of upper arm at the side of shoulder (skin tissue),

76i
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r: Radius of upper arm at the side of elbow (skin tissue)

The center of elbow, (x.;, ye, z1), can be defined by the three equations in below, based upon the direction
of the upper arm and the shoulder position. The equations for lower arms also can be given with the same

way, as the upper arms.
X, =x,+IxL (13),
yel:ysh—’_me (14)9
z, =z, +nxL (15)
The source model and the human model are given with independent coordinate systems. The
radiation transport calculation for dose assessments adapts the coordinate system for the source model.

Then, the human model should be transferred to the coordinate system of the source model by the

operation of ‘Step 4.

3.2.2 Physical Quantities of Interest

‘Step 5’ is used to select the physical quantities of interest in a dose assessment. A user can
select one of the three calculation types in Table 2. The calculation type mainly referred to the previous
analysis by JAERL 7 Some functions are added to apply RADARAC to any accident types. The tally
cards are automatically prepared in the input file to derive quantities concerning neutrons and photons.
Although the transport of electrons can be declared in the source model, a user should define the tally
cards to derive quantities concerning electrons without RADARAC. In addition, the physical quantities
of electrons should be derived in other radiation transport calculations, because RADARAC DOSE can

be executed for output files with only quantities concerning neutrons and photons.

Table 2 Calculation types to be selected in RADARAC INPUT

Types Physical quantities to be calculated Radiation type

(Quantity of interest)

1) Degree of exposure Averaged dose over a whole body, Neutrons and
Dose to head, trunk and each limb, Photons

Dosimeter reading, Dose to teeth,
(only neutrons) Specific activity of activated foils,
elements of **Na and *P in body tissues

2) Skin dose * Default: Skin dose distribution over a whole body Neutrons and
Options : Skin dose distribution in a part of trunk Photons

3) Dose in a trunk Radiation doses in all regions divided with 28,000 Neutrons and
mesh tallies covering a trunk Photons

*: Table 2 lists the method to divide the skin region.

The tally cards relate to the radiation type. RADARAC_INPUT prepares the track length tallies
(‘f4-tally’) and the dose function (‘de’-“df”) cards with kerma coefficients ' for body tissues to calculate
neutron doses. On the other hand, energy deposition tallies (‘f6-tally’) are prepared to calculate deposited

energy per a unit volume in body tissues by photons. In addition, the mesh tally option is applied to
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assess dose distribution in a trunk. The option is required to derive energy deposition per volume for the
mesh tallies here, because RADARAC DOSE can automatically give radiation doses from the quantities
with unit of MeV/cm®. Since the MCNPX code can calculate energy deposition per a unit volume of
mesh tally by the Meshtal option, '" this code is preferable. The MCNP code, however, can be applied to
the calculation types of ‘degree of exposure’ and ‘skin dose’ in Table 2.

The size of human model can be changed in dose assessment using RADARAC. Then, all of
the derived physical quantities are normalized over the region of interest by setting the ‘sd’-card of the
tally as ‘1.0’ in a radiation transport calculation for dose assessment (‘dose calculation’ in Fig.1). Thus,
RADARAC INPUT is developed to make input files, which can derive volume (or weight) of each

region of interest in a dose assessment by the other calculation (‘volume calculation’ in Fig.1).

1) Assessment of degree of exposure

The main purpose of RADARAC is to clarify dose distribution over a human body in detail.
On the other hand, the degree of exposure may be assessed following the accident® by readings of
dosimeter, activated elements of foils in badges (in a case of criticality accident) and so on. It may be
recommended to verify the constructed models with these measurements, if possible. Biological
dosimetry approach can be applied even to the case, where no useful assessment can be carried out with

-200 can be

)

any instruments. For example, quantification of induced *Na, P in human body tissue

applied to neutron exposure and EPR dosimetry can be made with tooth enamel for photon exposure. *!

2) Skin dose distribution

The damage of skin is one of the most significant health effects due to an acute radiation
exposure and the appeared effects on skins can be correlated to the degree of radiation doses. 2 In
addition, the damage on skin can be visible from outside of the body. Thus, the dose distribution in skin is
very useful for both of the medical treatment and verification of the constructed human model. Table 3

summarizes the divisions of skin in the head, the trunk and the limbs.

Table 3 Division of skin in dose assessment with RADARAC INPUT

Selection of option Division of skin area Regions in dose assessment

1) Default Head: (around) every 45 degree , (height) 3 Whole body (divided into
Trunk: (around) every 22.5 degree, (height) 14  about 600 regions)
Limbs: (around) every 45 degree , (height) 10

2) ‘Half” — option Side and height length: 1/2 of Default model A part of trunk
(One cell in default model is divided into 4 (divided in to 96 regions)
cells in this option.)

3) ‘Quarter’ — option  Side and height length: 1/4 of Default model A part of trunk
(One cell in default model is divided into 16 (divided in to 96 regions)
cells in this option.)

Skin dose distribution over a whole body may be useful information for medical treatments in a

case, where a large source, as a fissile material in a criticality accident, causes a radiation accident. The
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number of divided regions refers to the previous analysis by JAERI” in ‘default’. The newly developed
program can automatically make the cell and the surface cards to divide skin tissue of the human model.
Among them, the cell and the surface cards for the limbs are automatically changed, according to the
definition in the interface of Fig. 3 (b) in ‘Step 2.

A serious radiation accident also can occur, if a person keeps a small radioactive material near
his or her body for a long time. In such a case, only a part of skin can receive extremely larger doses than
any other parts. Thus, two options of ‘half” and ‘quarter’ are incorporated to divide a part of trunk skin in
more detail for dose assessment in an extremely un-uniform exposure case, as listed in Table 3. The
names of ‘half” and ‘quarter’ relate to side lengths of the divided skin region. A user should set up the
interested region with the center in height and the minimum azimuthal degree for circumference on the
trunk surface in the two options. Appendix E presents the correlation between the trunk position and the

azimuthal angle. The trunk skin area is then divided into 96 regions for these options.

3) Dose distribution over a trunk

A trunk contains many radiation sensitive organs and tissues, such as gastro-intestinal (GI) tract,
active bone marrow and respiration tract. The dose distribution in the trunk can be effectively assessed in
detail with RADARAC INPUT. The scoring mesh method is adapted here. Forty, twenty and thirty-five
arrays are set to divide the scoring mesh area for right-left (‘side’), front-back (‘depth’) and top-bottom
(‘height’) directions. Thus, the total number of meshes covering the trunk is 28,000 (=40 x 35 x 20). The
size of mesh tally is automatically changed, according to the body size. In addition, the dose averaged
over a trunk is calculated with the ‘f4-tally’ and the ‘f6-tally’. The trunk doses derived by these tallies are
compared with the doses averaged over all of the mesh tallies. The volume of legs in the mesh tally
regions can be changed with the posture of the human model. Thus, the input-files are automatically

made to calculate the volume of legs in each mesh tally at the lower trunk here.

3.3 Making Input Files of Radiation Transport Calculation

The third program has four steps to combine the source and the human models, which are
independently defined with the former two programs (in sections 3.1 and 3.2). The file names of the
source and the human models are given at the first step (‘Step 1°) in this program. The input files for
radiation transport calculations are saved in the last step (‘Step 4°).

The weight of particles in transport calculation is set to ‘1.0’ for each cell in default by the
‘importance’ card of the MCNPX or MCNP code in utilization of RADARAC. The number of cells for
human model is fixed for each of the three dose calculation types in Table 1. On the contrary, the number
of cells can be changed in a source model, according to the accident condition. In the second step (‘Step
2”), a user should set up the number of cells in source model to allocate the importance to all cells. The
cell card describing the outermost shape of the source model is automatically incorporated to the cell card
describing the exterior region of the human model here. The inner configurations for the source model
and the human model can be independently defined with the cell cards and the surface cards each other.
The emission of radiations and the dose quantities of interest relate only to the source model and the

human model. Thus, these cards are automatically lined up in one file without any modifications.

79i
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The size of human model can be changed, according to the exposed person in a radiation
accident. Thus, RADARAC is constructed to perform two kinds of radiation transport calculations, as
depicted in Fig.1. In the volume calculation, the volumes of interested regions are derived by the
‘ray-tracing’ method. In ‘Step 2°, the size of plane source should be set up for the volume calculation.
The input file for the volume calculation is automatically made with the human model and the defined
plane source. The input files to obtain volumes of leg regions in the mesh tally, however, are made with
the program for making a human model (see, Appendixes A and C). The operation in ‘Step 3’ is made to
transform the human model into the coordinate system of the source model. The operation is same as
‘Step 4’ in the program making a human model. The final transformation card for the dose calculation
refers to the value defined here. Appendix E gives correlations the two polar angles for transforming and
the directions of the human model.

Table 4 summarizes correlation between the resources given in each program and the cards in

the input file, which is made by the three programs.

Table 4 Correlation between the resources given in each program of RADARAC INPUT and the cards of
the input files

Programs Giving resource in each step The type of card
1) Making a Step 2: Geometry component of configuration Surface
source model Step 3: Material of configuration Material
Step 4: Constructing configuration based upon Cell
resources given in Steps 2 and 3
Steps 5-7: Characteristic of emitted radiations Sdef (Kcode) and Mode""
2) Making a Step 2: Gender and Physique Surface and Cell
human model  Step 3: Posture Surface and Cell
Step 4: Relative position of the human body to (Not utilized)
the source
Step 5: Physical quantities of interest Tally, Surface and Cell
3) Making input  Step 2: Number of cells in a source model Importance
files Size of surface source in volume Sdef™
calculation
Step 3: Relative position of the human body to Transformation
the source

*1: Dose calculation, *2: Volume calculation

4. Overview of RADARAC DOSE
4.1 Calculating radiation doses with RADARAC DOSE

RADARAC DOSE was developed to indicate effectively and visibly information concerning
radiation doses. Most of the functions in the indication of the results can be executed with the software of
the Microsoft-Excel. The Micro AVS is required only to indicate the graphics for the skin dose
distribution over a human body.

Figure 4 depicts the interface to start RADARAC DOSE and the parts of the interface. As the

number of cell is different between male and female models, the gender should be selected at the top of
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left side. A user also sets up the size of surface source for the volume calculation at the box in (A), in
Fig.4 (b). The scaling factors at the two lowest boxes show the correction factors from the standard

model to the defined human model (see, the equations of (1) and (2) in Chapter 3).

 Male  Famals Trunk Dose | Skin Dose  Whals tody | i+ Male " Female
— Source Intensity ; ’7
Height(cm) 1 1739 - Height{cm) 1738
Weight{ke) 121 S ,7?21
Data Fil
Surface (val. calculation) i 'TW (A) ;
e 50 Doss rHmnme! w Surface tvol. calculation)
i
o = Volume | OrMvolnmet i ’750
sight
Size 12000 Heieht 200
Std_model - 12000
Height Size
Whale Body(om) 17860 Std_model
Head(Fixed) 2000 Height
Weight
Whale Bodvicm) 17880
Whole Body ke [ mm A HET A
Head{Fixed) 450 Head (Fived) 2000
Weight
Other
below neck Heighticm) 1505 Yol Body e 7320
below neck Waighttke) jﬂi Head (Fived: 4w
wigieht for Heighttke? 62408
Scaline factor) 0s7 Other
Shapeine factar oy 1038 below neck Heightlzm) 1988

below neck Weight ke) 633
Waight for Height(ke) 62408

Scaling factor(z) g

Shapeing factorboy) 1038

Inputs for Whole Body. Execute Exit

(a) Overview of the interface

(b) Left side
Trunk Doze ] Skin Doge Whole Body |
r Source Intensity
BE+17
(B)

—Tata File

Dosze |—OrM'U'U'n.mc:t Search J

Wal GrMyvaln mct Search . .

(C) g | (c) Right side

Fig.4 Interface to start RADARAC DOSE.

Figure 4 (c) is located at the right side of Fig.4 (b). Indicating the final result closely relates to
the selected calculation type from Table 1. A user should select the calculation type by pushing one of the
three tabs (‘Trunk dose’, ‘Skin dose’ and “Whole body”) on the top, according to the selected calculation
type in ‘Step 5’ of the program making a human model. All of the calculation types require the total
number of radiations emitted in an accident, which should be given at the box in (B). The most important
resources are the output files of the radiation transport calculation; ‘dose calculation’ and ‘volume
calculation’. It should be mentioned here that the ‘output file’ in Fig.1 can be regarded as ‘input files’ for
RADARAC DOSE. A ‘tally-output’ table can be made by using ‘print’ option in the two codes. The
names of output files with the tally-output tables are given in the boxes of ‘Dose’ and ‘Volume’ at ‘Data
file’ in (C) for the assessments of the degree of exposure and the skin dose distribution in Table 1.

The ‘dose distribution in a trunk’ in Table 1 is calculated by the mesh scoring method, which is
set up to derive deposited energy per unit volume (unit:MeV/cm®). The results by the mesh scoring
method are contained in a binary file, which is made after the radiation transport calculation. For example,

the ‘gridconv’ program can transfer the binary file into an ascii file in the MCNPX code.
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RADARAC _DOSE utilizes the ascii file as the input file. The density is not changed for all mesh tallies,
because the size of mesh tally is automatically expanded or reduced, according to the defined size for the
human model. RADARAC_DOSE involves the value of density (unit: g/cm’) in each cell as a database,
which were derived with the two standard models. The radiation doses, deposited energy per weight
(unit: MeV/g), in 28,000 regions can be automatically calculated with the database of densities and the
ascii file involving the information of the mesh scoring. As more than 10 files are necessary for the
volume calculations in this calculation type, only the ascii file is set up with the interface. The other files

should be named, according to a rule, as expressed in Appendixes B and D.

4.2 Indication of dose distribution

All of the derived data are summarized in numerical tables with the software of
Microsoft-Excel. The neutron, photon and total (sum of neutron and photon) doses are separately
indicated for all regions as numerical table. The maximum dose and its position are also shown besides
the table about the assessment of the skin dose distribution over a whole body or the dose distribution in a
trunk.

The user can confirm dose distributions in skin over a whole body or in a trunk about at
interested regions with graphs in the Microsoft-Excel file. The skin dose distributions around the head,
trunk and each limb can be indicated with two-dimensional graphs at the interested position in height.
The dose distributions in a trunk are indicated as one-dimensional graphs at the interested position.
Identification (ID) number should be set up for the three axes of ‘side’ (‘x”), depth (‘y’) and height (‘z’).
These graphs are depicted in the same file with the numerical table.

RADARAC DOSE also has a function to indicate dose distribution by graphics coloring
regions of interest, corresponding to the dose range. The dose distribution in a trunk is indicated as a
two-dimensional graphic indication about any interested regions. The two-dimensional graphics can be
depicted on the other sheet of the same file with the numerical tables and the simple graphs. Three
graphics are automatically made to indicate the dose distributions about i) the plane of side-height at any
depths from view of the front, ii) the plane of depth-height at any positions from view of the right side
and iii) the horizontal plane at any height from view of the bottom. A user can set up the position and the
maximum dose for the graphical indication. Trunk parts with higher doses and lower doses are painted
with warmer color (red) and colder color (blue), respectively.

The software of the MicroAVS is needed to depict there-dimensional picture for skin dose
distribution over a whole body. The input file for the MicroAVS is automatically made based upon the
information given with the interface of Fig.4. In the picture, skin regions with higher doses and lower

doses are also painted with warmer color (red) and colder color (blue), respectively.

5. Availability of RADARAC

A criticality accident was hypothesized ) to confirm applicability of RADARAC INPUT to
dosimetry following radiation accidents. In the accident, a worker stands beside the tank containing
fissile material. Input files could be made to assess dose distributions in a trunk and skin, soon after the

necessary resources were given with the interfaces in the three programs of RADARAC INPUT. Table 5
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summarizes the numbers of lines in the input files made with RADARAC_ INPUT. Since the input file
for skin dose calculation needs the cards to divide skin regions and dose function cards for neutrons, the
number of lines is different between the two calculation types. It could be confirmed, however, that using
RADARAC_INPUT would easily make the input file with about a few thousand lines. Figure 5 depicts
the overview of the hypothesized situation, which is depicted based upon the input file by
RADARAC_INPUT.

Table 5 The sizes of the input files for dose calculations in the hypothesized criticality accident

Cards in the input file A) Skin dose distribution B) Dose distribution in a trunk
1) Cell cards

Human model”’ 443 257

Source model 18 same as in A)
2) Surface cards

Human model”’ 473 322

Source model 37 same as in A)
3) Transformation card 12 same as in A)
4) Material cards 79 same as in A)
5) Sdef card (Kcode option), Mode

and Importance 21 same value as in A)

6) Tally cards 1481 208
7) Others (Print option) 2 2
Total > 2621 1017

*]1: Human model includes lines for inner and outer voids. *2: Lines for comments are included.

h

Fig.5 Overview of a hypothesized criticality accident (A worker besides the fissile material). **)

RADARAC DOSE was also applied to the post-processor for the dosimetry of the

hypothesized accident. Among them, Fig.6 depicts the one-dimensional simple graph, which is presented
with the Microsoft-Excel by RADARAC DOSE .This graph plots data of the calculated radiation doses
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in the regions of interest, which includes the position with the maximum dose in the region near the trunk
surface. The dose distribution is depicted for the vertical direction along the height direction of human
body. The height of 0 cm is the trunk bottom here. Increase of dose at lower trunk can be visibly and
effectively confirmed with this graph. Numerical values are also presented besides the simple graph (see,
Appendixes B and D). The file with the graph in Fig.6 could be made within a few minutes after the
necessary resources were given with the interface of RADARAC DOSE in Fig.4.

Thus, it was confirmed that RADARAC enabled us to carry out the preparation of input files
for radiation transport calculation and giving dose information from output files of the radiation transport

calculation within a few minutes.
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Fig.6 A graph indicating one-dimensional dose distribution in the trunk along the vertical direction of the

worker in Fig.5.

6. Conclusion
RADARAC was developed to assess the received dose for an external exposure in a radiation

accident by utilizing the MCNPX or the MCNP code. For the execution of these codes, input files should
be made with considerations of the accident situation, especially the radiation source and the exposed
person. RADARAC _INPUT enables us to make the input file by a dialogue method with graphical user
interfaces. Input files with about a few thousand lines can be automatically made soon after the necessary
resources are set up in RADARAC INPUT. In addition, RADARAC DOSE can effectively indicate
radiation dose information as numerical tables, simple graph and graphics. Necessary programs and data
are incorporated to RADARAC DOSE. For example, 28,000 numerical data can be automatically
derived and summarized in a numerical table to give dose distribution in a trunk with in a few minutes
after the necessary resources are given. The dose distribution inside or on the human body can be also
visibly confirmed with simple graphs and graphical figures. Numerical tables and simple graphs can be
indicated by using the software of Microsoft-Excel with RADARAC DOSE. Only the three-dimensional

graphics is depicted to show skin dose distribution over a whole body with the software of Micro AVS.
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From these considerations, it can be concluded that RADARAC is very useful to give information of

radiation doses for medical procedures of the exposed person in a radiation accident.

References

1) International Atomic Energy Agency (IAEA): “The Criticality Accident in Sarov”, International
Atomic Energy Agency, Vienna, STI/PUB/1106 (2001).

2) K. Fujimoto ed.: “Final report on dose estimation for three victims of JCO accident”, National
Institute of Radiation Science, Chiba, NIRS-R-47 (2002).

3) International Atomic Energy Agency (IAEA): “The Radiation Accident in Goiania”, International
Atomic Energy Agency, Vienna, STI/PUB/815 (1988).

4) International Atomic Energy Agency (IAEA): “The Radiation Accident in Samut Prakarn”,
International Atomic Energy Agency, Vienna, STI/PUB/1124 (2002)

5) International Atomic Energy Agency (IAEA): “Generic procedures for medical response during a
nuclear or Radiation emergency”, International Atomic Energy Agency, Vienna, EPR-Medical 2005
(2005).

6) F. Takahashi: “Program for Rapid Dose Assessment in Criticality Accident, RADAPAS”, Japan
Atomic Energy Agency, JAEA-Data/ Code 2006-019 (2006).

7) A. Endo and Y. Yamaguchi: “Analysis of dose distribution for heavily exposed persons in the first
criticality accident in Japan”, Radiat. Res. 159, pp. 535-542, (2003).

8) A. Lemosquet, I. Clairand, L. Carlan, D. Franck, I. Aubineau-Laniece, and J. F. Bottollier-Depois:
“A computational tool based on voxel geometry for dose reconstruction of a radiological accident
due to external exposure”, Radiat. Prot. Dosim. 110, pp. 449-454 (2004).

9) Takahashi, F and Endo: “A. Numerical system utilizing a Monte Carlo calculation method for precise
dose assessment in radiation accidents”, Radiat. Prot. Dosim. 126, pp. 595-599 (2007).

10) C. Huet, A. Lemosquet, I. Clairand, J. B. Rioual, D. Franck, L. Carlan, I. Aubineau-Laniece, and J. F.
Bottollier-Depois: “SESAME, A software tool for the numerical dosimetric reconstruction of
radiological accidents involving external sources and its application to the accident in Chile in
December 2005, Health Phys., 96, pp. 76-83 (2009).

11) L. S. Waters ed.: “MCNPX user’s mannual, version 2.3.0”, Los Alamos National Laboratory, Los
Alamos, Report LA-UR-02-2607, (2003).

12) Briesmeister J. F. ed.: “MCNP - A General Monte Carlo N-P Particle Transport Code Version 4B”,
Los Alamos Laboratory Report LA-12625-M. (Los Alamos National Laboratory) (1997).

13) X-5 Monte Carlo Team: “MCNP - A general Monte Carlo n-p particle transport code version 57, Los
Alamos National Laboratory, Los Alamos, Report LA-UR-03-1987 (2003).

14) K.G.T. Cooperation: “MicroAVS user manual” (2008). [in Japanese]

15) K. Matsuo, K. Kato, E. Kume and M. Fujii: “AVS User’s Guide on the Basis of Practice”, Japan
Atomic Energy Research Institute, JAERI-Tech 97-028 (1997). [in Japanese]

16) J. T. West and M. B. Emmett: “A Multiple Array System using Combinatorial Geometry”,
NUREG/CR-0299 3 Sec. M9 (1984).



JAEA-Data/Code 2009-008

17) M. Cristy: “Mathematical Phantom Representing Children of Various Ages for Use in Estimates of
Internal Doses”, NUREG/CR-1159 (1980).

18) Y. Yamaguchi: “FANTOME-90: A computer code to calculate photon external doses for a phantom
with movable arms and legs”, Hoken-butsuri, 24, pp. 143-148 (1992). [in Japanese]

19) International Commission on Radiation Units and Measurements: ‘“Photon, electron, proton and
neutron interaction data for body tissues”, ICRU Report 46 (1992).

20) International Atomic Energy Agency (IAEA): “Dosimetry for Criticality Accidents — A Manual”,
International Atomic Energy Agency, Vienna, IAEA Technical Reports Series No. 211 (1982).

21) International Atomic Energy Agency (IAEA): “Use of Electron Paramagnetic Resonance Dosimetry
with Tooth Enamel for Retrospective Dose Assessment”, International Atomic Energy Agency,
Vienna, IAEA-TECDOC-1331 (2002).

22) International Atomic Energy Agency (IAEA) and World Health Organization (WHO): “Diagnosis
and Treatment of Radiation Injuries”, Safety Reports Series No.2, International Atomic Energy
Agency, Vienna (1998).

23) F. Takahashi, Y Shigemori and A. Seki: “Dose Assessment System for a Heavily Exposed Person in
Radiation Facility”, Hozen-gaku.



JAEA-Data/Code 2009-008

Appendix A Users’ Manual of RADARAC _INPUT
RADARAC INPUT enables us to make input files for radiation transport calculations by the

MCNPX or the MCNP code without complicate procedures. This Appendix describes users’ manual of
RADARAC_INPUT.

A-1 Overview of RADARAC_INPUT

Figure A-1 depicts a flowchart to make input files for the MCNPX or the MCNP code by
RADARAC_INPUT, which includes three programs in below.

i) Program for making a source model

ii) Program for making a human model

iii) Program for making input files for the codes (Combining the source and human models)

Radiation accident Medical procedure
/ Radiation source i
/ Exposed person Radiation dose of interest
-I----------------------------------"--------------------------v----------------------------------l- ------------------------------------------- "y
" i) Making a source model || " i) Making a human model " :
1 RADARAC_INPUT |

i) Making input files of MCNP or MCNPX for
1) Dose calculation, 2) Volume calculation

Input file
(Volume calculation)

Input file
(Dose calculation)

Fig. A-1 Flowchart of making input files of the MCNPX or the MCNP code by RADARAC INPUT.

A-2 Recommended environment for executing RADARAC _INPUT
RADARAC INPUT is available in a generally used personal computer operated under
Windows-XP system. Environments of hardware and software are recommended as below.
a) Hardware
/ CPU Pentium more than 1GHz processor
/ HDD Hardware set available for Windows operating system
b) Software
/ Operation System Windows XP
/ Other software Microsoft. NET Framework 2.0

A-3 Users’ manual of the program for making a source model
A-3-1 Installing and the structure of the program

The program for making a source model can be installed to a personal computer as below. Before
installing, the software of NET Framework should be equipped in the same hardware system.

1) Insert a media with the program for making a source model into a drive in a personal computer.
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ii) Open the drive of the media by “My Computer” (or “Explore”) in Windows OS. And then
double-click on “Setup.exe”.
ii1) Operate the GUI (Graphical User Interface), according to the indication.
Here, this program is recommended to be saved under the folder, which includes the program

for making a human model and the program for making an input file.

Folder and files are incorporated in the main folder of this program as below.
/ ‘Main program.exe’  This is an execution file to execute this program
/ [Folder] ‘dat’ There are 2 files, ‘Repmat.dat’ and ‘Source.def’ in this folder. The ‘Repmat.
Dat’ includes data for prepared materials. ‘Source.def” is read as an initial value
in operation of the program. In addition, a template is prepared with the input
file form as ‘Source. tpl’.

/ [Folder] ‘inp’ This folder is used to save the file with the defined source model.

A-3-2 Flowchart of the program for making a source model

There are 8 steps to complete making a source model by the program, as depicted in Fig.A-2. The
program mainly consists of two parts, except steps for reading and saving the file. The three steps of
‘Step 2’ to “Step 4’ relate to construct a radiation source configuration. On the other hand, the three steps

of ‘Step 5’ to ‘Step 7’ relate to define emission of radiations in a calculation.

Step 1: Designating files (Reading or making new file) |

S —— et

| Step 2: Defining shape of geometrical component in a source configuration |

Step 3: Defining material for a source configuration |

| Step 4: Defining regions (Combining and excluding the shapes in Step 2) |

Defining structure

| Step 5: Defining type of radiations (and selecting fission chain reaction) |
A
| Step 6: Defining energy of radiations |
"

| Step 7: Defining regions for radiation |

Defining emissions of radiations

| Step 8: Making a source model (Saving a file) |

Fig.A-2 Flowchart of the program for making a source model.
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A-3-3 Operation of the program for making a source model in RADARAC_INPUT
All of the interfaces in the 8 steps include tab buttons on the top and three buttons at the bottom, as
depicted in Fig.A-3.

/ A user can move to an arbitrary step by pushing tabs of ‘Step 1’ to ‘Step 8’ on the top (Fig.A-3 (a)).
The buttons of “Next” and “Return” at the bottom are used to go to the next and the former steps,
respectively (Fig.A-3 (b)).

/ The “Quit” is available for all steps during operating this program (Fig.A-3 (b)). All of the given

resources, however, are not saved by pushing “Quit”, if ‘Step 8’ is not completed.

Stepl Step? Stepd Stepd Steph Stepf Step? StepB

(a) Tabs for selection of step for operation

ReturntB} l [ Mt (M)

(b) Buttons to move step or quit

Fig.A-3 Tabs on the top and buttons at the bottom of interfaces for all steps.

1) Starting the program (‘Step 1°)

The interface in Fig.A-4 is indicated at starting the program for making a source model.

Stepl Step2 Stepd Stepd Steph Steph Step? Stepd

Make a new file or Revise an existing file?

() Make a new fils

(%) Revise an existing fils
P

Path and file name: |(CG#¥Program Files¥ACDOSE¥IhputMC¥Proeramm for defining source model#nph E

Push this button to find a
folder, in which a file is saved.

Fig.A-4 Interface of ‘Step 1° (Indicated at starting of the program).
/In ‘Step 1°, “Make a new file” or “Revise an existing file”” should be selected.

/ If “Revise an existing file” is selected, a user should push the button besides the blank of “Path and

file name” to find the file in any folder.
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2) Constructing a source configuration (‘Step 2’ to “Step 4”)

In most cases, radioactive material is included in any surroundings, such as a capsule, a tank, a

frame and so on. In RADARAC _INPUT, a source configuration is interactively constructed by using

three interfaces through ‘Step 2’ to ‘Step 4°.

2-1) Defining geometry components of a source configuration (‘Step 2”)

Figure A-5 is the interface of ‘Step 2’ to set up geometry component of each part in the

configuration. Appendix E describes two examples for the operation in this step.

Stepl Step?

Stepd

Steph Steph Step? Stepd

Shape of each part in the source structure

[ Addis) ] [ Delete(D) ]

Mame for ea..

Source]
Source?
TiLow
TiDut

Tiln
SlsCap
SUSIhLimb
Airlnl
Airln2
SUSOutRl
SUSOutR2
SUS0utR3
CutMid fir
&lmid

A |Low
&lLowAir
Path
Callimatar
fppUp
APPMid

AP P lov
AlTop

& Tn Air

Type of shap..

RCC
SFH
SFH
RGG
RGGC
RGG
RGG
RCC
RGG
RGGC
RGG
RGGC
RGG
RGG
RCC
RGG
RCC
CME
RGC
RGG
RGGC
RGG
RGG

Mame for each part  |Sourcel

Twvpe of shape for each part F{CC w |

Parameter for definine type of shape for each particm)

Wt 0 R _ 009
Wyl ol
Wzl a
Hzx: 0
Hy: 0
Hz: D.'IS_
[ Feturn (R} l l Mt} l

Fig.A-5 Interface of ‘Step 2’ (Geometry component of each part in the source).

/ At first, a user should push the button of “Add” to give resources for geometry component of a part in

the configuration.

/ It is recommended to give a name for each component in the blank at right of “Name for each part”. If

the name is not given, each component is identified by a number, such as ‘Geometry 1°.

The region for radiation emissions is referred to the origin of source model in ‘Step 7°. Thus,

the origin in the next two procedures should be carefully determined.

/ A user can set up geometry of the source configuration by the ‘macrobody’ or ‘Combinatorial-

Geometry (CG)’ format. The geometry type of the part, such as ‘SPH’ (sphere), is selected at the box

of “Type of shape for each part” from the shapes in Table A.1.

/ The blanks below ‘“Parameter for defining type of shape for each part” are automatically changed,

according to the selected geometry type.



JAEA-Data/Code 2009-008

/ Table-A.1 summarizes the necessary parameters for each geometry type. Correlation between the

parameters and the geometry type are to be described in Appendix E.

Table-A.1 Parameters for each geometry shape

RPP, LAT2, SPH RCC CNE TRC BOX
RPP C

Parameter 1 Xinin Vi Vi Vi Vi Vx Vx
Parameter 2 Xinax Vy Vy Vy Vy Vy Vy
Parameter 3 Y 1min Vz Vz Vz Vz Vz Vz
Parameter 4 Y max I R Hy H, H, HI1,
Parameter 5 7 nin H, H, H, H, H1,
Parameter 6 Zmax H, H, H, H1,
Parameter 7 R Rl Rl H2,
Parameter 8 Rs H2,
Parameter 9 H2,
Parameter 10 H3,
Parameter 11 H3,
Parameter 12 H3,

RPP: Rectangular parallelepiped,

RPP_C: Square Pyramid,

LAT?2: Hexagonal pillar (used in Lattice 2),
SPH: Sphere,

RCC: Right Circular Cylinder,

CNE: Cone (Right Circular),

TRC: Truncated Right-angle Cone,

BOX: Box

/ In this system, the geometrical description is automatically transferred to plural surface cards of the
MCNPX or the MCNP code in the input file format (only SPH; a single card). If the figure of ten is
same in the number of surface cards (e.g, 6011, 6012, 6013...), these surface cards are used to
the same geometry component.

/ A user can delete the geometry component by pushing the button of “Delete” and selecting the name

of the source part. The selected part, however, cannot be deleted, if it is used in ‘Step 4°.
2-2) Defining material of a source configuration (‘Step 3”)

A user can give material data for the source configuration with the interface in Fig.A-6 in ‘Step 3°.

The defined resources in this step relates to the material card of the input file.
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Stepl Step? Stepd Stepd Steph Stepf Step? Stepl

Material of each part in the source structure

Material of each part Material of each part in the source structure: | Lead
55316 o )

Titanium Method for defining the material

Lead () Uzing prepared materials

Alminium

(%) Defining the material

() Material denzity/ () Atomic number density: 11.34| efcmd
Add() Delete (P
1D rumber..  Compositi.  Motice 1D number of nuslide

82000 1 82000 J
Compozition ratio of each nuclide
il

Motice

I Returni(R} ] l Mext (M)

Fig. A-6 Interface of ‘Step 3’ (Material data).

/ At first, a user should push the button of “Add” in the left side to give material data.

/ After that, it is recommended that a name of material is given in the blank at left of “Material of each
part in the source structure” on the top of right side. If the name is not specified here, each material is
identified by the number, such as ‘Material 1°, ‘Material 2°.

/ A user can select two materials of water and stainless-steel, by pushing “Using the prepared material”
at the box of “Method for defining the material”. Otherwise, any material can be set up by pushing
“Defining the Material”.

/ A user should give mass density (g/cm’) at the blank below “Method for defining the material”, if
composition of material is to be defined with mass fraction of each element. On the other hand, a
user should give atomic number density (1E+24 atoms/cm’) at the blank, if the material data is
defined with atomic fraction of each element.

/ The buttons of “Add” in the right side are used to set up nuclides in a material. Then, the “ID number
of nuclide” is automatically changed to “Nuclide 1. A user should replace the “Nuclide 1” with ID
number in the cross section data of the radiation transport calculation (e.g., ***** **c),

/ In the blank below “Composition ratio of each element”, mass or atom fraction is given with a plus
number. (Although a mass fraction is to be set up with a minus number in the MCNPX or the
MCNP code, mass fraction can be given with plus, here.)

/ The last box of “Notice” is used for the comment of each nuclide, such as atom symbol.

/ If a user intends to exclude an unnecessary nuclide in a material, the nuclide is selected and then the
button of “Delete” in the right side should be pushed.

/ A user also can delete material by pushing the button of “Delete” in left side. The selected material,

however, cannot be deleted, if it is used in ‘Step 4°.
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2-3) Constructing a source configuration (‘Step 4”)

The interface in Fig.A-7 is used to construct the source configuration in ‘Step 4’, based upon the
resources given in ‘Step 2’ and ‘Step 3°. One row in the interface corresponds to one cell in the input
file. If a user intends to delete unnecessary information in ‘Step 2’ and ‘Step 3’, the description in
‘Step 4’ should be deleted at first.

Stepl Step2 Step3 Stepd | Steph Stepb Step? Stepl

Combining defined parts in Step 2

| fidd () ] [ Delete(R) ]

Material imp Mame 'O #+  Name /0 #4  Mame 'O 4+ A

k1 Sourcel I + Source? 1 * Sourcel o

2 |Titanium 1 TiLow I |* |Tiow o Source? 0

3 [Titanium 1 Tiout I * [T 0 % Sourcel 0

4 Titanium 1 Tiln I

5 |woID 1 firln2 I * |Tilow 0 x  Tiow o

6 |sUsale 1 SUSGap I % sUshlimb |0 |* firn2 0

7 |sUsHe 1 sUShlimb |1 * Airln1 0

g o 1 firln 1|

o |sUSHE 1 SUSOwR1 1 |+ |sUSowRz 1 |+ |SUSOwRZ |

10 | Alminium 1 AN 1 Al A o |

11 | voID 1 OutMidéir 1+ AlMid 0

12 Alminium 1 Allow I * AlLow Air 0]

12 |vOID 1 AL i 1|
TR RIS P : . PSR PP PT—— -

I: Ihner of the part in left column 7 O Outer of the part in left column; #*: and . +: or Imp: importance in MNP

[ Returr (R l l Meret (W) l

Fig. A-7 Interface of ‘Step 4’ (Constructing a source configuration).

/ The first and the second ranks are used to set up material and importance for each combined geometry
components, respectively. The materials defined in ‘Step 3’ and ‘void’ can be selected with the given
names in the first ranks below “Material”. The importance can be set up in the second ranks below
“imp” except the last combined geometry. The value of ‘1.0’ is recommended, here.

/ The combination of geometry component in ‘Step 2’ can be performed as the method of ‘macrobody’
(or ‘CG-format’). At first, a user should select the geometry component in ‘Step 2’ below “Name”.

/ If the selected component is inside of the geometry to be combined, a user should select “I”” at the box
below “I/O”. If a user selects “O” at the same box, the region at the row excludes the selected
component.

/ At boxes below “*/+”, the symbol “+” should be selected in the case, where the adjacent components
are to be joined (in the case using ‘or’ in ‘macrobody’ (or ‘CG-format’)). Otherwise, a used should

[3F T

select and then common region of the adjacent components is to be specified (in the case not
using ‘or’ in ‘macrobody’ (or ‘CG-format”)).

/ The combination of geometry component can be freely defined except the last row, which should
be used for the outermost shape of the source configuration. It is recommended that the material

and the importance are set as “void’ and 0.0’ at the last row, respectively.
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3) Defining emissions of radiations (‘Step 5’ to “Step 7°)
In RADARAC INPUT, the characteristics of emitted radiations are interactively defined by using
three interfaces through ‘Step 5’ to ‘Step 7°.

3-1) Type of emitted radiations (‘Step 5°)
The type of radiations can be set up with one of the interfaces of Fig.A-8 and Fig.A-9 in ‘Step 5°.

Stepl Step2 Stepd Stepd | | StepS Stepf Step? Stepd

Emission of radiations from the source

Radiation type Uszing the Kecode
@M O Yes

O NP @ Mo

O N+P+E
(o1

O P+E Time{minb: 80/
CE

SourcezN

Particle number: TE+05|

Fig. A-8 Interface of ‘Step 5’ (1)
(The ‘kcode’ option is not used.).

Quiti Heset ()

Stepl Step2 Step3 Stepd Steph | Stepfi Step? Step8

Emission of radiations from the source

Radistion type Using the Kcode

ON @ Yes

@ H+P O Mo

O N+P+E

Or Particle number per a cycle: 10000

Or+E Thitial value (default=1.00: 1]

Ot Mumber of cycles :

- Skip: 1]

Source: N Total: B

Fig. A-9 Interface of ‘Step 5’ (2)
The ‘kcode’ option is used.).

( P )

/ If fission reaction is not required for the source model, “no” is to be selected at the “Using the kcode”
with the interface of ‘Step 5’ in Fig.A-8. A user should give a number of particles in the calculation
and computational time at the blanks below “Particle number” and “Time”.

/ It is preferable to define the termination of radiation transport calculation with particle number. The
computational time is recommended to be set as short time (e.g., less than 1 minute) here for
confirming the input file before dose calculation. Appendix F describes the guideline for this step.

/ The type of radiation emission from the source is automatically indicated below “Radiation type”.
The radiation type in left is emitted in the dose calculation. Radiation transports are simulated for

other types in right, if these radiations are generated as secondary particles due to interactions.
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/ Here, it should be cautioned that a user can set up the radiation transport of electrons but tally
cards for electrons are not prepared in a human model. A user should prepare tally cards.
RADARAC DOSE is also unavailable for physical quantities concerning electrons in the
post-processor of the radiation transport calculation.

/ On the other hand, if a fissile material causes an accident, a user should select “yes” at the “Using the
kcode”. The interface is automatically changed as Fig.A-9 to set up particle number per a cycle and a
cycle size. The ‘kcode’ card is to be prepared for the source model in the format of an input file for
the MCNPX or the MCNP code by this operation.

3-2) Energy of emitted radiations (‘Step 6”)
The energy of radiations can be set up with one of the interfaces of Fig.A-10, Fig.A-11 and
Fig.A-12 in ‘Step 6°.

Stepl Step2 Step3 Stepd Steph Stepf | Step? Stepd

Energy of radiations

(%) Sinele-Enerey
O Multi-Enerey
) Fizzion Energy

Enerey{Mev): | g6z

Fig. A-10 Interface of “Step 6’ (1)
(Energy of radiations; Single-energy).

Stepl Step2 Stepd Stepd Steph Stepf | Step? Stepd

Energy of radiations

(O Single-Enerey
(%) Multi-Enerey
) Figgion Energy

Distribution type

) Continuous

(%) Discrete
Add (g Delete(R)
. Enerey(Mev) Emizsion rat.. Enerey(ilew)
1172 05 1779
1332 05 117

Emiszion rate for each enerey bin
05

Fig. A-11 Interface of ‘Step 6’ (2)
(Energy of radiations; Multi-energy).
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Stepl Step? Stepd Stepd Steph Stepfi | Step? Stepd

Energy of radiations

() Single—Eneray
) Multi-Enerey
(%) Fizzion Energy

Fizzion spectrum tvpe

) Maxell fiszion spectrum

(%) Watt fizsion spectrum
Gexpl-E/aizinhbEN /22

a | 0988
b | 2243
Fig. A-12 Interface of “Step 6’ (3)

(Energy of radiations; Fission-energy).

/ The energy is set up for the radiation type in left at “Radiation type” in the interface of ‘Step 5°.

/ If the “Single-Energy” is selected, Fig.A-10 is indicated. A user should give the energy of radiations at
the blank.

/ If the “Multi-Energy” is selected, Fig.A-11 is indicated. The buttons of “Add” and “Delete” are used
to set up energy bins. The energy can be given with “Continuous” or “Discrete” distribution. For the
continuous energy distribution, lower energy of each bin should be set at the blank of “Energy”. The
fraction of radiations for each bin should be given at the blank of “Emission rate for each bin”.

/ If a neutron source with fission reactions causes an accident, it is recommended to select “Fission
Energy”. In this case, Fig.A-12 is indicated. A user can select the ‘Maxell’ type or the ‘Watt’ type at
“Fission spectrum type”. Necessary parameters should be given at the blanks in below to determine

energy spectrum of fission neutrons.

3-3) Regions for radiation emissions (‘Step 7°)
The source shape can be set up with one of the interfaces of Fig.A-13 and Fig.A-14 in “Step 7°.

Stepl Step2 Step3 Stepd Steph Steph Step? | Stepd

Shape of the source

(%) Point Source
() Valume Source

Foint zource position

e al
i 0
z [ 0t

Fig. A-13 Interface of “Step 7’ (1)

(Source shape; Point source).
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Stepl Step2 Stepd Stepd Steph Stepb | Step? | Stepd

Shape of the source

) Point Source

) Wolume Source

Shape of Wolume: | RGGC v

Parameter for valu me.(c m}

Wt al R: ]
s [ 0

Wz | -10

Hx: ' 0

Hy: | i}

Hz: | 10

Region for radiation emission (Yalume source)

Region: | Region? v Fig. A-14 Interface of ‘Step 7’ (2)

(Source shape; Volume source).

/ Figure A-13 depicts the interface for a point source. A position of source should be set up at “Point
source position” with the coordinate system, which is used in Step 2°.

/ In addition, a radiation source with a volume region can be set up with the interface of Fig.A-14.
Here, “Shape of Volume” can be selected from ‘RPP’ (rectangular parallelepiped), ‘SPH’ (sphere)
and ‘RCC’ (cylinder).

/ “Parameters for volume” is automatically changed, according to the selected shape. In Fig.A-14, a
cylindrical area is to be considered. Parameters are set up at the blanks, according to Table A-2.
The coordinate system should be same between the operations in ‘Step 2’and in ‘Step 7°. The
dose calculation also adapts the coordinate system.

/ If emission region is restricted within one region in ‘Step 4°, a user should select the region number.

Then, radiations are to be emitted from ‘one cell’ in the radiation transport calculations.

Table-A.2 Parameters for each geometry shape

RPP, SPH RCC
RPP C
Parameter 1 Xinin Vi Vi
Parameter 2 X inax Vy Vy
Parameter 3 Y min Vz Vz
Parameter 4 Y mmax R H,
Parameter 5 Z min H,
Parameter 6 7 nax H,
Parameter 7 R

4) Completing the program (‘Step 8’)

Fig.A-15 is the interface to make a file of the defined source model.
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Stepl Step2 Steps Stepd Steph Step Step? StepB

Making input files

Mame of the file: Paintzample
The path for zavine the maked file: |C¥Program Files¥ACDOSE¥hputMC¥Programm for defining source model¥in"

File name: Cepointinp

Push this button to set a folder,
in which a file is to be saved.

Fig. A-15 Interface of ‘Step 8’ (Making a file of source model).

/ A user can move to any steps by pushing tabs on the top, if any revisions are needed.

/ The first blank at “Name of the file” is used to give the title for the file to be saved. This is not a file
name for the source model.

/ “The path for saving the making file” is used to set up the folder name, in which the file is to be
saved. The folder can be selected to push the button besides the second blank. The folder of ‘inp’ is
recommended here.

/ A file name can be given for the source model in the last blank of “File name”.

/ If all of the resources are set up, a user pushes the button of “Make” to convert all the given resources
into the file with an input file format.

/ After that, the operation of this program is completed by pushing the button of “Quite” at the left side

in bottom. All resources up to ‘Step 7’ are cancelled, if saving a file is not completed in this step.

A-4 Users’ manual for the program for making a human model
A-4.1 Installing and the structure of the program
The program for making a human model can be installed to a personal computer as below. Before
installing, the software of NET Framework should be equipped in the same hardware system.
1) Insert a media with the the program for making a source model into a drive in a personal computer.
ii) Click the “Setup1.msi” in the human model making program.

iii) Operate the GUI (Graphical User Interface), according to the indication.

Here, this program is recommended to be saved under the folder, which includes the program

for making a source model and the program for making an input file.
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Folders and files are incorporated in the main folder of this program as below.

/ [Folder] ‘bin’: This folder includes a module of ‘Main_MvPhantom.exe’, which makes a file of a
human model based upon the given parameters in HumanModel.exe.

/ [Folder] ‘dat’: There are 2 templates of ‘MVPAHTOM.tpl’ and ‘PHANTOM.TPL’ in this folder. The
former is a template file of parameters and the latter is a template file of a human model.
‘PHANTOM.def” is read as an initial value for the operation.

/ [Folder] ‘inp’: This folder is used to save the file with the defined human model.

/ [Folder] ‘lib’: This folder includes a file of ‘Stdphantom.Lib’, which describes the sizes of the male and
the female standard models in this program.

And there are 5 sub-folders in the [Folder] ‘lib’. (‘evmesh’, ‘evskin’, ‘evwholebody’,
‘female’ and ‘male’.)
/ [Sub-folder] ‘evmesh’: There are library files to be utilized in making a human model to assess dose
distribution in a trunk.
/ [Sub-folder] ‘evskin’: There are library files to be utilized in making a human model to assess dose
distribution in skin tissue.
/ [Sub-folder] ‘evwholebody’: There are library files to be utilized in making a human model to
assess dose averaged over a whole body.
/ [Sub-folder] ‘male’: This folder includes a libraries file of the standard male phantom.
/ [Sub-folder] ‘female’: This folder includes a libraries file of the standard female phantom.
The two programs in below are to be executed in the main folder.
/ MV.bat: This batch file executes the module of ‘Main_MvPhantom.exe’ in [Folder]| ‘bin’.
/ HumanModel.exe: This is a module to set up parameters of a human model.

(e.g., A posture of human model is set up with an interface.)

This program consists of two modules. One is ‘Human Model.exe’ and the other is
‘Main_MvPhantom.exe’. Necessary parameters for a human model and quantities of interest in it are set
up by using interfaces in ‘Human Model.exe’. Then, an input file is produced for the module of
‘Main_MvPhantom.exe’, which is automatically started. A human model by this module is combined
with parameter files. After that, a human model is saved with the format of an input file. The operation in

‘HumanModel.exe’ is performed with interfaces by a user.

A-4.2 Flowchart of the program for making a human model

There are 6 steps to complete making a human model by the program, as depicted in Fig.A-16.
The program mainly consists of two parts, except steps for reading and saving the file. The three steps of
“‘Step 2’ to ‘Step 4’ relate to construct a human body. This program automatically makes a human model
in any gender, size and posture, based upon the given resources and the prepared file in the folders of
‘dat’ and ‘lib’. On the other hand, ‘Step 5’ relates to physical quantities of interest in a radiation transport

calculation.
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| Step 1: Designating files (Reading or making new file) |

| Step 2: Defining physique of a human (also, gender) |

| Step 3: Defining posture of a human |

|

| Step 4: Defining position of a human |

Defining a Human body

| Step 5: Defining physical quantities to be estimated |

Defining Physical quantities

Step 6: Making a human model (Saving a file)

Fig.A-16 Flowchart of making a human model by the program.

A-4.3 Operation of the program for making a human model in RADARAC_INPUT
All of the interfaces in the 6 steps include tab buttons on the top and three buttons at the bottom, as
depicted in Fig.A-17.

/ A user can move to an arbitrary step by pushing tabs of ‘Step 1’ to ‘Step 6’ on the top (Fig.A-17 (a)).
The buttons of “Next” and “Return” at the bottom are used to go to the next and the former steps,
respectively (Fig.A-17 (b)). The “Next” and the “Return” are unavailable for ‘Step 6’ and “Step 1°,
respectively.

/ The “Quit” is available for all steps during operating this program (Fig.A-17 (b)). All of the given

resources, however, are not saved by pushing “Quit”, if ‘Step 6’ is not completed.

Stepl StepZ Stepd Stepd Steph Steph

(a) Tabs for selection of step for operation

(b) Buttons to move step or quit
Fig.A-17 Tabs on the top and buttons at the bottom of interfaces for all steps.

1) Starting the program (‘Step 1°)

The interface in Fig.A-18 is indicated at starting the program for making a human model.
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Stepl Step2 | Stepd | Stepd Steph | Steph

Make a new file or Revise an existing file?

O Make a new file

&) Revise an existing file
Path and fils name: |C¥Program Files¥ACDOSE¥TputMC¥Programm for defining hu@

Push this button to find a folder,
in which a file is saved.

Fig.A-18 Interface of “Step 1’ (Indicated at starting of the program).

/In “Step 1°, “Make a new file” or “Revise an existing file”” should be selected.
/ If “Revise an existing file” is selected, a user should push the button besides the blank of “Path and

file name” to find the file in any folder.

2) Constructing a human body (‘Step 2’ to “Step 4°)
2-1) Defining gender and physique (‘Step 2°)
Figure A-19 depicts the interface to select gender and physique of the human model in ‘Step 2°.
Stepl || Step? | Step3 | Stepd | Step5 | Stepf

Physique of the human m

Male or Female?
(&) Male () Female

Height (zm!

. N Clicking
Slide for A :increase
changing height V¥ . gecrease

Slide for

i . Fig.A-19 Interface of ‘Step 2’
changing weight 18 nterface of ‘Step

(Gender and physique for a human model).
/ At first, a user should select gender of the phantom at “Male or Female”. If a male phantom is

selected, the figure for the human in the left is colored with black. About a female phantom, the

figure is colored with red.
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/ And then, the “Height” and the “Weight” can be set up with the lower two boxes. The triangle marks
besides the two boxes are used to change the height and the weight. In addition, if a user moves
slides on the vertical axis, the height in the box is automatically changed by the position of the slide.
On the other hand, the slide below the figure is used to change the weight.

/ The parameters in the surface cards are automatically changed from the parameters in the standard

model with the equations of (1) and (2) in section 3.2 of the text, according to the defined size.

2-2) Defining posture (“Step 3”)
Next, a user should set up the posture of the human model by the interface of Fig.A-20 in ‘Step 3.

Stepl StepZ Stepd Stepd Steph Steph

Posture of the human model

. T ' caneles of Right Armidesree) Polar aneles of Left Armidesree)
Slide for e 4 :
changing angle —uagie ‘ ' 4—25 Clicking 450 &
o~ f— A :increase —
) Azimuth Anele B | 24007% iz 3000 2
LY ' V¥ : decrease
Lower Part Lowwer Fart
Zenith Angle — [ 1303 Zenith Angle 3 1950 2 |
Azimuth Anele 7 | 2850 % Azimuth Angle B 2850 &
Paolar areles of Right Legidearee) Palar aneles of Left Leeidesres)
Upper part Upper part
Zenith Anele T | 16602 Zenith fingle | 16ED0 %]
Bzimuth Anele 0 2100 & Azimuth Angle ] 300 =
Encircled limb is under Lower Part
. . ' 7 1650 & i 1 1650 =
operation.(Now, right arm) J v el i J v
Azimuth Angle ¥ 2100 % fizimuth fAngle -] 300 =

Fig.A-20 Interface of ‘Step 3 (Posture for a human model).

/ The directions of all limbs should be given with the polar angles (zenith and azimuth angles). All of
the limbs are divided into the upper and lower part at the joint (elbows and knees). Then, a user
should give 16 angles to set up the posture.

/ If a user intends to move the position one of the limbs, a circle surrounds the limb under the
operation. The encircled limb is automatically moved, according to the defined angles. The triangle
marks besides the boxes are used to change the angles. In addition, if a user moves the slide besides

the box, the angle is automatically changed by the slide’s position.

2-3) Defining a position of a human model (‘Step 4”)
The human model and the source model are independently set up with the different coordinate
system. The radiation transport calculation uses the coordinate system for the source model. A user

should set up the position of the human model with the interface of Fig.A-21 in ‘Step 4.
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Stepl Step2 Step3 Stepd Steph Stepf

Position of the human model

Origin of human model positiondcm?

x| 0
¥ . 0
I"-- "[ = B
Lo z: 80/
1 o |
/ I|I | ll Y Direction of human model in polar aneles
! g j
i i -IL]., ; Zenith Angle B0
- J ( ] o Azimuth Anele ] 2002
. gt 1 |

Fig.A-21 Interface of ‘Step 4’ (Position of a human model).

/ The origin of the human model is the center of the trunk bottom. Thus, a user should set up the
position of the origin for the human model in the coordinate system of the source model at the blanks
in “Origin of human model position”.

/ The direction of human model toward to the source model should be given with polar angles at
“Direction of human model in polar angles”. Appendix E gives correlations between the two angles
and the directions of human model.

A same procedure is to be performed in the program for making input files. The input file of

the dose calculation refers to the resources given in the program for making input files.

3) Selecting physical quantities to be estimated (‘Step 5°)
Physical quantities of interest should be selected at “Quantities to be estimated” in the interface of

‘Step 5’ in Fig.A-22. According to the selection, the interface is automatically changed.

Stepl StepZ Stepd Stepd Steph |

Quantities to be esti

Quantities to be estimated

(%) Doge over a whale body{Neutron)

() Doze over a whale body{Photan

() Doge distribution in skin tizsuesMeutron)

{1 Doze distribution in =kin tizsues (Photon)

() Doze distribution in torsotMeutron) Fig.A-22 A part of interface of “Step 5’ (1)

() Doze distribution in torso(Photond (Selection of physical quantities).



JAEA-Data/Code 2009-008

/ Figure A-23 depicts the selection of the doses averaged over a whole body, dosimeter readings and so
on. In this figure, an input file is made for neutron exposure. A user should give the position of

dosimeter on the trunk surface and the height of activated detector for a neutron exposure.

Stepl | Step2 | Step3 | Stepd || Steps | Steps

Quantities to be estimated

Cuantities to be eztimated Guantities to be estimated Dosimeter position
(%) Dose over a whole body{ Neutron) (&) Dose (ndused activity) Dz -1
0 Dose aver a whole body{Photon} () Fluence in each region DZ: 25

() Dose distribution in skin tissues (Neutron)

) Dose distribution in skin tissues{Photon) Activated de‘ECtﬂf p?sition (Neutron)

() Dose distribution in torsofNeutron? BZ: 22.-

() Dose digtribution in torsotPhoton)

Fig.A-23 Interface of ‘Step 5’ (2) (Physical quantities of interest; Averaged dose over a whole body).

/ Figure A-24 depicts the interface to make an input file for a calculation of skin dose distribution over
a whole body. The skin region of interest in dose assessment should be selected at “Quantities to be

estimated”. The item of “whole body” is selected here.

Stepl Step? Step3 Stepd Steps | Stepf

Quantities to be estimated

Quantities to be estimated Quantities to be estimated
() Doze over a whole hody {Neutron} (3) Wihole Body
) Dose over a whole body (Photon) ) Half

(%) Dose distribution in skin tissues (Neutron! (7 Quarter
) Dose distribution in skin tissues {Photory
) Dose distribution in torso{Meutron}

) Dose distribution in torso{Phaton?

Fig.A-24 Interface of ‘Step 5’ (3) (Physical quantities of interest; Skin dose distribution of whole body).

/ If the options of “half” and “quarter” are selected at “Quantities to be estimated”, the interface is

automatically changed as Fig.A-25.

Stepl Step? Step3 Stepd Steph | Stepf

Quantities to be estimated

Quantities to be estimated Clyantities to be estimated Height-Center (on z-axis) of area for
detail analysis

() Dose over a whole body {Neutron) () Wihale Body

() Doze over a whole body{Phaton} () Half i 0

(&) Dose distribution in skin tissues(Meutron) & Quarter

() Dose distribution in skin tissues (Photon) Divided rezioniMin}

() Doge distribution in torsatNeutron) @ Os O O

() Dose distribution in torso(Photon) C1a0 O 225" O 2700 O AE°

Fig.A-25 Interface of “Step 5’ (4) (Physical quantities of interest; Skin dose distribution at a trunk part).

/ The center in height is given at the blank of “Height-center (on z-axis) of area for detail analysis”. A
user also gives the minimum value of azimuth angle around the trunk at “Divided region”.
Appendix E presents correlation between the azimuth angle and the position on the trunk
(see, Fig.E-4). The angles of ‘0°, ‘90°, ‘180’ and ‘270’ degrees are the directions toward °‘left’,

‘back’, ‘right’ and ‘front’ of the human body, respectively.
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/ Figure A-26 is the interface to make input files for a calculation of dose distribution in a trunk.
Stepl StepZ Stepd Stepd StepS | Stepd

Quantities to be estimated

Quantities to be estimated Quantities to be estimated
() Dose over a whaole body{Neutron} ) Wolume of torso tissue
(O Dose over a whole body{Photon} ) Wolume of legs in mesh tallies

) Doze distribution in skin tissuss (Meutron)
() Dose distribution in skin tissues{Phaton}
(%) Doze distribution in torso{Meutron}

(O Dose distribution in torso{Phaton)

Fig.A-26 Interface of ‘Step 5’ (5) (Physical quantities of interest; Dose distribution in a trunk).

/ Input files for volume calculations are to be selected in “Quantities to be estimated”. Both of
‘Volume of torso tissue’ and ‘Volume of legs in mesh tallies’ should be selected for this
calculation. At first, a user should select “Volume of legs in mesh tallies” and then perform the
operation in ‘Step 6°.

/ After that, a user goes back to ‘Step 5’ and selects “Volume of trunk tissue”. Then, the

operation in ‘Step 6’ is performed again.

4) Completing the program (‘Step 6’)
Figure A-27 is the interface to make a file with the defined source model.

Stepl Step2 Step3 Stepd Steph Steph

Making input files

Mame of the file: | Maleworker
Path for saving the making file: ;C:¥Prngram Files¥ ACDOSE¥IhputMC¥Programm for defining human mode inp :]
File name: 11 inp‘

Push this button to set a folder,
in which a file is to be saved.

Fig. A-27 Interface of ‘Step 6’ (Making a file of human model).

/ A user can move to an arbitrary step by pushing tabs of ‘Step 1’ to ‘Step 5’ on the top.

/ A user also can go back to ‘Step 5’ by pushing the button of “Return”. Especially, this operation is
essential in the case, where ‘dose distribution in torso’ is selected in ‘Step 5°.

/ The first blank at “Name of the file” is used to give the title for the file to be saved. This is not a file

name for the human model.
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/ “The path for saving the making file” is used to set up the folder name, in which the file is to be
saved. The folder can be selected to push the button besides the second blank. The folder of ‘inp’ is
recommended here.

/ A file name can be given for the human model in the last box at “File name”.

/ After all of the resources are set up, a user pushes the button of “Make” to convert all the given
resources to the file with an input file style. As described in above, this operation should be
performed two times, if ‘calculation of dose distribution in a trunk’ is selected in ‘Step 5°. A
user should go back to ‘Step 5°, after the first operation is performed in ‘Step 6°. In ‘Step 5°, the
selection of “Quantities to be estimated” is changed to “volume of trunk” and then a user
should operate ‘Step 6’ again without changing any other resources.

/ In all cases, the program automatically makes human models for a dose calculation and a volume
calculation. The name of the former file is same as the name given in the last box in ‘Step 6°. The
name for volume calculation is assigned to the given name plus ‘vol’. These files should not be
separately moved to different folders.

/ Only the files for calculation of legs in mesh tallies are assigned to the given name plus
‘volTissue**> and ‘volBone**’. In the position of ‘**’, numbers of 1 through S are assigned.

Thus, 10 files are automatically made.

A-5 Users’ manual of the program for making an input file
A-5.1 Installing and the structure of the program
The program for making an input file can be installed to a personal computer as below. Before
installing, the software of NET Framework should be equipped in the same hardware system.
i) Insert a media with the the program for making a source model into a drive in a personal computer.
ii) Click the “Setupl.msi” in the human model making program.
iii) Operate the GUI (Graphical User Interface), according to the indication.
Here, this program is recommended to be saved under the folder, which includes the program

for making a source model and the program for making a human model.

Folders and files are incorporated in the main folder of this program as below.

/ [Folder] ‘bin’ This folder includes a module of ‘MakelnputFile.exe’, which makes an input file
based upon the given parameters in MakingInputFile.exe.

/ [Folder] ‘dat’ There are 2 templates of ‘MIF_INP.tpl’ and ‘MIF_OUT.TPL’ in this folder. The
former is a template file of parameters and the latter is a template file of an input
file for the MCNPX or the MCNP code. ‘MIF.def” includes initial values for the
operation.

/ [Folder] ‘inp’ This folder is used to save the files for an operation. (=A source model and a
human model to be used for making an input file.) In addition, this folder includes
volume calculation files.

/ [Folder] ‘out’ This folder is used to save the files, which are made in the operation of this
program. These files are to be utilized as input files of the MCNPX or the MCNP
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code for dose and volume calculations.)

The two programs in below are to be executed in the main folder.

/ MIF.bat This file executes the module of ‘MakelnputFile.exe’ in [Folder] ‘bin’.

/ MakingInputFile.exe This file is a module to set up parameters.

(e.g., Reading files of a source model and a human model.)
This program consists of two modules. One is ‘MakelnputFile.exe’ and the other is

‘MakingInputFile.exe’. Necessary parameters for input files are set up by using interfaces in
‘MakinglnputFile.exe’. Then, input files are produced for the module of ‘MakelnputFile.exe’, which is

started. The operation in ‘MakingInputFile.exe’ should be performed with interfaces by a user.

A-5.2 Flowchart of the program for making an input file
There are 4 steps to make input files (to combine the source and the human models) for a dose

assessment, as depicted in Fig.A-28. The input files for the volume calculation are also made.

Step 1: Reading files of a source model and a human model

y

Step 2: Defining number of cells in a source model and
surface area of sources for volume calculation

| Step 3: Defining position of a human model |

| Step 4: Making input files (Saving files) |

Fig.A-28 Flowchart of the program for making an input file.

A-5.3 Operation of making an input file in RADARAC_INPUT

All of the interfaces in 4 steps include tab buttons on the top and three buttons at the bottom, as

depicted in Fig.A-29.
/ A user can move to an arbitrary step by pushing tabs of ‘Step 1° to “Step 4’ on the top (Fig.A-29 (a)).

The buttons of “Next” and “Return” at the bottom are used to go to the next and the former steps,

respectively (Fig.A-29 (b)).
/ The “Quit” is available for all steps during operating this program (Fig.A-29 (b)). All of the given

resources, however, are not saved by pushing “Quit”, if ‘Step 4’ is not completed.

Stepl Steps Stepd Stepd

(a) Tabs for selection of step for operation

(b) Buttons to move step or quit

Fig.A-29 Tabs on the top and buttons at the bottom of interfaces for all steps.
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1) Selecting a source model and a human model to be used in a radiation transport calculation (‘Step 1°)

The interface of Fig.A-30 is indicated at starting the program for making input files.

Stepl Step2 Stepd Stepd

The source and human model files for Input Files

File name of the source model

The path and file name  |C¥Program Files¥ ACDOSE¥InputMC¥Programm for defining human mod :]

File name of the human model

The path and file name  |C:¥Program Fi|e§¥‘n"bDOéE‘¥I‘HputMC¥.Programm for t‘:iéf-ining source magh

|

Push these buttons to find
folders, in which files are saved.

it (@) MextiN)

Fig.A-30 Interface of ‘Step 1’ (Indicated at starting of the program).

/ In ‘Step 1°, a user should designate file names of a source model and a human model at “File name of
the source model” and “File name of the human model”, respectively.

/ If the files of human model for dose and volume calculations are saved in different folders, the
operation of this program is to be failed.

/ The selected file at ‘File name of the source model’ is copied as a file of ‘generator.inp’ in the [Folder]
‘inp’. On the other hand, files of ‘phantom.inp’ and ‘phantomvol.inp’ are copied from the designated
file at ‘File name of the human model’ into the [Folder] ‘inp’. A user can confirm the original

source and human models, after the operations of this program are completed in ‘Step 4°.

2) Defining parameters to make input files for a dose calculation and a volume calculation (“Step 2”)

Figure A-31 depicts the interface of ‘Step 2°.
Stepl Step? | Stepd | Stepd

Additional information for making Input Files

The source model
Mumber of cells: ‘I-D:f
Wolume caleulation of human model
Surface area of the source
YWidth (omd: 6]
Height tom): | 100

Fig.A-31 Interface of ‘Step 2’ (Defining information to make input files).
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/ A user should give the number of cells for source model at the blank of “Number pf cells”.

/ The two blanks in “Volume calculation of human model” are used to set up the size of surface source
for a volume calculation. Here, a user should give the width and the height for the source of the
right-angle square, which can cover over a whole body in the ‘ray-tracing’ method. However, if
the option of ‘half’ or ‘quarter’ is selected to assess dose in skin at a part of trunk, the other

specific method is preferred to perform effectively volume calculation (see, Appendix F).

3) Defining position of a human model (‘Step 3°)
The operation of ‘Step 3’ is same as that of ‘Step 4’ in the program for making a human

model. Thus, the interface in Fig.A-32 is also same as Fig.A-21.
Stepl Step2 Stepd | Stepd

Position of the human model

Origin of human model pozition
The origin of the ardinate &, v, 2} corresponds to
the origin of zource maodel

0 ol
Wi 10
zE =
/_1. g Direction of human maodel in polar angles
| 1 q Zenith Argle: ] 50 &
U T Acimuth Angler < EAE

Fig.A-32 Interface of ‘Step 3’ (Position of a human model).

/ A user should set up the position of the origin for the human model in the coordinate system of the
source model at the boxes in “Origin of human model position”.

/ The direction of human model toward to the source model should be given with polar angles at
“Direction of human model in polar angles”. Appendix E gives correlations between the two

angles and the directions of human model.

The input file used for a dose calculation refers to the resources given in this step, (not ‘Step 4’ in
the program for making a human model). If any operations are not performed in this step, the
human model and source model are to be overlapped. Then, the radiation transport is to be failed
in the execution of the MCNPX or the MCNP code.

4) Completing the program for making input files (‘Step 4°)

Figure A-33 is the interface to make input files for the codes based upon the given resources.
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Stepl Step? | Stepd Stepd

Making input files

Mame of the file: Hypotheszized

The path for saving the maked file: |C¥Program Files¥ACDOSE¥hputMC¥Programm for making input file for ra

File name: DoseTRM
Make(S)

Push this button to set a folder, in
which a file is to be saved.

Fig. A-33 Interface of ‘Step 4’ (Making an input file made by this program).

/ A user can move to an arbitrary step by pushing tabs of ‘Step 1’ to ‘Step 3’ on the top.

/ The first blank of “Name of the file” is used to give the title for the file to be saved. This is not file
name for the source model.

/ The folder, in which the file is to be saved, is set at “The path for saving the making file”. The folder
can be selected to push the button besides the second blank. The folder of “out” is recommended
here.

/ A file name can be given for the input file in the last blank of “File name”.

/ If all of the resources are set up, a user pushes the button of “Make” to convert all the given resources
to the file with an input file style.

/ In all cases, the program automatically makes input files for a dose calculation and a volume
calculation. The name of the file for dose calculation is same as the name given in the last box
in ‘Step 4°. The name of the file for volume calculation is assigned to the given name plus ‘vol’.
Only the files for calculation of legs in mesh tallies are made with the program for making a human
model. (The file names of ‘volTissue**’ and ‘volBone**”)

/ As described in above, it is recommended to confirm files of ‘generator.inp’ and ‘phantom.inp’

in the [Folder] “inp”. These files are combined to make input files in the operations.

5) Naming for input files made with RADARAC INPUT

Input files for the MCNPX or the MCNP code are automatically made with operations up to now.
The name of file, however, can be longer than the restricted value in the two codes. For such a case, a
user should change the file name by confirming the correspondences of the renamed file to the original
file in RADARAC _INPUT.
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Appendix B Users’ Manual of RADARAC DOSE
RADARAC DOSE is utilized to indicate the analyzed results of radiation doses effectively and

visibly based upon outputs of the MCNPX or the MCNP code. This Appendix describes users’ manual of
RADARAC_ DOSE.

B-1 Overview of RADARAC DOSE
RADARAC_DOSE mainly consists of two parts, as described in below.
1) A main part in a user form of the Microsoft-Excel (GUI)

ii) Template files to indicate final results with the Microsoft-Excel

The execution of GUIL, which is main part of RADARAC DOSE, utilizes the Visual Basic for
Applications (VBA) to indicate the results as numerical tables, graphs and so on. Thus,
RADARAC DOSE can be executed with a generally used personal computer, in which VBA is available
in the Microsoft-Excel.

Figure B-1 depicts a flowchart of process to indicate the final results of radiation doses from the
output files of the MCNPX or the MCNP code by using RADARAC DOSE. A user should perform two
operations in the left side (surrounded by the dashed line). One of the operations is to give necessary
resources (e.g., output files of MCNPX or the MCNP code). The other operation relates to indicate final
radiation dose in effective (e.g., depicting a graph) with a file of Microsoft-Excel.

It should be cautioned here that ‘outputs’ of the MCNPX or the MCNP code are ‘inputs’ in
an operation of RADARAC_DOSE (see, Fig.1 in the text).

3 % (sl A

Sending input resources

Input necessary resources

(e.g., outputs of :
MCNPX or MCNP) : ]

: Modules of processing data

: (VBA)
Operations by a user 1

A 4

Results of processing

Operation of output
/ Excel file
(/ Afile for MicroAVS)

Making output,
(Based upon the results and
prepared template files)

.......................................................... \ J
Fig. B-1 Flowchart of operation and processing data in RADARAC DOSE.

In GUI, numerical values of physical quantities are extracted from the input for this program
(=outputs of the MCNPX or the MCNP code) in modules of processing data (VBA). The outputs of Excel
file are made based upon the results of the processing and the prepared template files.

A user can modify descriptions in VBA, which is the module of processing data. Final results,
however, can be correctly obtained by the instruction in this Appendix only for the case, where

VBA is in the original.
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B-2 Recommended environment for executing RADARAC_DOSE

RADARAC DOSE is available in a generally used personnel computer with the Microsoft-Excel in
below. RADARAC_DOSE cannot be correctly operated in older versions of the Microsoft-Excel.

/ Microsoft Excel 2000

/ Microsoft Excel XP

/ Microsoft Excel 2003

In addition, software of ‘MicroAVS’ is required to depict three-dimensional graphics about

skin dose distribution over a whole body.

B-3 Installing and the structure of RADARAC_DOSE
i) Insert a media with RADARAC DOSE into a drive in a personal computer.
ii) Open the drive of the media 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.

A folder of GUI is to be created. A file and a folder are incorporated in [Folder]*GUI as below.
/ Dose assess.xls  This is a main file to execute this program. A user should start this program to
perform Fig.F-1.
/ [Folder] ‘DATA’ This folder includes blow materials.
/ A file of ‘GULini’ is in this folder. The file saves the condition at completing GUI
/ There are 3 sub-folders, ‘Trunk’, ‘Skin’ and ‘Whole’, in this folder. Each folder relates to the
selected quantities in ‘Step 5° of the program for making a human model. The 16 files of
Microsoft-Excel (4 files in ‘Trunk’, 8 files in ‘Skin’ and 4 files in “Whole’) are template files
to make an output file with the form of the Microsoft-Excel. Each file also includes VBA to
show the graph, according to the instructions by a user.
/ In addition, 2 files with the extension of ‘csv’ involve density of each mesh tally, which is used
in the calculation of dose distribution in a trunk. The data are read to derive radiation dose
(unit: J/kg, MeV/g) from the data in outputs of scorning mesh method by the MCNPX code
(unit: MeV/enr’).

B-4 Preparing input files for RADARAC_DOSE

A dose assessment with RADARAC requires two types of radiation transport calculations; ‘dose
calculation’ and ‘volume calculation’. RADARAC_ DOSE can be correctly executed, only if a user can
prepare necessary inputs for RADARAC_DOSE (=outputs of radiation transport calculations). In GUI a
user should give names for input files of RADARAC DOSE based upon the outputs of the two codes.

Giving name is ruled for each of the physical quantities, which is selected in ‘Step 5’ of the
program for making a human model. The name of a Microsoft-Excel file (output) is automatically given,
according to the instruction in the input process of RADARAC DOSE. If the name is not correctly given,
RADARAC DOSE cannot make a Microsoft-Excel file.
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RADARAC DOSE uses the file with the ‘tally-output’ tables; this is usually assigned to input-file
name plus ‘m’ in the MCNPX or the MCNP code. The VBA in GUI extracts necessary data concerning
radiation doses from the ‘tally-output’ tables, as depicted in Fig.B-1. Only the results by the mesh tallies
are contained in a different binary file, which can be transferred into an ascii file with the incorporated

program in the radiation transport calculation codes. RADARAC DOSE utilizes the ascii file

B-4.1 Preparing input files to indicate dose distribution in a trunk

In RADARAC, one dose calculation and 11 volume calculations should be performed with the
MCNPX code (not the MCNP code) to derive dose distribution in a trunk. Table B-1 summarizes the files
made by RADARAC INPUT. Two output files are made in the calculation of dose distribution in a trunk,
because the results by mesh tallies are not contained in the file with the ‘tally-output’ tables. Thus, 13
files are necessary to indicate the dose distribution in a trunk with RADARAC DOSE. A user should
give names for the files, by referring to Table B-1. The part of “YYY” is common for all of the files.

After that, the files by the dose calculation and the volume calculation should be saved in two
different folders placed under the same folder, as depicted in Fig.B-2. A user inputs only ‘YY Ymsntl’ or
“YYYmsptl’ in executing RADARAC_DOSE, as described in Appendix B-5.

Table B-1 A rule of giving name for input files of RADARAC DOSE (1) (Dose distribution in a trunk)

Calculation Name of file by Outputs of MCNPX* Name for input of
RADARAC INPUT RADARAC DOSE
Dose calculation XXX.inp =>Ascii file (Mesh scoring) =>Y'Y Ymsntl (Neutron)
YYYmsptl (Photon)
=> File with tally-output table = =>YYYmsnm (Neutron)
YYYmspm (Photon)
Volume calculation XXXvol.inp =>File with tally-output table =~ =>YY Ymstr0.mct
XXXvolTissueOl.inp =>File with tally-output table =~ =>YY Ymslsl.mct
XXXvolTissue02.inp  =>File with tally-output table =~ =>YY Ymsls2.mct
XXXvolTissue03.inp =>File with tally-output table =~ =>YY Ymsls3.mct
XXXvolTissue04.inp =>File with tally-output table =~ =>YY Ymsls4.mct

XXXvolTissue05.inp
XXXvolBoneOl.inp
XXXvolBone02.inp
XXXvolBone03.inp
XXXvolBone04.inp
XXXvolBone05.inp

=>File with tally-output table
=>File with tally-output table
=>File with tally-output table
=>File with tally-output table
=>File with tally-output table
=>File with tally-output table

=>YYYmsls5.mct
=>YYYmslbl.mct
=>YYYmslb2.mct
=>YYYmslb3.mct
=>YYYmslb4.mct
=>YYYmslb5.mct

*: The name can be different from the name of the file by RADARAC INPUT because of their lengths

(see, Appendix A-5.3)

| Arbitrary folder |

2 files: YYYmsntl, YYYmsnm

Volume

11 files; YYYmstrO.mct, YYYmsls1.mct, YYYmslIs2.mct,
YYYmsls3.mct, YYYmsls4.mct, YYYmsIs5.mct, YYYmsIb1.mct,

YYYmsIb2.mct,YYYmsIb3.mct, YYYmsIb4.mct, YYYmsIb5.mct

Fig. B-2 Preparing input files of RADARAC DOSE (1) (Dose distribution in a trunk, Neutron).
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| Arbitrary folder |

2 files; YYYmsptl, YYYmspm

_ 11 files; YYYmstrO.mct, YYYmslIs1.mct, YYYmsls2.mct,
Volume | yyymsis3.mct, YYYmsls4.mct, YYYmsls5.mct, YYYmsib1.mct,
YYYmslIb2.mct, YYYmsIb3.mct, YYYmslb4.mct, YYYmsIb5.mct

Fig. B-3 Preparing input files of RADARAC DOSE (2) (Dose distribution in a trunk, Photon).

B-4.2 Preparing input files to indicate dose distribution in skin and whole body dose
Table B-2 summarizes the rule of giving name for the input files to indicate skin dose distribution
with RADARAC DOSE. The files of a dose calculation and a volume calculation should be saved in the

same folder.

Table B-2 A rule of giving name for input files of RADARAC DOSE (2) (Dose distribution in skin)

Region Name of file by RADARAC INPUT  Input of RADARAC DOSE
Whole Body XXXskn.inp (neutron-dose) =>YYYskn.mct
XXXsknvol.inp(neutron-volume) =>YYYskvol.mct
XXXskp.inp (photon-dose) =>YYYskp.mct
XXXskpvol.inp(photon-volume) =>YYYskvol.mct
Trunk (1) XXXhkn.inp (neutron-dose) =>Y'YYhkn.mct
‘Half”-option XXXhknvol.inp(neutron-volume) =>YYYhkvol.mct
XXXhkp.inp (photon-dose) =>Y'Y Yhkp.mct
XXXhkpvol.inp(photon-volume) =>YYYhkvol.mct
Trunk (2) XXXgkn.inp (neutron-dose) =>Y'Y Yqkn.mct
‘Quarter’-option XXXgknvol.inp(neutron-volume) =>YYYqgkvol.mct
XXXqgkp.inp (photon-dose) =>Y'Y Yqkp.mct
XXXgkpvol.inp(photon-volume) =>YYYqgkvol.mct

Table B-3 summarizes the rule for giving name of the input files to indicate whole body dose
distribution with RADARAC DOSE. The files of a dose calculation and a volume calculation should be

saved in the same folder.

Table B-3 A rule of giving name for input files of RADARAC DOSE (3) (Dose in a whole body)

Radiation type Name of file by RADARAC INPUT  Input of RADARAC DOSE

Neutron XXXWn.inp (neutron-dose) =YYYWn.mct
XXXWnvol.inp(neutron-volume) =>YY Yvoln.mct

Photon XXXWp.inp (photon-dose) =YYYWp.mct
XXXWpvol.inp(photon-volume) =>YYYvol.mct

B-5 Setting up necessary resources to indicate the final results of radiation dose
When a user starts “Dose_assess.xls” in the [Folder]“GUI”, the interface in Fig.B-4 is indicated.

All of necessary resources are given with this interface.
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Trunk. Dose ]Skin Dose | Whole Body |

+ Male " Female
Tnput l Mesh ]

Height{cm) 1739
Weight(ke) el

Source Intensity

Meutran | 1EA17
Surface (vol calculation) Fhatan | 1E+17
= e
- — =
5td_model
Height

Whiole Body iz m) 17860
HeadFixed) 2000

Weight

Whole Body tke) IW
Head(Fixed! [ a0
Other

below neck Heightlzm? IW
below neck Weightike) liﬁaa
Weight for Heightte) | 62406
Scaling factoriz) l—ﬁ
Shapeing factorG-y) IW

Inputs for Trunk Dose. Execute | Exit |

Fig.B-4 Interface to give necessary resources for RADARAC DOSE (1), Trunk dose.

B-5.1 Setting up necessary resources to derive the volume of interest in dose calculation
The left side relates to derive volume of interest in a dose calculation.

/ As the template of Excel-file is different between genders in the calculation, “Male” or “Female”
should be selected at the top.

/ At “Height” and “Weight”, a user should give the same values in ‘Step 2’ of the program for making a
human model.

/ The boxes in “Surface (vol.calculation)” are used to set up the size of surface source in the volume
calculation. The “Width” and “Height” should be given here. In default, a user gives the twice of
value in ‘Step 2’ of the program for making an input file. The last box of “Size” is to be
automatically calculated based upon the values in “Width” and “Height”.

The four boxes in “Std model” indicate size of the standard model, which is prepared in the
program for making a human model. The two boxes at the bottom automatically show scaling factor for

the modified model (see, equations (1) and (2) in the text, Section 3.2).

B-5.2 Setting up necessary resources to indicate the final results of radiation dose
At the right side, resources are given to derive and to indicate the final results of radiation doses.
The tabs of Fig.5 can be seen in the top side of the interface in Fig.4. A user should push one of the tabs,
according to the physical quantities selected in ‘Step 5° of the program for making a human model.
Trunk Dose | Skin Dose | Whole Body |

Fig.B-5 Tabs to select physical quantities.
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1) Trunk dose
“Trunk dose” should be selected in the case, where a user intends to indicate dose distribution in a
trunk based upon the outputs of the MCNPX code. Here, the interface of Fig.B-4 is to be indicated.

/ A user should push the tab of “Input”. (The sheet with tab of “Mesh” shows size of mesh tally, but
any operations are unavailable.)

/ “Source intensity” is common for the “Trunk dose”, “Skin dose” and “Whole body”. The box is used
to give the number of emitted radiations during an exposure in an accident. For example, a person is
exposed to a radioactive source, which emits 1x10° radiations per second, for 10 seconds. The value
of “1x10' should be given here. The number of emitted neutrons should be given in the case of
using‘kcode’-option.

/ “Neutron” and “Photons” are indicated only in “Trunk dose”. If a user generates neutrons in
the radiation transport calculation, the value in “Photon” should be set to zero.

/ The file of ‘YYYmsntl’ or ‘YYYmsptl’ in Table B-1 should be given in “Dose” at the box of
“Data file”.

2) Skin dose
2-1) Skin of whole body

“Skin dose” should be selected in Fig.B-5 for the case, where a user intends to indicate skin dose
distribution. In addition, one of the tabs, “Input(1)” or “Input(2)”, should be selected. In Fig.B-6,

“Input(1)” is selected. This interface is used to indicate dose distribution of skin over a whole body.

Trunk Doze Skin Dose ]Whole Body ]

+ Male " Female
Tnput(l} ]Input(2) | Seement |

fi 1788
Leehtiem) Source Intensity
Weiehttke) 15 [ 28E+15

Surface {vol. calculation)

Body Part Aneles

Width | &0 Zenith Angl. Azimuth Angl.
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Other Data File

below neck Heightizm) W Dose ’m Search

Walume | Ratoskvolmct Search

(

below reck Weighttke) | g3
Weight for Heighttke) | 683

| 1

1

Inputs for *skn.mct and *skp.mct. Execute Exit

Fig.B-6 Interface to give necessary resources for RADARAC DOSE (2), Skin over a whole body.

Scaling factoriz)

Shapeine factor -y} |

/ In “Source intensity”, a user should give the number of emitted radiations during an exposure in an

accident. For example, a person is exposed to a radioactive source, which emits 1x10” radiations per
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second, for 10 seconds. The value of ‘1x10'*

should be given here. The number of emitted neutrons

should be given in the case of using ‘kcode’-option.

/ In “Body Part Angles”, the direction of all limbs should be given, according to the defined posture in
‘step 3’ for making a human model. The inputs relate to show three-dimensional graphics with
MicroAVS.

/ A user should give the file relating to ‘dose calculation’ (‘YYYskn.mct’ or ‘YYYskp.mct’ in
Table B-2) in “Dose” and the file relating to ‘volume calculation’ (‘YYYskvol.mct’ in Table B-2)

in “Volume” at the box of “Data file”, respectively.

2-2) Skin of a part in a trunk
This interface is showed as in Fig.B-7 by pushing the tab of “Input(2)”. The interface is used to
indicate dose distribution at a part in trunk.

Skin Doze 1
& Male  Female Trunk Doze |Wh0|e Body |

,7 Tputly  Thput@ ]Segment]

HeiehHem) = Source Intensity

Weicht(ke) ’7_"‘32 | G3E+1E
i fiaes- Gt calculatliion) Trunk Skin Seementation Definition
iy 2 Center—Height (em} 35
Height 20 Bt Quarter
Size 12 Azimuth Anel Min. 270
g’g—ﬁ“de' Azimuth Anel. Max, 315
Whole Bodylzm) |w Wertucal segment 125
Head Fixed) [ o WEERAL

Weight Doze M2Calgkp.met Search
Whale: Body ke) | 7320 Volume | M2Colgkvolmet | Search
Head(F ixed? 450

Other

below neck Heightizm} 1586

below neck Weight e 683

Wieight for Heightlke) g3

Scaling factoriz) 1

Shapeine factor Gyl 1

Inputs for *gkn.mct. *qkp.mct. *hkn.mct and *hkp.mct. Execute Exit

Fig.B-7 Interface to give necessary resources for RADARAC DOSE (3), A part of trunk skin.

/ In “Source intensity”, a user should give the number of emitted radiations during an exposure in an
accident. For example, a person is exposed to a radioactive source, which emits 1x10” radiations per

second, for 10 seconds. The value of ‘1x10'*

should be given here. The number of emitted neutrons
should be given in the case of using ‘kcode’-option.

/ In “Trunk Skin Segmentation Definition”, the region of interest in dose assessment should be given
with “Center-Height”, “Region (kind of option)” and “Azimuth Angl. Min”, according to the
definition in ‘Step 5’ in the program for making a human model. The boxes of “Azimuth Angl.Max”
and “Vertical segment” are automatically changed.

/ A user should give the file relating to ‘dose calculation’ (‘YYYhkn.mct’, ‘YYYhkp.mct’,

‘YYYqkn.met’ or ‘YYYqkp.mct’ in Table B-2) in “Dose” and the file relating to ‘volume
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calculation’ (‘°YY Yhkvol.mct’ or ‘'YYYqkvol.mct’ in Table B-2) in “Volume” at the box of “Data

file”, respectively.

3) Whole body dose

“Whole body” should be selected in Fig.B-5 for the case, where a user intends to indicate averaged

dose over a whole body. Here, the interface of Fig.B-8 is to be indicated.

i+ Male " Female
Height{cm) 1786
Weight(ke) a2
Surface (vol. calculation)

Width 80
Height 200
Size 'W
S5td_model

Height

Wihole Body(cm) 17860
Head {Fixed! 2000
Weight

Whale Body ke 7320
Head {Fixed! 450

Other

below neck Heightlom? 1586
below neck Weightike) 633
Weight for Heightlke) Be 3
]
]

Sealing factar )

Shapeine factor Gey)

Trunk Dose ] Skin Doge  'Whole Body ]

Source Intensity

[ BE+17
Data File
Doce Cir M. mct Search
o liie |Oer0In.mct Search

Inputs for Whole Body. Execute Exit

Fig.B-8 Interface to give necessary resources for RADARAC DOSE (4), Whole body dose.

/ In “Source intensity”, a user should give the number of emitted radiations during an exposure in an

accident. For example, a person is exposed to a radioactive source, which emits 1x10” radiations per

second, for 10 seconds. The value of ‘1x10

' should be given here. The number of emitted neutrons

should be given in the case of using ‘kcode’-option.

/ There are two boxes of “Dose” and “Volume” in “Data file”. A user should give the files relating to
‘dose calculation’ (‘YYYWn.mct’ or ‘YYYWp.mct’ in Table B-3) in “Dose” and the files

relating to ‘volume calculation’ (‘YYYvoln.mct’ or ‘YYYvol.mct’ in Table B-3) in “Volume” at

the box of “Data file”, respectively.

B-6 Indications of the final results of radiation dose

A file of the Microsoft-Excel is created, soon after necessary resources are given to
RADRAC DOSE. The type of file relates to the selection with the tabs in Fig.B-5. Only “skin dose”, the
selection of “Input (1)” or “Input (2)” also relates to the type of the produced file. All of the files involve

numerical tables with the final results of radiation doses. Dose distribution can be visibly indicated for

the selection of “Trunk dose” and “Skin dose” with Fig.B-5. Although the numerical tables are fixed, a

user can define any position in the human body of interest to indicate visibly dose distribution.
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B-6.1 Indications of the final results of dose distribution in a trunk

If a user gives necessary resources with the interface of Fig.B-4, the produced file is named as
“YYYNeutron.xls’ or “YYYPhoton.xls’, according to the name of inputs for RADARAC DOSE in Table
B-1. The file of ‘“YYYNeutron.xls’ includes all of the sheets summarized in Table B-4. The file of

‘YYYPhoton.xls’ does not include the sheets with name of ‘Neutron***’ and ‘Total***’ in below.

Table B-4 Sheets included in the Microsoft-Excel file with final results of dose distribution in a trunk

Name of sheet Information included in each sheet

Start / Physique of human model and intensity of source (Given resources in Fig.B-4)
/ Size of mesh tally in the radiation transport calculation

Total Table* / Numerical table including total dose (Neutron+Photon) in all mesh tallies
/ Maximum total dose and its position
/ 3 graphs for indicating one-dimensional distribution of total dose

Neutron Table* / Numerical table including neutron dose in all mesh tallies
/ Maximum neutron dose and its position
/ 3 graphs for indicating one-dimensional distribution of neutron dose

Photon Table / Numerical table including photon dose in all mesh tallies
/ Maximum photon dose and its position
/ 3 graphs for indicating one-dimensional distribution of photon dose

Total Graph* / 3 graphics for indicating two-dimensional distribution of total dose
/ Maximum total dose and its position
/ 3 graphs for indicating one-dimensional distribution of total dose

Neutron Graph* /3 graphics for indicating two-dimensional distribution of neutron dose
/ Maximum neutron dose and its position
/ 3 graphs for indicating one-dimensional distribution of neutron dose

Photon Graph / 3 graphics for indicating two-dimensional distribution of photon dose
/ Maximum photon dose and its position
/ 3 graphs for indicating one-dimensional distribution of photon dose

Trunk tissue / Radiation dose averaged over a trunk
(Compared with doses averaged over all mesh tallies)

*: ‘YY'YPhoton.xls’ does not include these sheets.

The ‘graph’ and ‘graphics’ in Table B-4 can visibly show dose distribution. The ‘graph’ indicates
the dose distribution by plotted data on the graph. On the other hand, the ‘graphic’ indicates dose
distribution by coloring the each region of interest. The color is automatically given, according to the
dose to each region.

The sheets of ‘Neutron Table’, ‘Photon Table’ and ‘Total table’, include numerical tables with the
radiation doses from neutrons, the radiation doses from photons and the sum of radiation dose from
neutron and photon in all mesh tallies, respectively. The format and the operation are same in these three
sheets. Figure B-9 depicts the overview of ‘Photon Table’, which is commonly included in the both files
of “YYYNeutron.xls’ and “YYYPhoton.xls’. The right table contains the numerical data of radiation

doses in all mesh tallies. No operation is to be performed for the numerical table.
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Fig.B-9 Overview of the ‘Photon Table’ sheet.

The position with the maximum dose is indicated at the table of (a). The graph can be indicated by
operating the table of “1D plot setting”, which is encircled in (b) and enlarged.
/ The position of interest should be given with three identified (ID) numbers. The relation between the 1D

number and the position in the trunk is summarized in Table B-5.

Table B-5 Identification Number to define human body for indicating one-dimensional or

two-dimensional distribution radiation dose in a trunk

ID Direction Relation between position and ID

I Side of human body 1: right <=40: left (maximum), X-axis of the human model

J Depth of human body 1: front <20: back (maximum), Y-axis of the human model

K Height of human body 1: bottom <>35: top (maximum), Z-axis of the human model

Three graphs can be depicted to show one-dimensional dose distribution, including the position
given in boxes in (b), along the directions of depth (front -> back), side (right->left) and height (bottom->
top). The position for the box in (b) is also given with the ID numbers in Table B-5. The plots in the
graphs are automatically changed, according to the given position. The tables at right side of the graphs
indicate numerical values of the plotted data. The position for each mesh tally is also included here. The

values in the tables are also automatically changed, according to the given position in the box at (b).
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The sheets of ‘TotalGraph’, ‘NeutronGraph’ and ‘PhotonGraph’ include graphical indications, in
which dose distribution is visibly confirmed with two-dimensions. The form and the operation are same
in these three sheets. Figure B-10 depicts the overview of ‘PhotonGraph’, which is included in the both
files of “YYYNeutron.xls’ and ‘YYYPhoton.xls’. The graph and the tables in the left side are same as
those in ‘PhotonTable’, which is depicted in Fig.B-9.
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Fig.B-10 Overview of the ‘Photon Graph’ sheet. ((a): Enlargement in Fig.B-11, (b): Enlargement in
Fig.B-12, (c): Enlargement in Fig.B-13, (d): Enlargement in Fig.B-14)

This sheet can visibly give two-dimensional dose distribution at an arbitrary position in the trunk
as a graphics with the operations in below. Three graphics can be used to indicate dose distribution i) the
view from the front (side-height), ii) the view from the left (depth-height) and iii) the view from the top
(side-depth).

/ The position for indication can be determined with the slides beside the numerical tables in Fig.B-11. A

user can confirm the setting of the slide position, by referring to the figure in Fig.B-12.

Figure B-13 depicts the tables with dose information about the graphics. In the graphics, the area
with a higher dose and a lower dose are painted with warmer color (red) and colder color (blue),

respectively.

/ The interval of coloring can be set with twenty five stages by linear or logarithm scale. The table shows
relation the color and dose range. In default, the maximum dose is set to that in all mesh tallies. A user
can set arbitrary value as the maximum value at the box below “Default”. The coloring is automatically

changed, according to the given value in this box.
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The graphics of two-dimensional dose distributions are indicated, as shown in Fig.B-14. A user
can confirm how to show the dose distribution in the trunk by the figure of human besides the graphics.
The position of Fig.B-14 (a), Fig.B-14 (b) and Fig.B-14(c) can be changed with the slides of Fig.B-11 (a),
Fig.B-11 (b) and Fig.B-11 (c), respectively.

Dose Distribution—2D
Vertical: {Right—Left), Horizontal: Height
View Point: Frontal Side

z(top} 9
H r
y(back)

L) x(left)

(a) Dose distribution on the plane for side and height (View from the front)
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To,

z(top) o

R

J% y(back)  depth and height (View from the left)

(b) Dose distribution on the plane for

x(left)
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Dose distribution—2D

Vertical: {Right—Left), Horizontal: {Front—Back)
View Point: Top of Trunk

Front

y(front)

adls

x(right)

ac

(c) Dose distribution on the horizontal plane (View from the top)

Fig.B-14 The graphics for indicating two-dimensional dose distribution in a trunk.

((a): View from the front, (b): View from the left and (c) View from the top)

The sheet of ‘Trunk tissue’ involves the tables in Fig.B-15. The table in ‘msRIpm Tally’
summarizes the radiation doses, which are calculated with the -4 tallly (neutron) and f-6 tally (photon)
covering whole of the trunk region. The values in the boxes at ‘Averaged dose in Mesh-Tallies’ are
averaged doses over all mesh tallies.

mstrQ

Input [wdtn [Height [Surface
Source Size: | 600 | 200.0 | 120000 |

|Tr|.|nk

Soft—tissue
Lune—tissue
Skeletal—tissue

Total (mesh area)
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1) Photon

ilurme(omz) WaightlE)
3502007 35450.24
331 %20 951 52
2266 26 375 36
30766 62

Averaped Dose in Mesh—Taiies
e ot TN

Fig.B-15 Tables summarizing radiation doses in the trunk obtained by the different type tallies in the
sheet of “Trunk tissue’.
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B-6.2 Indications of the final results of dose distribution in skin
1) Whole body skin

If a user gives necessary resources with the interface of Fig.B-6, a Microsoft-Excel file is produced
with name of “YYYskn.xIs’ or ‘YYYpkn.xls’, according to the name of inputs for RADARAC DOSE in
Table B-2. The files of “YYYskn.xls” and “YYYskp.xls” include the sheets summarized in Table B-6 and
Table B-7, respectively. The sheets with extension of ‘inp’ involve the data, which are same as the input
file of MicroAVS in Table B-9.

Table B-6 Sheets included in the Microsoft-Excel file with final results of dose distribution in skin over a

whole body (neutron)

Name of sheet  Information included in each sheet

skn / Physique of human model and intensity of source (Given resources in Fig.B-5)
/ Angles of all limbs (Given resources in Fig.B-5)
/ Numerical table including skin doses in all tallies (Neutron, Photon and Total)
/ Maximum dose and its position (Head + Trunk and each limb)

skvol / Volume and weight for all tallies

Total Graph /'3 graphs for indicating horizontal distribution of total dose
/ 1 graph for indicating vertical distribution of total dose (Trunk)

Neutron Graph /3 graphs for indicating horizontal distribution of neutron dose
/ 1 graph for indicating vertical distribution of total dose (Trunk)

Photon Graph /3 graphs for indicating horizontal distribution of photon dose
/1 graph for indicating vertical distribution of photon dose (Trunk)

Total.inp / Data sheet with same information of ‘Y'Y YsknTotal.inp’ in Table B-9
Neutron.inp / Data sheet with same information of ‘YYYsknNeutron.inp’ in Table B-9
Photon.inp / Data sheet with same information of “Y'Y'YsknPhoton.inp’ in Table B-9

Table B-7 Sheets included in the Microsoft-Excel file with final results of dose distribution in skin over a

whole body (photon)

Name of sheet  Information included in each sheet

skp / Physique of human model and intensity of source (Given resources in Fig.B-5)
/ Angles of all limbs (Given resources in Fig.B-5)
/ Numerical table including skin doses in all tallies (Photon )
/ Maximum dose and its position (Head + Trunk and each limb)

Skvol / Volume and weight for all tallies

Photon Graph /3 graphs for indicating horizontal distribution of photon dose
/ 1 graph for indicating vertical distribution of photon dose (Trunk)

Photon.inp / Data sheet with same information of ‘Y'Y YskpPhoton.inp’ in Table B-8

The ‘graph’ in Table B-6 and Table B-7 indicate the dose distribution by plotted data on the graph
and the ‘graphic’ indicates dose distribution by coloring the each region of interest.

Overview of the ‘skn’ sheet is depicted in Fig.B-16. Enlargement of the part encircled in (a) is also
shown. The given resources with Fig.B-6, the physique and the directions of limbs, are presented here.

No operation can be applied to all of the numerical tables in the right of Fig.B-16.
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cimuth soel(p] 210| 41 1.28405E-1 7| Trunki 2 a0 11285 S 40
42 21 DOTBE—1 7| Trunki 10 30 1125 10125 5
5 |Fight Lower Leg I | 43 1 56797E1 7| Trunki 11 90 1125 o128 50
| Zenith sl )] 165 44 2 03423E-1 7| Trunk 12 90 1125 Tor 28 58
Azimuth Anel @) 210] 45 250830E17|Trunki 13 90 125 o128 50
48 | N 46 2.03662E-17 | Trunki 14 90 1125 10125 &5
40 [Lent 47[342 2.98812E-17| Trunke 1 1125 185 12376 [
50 (a) 45 387521E-17|Trunkz 2 1125 135 12378 5
51 | Azimuth Acel ] 30| 49 586554E1 7| Trunkz 3 1125 135 12375 10
Height{cm) 178.6|5td_model Height
Weight 73.2|Whole Body 178.6
(5td modet Hetznt foml) 152.6[Head (Fixed) 20
(5t mosel Heignt (cgl} 68.3 Weight(he)
[5td Walgn for Halght (kg)) 68.3|Whole Body 73.2
Scaling factor (z) 1 |Head (Fixed) 49

Shapeing factor (cy)

Saurce Intensity | 1E+1 6]
Mevig ta Alkg | 1.602E-10
Segment Stan
91.45 91.45
78.4 78.4
Meck-Trunk 70 70
Trunk-Leg 0 0|
Fron1-Back [ [0

Angle=0: To left side direction on the x—axis

Angle90. 180, 270:
Heich

(Origin_of MIRD—type phantom)

(to back, right, front)
Bottom of trunk center

Right Lbper e
Zenith Anel@)] 45
Agimuth MgI(Q)I 240
Eicht Lower Am |
Zenith Anelis)] 135
Azimuth Anel. @)I 285
Left Lpper e
Zenith Anel(@)] 45
Agimuth Mgl(@l 300
LeftLower A |
Zenith anelin)] 135
Azimuth MgI(Q)I 255
Biht Lbper Lee
Zenith Anelig)] 165
Agimuth MgI(Q)I 210
Eight Lower Leg |
Zenith Anelig)] 165
Arimuth Anel. @)I 210
Left pper Lo I
Zenith Anel@)] 165
Agimuth MgI(Q)I 30
Lefilower Leg |
Zenith Anelig)] 165
Agimuth MgI(Q)I 30

Fig.B-16 Overview of the sheet of ‘skn’.
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In this sheet, dose distributions are summarized for vertical and horizontal directions. In one table,
doses are summarized in one group for the same position around the head, trunk and limbs. A user can
confirm skin dose distribution along the vertical directions of the head, trunk and limbs. The other table
summarizes dose distribution for horizontal distribution, as depicted in Fig.B-17. Doses in the same
height are summarized in one group and then a user can confirm skin dose distribution around the head,
trunk and limbs at each height. The sheet of ‘skn’ gives neutron, photon and total doses. Thus, there are 6
numerical tables in this sheet. The format of the ‘skp’ sheet in Table B-7 is same as that of the ‘skn’ sheet.
There are only 2 numerical tables in the sheet of ‘skp’ in Table B-7, because the sheet relates to only

radiation dose from photon exposure.

1—2) Meuton Dose in Head &Torso (horizontal)

Region Height—low(cm]Height—uplcm) (Heigh t—mid.(cmi Anele—min. Anple—max Angle(mid) Dose(Gyl
Headl 91 .45 90 136

Head2 91 .45 136 180

Head3 91 .45 180 226

Head4 91 .45 226 20

Headb 91 .45 20 6

He adf 91 45 HE 360

Head? 91 45 u] 45

He add 91 .45 45 ad

Facel 1 T84 G405 21 6625 ad 135

Facel | T84 G405 81 6626 135 180

Facedl 78.4 B4026 81.6626 180 2R6

Faced | T84 G405 21 6625 4 270

Face51 754 84425 16625 270 315

Facef 1 T84 B4925 816626 A 360

Face7 1 T8.4 B4925 816626 u] 45

Faced 1 T84 24025 816626 45 g0

Facel 2 84025 91 .45 881876 90 136

Face? 2 24925 91 .45 881876 136 180

Faced s 94.925 91.45 581875 180 225

Faced 2 24925 91.45 481875 225 2y0

Faceh 2 94925 91.45 831875 270 HE

Facef 2 94925 91,45 881875 HE 360

Face7 2 94925 91,45 881875 u] 45

Faced 2 94925 91.45 821875 45 ad

ekl Ia T84 T4z a0 136

Meack? 70 a4 T4.2 135 180

Mechkd 0 T84 T4z 180 226

e ol 0 T84 742 226 20

Meckb Ia T84 T4z 2y0 A

M ki 70 a4 T4.2 HE 360

Meck? 70 8.4 T4.2 u] 45

Mecki 70 T84 T4.2 45 a0

Trunkl 1 n] b 25 90 11256 101 .26
Trunks 1 0 ] 25 11256 136 12376
Trunk3 1 1] ] 25 136 1676 14626
Trunksd 1 1] ] 25 1675 180 168.76
Trunks 1 o b 25 180 2025 191 .25
Trunkf 1 u} 5 25 2025 225 21375
Trunk? 1 u} 5 25 225 2475 23G.EE
Trunks 1 u} [ 25 2475 270 2R3.76

Fig.B-17 Numerical tables for indicating skin dose distribution over a whole body (horizontal).

The tables in Fig.B-17 are sub-divided with the part of trunk, arms and legs skin. The tables in
Fig.B-18 summarize the maximum doses and their positions at the parts. The maximum doses in upper
and lower parts are given for arms and legs. The position corresponds to that in the coordinate system of
the human model. Then, the zero in these tables means trunk bottom (top of legs) and tips of arms (arms).
Skin dose distribution can be depicted around and vertical directions in the trunk with the graph in
Fig.B-19.



JAEA-Data/Code 2009-008

Maximum Meutron Dose position in trunk skin
Region Angle—min. Angle—max Anglemid) Height-law{cm) |[Height-uplcm)  |Height-mid{cm] |Dose(Gy)

Trunkd 4 270 2925 23125 15 20 175

(a) Table for maximum dose in trunk skin

Maximum Neutron Dose position in upper right leg skin

Region Angle—min Angle—max Angle{mid) Height-lasdcm] |Height-up{cm) |Height-mid{cm] |Dose(Gy)
R LpLeel & Ju] 45 2RE —a.2 -1 .5 =535

Maximum Neutron Dose position in lower right leg skin

Region Angle—min. Angle—max. Angle{mid) Height-law{cm) |Height-upfcm) |Height-mid{cm] |Dose(Gy)
RlowLegl & u] 45 2R —45 .04 —40 —d4 0F

Maximum Neutron Dose position in upper left leg skin

Region Angle—min. Angle—max Angle(mid) Height-law{cm] |Height-up{cm) |Height-mid{cm] |Dose(Gy)
L IpLegd 136 180 167.5 -1.5 -9.2 —5.35

Maximum Neutron Dose position in lower left leg skin

Region Angle—min. Angle—max Angle(mid) Height-law{cm] |Height-up{cm) |Height-mid{cm] |Dose{Gy)
LLowmlegs 2 180 225 2025 —45 .04 -56.08 5206

(b) Table for maximum doses in arm skin

Fig.B-18 Tables for maximum dose in skin at each part of a human body.

B 6
Neutron Dose ==

45 6

o z\

20 >

10 I/

0 T Front

0 01 0z 03 0.4 0.A 0.6 -6 )
Vertical Dose{Gy) Horizontal Dose{Gy} — Head and Trunk

Select Body Part | Trunkd - Plot Select Body Part [ Trunk4 j Pt |
(a) Vertical distribution along the height direction (b) Horizontal distribution around the trunk

Fig.B-19 Graphs indicating skin dose distribution in trunk.

/ A user should give the position of interest to draw the graph. For the graph of (a), the position of
around the trunk should be set up with the ID number at the box below the graph. Figure B-20 gives
correlation between the ID number and the trunk position. For the graph of (b), the height of the
trunk should be set up with the ID number in Table B-8 at the box below the graph.

/ Skin dose distribution around each limb can be also depicted with the same operation. A user should

set up the height, according to Table B-8.
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Left

9

Front

Fig. B-20 Correlation between ID number and trunk position for Fig.B-18 (a) (View from the top).

Table B-8 Correlation between ID number and position for the graph

Body part ID number Position in each part
Trunk 1=>14 Lower => Upper

Upper arm 1=>4 Elbow => Shoulder
Lower arm 1=>6 Tip => Shoulder

Upper leg 1=>5 Knee => Trunk (bottom)
Lower leg 1=>5 Tip => Knee

In addition, RADARAC DOSE automatically makes input files for MicroAVS, as summarized in
Table B-9. The files in Table B-9 are necessary to indicate dose distribution over a skin with
three-dimension by using MicroAVS. While the above three files are simultaneously made with the files
of “YYYskn.xls’, only the last file of “YYYskpPhoton.inp’ is simultaneously made with the files of

“YYYskp.xls’. Figure B-23 shows an example of three-dimensional graphics.

Table B-9 Input files for indicating three-dimensional graphics with MicroAVS

Name of file Information included in each file

Y'Y YsknTotal.inp Dose distribution of total dose from neutron exposure condition
YYYsknNeutron.inp Dose distribution of neutron dose from neutron exposure condition
Y'Y Y sknPhoton.inp Dose distribution of photon dose from neutron exposure condition
Y'Y YskpPhoton.inp Dose distribution of photon dose from photon exposure condition

Fig.B-21 An example of three-dimensional graphics indicating skin dose

distribution over a whole body.
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2) A part in trunk skin

If a user gives necessary resources with the interface of Fig.B-7, a Microsoft-Excel file is
produced. The file is named as the same of the input file (dose calculation) in Table B-2, as summarized
in TableB-10. Each file includes three sheets (two sheets are available). The names of the above two sheet
in Table B-11 are referred to the name of Excel file. For example, ‘Y'Y Yhkn. xIs’ includes sheets of ‘hkn’
and ‘hkvol’. Among them, the sheet in the top row (e.g., hkn) includes radiation dose data and simple

graphics indicating dose distribution in the area of interest.

Table B-10 The name of Microsoft-Excel file of dose distribution in skin at a part of trunk

Name of input file (dose calculation)* Microsoft-Excel file (output of RADARAC DOSE)

YYYhkn.met => YYYhknxls
YYYhkp.mect => YYYhkpxls
YYYgknmect => YYYqgkn.xls
YYYqgkp.mct => YYYqgkp.xls

Table B-11 Sheets included in the Microsoft-Excel file with dose distribution in skin of a part in trunk

Name of sheet  Information included in each sheet

hkn, hkp, / Physique of human model and Intensity of source (Given resources in Fig.B-6)
qkn, gkp” / Area of interest (Given resources in Fig.B-6)
/ Numerical table including skin doses in all tallies
hkvol or gkvol* / Volume and weight for all tallies
Graph (not available)

*: One sheet is included by referring to the file name in Table B-10

Overview of the ‘hkp’ sheet is depicted in Fig.B-22. The format of the sheet is almost same for the
sheets of ‘hkn’, ‘gkn’ and ‘gkp’. Number of included table, however, is different between ‘hkn’ (or ‘gkn”)
and ‘hkp’ (or ‘gkp’) because information regarding neutron dose (and total dose) is only included in ‘hkn’
(or ‘gkn’). The format of Fig.B-22 is similar to that of Fig.B-16. The given resources with Fig.B-6 are
presented in the tables encircled in (a). No operation can be applied to all tables in the right.

In the sheet, dose distributions are summarized for vertical and horizontal directions. In the former
table, dose in same position around the trunk is summarized in one group as the format in Fig.B-23 (a). A
user can confirm skin dose distribution along the vertical directions of the trunk. The other table
summarizes dose distribution. Doses in the same height are summarized in one group and then a user can
confirm skin dose distribution around the trunk at each height. The sheet of ‘hkp(gkp)’ includes 2
numerical tables. As the sheets of ‘hkn’ and ‘gkn’ give neutron, photon and total doses, there are 6
numerical tables in these sheets. The maximum doses and its position are summarized below the table for
the vertical distribution, as depicted in Fig.B-23 (b).
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7~ N\
A 173.9|Std_model Height(cm) \ 1-1)FPhoton dose (vertical)
cightiieg) 721 |Whole Body 1786 Cell Tally value Region Angle—min_ Angle—max. A.
,mu-m Helght betow 158.6|Head (Fixed) z0 34| 1 51467E-07|Trunkl 1 270 275625
(5td model Halght (k) balow neck trumk) 68.3 Weight(ke) 1511 0ZE-07 | Trunki 2 270 275625
(5ta waigme for Heigme (kg 62.406 | Whole Body 732 1.6979BE—07 | Trunkl 3 270 275625
Scaling factor (z) 007 |Head (Fixed) 4.9 1 6400GE—07 | Trunki 4 270 275625
Shapeing factor (x—y) 1.0 1 56740E—07 | Trunkl 5 270 275625
1 57503E-07 | Trunkl 6 270 275625
Saurce [ 7358E413] 1 5698BE-07 | Trunkl 7 270 275625
MeVig ta ifkg [ 16ozE-10] 1.6 63E-07 | Trunkl & 270 275.625
143321 E-07 | Trunki © 270 275625
Segment Standard Modified 1 52206E-07|Trunkl 10 270 275625
Hair—face 01.45 89.008 1.47305E—-07 | Trunk! 11 270 275.625
Face—Neck 78.4 76.048 1.4067E-07 | Trunkl 12 270 275625
Neck-Trunk 70 67.0 342|  16376BE-07|Trunke 1 275.625 28125
Trunk-Leg 0 o] 1.43682E-07|Trunke 2 275,625 281.25
Front-—Back 0 [0 1.6381 DE-07|Trunkz 3 275.625 28125
1 607 2BE-07 | Trunke & 275 625 281 25
Caution!! Head & Trunk Regions 1 80874E-07 | Trunk2 5 275625 28125
Angle=0: To left side direction on the x—axis 1 67954E-07| Trunke 6 275,625 26125
Angle90, 180, 270: (to back, right, front) 1.38166E-07]Trunke 7 275.625 28125
Height=0: Bottom of trunk center 1 50005E-07| Trunke & 275,625 26125
(Origin of MIRD—type phantom) 1.62501 E-07 | Trunk2 0 275625 281.25
1.63116E-07|Trunkz 10 275625 28125
Trunk Skin Scgmentatian Definitian 1 62422E—07 | Trunk2 11 275 625 281 25
Canter—Haight (o) iz Cell: B26 1.65345E-07 | Trunkz 12 275.625 28125
Raton |Quarter De fault:D 343 1.6230E-07 | Trunk3 1 251 25 286875
Azimien Ang. win 270 HalfH 1 6570BE-07 | Trunka 2 28125 286875
Azimuth Anal. Mar (§) 315 Quarter:Q 1.66948E-07 | Trunk3 3 281.25 286875
segment [rz128 16061 E-07 | Trunk 4 23125 286875
1.7423E-07 | Trunk: § 25125 286875
1.68047E-07|Trunka 6 28126 286875
(a) 1.41 052607 Trunka 7 25125 286.875
1 66615E-07|Trunk3 8 231 25 286,875
1.6252E-07 | Trunks 23125 236875
1.62026E-07|Trunks 10 25125 286875
1.66826E-07] Trunka 11 23125 236875
155 00E=07 | Trunki 12 251 25 286875
rYY] FPTETTr= e YT ono®
Fig.B-22 Overview of the sheet of ‘hkp’.
1-1) Photon dose (wertical)
Cell Tally value Region Angle—min. Angle—max Mgle!ﬂ'd) Height—law{cm Height—uplcm Hei;
34 1.51 467E-07 | Trunki1 1 270 275625 2728125 97 100125
1.51102E-07 | Trunk1 2 270 275625 2728125 109125 12125
1.69798E-07 ] Trunk1 3 270 275625 272.8125 12125 13.3375
1.64006E-07|Trunk1 4 270 275625 2728125 133275 1455
1.66749E-07 | Trunkl & 270 276,625 272.8125 1456 157625
1.57503E-07 | Trunk1 & 270 275625 2728125 15.7625 16.975
1.66988E-07 | Trunk1 7 270 275625 2728125 16975 181875
1.641 63E-07| Trunk1 & 270 275625 2728125 181875 104
14338 E-07 | Trunkl 2 270 276,625 272.8125 194 20,6125
1.52296E-07|Trunk1 10 270 275625 2728125 206125 21.825
1.47306E-07 | Trunk1 11 270 275,625 272.8125 21825 23.0375
1.4067E-07 [Trunki 12 270 275625 2728125 23.0275 24.25
342 1.63768E-07 | Trunke 1 275,625 281.25 278.4375 a7 109125
1.48682E-07] Trunke 2 275625 281.25 2784375 109125 12125
1.63810E-07]Trunke 3 275625 281.25 2784375 12126 133376
1.60728E-07 | Trunke 4 275625 281 .25 2784375 133276 1455
1.30874E-07|Trunk2 5 275625 281.25 278.4375 1455 15.7625
1.67964E-07 | Trunke & 275,625 281.25 2784375 16.7625 16.975
1.381 66E-07 | Trunke 7 275,625 281 .25 278.4375 16975 181875
1.59995E-07 | Trunks & 276,625 281.25 272.42375 1214878 194
1.62501 E-07|Trunke 8 275625 281.25 278.4375 194 206125
1.63116E-07|Trunkz 10 275625 281.25 2784375 20.6125 21.825
1.62422E-07|Trunke 11 275625 281 .25 2784375 21825 23.0375
1.66346E-07 | Trunke 4 2 275625 251 .25 2784375 23.0376 2425
343 1.6239E-07 | Trunk3_ 281.25 286.875 284.0625 9.7 109125
1.66708E-07 ] Trunka 2 281.25 286.875 284.0625 100125 12126
1 56048E-07 | Trunka 3 28125 286.875 284.0625 12125 133375
1.6061E-07 | Trunk? 4 281.28 286875 2240628 12.3378 1458
1.7823E-07 | Trunk3 5 281.25 286.875 284.0625 1455 15.7625
1.68047E-07 | Trunka 6 281 .25 286.875 284.0625 15.7625 16975
1.4 052E-07 | Trunka 7 281 25 286.875 254.0625 165075 181875
1.66615E-07 | Trunk2 & 281.28 286875 2240628 1214878 194
1.6262E-07 | Trunks 0 281.25 286,875 284.0625 104 20.6125
1.62026E-07 | Trunka o 281 .25 286.875 284.0625 206125 21825
1.66825E-07 | Trunk2 11 281.25 286875 2240628 21888 22.0275
1.6609E-07 | Trunk2 12 28125 226875 2240625 22.0376 24.25
344 1.6776E-07 I Trunkd 1 286,875 2025 2806875 a7 100125
(a) Table for skin dose distribution for vertical
Maximum Photon Dose position in trunk skin
Region Angle—min. Angle-max Angleimid) Height-lawicm) |Height-uplcm] |Height-mid {cm) |Dose(Gy)
Trunk? & 2IE626 28126 2784375 1466 167626 1616626

(b) Tables for maximum dose in a part of trunk skin of interested region

Fig.B-23 Numerical tables for indicating skin dose distribution in part of a trunk.
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The graphics in Fig.B-24 is indicated at the right of numerical table. The position of interest in
trunk is identified by the height and the azimuth angle surrounding the trunk. The zero in height is at the
position of trunk bottom. A user can confirm the position around the trunk with the angle in the figure
encircled with (a) in Fig.B-24. As seen in this figure, the angles of 0, 90, 180 and 270 degrees are defined
at left, back, right and front of the trunk, respectively. Appendix F presents the correlation between the
angle and the position on the trunk. In the graphics, the area with a higher dose and a lower dose are
painted with warmer color (red) and colder color (blue), respectively. But, arbitrary value cannot be given

for the maximum dose here.

Photon 2D Graph
hax Dose(G Dose Distribution—2D
0.0090 Min_—angle(deg.) Max —angle High
0,006 270.00 215.00 24.25 (zm) from bottam of thunk,
00082

Front Low
9.7 (om) from bottom of trunk
The angle is defined as below.

VIEW from top side

Back
- -

Front

Fig.B-24 Graphics indicating dose distribution in a part of trunk skin of interest.

B-6.3 Indications of the final results of dose over a whole body

If a user gives necessary resources with the interface of Fig.B-8, a Microsoft-Excel file is produced
with name of ‘YYYWn.xIs” or “YYYWp.xls’, according to the name of inputs for RADARAC DOSE in
Table B-3. The files of ‘YYYWn.xls’ and ‘YYY Wp.xls’ include only one sheet. The names of sheets are
‘Wn’ and ‘“Wp’. No operation is to be performed for any information in these sheets. Differences
between the sheets of “Wn’ and ‘Wp’ are the indicated physical quantities. This is because ‘Wp’ does not
include the quantities regarding neutron exposure, such as neutron dose, quantity of activated elements.

Figure B-25 depicts over view of the upper part in the sheet of “Wn’. The table at the top of left
side (encircled in (a)) shows the given source intensity with the interface of Fig.B-8. Neutron doses at
each part (e.g., head, trunk) are indicated in a table (encircled in (b)). For neutron exposure, the sheet also

includes the specific activity of initially induced sodium-24 in each part of human body (encircled in (c)).
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———
Sérw Inlensil: 5.0000E+H 6 N (a)

1-1)
No. Name Tally
o1 | Head tissue X

{ 10 |Erain tissue
104 Meck tissu
121 Head skin
122123 Face _skin
124 heck skin
16 Trunk tap tizsue
105 Trunk up tissue Soft—tissue in Trunk
107 Trunk middle_tissue
108 Trunk Jow tiszue
i [Genitelia_tissue
126 Trunk, top skin
126 Trunk,_skin Skin—tissue in Trunk
127 Trunk hott, kin

128 Genitelia_skin 3

et Right. kin A £

le1e Right. lissue . Right, lissue
23 LeftArm_skin . kin

237 |LeftArm tissue LeftArm tissue

251 Rightl e

27

Fightl e tissua
Leftleg skin

RightLeg tissue
Leftleg skin

are

Leftleg tissue

Leftleg tissue

\ 16l Fightlung

\ Lefilune

Lung—tissue

The quantities averaged over a whole body are shown in the table in Fig.B-26. This table is
indicated below the table in Fig.B-25. Dose distribution over a whole body can be confirmed with the
figure beside the table. The parts with a higher dose and a lower dose are painted with warmer color (red)

and colder color (blue), respectively. A user, however, cannot change the maximum value and the

1010 [Head tissue

1-4) Specific acti of Na induced in human bod
Cell No. Name

| Exsin_tiszue

Meck tissue

Head_skin

Face_skin

Meck skin

Trurk top tissue

Trunk up tissue

Trunk middle_tissue

TrunkJom tissue

Genitelia tissue

Trunk top skin

Trunk_skin

Trunk bottomskin

Genitelia_skin

Right 4 _skin

FRight A tissue

LeftAm_skin

Lett A tissue

Rightleg skin

Riehtlee tissue

Leftles skin

Leftles tissu

Rightlung

Leftlong

Fig.B-25 Table and graphics for dose distribution over a whole body.

threshold for coloring.

Soft_Tissue

Skin_Tissue

Lung_Tissue

Bone_Marrom

Cortical Bone

Whole Body (Skeletal with Marrow)

Whole Body (Skeletal with Gortical)

Head (Marrow)

Trunk (Marrow)

Genitalia

Right Arm (Marros)

Left Arm (Marrow)

Right Leg (Marrow)

Left Leg (Marrow)

Whole Body (Marmow)

In addition to the physical quantities, volume and weight are presented as a table at right side in
this sheet, as Fig.B-27. The total weight of human body is indicated in the table of Fig.B-28. Only this

table can present the total weight of the human model.

Fig.B-26 Table and graphics for dose distribution over a whole body.
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Cell Mo. Mame
100 Head_tissue THGATTEE
103 Brain_tissug BAREIELR
104 Meck ticsue
12 Head_zkin
122123 Faca_skin

Meck zkin

Trunk top tissue

Trunk,_up_tissue

Trunkrmid_tissue

Trunk Jom tissue

Genit lissue
Trunk_top_skin

Trunk_skin

Trunk bottom skin

Genitelia _skin

RightAm skin

RightAm tissue

LeftArm skin

LeftArm tissue

Rightleg skin

Rightleg tissue

Lefitleg _skin

Leftleg tissue

Hightlung

Leftlung

Skl

Facial Bone

Spine_ Head 41 BRATET2

Spine Meck, EAGTITE:

Spine Trunkup 1723 EA

Spine_Trunkmid 1.4 BRE2

FiehiClavice 1 3720E-3

LeftClavicle 1.1 42MET2

HiehtScapulas 412003612

LeftScapulas 4. 20756E-13
14 1zt Fib 2 A4448ET2

Fig.B-27 Over view of the sheet of “Wn’ (2), Weight and volume in each part of a human body.

Mame

Soft—tissue in Head
Skin—tissue in Head

Soft—tissue in Trunk

Genitelia _tissue

Skin—tissue in Trunk
RightArm skin |
n

ki

HRightl eg _skin

RightlLeg tissue
ki

Genitel
Leit
LeftlLeg

LefiLeg tissue

Skeletal in Head

Volume (cm®) Weich t(e) Weight(keg)
Soft Tissue 531 8.26 EO0M7.74 5o.048
Skin Tissue 600.24 3561.10 2.551
Lung Tissue 335966 993.79 0994
Skeletal Tissue 718827 10645.01 10645
Total Weight (ke) T20RS.43 1313764 73.1

Fig.B-28 Table indicating total weight of human model.
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Appendix-C  RADARAC_INPUT D#fE~== 7/ (HZAFER)
RADARAC_INPUT I, M7 FIHIZ/Z2< TH, MCNPX & L <IL MCNP = — RI|Z X 2 i ##

AR DOANN 7 7 A VEVERT D 2 L &AL 3%, ARfHEIX, RADARAC INPUT O#fE~
= 7/1/%%6‘3—0

C-1 RADARAC_INPUT O#fE

Fig.C-11%, L FD 3507 1 75 L% & Te RADARAC INPUT |2 X5 MCNPX & L < I3 MCNP
a—RKDOANNT7 7 ANER D 70 —F ¥ — F &2 LTV D,

i) MEETNAER T 77T A

i) MNEETIAER T 17 F A

i) FEI—RFOANT7 7 ANV FET 07T N BRIEM CAMETT L OFE)

REHRER EREE
/ TREHRIR, / #WIE<E

SRS T HRE

OO RRFSbee eesesesoresmeseeeseeres SRR\ vk frti i —
"i)ﬁﬁ%?wﬁ&fuﬁ%A " i) NRETILER T RS S A "
“ ii1) MCNPX % L < [£ MCNP D AH 7 7 A JLIERK " RADARAC_INPUT
1) #HE5HE RV 2) ﬁﬁi%%%i
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(REFH) (KFEHE)

Fig.C-l RADARAC_INPUT T® MCNPX, MCNP =2— RD AN 7 7 A VHHFO 7 1 —F ¥ — h

C-2 RADARAC_INPUT FE4T D7z 8 OHEIRERBE
RADARAC INPUT %, Windows-XP ¥ A7 A CTEIET DINHD/S—Y F L a B a—& TF
HTZx5, UFON—FRU=zT7 KONV 7 by = TERENERIND,
a) N—Rou=7T
CPU 1GHz VL D Pentium 7' vt v 4
HDD Windows ¥ A7 LAWK AR/ N— R D =7
b) Y7 =T
BIES AT A Windows XP
oy 7 vy Microsoft. NET Framework 2.0

C-3 BEER v /I 20 fE~=a2T L
C31 ul 7 AhDA VAR M—)VRUEHK

MIRET AR T 0 77 ME, LFOFIETPCIZA A F—END, A A F—/LHilS,
Y 75U =7 NET Framework 23/ U/— R D = 7EREIZEM SN TB LERH D,

i) BRIERL T 0 7T DA G AT 4 T2 PCORTA TITHAT D,
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ii) Windows O“~A A E2—%> (b LITm 7 270 —F") TAFATDORIA T4
<, ZD%, “Setup.exe”z= X 7NV v 7T 5,

iii) F5/RICHEVY, GUI [EiH Z B ET 5,
TIZTC, AT T AINEETMER T ST LAROANT 7 ANERT R T T LEE
L7 AN IRETHI LN, HEIND,

KT T T EDETHNVFIZEGEND T A NI ROT 7 AME, UTDLEY THD,
‘Main program.exe’: K71 277 LDOEE)T 7 A /L
« [7 4 /VH] “dat’: ‘Repmat.dat’ }2 N Source.def’ D 2 DD 7 7 A WIRKT VX D,
‘Repmat. Dat’l%, T O L= ET — % =51, ‘Source.def’ 73, 71
77 LEMEOIEME L L CHiAAAEN D, INA T, ‘Source. tpI’& LT,
ANT7 7 ANERTT 7 L— EREfF STV 5D,
[7ANF]np: ZO7 AN, B SNTAHRET VORMFICHEH SN D,

C-32 BEETMER S0 FrDT70—F % —Fh

K7 7T AT, MRETNVEZRSED-OITIE, FigC2 DL I8 O2DAT v T aikD
VERSH D, KTa T h8E, 77ANVOFHEARY, REOAT v TEENT, K& 2250
D DAERK S35, ‘Step 2°0> 5 Step 4” F TIFHE RO R OHEIZBEIRT 5, —J7, “Step
55 Step 77 F TIFRFHEIZIS T 2 Bl H O B2 I RS 5,

| Step 1: T7ALDIEEGAAS, EHEFEERD |

| Step 22 REERORABROMKTES

| Step 3 HEHROHEES

| Step 4 $EELDEE (Step 2 DEMRIZL BB A RUERE) |

| Step 5 BSIBEOES RUBHEOERRHOTE) |

| Step 6 BAHRI R LE—DES
J

[ sten 7. mEBBHOES |

| psHRHOES

| step 8: BEETLOKRK (TFALOEE) |

Fig.C-2 7'v 7T M EDHBIRET MER D7 B —F v — b
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C-3.3 RADARAC_INPUT (281} 2#IRET WER T v 7 T L DOHR(E
48 AT v FOMEIL, FigC3Wlbd ¥ TRE % B, 35DRE v % FlcH-o,
Z—HP =T B D Step I')5Step 8 DX T HMTZ LIZKY, [EEORAT v I ~BHEIT
& %(Fig.C-3(a)). F#BO “Next’KX T “Return”(E, T EIERI, EkROAT v 7 ~BEIT
% Bt 4 5 (Fig. C-3(b))s
“Quit’lx, 1S T AOBMER, 2AT v S TEWET 5 (Fig.C-3(b). =75 L, ‘Step 84
T LTWRWES, “Quit’Z 7 LREINT2FRIIRFE IR,

Stepl Step? | Stepd | Stepd Steph Stepfi | Step? | Stepd

(@) BAET AT v 72 @IRT 547

[ Return (B} ] l Mext ()

(b) A7 v 7OBEL LIEHKT

FigC-3 BAT v T DAL HE—T A A LB TEICH DX T RORL

1) a2/ Z LAOH) (‘Step 1°)
Fig.C4 1%, MRETNMAER T 0/ T AEREIFHCF RENDHA V4 —T =24 A TH D,

Stepl Step? Stepd Stepd Stepd Stepd Step? Stepb

Make a new file or Revise an existing file?

) Make a new file

(&) Revize an existing file
B

Path and file name: |G#Proeram Files¥ACDOSEEhputMC¥Proeramm for defining source mode i ipd E

COREVERTESEIZRY, TJPMILDFR
HFINTWAIHWAEFTENERES,

Fig.C-4 “Step ’DA v 2 —T = A A (T 0/ T AEEFEOFRHEIH)

‘Step 1’ TlZ, “Make a new file CHTHMERK) ”® L <Id“Revise an existing file (BEfZ7 7 A /L
DIETE) "RNERIND,

“Revise an existing file”2MRIN S 7=5H, 22—V —IMEBEO 7+ VX IZH D7 7 A NV E ik
J 72T, “Path and file name” D ZERDHEIZ & 578 & AR E 72T LR B 72wy,
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2) BRIFURROFESE (‘Step 2’ 75 Step 4°)

%< OBE, BEHWEIIH TR, Zrr, 7L—AD LX) RENEENCE TN TN D
mmmmcmmnfm,&wrb%sm4if@30®4/&~7z4xf,ﬁﬁmﬁ%ﬁ
FEE R TR T 5,

2-1) BRI D AT D FLIRE F(“Step 2°)
Fig.C-5 1%, #RARDOBEENICIRIT DR EREZRET DM v F—T =44 XA ThH D,
Appendix E 13, AXT v BT LEBIEIZHONT, 2000 REFIRT 5 (J55E),

Stepl Step? Stepd Stepd Steph Steph Step? StepB

Shape of each part in the source structure

[ feld () ] [ Dielete(D) ]

Mame far ea.. Twpe of shap.. Mame for each part | Sourcel

Sourcel RiGG :

Source? SPH Type of shape for each part | RCC |
TiLow 5PH g
TiCwt RCG Parameter for defining type of shape for each part(cm)

Tiln RCG : T
SUSCap REGC Vi o] R L 0.os)
SUShLimb RGC = I 1

Al RCC L d

BirlnZ RiCC . I

SUSOUtR] RCC ve: o

SUSCutR2 RiC Hic 0

SUSCutR3 RCC :

Outhidfir RCC Hy: 0

A Mid RiCC : =t

A [Low RCG Hz: 016

| Lo &y RiCC —

Path RCC

Collimator CHE

Applp RCC

APFid RCC

BPFlow RiCC

&1 Top RCG

Alndir RCC

l ReturniBl l [ et My ]

Fig.C-5 “Step2’®DA v X —7 = A A (BHEDOKEBALIZIS T D LefnfFEE)

AN, BRI R OB O KM BRI L E R EFRE 52 5720, 2 —F—(F“Add” % 7
ShER b,

“Name for each part” A1 DZEMNZ, KA OLHREIEET D 2 EDRHER I D, AFRDFE
EENRWES, BEALIE Geometry 1’0 X 9 IZHF S Tk S 5.,

‘Step 7’ COBEROMKHERIL, BBEEFVOREEZSBRT S, 201D, UTD2o0F
JEIZBITAREEZER LT, RELARL TR s,

2 —H—%, ‘macrobody’H L < [Z‘Combinatorial-Geometry (CG)'TEUZ LV, HIRMARD
BMIFMEZRETEX D, KEAOKMIIRD ¥ A 71X, “Type of shape for each part (£
RLDTGIRZ A7) "OMT, SPH (BK) D & 91T Table C.1 12&H DR HBIRENLD,
“Parameter for defining type of shape for each part (F-(L DR EZ A T HIEFKT H /3T A—
Z) O FOZEME, BRI IBIRIC LY BEICEE SN D,
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Table-C.1 [ZKFIRICHTL 72 /XT A =2 2D F LOTWDH,RNT A —F KO DS
%1%, Appendix E (3&FE) THIEHAIN D,

Table C-1. F IR D/RT A —H

RPP, LAT?2, SPH RCC CNE TRC BOX
RPP C LAT2C
INTA—=F 1 Kimin Vi Vi Vi Vi Vi Vi
INT A=K 2 Xinax Vy Vy Vy Vy Vy Vy
INT A—H 3 Y min Vz Vz Vz Vz Vz Vz
INTA—H 4 Y max I R Hy Hy Hy Hi,
NTA=H5  Zon H, H, H, H, HI,
NG A—H 6 Lo H, H, H, H1,
INT A=K 1T R Rl Rl H2,
INT A—H 8 Rs H2,
INT A=K 9 H2,
INTA—=H 10 H3,
INTA—=H 11 H3,
INTA—K2 12 H3,
RPP: [EH 71

RPP_C: B J7 #fA

LAT2: RFAFE (Lattice 2 ([ZfEH)
SPH: ER

RCC: 1EMAFFE

CNE: M#ft  (IEM#E)

TRC: [EMfESR

BOX: FiiK

R AT AT, BMEROFIRIE, BERIIZ MCNPX £72/X MCNP =2— RO A7 7
ANEROEHOFKE I — RICEBREND (SPH OF, 1>OH—1F) , REHI— KD
10 DALOEENFR UHEE (B, 6011,6012,6013), ZhdHDH— RiZFE CSAERIZHN
bha,

a—H—%, Ll “Delete” RN AL T, MFALOLRTZBR LT, (TR % H|
b2 2 LKL, eEL, BIRINTZERN Step #1THDH5E, HIRIZTERN,

2-2) BRIFMAR OB B TE#(“Step 3”)

2 —H—%, FigC-6 2HD Step3’ DA o H—T =A AT, MBERROMET —4 %5252
ENTED, KRRAT v FIZBWTERSINLHERIT, A7 7 A VOME D — NIRRT 5,
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Stepl Step2 Stepd Stepd Steph Steph Step? Stepd

Material of each part in the source structure

Addigy Delete (RS
Material of each part Material of each part in the source structure: | Lead
sUSHG
Titanium Method for defining the material
Lead () Using prepared materials
Alminium . .
(& Defining the material
(2) Material density/ () Atomic number dengity: 1134] efomd
Add () Delete(P}
ID number.. | Compositi.. Motice ID number of ngclide
82000 1 182000 |
Composition ratio of each nuclide
il
Hotice
Cluit Q) ’ Return(R) ] ’ Mesct (M)

Fig.C-6 ‘Step3’DA v ¥ —T = A A (MET—4)

BA), 2=V —IMET— 2% 52570, EAOAdEI 2 TERB R,
D%, FHMD 1% 12 H 5 “Material of each part in the source structure (FRIFAE 1 D4 HL
DOME) "OZEMNMEL ZANTT D2 PRI D, ARIDNFE S NLRWGE, &6
‘B X ‘Material 1°, ‘Material 2°D X 5 12T Tilik I b,

a2 —H%—(%, “Method for defining the material (/B DEFS7{E) 7 TUsing the prepared
material (CEfF SNV TWAME) "2 LT, Kb LLIFAT L AHH(SUS-304L) % 5§
HIZLEMWTE D, TNUUSNDOEE, “Defining the Material (BMEDEF) &M+ Ll2k
D, fEEDOMENRESND,

H L, MEOHEENEILHRDE R TERINDHYH, = —F —IF“Method for defining the
material (MEDEFEIE) "D T OZEMICHEE (gem) 2 G- 2 70 T bRV, —F, ME
DRERBEITTHRO LR BRI TER SN D HE, = — P —132 O 2R 78505 =
(1E+24 atoms /em’) % 5.2 72 < TlER bRV,
FO“AdIMEORFEDE v T v ZIEHT %, £ LT, “ID number of nuclide (£
2D ID &) 7 IXHBEFIIC “Nuclide 1MIZE#EI LD, = —H—IL, “Nuclidel” % K ##
TR OWTEFE T — # O ID - (ffil, *ox k) (TEEHR < TER LR,
“Composition ratio of each element (#-JC3 DOHERLEL) "D T OZEMIZIE, BHED L I3HF
fEE A EOBTH 2 72 < Tk b 72, (MCNPX, MCNP 22— FCEEHITADET
EzbohaR, ZZTHEERIENETEZXDZ LB TED,)

Btk O “Notice”HlIZ 1L, BfimD ko7, 2 AL MBRANTE D,

2P =P EPORERERE LR 256, BREZ R LA O “Delete” Z # < 221X
IRBIR,

M DO“Delete” 4 Z L2k, =2—VF—IMEELHIBRTLZ LK D, 2720, =
REINTAE D Step 412 H H5E, HIBRIZTE Z2uy,
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2-3) BRIRAR R DOREZE(“Step 4°)

Fig.C-7 DA v #—7 = A A%, “Step 2’ L U Step 3° TR E SN TSI HS X, “Step 4> THRAAR
KRREWETDEIHEH SN, AV F—T A ZAD1FB, AT 7AND 1 D2DFMI%
et B, T—F—03Step 22K ¥Step 3T H D RERERDHIREZ BXT 255, ‘Step 412H
5 R ANCHIBR L 72 < Tk b,

Stepl Step2 Stepd Stepd | Steph Stepd Step? StepB

Combining defined parts in Step 2

[ Add (&) ] [ Delete (R I

Material imp Mame 'O #/4+ Mame o #4+  Mame | ECO R PSR

b1 Sourcel I + Sourced I * Sourcel o]

2 Titanum )1 [ TiLow I |+ |Tiow [0 % |Soucez lo

3 [Titanium |1 | Tiout I |* [Tk [0 [+ [soucet o

4 | Titanium 1 Tilh I

5 VoI 1 Airln2 I |TiLow o |* |Tiow o |«

& sSUS3NE 1 SUSGap I |+ |sUshlimb (O |* | @D o |

7 5US3NE 1 SUShlimb |1 * | Al 0

g VoI I [ Airtnt I ' '

9 sUS3NE 1 SUSOwR1 |1 |+  |SUSOwRZ I |+  |SUSOwR3 |1

10 | Alminium |1 | AIMid I * Al o | '

1 voID 1 loutMidaie |1 || AlMid lo

12 | Alminium 1 Allow I * AlLowy Air a]

13 VOID 1 AlLow Air 1| 4

) FYSTT— e T e e PO PR Perre——
< 3

I Inner of the part in left column " 0F Quter of the part in left column; %2 and 7 +1 or Impe importance in MGNP

[ Return(R l [ Mexti)

Fig.C-7 “Step 4’ DA o H—7 = A A (FRIFIE T DRELL)

A& 2FB DOFNL, fiA SRR OME, 1 VAR —F U AR ET H DI S
N5, ‘Step 3 TEF SILZME LD void’ Y, “Material” F D TEHE G 25 Z LI12XD
BINRSND, AV R—F U AX, BEORE SN BMEMEZRANT, “imp” D8I TERE
Ehd, ZIZT, “LODEENMERIND,

‘Step 2’12 H D EMER OFESIE,  ‘macrobody’ H= (‘CG ) THEITSND, WO,
2 —H—|F“Name” F DFIT, “Step 2’128 2 M EH 2 TN L 72 < TER B0,
BIRSNTZERD, ZOFORMRONANZ & 256, 22— —13VO”D T Ol T
BN U7 TUER B2, 22— —0[FE UM TO 2RI LI5S, ZOFO KRR
X, TOEREERINT D,

D FIZD DRy 7 ATIE, “YRBEET IEBRLRFBOEDOE LG ICRRENARLE
1272 5720, (‘macrobody’ & L <I1X‘CG A Tor AT 250 st oGE, =
— =X BRI L 2 TE LR, METLIEROLBHE PV EIND,
(‘macrobody’ % L < 1Z‘CG A Tror 2 H L 72 5:48)

BMAEROMLEOTIL, BRIREROR b IMUDOTEIRICER T 2 HBEZEDOITEZERVTHHIC
BIETE 5, K&EOITTIE, MEEORA VR—% 2 R X, ZE N void K 0.0 TRRE
THZENEREND,
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3) SRR DO EFE (‘Step 5’25 “Step 7°)
RADARAC_INPUT TiZ, ‘Step5 225 Step 7ETD 3 DDA X —7 = A AT, WU
DFREDKRIFER A CTER I LD,

3-1) JH R RR O FEEA(“Step 5°)
‘Step 5°C, fHHHRFEAS, Fig. C-8, FigC-9 D1 HODA L F—T7 A ATERIRENS,

Stepl | Step2 | Step3 | Stepd |[Steps | Steps | Step? | Stepd

Emission of radiations from the source

Radiation type Using the Kcode
@N O Yes
ON+P & Mo

O N+P+E
Or :
OPtE Time (min): 60
QE

Particle number: 1E+05]

Fig.C-8 ‘Step 5D A X — 7 = A A (1)
(‘kcode’ 7> a »afER L7V

Stepl | Step2 | Step? | Stepd | |Steph | Stepf | Step? | StepB

Emission of radiations from the source

Radiation type Using the Keode

QN @) Yes

@ N+P O No

O N+P+E =
or Particle number per a cycle: TUUUU_
Opet Tnitial walue default=10): 1|
o P;\l.:r‘:ber of eyeles 8 -
Source:N Tatal: 260

Fig.C-9 “Step 5’ DA % —7 = A Z(2)
(‘kcode’ 47> 3 »&fEMH)

b L, BURET NV CRARISHRE R, FigC8IZH D Step 5D 4 —7 = A A
\Z& 5 “Using the kcode (kcode DfEH) > Tld“no” NN &5, = —H —IL, “Particle
number” J ON“Time(min)” T O ZEMIZFEARLT-H R OFHRI 2 3%0E L7 < TR B 7R,
BEOR TR, BFHCCERT S Z A Loy, S 2T, BERHSONIC, ANy
ANDFZEVEZFERT D720, FHEBEMITERE (1 5UT) TRETLHZ ENHfERSH
. MR FICRRAT v FOHA X ARz0d+ 5,

BRIR D B OIS #RIE, “Radiation type (FUEHHRFE) » FHIOEIRIC L HEAJICIEE
SN, MO EI R TR S5, HIC & 2 BESRRE ORI RIE,
S D AN C R AR T & LCAR LB Alctg s h 5,
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IIT, BFHREIRETELR, BFOEODOF Y —h— RIABSNARVWEZEET
HDUVERDD, 2—F—I1, BHTH V) —I—FZEEF LR TERLRY, F72, S
BEESTEORR NP ety H T, EFICETIHERIZOVT, RADARAC_DOSE
XESTH D,

—J7, BREHE DN ESURIR & o 7oA, =— " —1X“Using the kcode” Cld“yes” % Bl
FRER SR, A H—T A A%, FigC9 O LI 1A 700 oki+4k, &9
AINEEG 2D X DET D, ZOERIEIZLY, MCNPX & L<IEMCNP 2— RO AJ)
7 7 A NVERXOBIRE T VI, ‘kcode’ T— KBHEBE I D,

3-2) HH R D = R L3 —(“Step 6”)
TG = %L X —I%, “Step 6’12 5 Fig.C-10, Fig.C-11, Fig.C-12 DA 4 —T =A ADH H

1 OTHEIND,

Stepl StepZ2 Stepd Stepd Steph Stepf Step? StepB

Energy of radiations

(%) Single-Enerey
) Multi-Enerey
() Fizsion Enerey

Enerey{Mev}: | 0662 |

Fig.C-10 “Step6’DA > Z—T = A X (1)
(RO T F L F— B~ kL F—)

Stepl StepZ2 Stepd Stepd Steph Stepf Step? Stepl

Energy of radiations

) Single-Enerey
(&) Multi-Enerey
() Fission Enerey

Digtribution type
() Continuous

(%) Dizcrete
Addiad Delete(R)
. Energy (Mev} Emission rat. || Enerey{ Mew)
1172 05 :
1332 05 1172 .
Emission rate for each energy bin Flgc-l 1 ‘Step 6’D /]) N & — 7z /r A (2)
[ 05|

(RO = 3L ¥ — ; T R ¥ —)
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Step? | Stepd Stepd Steph Stepf | Step? Stepd

Energy of radiations

O Single-Eneray
) Multi-Energy
(%) Fizsion Enerey

3-3)

Stepl

Fizgsion spectrum type

() Maxell fizzion spectrum

(5) Watt fizsion spectrum
Cexpi-EfalzinhhEN /2:

a | 0983

b 2243
Fig.C-12 “Step 6’DA v ¥ —7 = A A (3)
(BHBRO =R — PR ¥ —)

‘Step 5°DA > ¥ —7 = A A FD“Radiation type” DT B 5 HFHFREIZOWT, TRV
F—BREIND,

“Single-Energy (Hi—=T x/L¥—) "NERINHE, FigC-10 RERIND, 2 —HF—
1%, ZEIC= X —% 5 2 70 TURWIT 2R,

“Multi-Energy (3= /¥ —) "B N5, FigC-11 DR RIND, “Add” KN
“Delete” N & 18, ZRAF—EVOREIMHEND, =F/LF—X, “Continuous (H
fe) 7, FoiE“Discrete (BEH) "o TH A LMD, BN HOHEE, £ O FRT X
JLF —73 Fig.C-11 1T8 % “Energy” D ZEMIZGXE SN2 < TE AR B2V, & B OBE#HRD
#IE A3, “Emission rate for each bin (£ &' D) > OZEMIZE 2 e TIR B0,
KE 53 B0 D FHE BRI R R & 72 > 72354, “Fission Energy (73— /L ¥—) »
DOFRPHELESND, 2T, FigC-12 DAV F—T =4 ANRKRIND, 2—F—I
‘Maxel’H, L < IZWatt’JZ=.C, “Fission Energy Spectrum (B3 &H TRV F—A~7 fL) »
DIRITE D, BOHEPEFOTRVF =AY MVERET D120, UBERNT A —H
N T OZEMNCEZ B TIR B2,

JEER R D i BB Step 77)
BRIFIZRZ, Fig.C-13, Fig,C-14 DStep 7’DA X —T7 = A AD 1 D THE SN D,

Step2 Stepd Stepd Steph Steph Step? | Stepd

Shape of the source

(%) Paint Source
() Volume Source

Point source position

£ '_ 0]
o) 0l
o o1

Fig.C-13 ‘Step 7D A > % —7 = A (1)
(BRIETEAR 5 AR
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Stepl Step? | Stepd Stepd | Steph | StepS | Step? | Stepd

Shape of the source

) Paint Source

(=) Wolume Source

Shape of Volume: RGO v
Parameter for valumelzm?
Wil 0 R: 5
Vs [ i
e [ -10]

Hix ' 0
Hy: i
He: 0]
Region for radiation emission (Volume source)

Region: Rg‘ag‘iuné w Flgc-14 ‘Step 7’0)/]) ‘/& ‘_‘7 I/]) X(z)
GBRIETEAR 5 AT

Fig.C-13 1 XA T 54 o 4 —7 = A ZA%ZR"T, ‘Step 2 DR(AERD/NT A —H (T
B LI EERICHES T, BMEALEIRE SN2 TR DR,

F72, Fig.C-14 DA ¥ —7 = A4 A& L C, (KRB Z FF ORI EFR S5, “Shape
of Volume ((KFHIEIR) »Tix, ‘RPP’ (HJ7{K) , ‘SPH’ (Bk) KO“RCC (H#HE) Ok
DBIRTE D,

“Parameters for volume ({KFED/ /T A —%) > 1%, BRI N OFEICEIY, B
FHICEF END, 28T A—F BNZEMT, TableC-2 BB L THREEIND, ‘Step 2KV
‘Step 7’ TIXRI UBAER & L TR bW, ¥, ZOEERIL, BEHETHLEH
35,

X Step 47128 5 1 DIZHIRE N H5H, = —F—I1THEE 52 HE L < Tdik
B, LT, BEHRITEmEHE T 120V Ey lEnhs Z g b,

Table C-2. K&K D/IT A —H

RPP, SPH RCC

RPP C
INT A—HF 1] Xmin Vi Vi
INTA—H 2 X max Vy Vy
INT A—H 3 Y min Vz Vz
INTG A—H 4 Y max R H,
INT A=K 5 Z nin H,
INT A—H 6 Zinax H,
INT A—H ] R

3-4) 7T LD5ET (‘Step 87)
Fig.C-15 1%, EEINTMIRETNDT 7 A NEAFET D712 T 5,
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Stepl Step2 Stepa Stepd Stepd Stepfi Step? Stepd

Making input files

Mame of the file: Pointzample

The path for saving the maked file: |C¥Program Files¥ ACDOSEEIputMC¥Programm for defining source model¥|

File name: |C=paint.inp
Makeis) ‘

CORFUZEWTEILICKY, T7MIL%E

RET DI+ EBETED,

Fig.C-15 ‘Step 8 DA v X —7 x A A (BHRET /LD T 7 A IVOIERL)

TP HEENLERIGS, HE O Z TER L HEEDOAT v FICBEITE 5,
A DZERH T H“Name of the file (7 7 A /LVDLE "%, RESNAIBIRET LD H A
NVEEFRT DI IND, 2, MIEETADT7 7 A VA LR LR,
“The path for saving the made file ({ER ST T 7 A IV DIRIED/NR) 21X, 7 7 A IV ERAF
THTANTLOFEIMENT D, 7ANAVFIL, 2FEHOEMEIZH HHRHZ o TIERTX
5, TIZTH, ‘inp’ 7 A /VEBRHRERIND,

BIRETNDT 74 NVAIX, Btk DZEM“File name” CEE TX 5,
ETOHERPREINTGE, 2=V 1T TOFEREAT 7 7 A MVERITHERBRT 5 72
», “Make” % 9,

ZOh, KT 7T LAOEENR, HEiE FOLEMO “Quite”R¥ L EMLTRETT5H, AR
TP TT 7 A NMEERTET LTWRWER, ‘Step 7"E TOEFHRITAIRIN S,

NEEF N T 0 7T L DEE~v=2T )V

C-41 FulZ'SrDA2 =R UER

MNMEEFNAAER 71 7T 2%, LTFTOFIETPCIZA VA h—LEN5, £ A M—/LHEiIZ,

Y7 "% =7 NET Framework 23[F U/v— U = TEBRREICEFB SN T LERD 5,
i) BIRMERY 7' 0 7T 2 EGie AT 4 7% PC DO K7 A 7IZHAT 5,
ii) Windows O“~v A 2> Ea—4%> (L LTI AT 0 —T”) TAT 4T DO RITA T %M

<o, ZD%, “Setup.msi”z X 7 NI Vv 7T 5,

i) F5/RICHEVY, GUI [ f 2 #ET 5,

ZIZT, AZu S AR ETAER T ST AR ORAN T s ANMER T 0 ST LS

TFNBIARIET B &0, #HIEEh 5,
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UTFOEIC, KRIATTEADAAL L THNAVFIZIE, TAVIRRT 7 A NAMDBEEND,
[77,]-/1/&] ‘bin’: D7 /LA 1L, ‘HumanModel.exe’ 5- 2 HAL72/NT A —HIZHSX, A
RET VDT 7 A NEAEKT HE Y = —/L*Main_MvPhantom.exe’ % & 6,

[7 4 /H] dat’: 2 >DT 7 L— |k ‘MVPAHTOM.tpl” &% ONPHANTOM.TPL 23K~ 4 /b

Hild D, BIEIINTA—ZDT T b— N, BEFIAEET VORI L— DT 7 AL

Th 5, ‘PHANTOM.def” 728, BAEDOHHME L L TRt AEN D,

[ZANZ] np: 2D 7+ VHIE, ERSNTEABET VORFIEH SN D,

[ZA4/H] b’ ZDOT7HNVKE, a7 ATOREBZET NVOY A X &5tk 5

‘Stdphantom.Lib> 7 7 A V& & te, £72, 5 2OH% 7 7 /L F¥ (‘evmesh’, ‘evskin’,

‘evwholebody’, ‘female’x ONmale’) 232 D7 VX IZITE £ 5,

P[P T 7 4 HF] ‘evmesh’: JRHEN DR RS0 % G 2 72 DI AEE T /L OVERITAE
HT27A47 7077 ANVBFET D,

> [V 77 L H] ‘evskin’: BERHFRN ORI 2GS 5 72 DI ANEE T /L OAERIC
HHTHTA 7TV 77 A NAPEET D,

> [V 77 4 /L] ‘evwholebody’: 45 DL E 2 3 2 72 DIZ AEET L OIERLIC
WHT2T7A4 77V 77 A VHBFET D,

[T T F] ‘male’: BERET 7 NLADTAT TV T r AN EET,

> [V T T H] female’: BEHEENMET 7 N ADTAT TV T A NVEET,

UTD2o507 077 M, AL T3V HTEITIND,
MV.bat: [ 7 4 /L Z] ‘bin’ DE ¥ = —/L*Main_MvPhantom.exe’ & EITT 5N\ F 7 7 A /L,
HumanModel.exe: AMEETILDONRT A =R ERETHEY 2—/b,
B, 482 —=7xA 2A&EHNTAEET VOLRREEFR)

KT 7T ME, EIC2O00FTa— bbb, £D 125 ‘Human Model.exe’ TH Y, b
9 1 -2l%‘Main_MvPhantom.exe’ T D, NMRET WATMEEIR R T A — & R OGHlR 5 &3 5 &%
‘Human Model.exe’ DA > % —7 = A A Z W THEIND, 0%, BEIICEEI SND
‘Main_MvPhantom.exe’ DE Y = —/WIZDWT, AJJ7 7 A VDBERSIND, AMEET VIE, AT
TrANT ==y FERABIND, TDO®E, NMEETVIIADN T 7 A VBN TRIFSN D,
‘HumanModel.exe’ D#IEIL, 1 v ¥ —T7 = A A H T2 —PF—2 LV ETEN D,

C-42 AEETNER v FrD70—F % —h

Zo7Tu s T ATANEET VOMERESE T T 57290121, FigC-16 DL HIZ6 DDAT v
EROVENDDH, KTa 7T 8L, 774 NVDF AWU RAFDAT v T HERNT, K&EL
2 ODER N HRERE D, “Step 2775 Step 4’ F TD 3 DD AT v FIINKOHEE IR T 5,
K777 LT, Gz bl & O dat, ‘ib’ 7 + VXD 7 7 AV ﬁo%’ﬁ§®ﬁ,
SHEROEBO NMEET V& BEIIZIER T D, —J7, ‘Step S IFHEFHRIZ % a5 &
T O EICERT D,
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| Step 1: T7PAILDIEEGEAAS, El-FHRER |

| Step 22 AEDHHIEE (HERILED)

| Step 3: AMADEE: |

 ADOEH [ step 4: Atk |

Step 6: RRETILDEB(IT7AILDRTF)

Fig.C-16 71 77 NI XD NMEETNAAERRD 7 v —F ¥ — b

C-43 RADARAC_INPUT 2B} 5 AMEETNAER T 0 7T L O#E
26 AT v IO, FigC-1712H 54 TRY & EFIC, 3 5DORZ & THICF O,
Z— W — (X LD Step 1’5 Step 6 DILE DX T H T Z LIZXY, (TEDAT v
T~ H) T & H(Fig.C-17(a)). EfH FHBD “Next” 2N “Return”lL, FAVEIVER], EHEZD
ATy T ~BENT D ERICE AT D (Fig.C-17(b)),
“Quit’ N & NE, K7 a 7T AOEER, 2T » 7 TEET 5 (Fig.C-17(b)). 7272 L, “Step
6CNTET LTVRWES, “Quit’z ¥ L BEIN2FRIIREFEILR,

Stepl Step? Stepd Stepd Steph Steph

(@) BIET AT v 72 BRT 547

(b) AT v 7 OBEIG LITET
Fig.C-17 BAT v 7T DA v Z—T =2 A A I OTEICH DX TR OKRH

1) 70 2Z LD-HE) (‘Step 17)
Fig.C-18 Il DA v F—T7 = A A1X, WIRETMERT 0 7T LAOEBIRICRRIND,
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Stepl Step2 Stepd Stepd Steph Stept

Make a new file or Revise an existing file?

() Make a new file

(%) Revise an existing file

Path and file name: |G:¥Program Files¥AGCDOS E¥putMC¥Proaramm for defining human m@

/

COREVERTEZEIZEY, TPMILDOF
BEINTWAI74HNTERETES,

Fig.C-18 Step DA v ¥ —T = A A (F0J T AEBIFOFRE )

‘Step 1’ TlZ, “Make a new file CHTHI/ERK) ~ or “Revise an existing file (BE77 7 A /L DIEIE) »
DIERSIND,

“Revise an existing file” N BIR SN2 56, 2—F—IMEEDO 7+ VX ITH DT 74 NV E iR
T 7212, “Path and file name” D ZEM DRI & DR X o P S 72T X7 5720,

2) NADHEZE (‘Step2’ 775 “Step 4°)
2-1) PERI K OMERE D EF (‘Step 2°)
Fig.C-19 1%, AMEETNVOMRE N HELZERT DA L F—T7 A4 A Th D,

Stepl Step? Stepd Stepd Steph Steph

Physique of the human m

Male or Female?

@) Male ) Femal
Heightizm)

BREEILSED
ATAMF

20999 %,
A - =6
V. m

KEEZTILaED Fig.C-19 “Step2’®DA X —T = A A
AZAF (NEET VORI, (8555)

AN, ——[F“Male or female (AP L <idzeth) »THERZEIR LR TUIR B 7R
W, BHEETLOERTIE, AMEORBITERLS D, KEETLVOHE, BITR D,
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D%, TO2 50O THeight (F ) K O“Weight ((KHE) "NEZRIND, 2 OO
DOREICH 2 AR, FEEKMMEEOERIHEHT S, 72, 22—V —»2NEEH SO R
TA FMEZENdZeicky, FREAFENICEEIND, —F, BOTIZHHAT
A NIFREOERIEHIND,

ZDEFR SN EICHEWY, A0 32 Hio()E Q)R EAWT, EEE T LD/RT A
— A NOHREA— FO/RNT A= CHHMICEAE S ND,

2-2) KEADEF(‘Step 3°)
T, 22— —]T Fig.C-20 O*Step 3’ DA v X —T = A A TEEBEFHE L7 IR B0,

Stepl Step? Steps Stepd Steph Steph

Po a of the human model
AEXLEETS

25 ’rp ilar aneles of Right Armidesreel Polar aneles of Left firmidesree)
7 Jpp\ehpqt\ Upper part
Zenith Anele @ i Zenith Angle 7 450 % |
\ { g J: P Azimuth Anele 5} [24 Bzimuth Anele ] 2000 = |
I;": H“Jl';‘: Lower Part Lower Part
/ .'||. | Zenith Angle i Zenith dnele W) 1360 = |
Iy i |
i 18! fizi sl i 2650 = |
3+ zimuth Anegle . - Azimuth Anele 1 0
(f"l‘\i |[|. = t|L. 7')‘/7“;-%)0 . —
LA A B
f &Y { A Polar aneles of R \ 2T Folar aneles of Left Leeidegree)
Fd ] % : ;Jﬁ’}
| Upper part Upper part
j I; |( Zenith fnele T 1660 & Zenith Angle RE- | 1650 = |
ACEENT-UEE  Asimuth Angle J | 2100g] Azimuth Angle ) 3005
NEERIZH S, Lawer Part Lowsr Part .
(_ O)iaz—‘b' Eﬂﬁ") Fenith Anele § 1680 & Zenith Anegle J 1680 &
[ (=1 ) e Tt
Azimuth Anele — 2100 % Azimuth fnele -] | =00

Fig.C-20 “Step3’ DA v X —T7 x4 A (NMEET L DLKEL)

O, WEEROME (RIEM, HAif) TERINRL TUIR LR, £
ey, BEET (AR OW) TEHEAOTHICEIENATWS, £2TC, 2—F— TR %LE
£THOIL, 16 DAEEZEFR LR TUX LR,

a—F—, WD 1 S>ONEEZENE D & LIZEE, TOMETMETHEND, Mok
WD _ABITAEOEFICHERSNS, 72, MOMICH D AT A R a—F—5#h)
TZEITEY, AERATA MEICEY BEIIZEE IS,

2-3) ANEET /L OALE D EF(‘Step 4°)

MNEET IV EBIRE T VL, Bip D AR THSL L CERIND, SR EH R, R
TNOEER NS5, £2C, 2—H%—ILFig.C211ZH D Step DA ' F—7 = A AT,
MNMEET VOB ZRE L7 TUXR B,
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Stepl Step2 Step3 Stepd | Steph Stepf

Position of the human model

Origin of human model positiontzm!

% 0j
) Wi . 0|
() 22 80|
1 L - al
A . :
/ I|I B Direction of human model n polar angles
! y 4 5
{ |- _4\X Zenith Angle | 803
;J ( Wikl 2 Bzimuth fnegle - | 2005
o L ,‘ LR A T
l.l [ Il’
1! ]
{ W ]
! i’
LS

Fig.C21 ‘Stepd’ DA X —T7 A A (NMEETLOALE)

ANEET VORI, RERO TR TH D, £ 2T, 2—F—{T “Origin of human model
position” (NEET/VOJFUR) ORICHRIRE T L OEERE R TO MMEET VDR RALE % E
BTLOVLEDPD D,
HIRE T L~D NMEET LD F AL, “Direction of human model in polar angles (FREEFE T
DNKET VO FA) " CTHEECH 2 b5, Appendix E (22 DDOE & AMKET LD
& ORRE =T,

ANT 7 ANMER T 0 75 LTS, AROBIENETIND, BEHBRRETEDOANZ 74

M, ANM77AMER T w7 7 ATE2 N E#RESRT 5,

3) ARG & 92 P BB DR (‘Step 5”)
A & 9 BRI, Fig.C-22 O *Step 5’128 DA ¥ — 7 = A AD“Quantities to be estimated
GHESh 2 &) "CTEIREN D, ZOBIRICKY, A% —T7 =4 ATEBTENT D,

Stepl StepZ Step3 Stepd Steph g

Quantities to be esti

Quantities to be estimated

(%) Doze over a whole body{MHeutron

() Doge over a whole body ¢ Phatan)

() Doge distribution in skin tizsues(Neutron)

) Doze distribution in skin tissues(Photon?
) Doze distribution in tarsofMeutron) Fig.C-22  “Step SDAF—=TxA A1)

() Doge distribution in torsotPhoton) (ME & DEIN)
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- Fig.C-23 1%, &5 M E, MEFOFHAMEL EORRERL TS, ZOMTIE, HHET
%%@Aﬁ774wﬂﬁ%éhéon~%wi,W%T@ﬁgﬁ@ML,m%M@M%@%
SMEE 5 2 TR B R,

Stepl Step? Stepd Stepd | Steps | Stepf

Quantities to be estimated

Cyantities to be estimated Quantities to be estimated Dosimeter position
(%) Doze over a whale body ¢ Neutron) (&) Doze (Tnhduced activity) D | -0
( Dose over a whole body{Photan} ) Fluence in each reeion Dz: 25

() Doze distribution in skin tissues (Neutron?
Activated detector position (Meutron)

() Doze distribution in skin tissues Photon} | i
BZ: | 22_‘

() Dose distribution in torso{Neutron?

() Dose distribution in torso{Phaton)

Fig.C-23 “Step 5’DA ¥ —7 = A A(2) GHEixIGOWELE ; 28 OVt E)

* Fig.C-24 1%, EHOEEIZBIT D& %ﬁ%ﬁ%#éﬂﬁ774»%@ﬁ#ét@@4y&
—7xA ATHD, “whole body (£L) 73, Fig.C-22 D“Quatities to be estimated” TR =
ncTuns

Stepl StepZ Stepd Stepd Steph Stept

Quantities to be estimated

Quantities to be estimated Cuantities to be estimated
) Dose over a whole body{Neutron} (3) Whole Body
) Dose over a whale body {Phaton ) Half

() Dose distribution in skin tissues(Meutron! () Quarter
() Dose distribution in skin tizsues(Photon?

() Dose distribution in torso{Meutron)

) Dose distribution in torso{Phaton?

Fig.C-24 “Step 5D A X —7 = A A(3) GHlxROWEE ; 25 K8 OBRENA)

% L, “Quatities to be estimated” C*“half” &z N“quarter” MBI S N7 55, 1 —7 = A AL
HEIRYIC Fig.C25 DX Y IZEF SN 5,

Stepl StepZ Steps Stepd Stepd | Stepf

Quantities to be estimated

Quantities to be estimated Quantities to be estimated Height-Center (on z-axiz) of area for
() Dose over a whaole body{Meutron} () Whole Body sl
() Dose over a whale body{Phaton ) Half L g 30|

(2 Dose distribution in skin tissues{Neutron) (3 Quarter

() Doge distribution in skin tizsues (Photon) Divided region (Min}

() Doze distribution in torsoNeutron) @0 Q4 Ow O
() Dose distribution in torso{Photon? O 180 O 225° O 2707 O 215°

Fig.C-25 ‘Step DA X —7 = A A(4) GHlixIZOWEEE ; JAtk—H O & E#kE)

15 S HUL A3, “Height-center (on z-axis) of area for detail analysis (GEHBEHT D fEI O & S HHL)
DZERNZ G- 2 B 7e < T e B, B OXGEiFHIL, “Divided region (47 E|fEkuk) »
THREIND, 2—F—THEEY OFMAOE/NMED 5 272 TR BV,
Appendix-E 1%, FHLA kﬂlﬂﬁia)ﬂjiﬁ{i[%@ﬁg% T (NE428), 0B, 90 B, 180

ERO270 B, ThEThANEDLE, %, AROREIHRTH S,
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+ Fig.C-26 1%, IAENICBITOMESH ZETIAN T 7 AN EERT LH72DDA 2 —
T A ATHD,

Stepl StepZ? Stepd Stepd Steph | Stepd

Quantities to be estimated

Quantities to be estimated Quantities to be estimated
) Doze over a whole body{ Meutran? () Volume of torso tissue
() Doze over a whole body{Phator ) (2 Walume of legs in mesh talliss

) Dose distribution in skin tissuss (Neutron)
) Doze distribution in skin tizsues (Photon)
(%) Dose distribution in torso{Neutron?

() Doze distribution in torso (Photon

Fig.C-26 ‘Step S’ DA 4 —7 = A A(5) GHilixI S OWEE: ; JAK DR &I Ai)

RFEEHE D AT 7 7 A V)3, “Quantities to be estimated” CiEIR I 5, T DFETII,
‘Volume of torso tissue (JRAASKERRDATE) °> and ‘Volume of legs in mesh tallies (X > 3/ = ¥
V—FOBOERE) 2oL i, BRENDAMLERD D, HAIZ, = —F—iX“Volume
of legs in mesh tallies” ZBIRTHLE R H Y, KV T Step 6 DEIEEZ FEITT D,

ZF D%, 2—F—XStep 5’IZE Y, “Volume of torso tissue” %2R T 5, Z LT, HF U Step
6 DEAENFEITIND,

3-4) 77T LD5ET(‘Step 6°)
Fig.C-27 1%, EXENT-MMFEETT VDT 7 A NERAFT DD AT 5,

Stepl Step? | Stepd | Stepd | Steph Steph

Making input files

Name of the file: | Maleworker

Path for saving the making file:  [G¥Proeram Files¥ACDOSE¥hputMC¥Froeramm for defining human nffdeiing| [ |
File name: MH..inp. ]
Ilake (5
/

CORAVERTECEIZKY, I7MILVERE
TE3IHIVEFHEIBETES,

Fig.C-27 “Step6’DA > X —T = A A (AMEKET LD 7 7 A IVOLRLF)

=P —(ITEE O X T E LT, Step 5 Step SSOIEED AT v FITBETE 2,
“Return”7h# > Zff LT, ‘Step S’IZRDH Z & HTX 5, K, T DHEEIX, ‘Step 5 Tdose
distribution in torso” % &R L - [E IR KR TH B,

B DZERTdH A “Name of the file (7 7 A /L DO4FHT) 1%, RSN ANEET LD XA
M AEERT DODIMEHNEND, ZhiE, AMBSETADT 7 A4 VA LIZRBRR,
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“The path for saving the making file ({EFX~7 7 A LV DRAF/NR) > 1L, 77 A NVERTFT D
T ANEBOREMETT D, 7HVH201E, 2FBHOEMMEICH LR Z o TEIRTE 5,
TIZT, inp’ 7 A NVFRHERIND,

ANEET VDT 7 A VX, mEDFile name”DZEH THEZ b5,
ETOEWRPREINTLEE, =2— =132 TOEREATN T 7 A4 VERICEIRE T 57
O, “Make”Z 9, BIRL7=E B0, LA EDO#EHIEIZStep 5 T+dose distribution in torso”
DEBRENTWDIES, 2E, EATShRTNERLRV, 2—F—i3, &FIDStep 6
DEERIZ, ‘Step IR LR TR B, ‘Step 5T, “Quantities to be estimated” D
R % “volume of torso”\ICEE L, D, 2—P—iZOEREEET S5 Z L 72 < Step
6 DEIEZ LR TR B AR,

BTOYE, 7077 MNIMEFE LK OEEFEDOA T 7 7 A V&2 BEIBIC/ER T 5, Al
FDT7 7 A NEIE Step 6 DEFZEDOMTHZONTZHLDERILC L7225, KFEFIHE DO 7 7 A L
21x, BALNTEARND Yol B LicbD b, ZNHDT 7 AN, BRDT )V
F Pl 2 BB S TIRWIT 2RWY,

AvvaZ) —HEOBMOKBEZHET LI 7 7 A VETIX, 2oL
‘volTissue**’ & OvolBone* 3t E& b, Z 2T, “*OBEFICIE, 1155 TOHEE
BE2 N5, Tihbb, 10077 A VNEBICERESNS,

C-5 A7 7ANMERT 0 7 LD8E~=2T L
C-51 a7 ArDA A=K UMHER
Aﬁ774WWﬁ7H7§Aj:uT®$%TPC’4be—wéﬂ6Afyxﬁ~wﬁm,
Y7 b =7 NET Framework 23[F] U/N— K7 = 7 Bg EHENTEIMLEND S,
0ﬁﬁ¢&7u&7A%a@xT47%PC@h747_ﬁkﬁéo
ii) Windows O“~ A 2> ta—x" (L LII“=y 270 —F”") TAT 4T DRI A 7%
<, ZD%, “Setup.msi”z X7 NI U v 7T 5,
iii) fE/RICHEVY, GUI [Eih Z2 B ET 5,
T, A0S T MIBREETAER T2 ST AROAN T 7 A MERT 0 7T b %E
LT AN TRTETH LN, #HEIND,

PLFDOEIC, RIaTTEDAA L THNTIZIE, THNMNIRRT 7 A NAVBEEND,

. [77,1-/1/&] ‘bin’: T D7 VA1, ‘MakinglnputFile.exe’ CH- X HILTZ/ N T A —Z|[THD X,
A7 7 A WEAERKT 5 E Y 2 — /L MakelnputFile.exe’ & & 1 ¢,
[7 # /%] “dat’: 2ODF > 7 L— FMIF_INP.tpl’ X O“MIF_ OUT.TPL " AK 7 + L Z 128 5,
AT T A =2 DT 7 L— 1, #%&I1Z MCNPX & LI MCNP =— KD A7 7 A )L
DT> T L— R Thd, ‘MIFdef DS, BAEOWMIE L L CHAAEND,
[74/WH] ‘inp’ . ZDOT7ANEE, BIEDTDDOT7 7 A0 (AT 7 A NVEVERT 2B
EOMNEET V) ORFIERESND, £z, KEHEO 7 7 AV 07 3 VX iXET,
[7 4 VH] ‘out’ : T DT F VKL, K71 T T AOERIETIER SN 5 B SRR R IS
FEHTLDANT 7 ANERGET D, ZNUHDOT7 7 A0, MEKOEEHEOZOOD
MCNPX & L<IZMCNP 2— RKDOA N7 7 A LTHEHIND Z &2 D,



JAEA-Data/Code 2009-008

UTD2o07 077 ME, Ay 74 VETERITEND,
MIF.bat: [ 7 4 /L 4] ‘bin’ D ¥ = —/L*MakelnputFile.exe’ = T 7T 5/ v F 7 7 A /L,
MakingInputFile.exe: AJJ7 7 A VD/NT A =R ZRET HEY 22—/,

RK7a7Z ME, FIZ2O0FY a—inbliebd, £0 125 ‘MakelnputFile.exe’ TH Y, & 9
1 D% ‘MakinglnputFile.exe’ ToH 5, A1 7 7 A )WAZMLEL72 /8T A — 2%, ‘MakinglnputFile.exe’
DA H =T oA AFHEHNTHREIND, ED%, AT 7 AVPEEICEESHIND
‘Main_MvPhantom.exe’ DE ¥ = — /L THAM IS, ‘MakinglnputFile.exe’ DAL, & —7
A AT —HF =2 XV FETIND,

C-52 WREETMERTR /T ADT7a—F ¥ — b
AT T T L TANT 7 A VOERK GRFEOCAEET LVOFEES) £ T, Fig.C-28 DX 9
[ZADDAT v TINBETH D, RERIEDOANT 7 AV BIER S LD,

Step 1: RBRRVAKETILDI7AILDFHAH
Step 2: .‘ﬁﬁiﬁf?)bd)t}b;’i&lﬁ
171&%51'%:0)&&')5)@%%5%0)%@%0)?E‘i
| swm&k%%#twﬁﬁwiﬁ |
| Step 4 ANTFALDEROTALDER |

Fig.C-28 A7 v/ 7 LIXDANT 7 A NMEKDO 7 0 —F v — b

C-5.3 RADARAC_INPUT IZBF B AN T 7 A MERRD 1= D#{E
24 RAT v T OWEHEL, Fig.C29 22 5 7RI e FEIC, 3 DDRF & TR,
=P =T EHDStep 17 25 Step 4 DIEFDO X 7T &M Z LIZLD, FEOAT v T~
B#) T X % (Fig.C-29(a)), HEiME FERD “Next” X U“Return”iX, ZIVEAVER], BEHEDAT >
T ~BET 5 BRI T 2 (Fig.C-29(b)),
“Quit’ R N, K71 7T AOEET, 227 v 7 CEIMET 5 (Fig.C-29(b)), 7272 L, “Step
PRET LTOVRWEE, “Quit’z ¥ L ERINTEFBRIIRES LRV,

| Stepl Step? Stepd Stepd

(@) BIET AT v 7 BIRT 547

(b) A7 v T7OBEL LT T

Fig.C-29 ®AT v T DAL X —T x4 ALEEOTEIZH DX T I ORZ
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1) B RRERE SR 3 2 B L OARE 7L O3 4R (“Step 17)
Fig.C-30 1%, AN T 7 A /MERT v 7T LORBIRFICRRENDA U F—T =4 ZAThH D,

Stepl Step2 Stepd Stepd

The source and human model files for Input Files

File name of the source model —

The path and file name  |G¥Program Files¥AGDOSEXhputMC¥Programm for defining human mod; :]

File name of the human model
The path and file name C*Program F\Ié‘s‘¥‘P‘.CDbéfﬁﬁputi\.ﬂcgpmgramm for t‘jé‘f‘\mng SOLFCE mo@

NhoDREVERTEZEIZEKY, I74LD
REINTLVD 74T EHEETED,

Fig.C-30 “Step I'DA v X —T = A A (Fal T LORENFOFRREH)

‘Step 1’ C, —H—%, BRET VR RNKET VDT 7 A L4 %, “File name of the source
model (BRIRET /LD 7 7 A )L4) Kk O¥File name of the human model (AKET /LD T 7

A N4 PITHRE LR L TUTR BV,

ANEEFVOBREHE, BEAEOT7 7 ANBHO T VAR ESNTVWEEE, 20

Tu 7T LOBIEIIRIT B,

“File name of the source model” THE I NTZAHRET LD T 7 A VX, [7 4 /VF]inp’ D

‘generator.inp’ |IZEH X 15, —J7, ‘phantom.inp’ 2 UNphantomvol.inp® 23] 7 4 /L & |‘inp’~,

“File name of the human model” C{FE SN/ 7 7 A L L W EHE XN D, 22— —{[X‘Step 4’

TTR 77 LDOEERTRIC, TOBMBEROCAEETNVEHBT DI LHTREERD,

2) MEFHREORREHRDOANN T 7 A MERDTZ 0D DT A — 2 7EFR(‘Step 27)
Fig.C-31 {%, ‘Step2’®DA > ¥ —7 = A A&/,

Stepl Step2 | Stepd Stepd

Additional information for making Input Files

The source model
Mumber of cellz: 1'0_'5
Volume calculation of human model
Surface area of the source
Width (m): 0]
Height m): | 100]

Fig.C-31 “Step2’DA v Z—T = A A (AN 7 7 A MERKD 7= DIEH)
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BONZ, Z—P — X ZEM “Number pf cells (B/L%R) “IZHIRET VOB NLVEE AT L7e<
TIER B 70,

“Volume calculation of human model (AKET /VOMRFEFE) »D 2 DO ZEMIL, AFEFE
DR DOT A ZOREIHHEIND, T2 T, 22— —{X‘ray-tracing’t i CE2H%2E )
Z L DORRRLRRFROBIFICOVT, BRUESZEZ AR TRIRLARY, L,
AR D—IRIZ 1T 2 HERELZ M 57201 half* b L < X quarter’ 73 2 VH3ER
SINTGE, DR EBEEZETTLH720, BT ENLEEND (HEF2R),

3) AMEETVOMEDES (‘Step 37)
‘Step 3’ DEAEIL, AMEETNAER T 7 7T LDStep 4 DEMEL RIFETH D, 2% Y, Fig.C-32
DA VE—T A R, Fig.C21l DAV F—T A RELFE—L 725,

Stepl Step? Stepd Stepd

Position of the human model

Crigin of human model pozition
The origin of the ordinate &, v, 2} corresponds to
the origin of zource model.

Vil ]
' 10
z: 5]

Direction of human model in polar aneles

? . Zenith Angle: ] S

b |

T Brimuth Angler ) 350 A

Fig.C-32 “Step 3 DA v ¥ —T x4 A (MNMEET L ONEOER

NEET VOFAIL, IEREROHR R TH 5D, £ 2T, —H%—|% “Origin of human model

position” DHHIZKRIRE T VDO EEER TO MEET VDR RAEE ERT DLEN D D,
FIRE T L~D NMEET LD FF AL, “Direction of human model in polar angles” CHREEFE T
bz 515, Appendix-E {2 2 DDA L NEET NV DR & OREAKRERT,

SRR ED AN 7 7 AN TIE, BMBRETNVDOEEZRZHERTSE (AMEEFAER S v
T LD Step 4 TIX72V,), ZDORT v P TERIENRZR INRWVIER, AMEKRUMIEREET MIXER
DES, ZDiz¥H, MCNPX, MCNP 22— RDOEITIZBT, HEHBEXIIRBIZK D259,

4) a7 LAD5E T (‘Step 4°)
Fig.C-33 1%, 1TERRSNTIAN 7 7 A NVEBRIFT DA L H—T =2 A TH 5,
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Stepl Step2 Step3 Stepd

Making input files
Mame of the file: HypothES|zed
The path for saving the maked file: O¥Pr0gram F|Ies¥P|ODOSE¥In|3utMO¥Pngramm for maklng |n|3ut flle for

File name: DozeTRM
Make (3

COREZVERTEIEIZKY, I7MIVERE
T BITAINSTERETES,

Fig.C-33 “Step 4’ DA v H—T 2 A A (T VT LA TERINTZATIT 7 A VOLRLF)

c — P MEENLERGA, B o X 7 A LT, ‘Step 1’5 Step 3 DILE D A
Ty TIIBEITE D,

* A DZEMR T & % “Name of the file”( %, REFESNDANT 7 A NDZA PV EERT DT

W SND, ZhiE, ANT7ANDT 7 A NVEERIRBIRY,

- “The path for saving the making file” C, 77 A VERGFTH I ANT EZHET D, 74
VAL, 2FEBAOEMBUCH LRSS TEINTE 5, ZIT, ‘out’ 7+ VEBHERSh
%,

T ANT7 7 ANVDLENE, BHEDFile name” DZEHTE 2 b 5,

- ETOHERPRE S NTGE, 2—F—I3E&TOEREAT 7 7 A VERICHEREET 572
®, “Make”% #19°,

- ZTOBEITBNT, Ful 7 3REHE, KEHEDOANT 7 A V& BBIRI/ER
T2, BIEDTZ 7 ANEIX, Step ¥DOEZEDOEMTEZ bNARIERD, BEHEDY
7 ANEIXE X DN ARNZ VOB S5, Ay v as ) —fEKOHOEFELZFHE S
120D T 7 ANDEH, NMEETNERT v 7T LTIEREND (774 4
‘volTissue*** KT} ‘volBone**),

- EdRD X 51z, [7 A VH] “inp”iZ ¥ B ‘generator.inp’ & N phantom.inp’ ZHERTH T &
BHREIND, ZTNDHDT 7 AND, BIETANTZ 7 A VEERT HBRICHEE I,

5) HEHRREEEF O AT 7 7 A L O Ul

MCNPX £721% MCNP =t— RO AN 7 7 A W%, B EOBETIER SN G, L, 774
WNER, 2o5o0a—FRFOHBREIYbEWAEELHDL, Z0 Lo R2gG4E, =—F—1X
RADARAC_INPUT DIED 7 7 A /WZDNT, MG EMERE L2 Hid Lae < TR B 7RV,
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Appendix D RADARAC _DOSE O#fE~==7 /L (BARFER)

RADARAC DOSE (%, MCNPX # L < MCNP =2— RO NICESE, BEOMITRE RO
R, WHRARFRE T LD 5, Af4H8kIZ, RADARAC_DOSE O~ ==7 /L%
A

D-1 RADARAC_DOSE O#fE
RADARAC DOSE 1%, UTDOEHICEELE LT 2Oo0Em0 bS5,
i) Microsoft-Excel D 2—'—7 4 — A|Z&H 5 EEHR(GUI)
ii) Microsoft-Excel IZ L ¥ & RA R RTHT T L— 7741

RADARAC DOSE O FEZEH O GUI OFEITIZIE, $FE, 77 7R EE2RRTHDIT, Visual
Basic for Applications (VBA)ZF|H3 %, 97245, RADARAC_DOSE (%, Microsoft-Excel T VBA
DENRNHO/A—Y F LV ay Ea—2 TIETX 5,

Fig.D-1 I%, RADARAC DOSE % F\ T, MCNPX % L < I MCNP 22— RO 7 7 A b,
MEBEORKEREFRRT Do AO 70 —F = — bER LT D, 22— —F, £l (5
PHAERSY) D2 SOBMEEZFEIT L2 TE by, 0250 1 o0F, HEZRE®R (B,
MCNPX & L <IZMCNP D1 /)) O TH D, & 5 1 >OEEIL, Microsoft-Excel 7 7 A /L
TOMRRRRERR B, 77 7FR) ICBEBRT D,

T Z T, MCNPX b L < {Z MCNP D1 77°1%, RADARAC_DOSE D#ETIZAI b Z
LEEBTHIMLENRDHD (KX, Figl Z3H),

T, . : / \
P | RELEROAS | GUL
(5], MCNP X +,L<[& MCNP — ANTEREED
D H) l
T—ANBED1—)L
A—H—(TLHRE (VBA)
: IR
H DB 5 ¥
-Excel 774 L — Hjtj] AL
(-MicroAVS 774 L) #WERRURAESNI
TUTL—MZEDQ)
eeeesrees s eee et ne e reeaseess® AN J

Fig.D-1 RADARAC_DOSE TOEAEKR T —H D 7 v —F v — |

GUI CiF, BUH#HREGH TR oM BEEORIE)R, K707 T ADOAT) (=MCNPX & L
<IEMCNP 22— RO ) 12H DT — X UEEY 2 — /L(VBA)DO LI S5, HJ1 (BExcel 7
A L, WEREREOHAESNET L — T 7 A TS EEREN D,

=P, TFUEEY 22— THD VBA DEREZEETE S, L, HEHERIT
VBA 234 Y U FNVDGEIZDNTDH, BHERIZHLHBIEIC IV ELIR RTINS,
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D-2 RADARAC_DOSE DZFEFTITOWT DHEIREREE
RADARAC DOSE %, LA F® X 5 IZ Microsoft-Excel & #45# L7=/3\— Y F /L a o —# Tl
fET& %, RADARAC _DOSE [, Excel DHW—Y g 0 TIELL BELARWATREM S 5 5,
Microsoft Excel 2000
Microsoft Excel XP
Microsoft Excel 2003
E72, ‘MicroAVS’Y 7 bV =7 W, 2EOREREDOFHE=ZRTLT T 74 v I RR-THE
CEL 2B,

D-3 RADARAC DOSE DA VA b —/L R UHER
i) RADARAC DOSE Z# &2 AT 4 7% PC D K74 TITHAT 5,
ii) Windows O“~ A 2 B a—x" (L LI 270 —F") TAT 4T DRI A7 %
<, ZD%, “Setupexe”& X T NT7 V) v 735,
iii) fE/RICHEVY, GUI [EH 2 B ET 5,

GUI 7 A VA BEREND, [7A/VFGULIZIE, LFOX 21207 7 A VKT DD
T A NENEEND,
- Dose assessxls K717 A@Hﬂﬁ@){ ArIrarsnkinsd, 2—%—%, FigD-1 %
FATT2720121%, 207 eI LEEE LR UL bR,
[7 4 /L] ‘DATA’ L/LF@W@%E@O

‘GULIN® 7 7 A VNI DT + VEAFET Do 2D 7 7 AL, GUI ZE TRFDIRIL
ERATFT D, (ANJINTA—=Z R OATTT 7 A4 IVDINR)
3OOV T T H VA Trunk’, ‘Skin’® K ON*Whole’ NFET 5, &7+ NVF X, AMEE
TIAER T 1 77 5D Steps TRIN S NL7-=IZEFRT 5, 16 D Microsoft-Excel 7 7
AN (‘Trunki\ZHBD4>D7 7 A, ‘Skin’iZH 5 8 2D 7 7 A L K Whole’IZH
542507 7 A))IE, Microsoft-Excel B CH AN ZERT 57 7L — b ThH D,
KT A NNE, 22— —DIREICLY VT 7 E2#ET5 VBA bEte,
F72, WHEF esvEFFO 20D 7 7 A ML, TAKRRNORRE S 2GR T D EICHW
HHE A aDBEEET, T—HX, MCNPX 22— KD A v aRxa7lrJik
T X DHA (HAL: MeViem®) 70 B (B J/kg, MeV/g) ZRHT DB 5.

D-4 RADARAC DOSE D A JJ#fi

RADARAC TORMEEMHT T, FREFE K ORREGEHR O 2 FEEO B Ao 5 4 3 b

a‘é 2 — =87 RADARAC_DOSE O AT (=St #piksstE o)) &%l Cx 723
IZD 7, RADARAC DOSE IZIEFICEIEST 5, GUI TlE, ==—¥—F 2250 a— FoHhic
%o%, RADARAC DOSE DAF7 7 A N4 D5z 72 < THZR B 7200,

MNEETNAER T 7 7T LD Step 5 TRINS NI KM EIZONT, MADL—/HEBR ST
TW 5, Microsoft-Excel 7 74 /L (H177) D4T7ilEL, RADARAC DOSE D AL D EIC &
v, BEIMIZEZOND, ARINIELL B2 572084, RADARAC DOSE (X iFE L <
Microsoft-Excel 7 7 A VA AERLTE 220,
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RADARAC DOSE /4, MCNPX, MCNP Z1— R CAN 7 7 A M m B SN THRESND ¥
V—tJy 7—7nEELT7 7 A NVEFIHT S, GUI @ VBA I, FigD-1 T/-RLZEDIC, ¥
U—t7r 7—=7 N b EICET 5 NER R AN T 5, A vy aRxa T U v ZIEORKRD
Fr, BEHE - NICAE SN0 7 T LA TT AF =B 7 7 A MTEBEIND, AT
VXD 7 7 A MZEEN D, RADARAC DOSE 1%, 7AXF—EXDO7 7 A VZFHT 5,

D-4.1 JRENOBRESFERTTDIZDDATIT 7 A NV

RADARAC Tif, AEANOHBESHEZR T 5720, 1 OOFEHELY 11 OFEHEZ
MCNPX =1— R (MCNP =2— R T2\ THEITT HMENH 5, Table D-1 /& RADARAC_INPUT
TIERSND 7 7 AN EELOTND, Ay aBZ ) —OfERNRZ ) —WM T —7TMIEE
Nieniz, MEHEIZLD 22007 7 A VB EREND, TDID, 13 D7 7 A VR,
RADARAC DOSE THiEN OB EN i & TR T DI E L 725, 2—F—(F, TableD-1%
ZRLT, 774 vZamb L TUIRLRW, YYY O 1%, &7 7 AL THhsLid,

D%, WEIHEROEHEHEDO 7 7 4 /W%, FigD2 \RT X912, R—7+VFDFITH
5200HRDLTANTIBRGFINZL IR DR, 22— —F, D-5 Ik 25L& 951g,
RADARAC DOSE DFEATTIE, “YYYmsntl’d L <L YYYmsptl? DA AT %,

Table D-1 RADARAC DOSE D A7 7 A W& OffHv—n (1) (IRIEN ORI )
AT RADARAC_INPUT |Z MCNPX O H| /7% RADARAC DOSE ® A
L D77 A NDLHI 717 7 A VDL R
MEHE  XXX.inp =T AF¥—T 7 AL =>YYYmsntl (H4£F)
(Ay>azxarFyry) YYYmsptl (1)
=XV —WMNEXEFF>T7 74/ =YYYmsnm (HET)
YYYmspm (Jt7)
RFEFHR XXXvol.inp =4 J—WNEREFFO7 7 A4/ =>YYYmstr0.mct

XXXvolTissue0l.inp

=% —WNREFFSOT7 7 AL

=>YYYmslsl.mct

XXXvolTissue02.inp =4 ) - R=EFO7 74/ =>YYYmsls2.mct
XXXvolTissue03.inp =4 ) - FX&EFK>O7 74/ =>YYYmsls3.mct
XXXvolTissue04.inp =4 ) - )#R=EFK>O7 74/ =>YYYmsls4.mct
XXXvolTissue05.inp =4 ) - )R =EFKDO7 74/ =>YYYmsls5.mct
XXXvolBoneOl.inp =4 J =R EFFO7 714/ =>YYYmslbl.mct
XXXvolBone02.inp =4 J =R EFFO7 714/ =>YYYmslb2.mct
XXXvolBone03.inp =4 J =R EFFO7 74/ =>YYYmslb3.mct
XXXvolBone04.inp =4 J—WHNREFFOT7 714/ =>YYYmslb4.mct
XXXvolBone05.inp =2 - NREFOT7 7 A4/ =YYYmslb5.mct

* ZENEEORE S OB, RADARAC INPUT TO 7 7 A L4 L B 5 alfEtEn & 5.

(i C-5.3 )

| FEDITHILE |

L —{ Neutron | 2774L:YYYmsntl, YYYmsnm

11 774)L:YYYmstrO.mct, YYYmsls1.mct, YYYmsIs2.mct,
YYYmsls3.mct, YYYmsls4.mct, YYYmsIs5.mct, YYYmsIb1.mct,

YYYmslIb2.mct, YYYmsIb3.mct, YYYmsIb4.mct, YYYmsIb5.mct

Fig.D-2

RADARAC_DOSE D AT 7 7 A VYEG(1) (NRIRN O &40, k)
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| EEDITAILE |

2 774J)L:YYYmsptl, YYYmspm

11 774)L:YYYmstrO.mct, YYYmsls1.mct, YYYmsIs2.mct,

YYYmsls3.mct, YYYmsls4.mct, YYYmsls5.mct, YYYmsIb1.mct,

YYYmslIb2.mct, YYYmsIb3.mct, YYYmsIb4.mct, YYYmsIb5.mct

Fig.D-3 RADARAC DOSE D A7 7 A V(R Q2) (NA{EN OREES AR, HaT)

D-4.2 FEOHBRESHROEFREERRTHIEODANTIT 7 4 NV

Table D-2 i%, RADARAC DOSE TO R JEMRED A% FomnT DT DDANT) 7 7 A L Dfns O
N— N FLHTWD, MEFREMAERRO 7 7 A VL, F—7 4 VFIRFENRLT
172 6720,

Table D-2 RADARAC_DOSE D AT) 7 7 A W4 DAFHv—1(2) (i DR RS A)

fEIk RADARAC INPUT (2L % RADARAC DOSE D A7)
7 7 A ILVDL R

- XXXskn.inp (FPEF— i &) =>YYYskn.mct
XXXsknvol.inp (HH -1 — A7) =>YYYskvol.mct
XXXskp.inp (&1 —#t &) =>YYYskp.mct
XXXskpvolinp O+ —1&F) =>YYYskvol.mct

R4 (1) XXXhkn.inp (M7 —fi &) =>YYYhkn.met

‘Half* 473 a v~ XXXhknvol.inp (HH47-—&FH) =>YYYhkvol.mect
XXXhkp.inp Ot —H#E &) =>YYYhkp.mct
XXXhkpvol.inp (¥ —1KF%) =>YYYhkvol.mct

R (2) XXXgkn.inp (H 1 —HfR &) =>YY Ygkn.mct

‘Quarter’ 4 7> =3 > XXXgknvolinp (FFE+F—{KFH) =>YYYqkvol.mct
XXXgkp.inp (v —ft ) =>YY Yqkp.mct
XXXgkpvolinp (Ot —AFH) => Y'Y Ygkvol.mct

Table D-3 I%, RADARAC DOSE TOEHMEZFRT HI2DDAIIT 7 A4 VDb DL—)L
EEEDTND, MEHEKOEREHEDO 7 7 A V1L, R—7 4 VFIRE SN2 TR D
AR

Table D-3 RADARAC DOSE D AN 7 7 A W4 OfFHL—1(3) (LHHE)

BSOS RADARAC INPUT IZ K57 7 A /L4  RADARAC DOSE O A7)

HpE - XXXWn.inp (FPET-—#RE) =>YYYWn.mct
XXXWnvol.inp (HH 4+ —{KFH) =>YY Yvoln.mct

tF XXXWp.inp Of:F—#i ) =>YYYWp.mct
XXXWpvol.inp O+ — &%) =>YY Yvol.mct

D-5 HEOEKFEREFRTT D OICLERERORE
Z—H =N, [7+/VF]'GUI D Dose_assess.xls’Z Ll L7=H5, FigD-4 DA 4 —7 = A
ANREREND, BRCOREREFERIEL, O F—T2A ATHEX BN,
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Trunk Dose ] Skin Doss | Whale Body |

+ Male " Female
Tnput l Mesh ]

Height{cm) 1739
Weight(ke) el

Source Intensity

Meutran | 1EA17
Surface (vol calculation) Fhatan | 1E+17
= e
- =
5td_model
Height

Whiole Body iz m) 17860
HeadFixed) 2000

Weight

Whole Body tke) IW
Head(Fixed! [ a0
Other

below neck Heightlzm? IW
below neck Weightike) liﬁaa
Weight for Heightte) | 62406
Scaling factoriz) liug_-"
Shapeing factorG-y) IW

Inputs for Trunk Dose. Execute | Exit |

Fig.D-4 RADARAC_DOSE TMEREREZ G R DA 2 —7 = A A(1), AEHRE

MEHEORR L LIERORHICHLERERORE

EMANE, BEFEOMRE LI ABORMICERT 2,

Excel 77 ANDT 7 L— ML, MEMTREZRS20, 1% BT, “Male (B b
L <X “Female (ZM) 7A@ L72< TIER LRV,

“Height (& &) ” & O“Weight ({K5) "I121%, =—V—1F, AMEETAERK T 7 7T LD Step
LR UEERE LR TUT R B0,

“Surface (vol.calculation) (Fifi, REGIR) "OMIE, WEEGEHEICHWZEBRIE O SHEDRK
SN 5, “Width (1§) » KO “Height (&) 728, ZZTHZBNRL TIARD
RN, T T4V TIE, 2= —1ZAN T 7 A MMER T 7 7T LD Step 2 TEF L 7fHD
2155525, mEMOD<Size (F1%) i, “Width” K& U“Height” DA & H B GRS
N5,

“Std_model”® 4 SDOMHIE, MNMEETAMAER T 1 7T JMHE SN TV SIEREET T L O HEN
FERINTWD, I FEIZHD 2O01F, ERENTEET VDR — 0777 7 2% E)
ICETRT D (KX 32HEDO(HEVQR)N, &),

D-5.2 HEOBRKFERERTT DOICLERFROBRE

AR, MEORBEMREI, 27T 50O AN G265, FigD-s 0% 75,
FigD-4 DA > % —7 24 A0 MR SN D, 2—V—1X, AMKETAIERT v 7 T LD
‘Step 5 TR SNT-HHEEITHE, TDOIHD 1 DD TEMI e T b2,

Trunk Dose | Skin Dose | Whole Body |

Fig.D-5 W&z RINT 227
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1) Trunk dose (MR{ASHR &)
“Trunk dose (IA{AHRE) ~1F, =—3—» MCNPX 22— RO IS E, AN ORI

EFRATDHEB, BRENDIVLENSH D, 22T, FigD-4 DA LV H—T = A ANFREND,
a—HW =L, “Input”¥ 7 EF S TR LR, (“Mesh”Z 7D — MMIA Yy aH])
— A XERRTHN, W RLHEELIESTHS,)
“Source intensity (FRIFFRAE) %, “Trunk dose”, “Skin dose”} O**Whole body” CH:i# TH
Do ZOMIE, FEEFOBIE S PITHH SN RO E 5 2 2 OI#EHT 5, Fl20E,
PIEHD 1 Y20 1x10° O ik DRI 10 BRgHEL Lic s +5, 22
TIE, “Ix10'” LW HEA G X Hhie< Tidle b7l ‘keode A7 v 3 L O TIE, ik
HEN - T4% 5 2 70 < Tde b,
“Neutron” X1\ “Photons”iZ, “Trunk dose”DFEDHFREIND, 22—V —N, L
B o2 RAESEES, “Photon” OfEITE 2 LHREESNLRL TR LR,
Table D-1 FOYYYmsntl’ 721X ‘YYYmsptlI’23, “Data file”D“Dose”f#fl CT5 2 H 172 <
TR B220,

2) Skin dose (FZJE#faE)
2-1) BHDORE

“Skin dose (FZfEHE®) "%, KJEOMESM LR RT D56, FigD-5 TERINARL TEk
SRV, E£72, “Input(1)” & L <X “Input2)” VBRI 72 < TikZe 5720, FigD-6 Tl
“Input(1)” DRI TWNWD, 1 ¥ —T7 =4 AL, EHEEORESE R TRT HEITHEH S
ns,

Trurk Dose  Skin Dose ]Whole Body ]

= Male " Female
Trput (1 ]Input(z) | Seement |

Height{cm) 180 Source Intensity
Weight(ke) w2 | SdEdl

Surface {vol. calculation)

Body Part Aneles

Width | 60 Zenith fngl. Azimuth Anel
Height | 200 Righit_Upper_frm | [ o
Size | 12000 Right_Lowser_frm 180 Iiu
Std_model Left_Upper_firm 180 Iiu
Heice —_— Lett_Lower_Arm 180 Iiu
thicle Bocsichy) ﬂ Right_pper_Leg 180 Iiu
Ei:timd) | = Right_Lower_Leg 180 Iiu
tihole Bodythke) ﬁ Left Upper_Lee 14 Iiu
Head(Fixed) [ 4 Left Lower_Lee w [ o
Other Data File

below neck Height{zm) W Boss Rataskp.mat Search
below neck ‘Weight fe) |7683 Yeluas | RaCiaskyalmat \_Searc:h
Weight for Heightle) |7683

Scaling factor @) |71

Shapeing factor -y} | 1

Inputs for *skn.mct and *skp.mct. Execute Exit

Fig.D-6 RADARAC DOSE CTULERIERE G2 D4 V4 —T = A A(2), BHKIE

“Source intensity (BRJFIRE) ~CTlE, FlRrOHIEL < FUITHH S Ic B o E 5% %
DIHAT 5, Bl2IE, PE<ED 14720 1x10° OB Z T 2851 10 7R
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PWIEL Lize45, 22T, ‘1x10'" LW HER G2 b TER 5720, ‘keode A
Tva OFERTIE, SN EE S 2L TER LR,

“Body Part Angles” TlZ, AMEET MAER T vt 77 F LD Step 3 THIE L 72 AEIZHEVY, & T
ONUEDOAENE 2 L/ TLR LR, THbDATIIX, MicroAVS % Az =Rt
DTZ77 4 v 7 RAZERT D,

Z—HW—{X, “Data file”D“Dose” DI IXFREFEICEART S 7 7 (/L (Table D-2 @
‘YYYskn.met” & U< X YYYskp.met’), “Volume” DI {AEHEICEURTH 77 A
JU (Table D-2 D°YYYskvol’) %, ZNENE 272 T bR,

2-2) RO RE
2 7 “Input2)° A4 Z LIZ KV, FigD-7 B3RS D, ZOA F—7 = A AL, iko—
Ik 2 EREO AR T D25E, HHISNS,

Trunk Doge Skin Dose |'u'uho|e Body |

f+ Male " Female
Iputil)  Thput ]Segment]

' 1786
Height(cm) Source Intensity
Weightike) 142 | B3E+15
il calcula’tmn)iﬁn Trunk Skin Segmentation Definition
ity Center-Height {om) 3
Height 20 o Quarter
; 12000
ez Azimuth Anel. Min. zn
! Bzimuth fnel, Max. 315

Whale Bodyizm! 17860 Wertucal segment 125
Head (Fixed: 2000 Data File

Weicht Dose M2Col gkp.mct Search
Whale Bodylke) 7320 Volume | M2Golgkvalmet | Search
Head {Fixed) 490

Other

below neck Heightlom? 15858
below neck Weightke) 883
Wisight for Heighttke? 623
Scaling factor(z} 1
Shapeing factor x-y) 1

Inputs for *gkn.mct, *gkp.mct, *hkn.mct and *hkp.mct. Execute Exit

Fig.D-7 RADARAC_DOSE CRLEREWMAE G- X HA 2 —7 = A A(3), NAK—EBD L&

“Source intensity (FRIFBEMEE) 7 ~iF, —H —1TFHHEFOPIL < T Sz it # o
Ba 5272 TR by, BIZIE, BIESES 1Y 720 1x107 OREH# % i3 2
T 10 PEIEIEL L &35, 22T, 1x10'” WS A E X S < Tidde bRy,
‘kcode 7 a O TIE, B SNoPHETFEZ 52 < TERB R0,

“Trunk Skin Segmentation Definition”{Z |3 “Center-Height (/& X H.l») ”, “Region (A4 7' =
> OFEFH) ” and “Azimuth Angl. Min (LA f/ME) "2 XD, AMEETAAER T v 7T A
? StepS TOREIZEYY, FREFMOR GG 2 Hi/e < TR B 720, “Azimuth
Angl.Max (HLA DEKRAE) M O¥Vertical segment”|E, HEIHIZEH S5,

2—H—iF, “Data file”D“Dose” (1%, MEFHFE ICBEHKRHD 7 7 A /L (Table D2 D
‘YYYhkn.met’, ‘YYYhkp.met’, ‘YYYqkn.met’d L <X ‘YYYqkp.met’) %, “Volume”
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WX, EREEECICEEH D 7 740 (Table D-2 123 % “YYYhkvolmet’ & L < I
‘YYYqkvolmet’) %, ZNENE 22 TIR B,

3) Whole body dose (45 #i )
“Whole body (£H#&) "%, =—H—2 MCNPX, MCNP =— RO IS E, 2a6HE
EFRRTDHGEIC, BIRENDMLERSH D, Z 2T, FigD-8 DA v H—T oA ARKREIND,

Whale Bod:
& Male  Fomale Trunk Dose ] Skin Dose ole Body ]

Source Intensity
= 17846
Height{cm) | BE+1T
Weicht(ke) 732

) Data File
Surface {vol. calculation} e ,W CaleE
Width ol
Vallme | CirMvaln.met Search
Height U
Sise 12000
Std_model
Height

‘Whale Body {zm) 17860
Head(Fixed) 2000

Weight

Whole Bodytke) 7320
Head(Fixed) 490
Other

below neck Heightiom) 1584
below neck Weightke) 883
tiieight for Height ke) 623
Scaling factar () 1
Shapeing factar G-y) 1

Inputs for Whole Body. Execute Exit

Fig.D-8 RADARAC_DOSE TWERIEHME L2 DA 2 —T7 = A A(4), BHHE

“Source intensity (BRIFHRE) ~~1E, — WP —ITFEREOHIT < IS S L7z idt# o
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— I FEEES, IR K OWU O @ SI2E6 1T DR AT 2 i T 5, ‘skn’>— ME, T,
T R OERE (P 1) 2525, TDD, 2Oy — ML 6 >DFKNH 5, Table D-7
Deskp’ >— hEskn® > — F ERILERTH D, 72720, ‘skp’v— M REICOAREIRT
HDT, 22O0OEEDHIPFET D,

1—2) Meuton Dose in Head &Torso (horizontal)

Region Height—low(cm]Heigh t—uplcm) [Heigh t—mid (cm Anele—min. Angle—tmax Angle(mid) Dose(Gyl
Headi a1 .45 a0 135 1125
Head? a1 .45 136 180 1675
Heada 91 .45 180 225 2025
Headd 91 .45 220 270 2470
Headh 91 .45 2y0 b 20925
Headf a1 45 36 360 3376
Head? a1 45 8] 45

Heads 91 .45 45 a0

Faczel 1 a4 a4.925 816625 a0 135 1125
Face? 1 Ta.4 84925 816625 136 180 1675
Facel i 784 84925 81.6625 150 226 2025
Faced 1 8.4 g4.025 81.0625 220 270 2470
Faceb i 784 84925 81.6625 270 316 2925
Facef 1 784 84925 816625 36 360 3376
FaceaT 1 T84 84925 816625 o] 45

Facef | T84 84925 816625 45 a0

Facel 2 G4.0925 91.45 BE18T7H a0 135 1125
Facel f 240925 91.45 881875 136 180 1675
Face3 ? 840925 91.45 8515756 150 225 2025
Faced 2 24925 91.45 BE187h 220 270 2470
Faceh 2 240920 91.45 BE187h 2y0 b 20925
Facef ? 24925 91 .45 851575 36 360 3376
Face? 2 84925 91 .45 8515756 8] 45

Facef ? 84925 91 .45 8815876 45 a0

Meckl o T4 742 a0 136 1128
Meck? 70 a4 T4.2 136 180 1675
Meckl 70 a4 T4.2 180 2EE 2025
Meckd 70 a4 T4z 225 270 2475
Meckh o T4 T4z 270 e 20925
Mecki 70 Ta.4 T42 36 360 3376
Mecky 70 a4 T4.2 Ju] 45

Mecki 70 a4 T4z 45 a0

Trunkl 1 u] 5} 25 a0 1125 101 .25
TrunkZ 1 [u] b 28 1125 135 12375
Trunks 1 u] b 2.a 136 1678 146,250
Trunke 1 u} ] 256 1675 180 16875
Trunk5 1 u] 5} 25 150 2025 191 .25
Trunkf 1 u] 5 25 2025 225 21375
Trunk? 1 u] b 25 220 2470 230,25
Trunks 1 u] ] 256 2475 270 26H3.7h

Fig.D-17 28 O S8 2 Frd 25FE  ORF 1)

Fig.D-17 %R IZ, AR, Bk HOFAEHTHE ST\ D, Fig.D-18 DEIX, KH 7 DmK
MEMNZOMEZRT, WO ETHICBIT 2 RKBEENG 2 6N5H, BrOfriEl:, AME
TTFNVOEEROZNE T 5, T7hbb, ZoRTOXaX, RADEmD (Wofk L)
OO0 (i) &72d, IRORE KO S 50O R ERED 54 H FigD-19 272 7 Th
il TE %,
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Maximum Meutron Dose position in trunk skin
Angle—min. Angle—max

Region

Angle{mid)

Height-low{cm) |Height-uplcm]  |Height-mid (cm) |Dose (Gy)
15 20 175

(a) FRRBZE Dfe RAE D

Maximum Neutron Dose position in upper right leg skin

270 2925 25125

Trunks 4

Region Angle—min. Angle—max Angle(mid) Height-law{cm] |Height-up{cm) |Height-mid{cm] |Dose(Gy)
B IlpLeel & u] 45 225 -09.2 -1.5 -5.35
Maximum MNeutron Dose position in lower right leg skin
Region Angle—min. Angle—max Angle(mid) Height-law{cm] |Height-up{cm) |Height-mid{cm] |Dose{Gy)
R lLowlegl § Ju] 45 2.5 —4%.04 -40 —-44.02
Maximum Neutron Dose position in upper left leg skin
Region Angle—min. Angle—max Angle(mid) Height-lasdcm] |Height-up{cm) |Height-mid{cm] |Dose(Gy)
L _LipLegd 1 1356 180 1675 -15 —4.2 =535
Maximum Neutron Dose position in lower left leg skin
Region Angle—min. Angle—max Angle{mid) Height-lawf{sm) |Height-upfcm) |Height-mid{cm) |Dose(Gy)
Llowlegs 2 180 ] 2025 —45 .04 —66.05 —52.06
i =
(b) W& D KE DR
. 37 - > =
Fig.D-18 NEDEERO B FFIZIT D I RIEDH
1A £
Neutron Dose ) .,
Back

a0 451

70 3

600 I\

) i
50
(\\ s

45

Front
AT

o2 03
Vertical Dose(Gy)

‘ Trunk4 = Plat

Horizontal Dose{Gy} — Head and Trunk

&l L]

[ Trunks

Select Body Part Select Body Part

(a) MR X 7 16 OO B 5347 (b) JRAJE 5 110D K53 A

FigD-19 [ARDOEEREDO i TrmT D777
a—W—lL, FI7T7OERFHMEETIHEMERE L TUXR LR, (D77 7 T,
777D TFTOMT, @& L0 AR ENHE S 72 < TUXR B2V, Fig.D-20 1%,
ID %5 L ORI E DR Z R L T\ 5, (b)D 7T 7 TiX, 77 7 O F O T Table D-9
W25 D ID F 5T, TEOEIPFHEEI N TR B,
ot S OV 0D 12§ DA 853 AR IS DN T b [AEROEAEIZ K 0 #fil S D, = — 3 —(% Table D-8

- T, BIEHRE L TR B 220,
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®r7A

16

=1

9

IPz]

Fig.D-20 Fig.D-18 () 7' 7 71ZHF % ID F 5 LR EORE (LD OfA)

Table D-8 Fig.D-20 (a)?> 7' 7 7I\ZH1F % ID F 5 & AN E O %

MNAEDEAL ID %5 KL D BT
JE A 1=>14 (HAfK) THE = k&
i _F 35 1=>4 It ="
i T 1=>6 S = i
JE_E35 1=>5 B = iR (i)
JE) T 1=>5 Seu = IR

%72, RADARAC DOSE (% Table D-9 IZH % L1, HEIHIIZ MicroAVS DAT) 7 7 A V% AE
%9 %, Table D-9 (Zd D 7 7 A /LY, MicroAVS Z il L C kT TR O E DA 2 R D
BRICHE L 72D, ED3ODT 7 A AR YYYsknxls’ & FRFICER SN D — T, &ED1HOD
7 7 A )L*YYYskpPhoton.inp’ D& A3 YY Yskp.xls’ 7 7 A /L L [ARFICAER S5, FigD-21 %, &
5 O R R & AIRBNC R T 2 =R T 7 1 v 7 Dl AR,

Table D-9 MicroAVS T ZRITCOMENA &2 FRT D IO HBIISAER SN D 7 7 A v

7 7 A4 H7 7 AVICEENDIEH
YY YsknTotal.inp HPE IR < K A B ED AR
YY YsknNeutron.inp PR <A K D FE TR E O A
YY YsknPhoton.inp R IS K DT B D0 AR
YY YskpPhoton.inp AT < KD PR ED A

Fig.D-21 2HF BT D EERED DM 2 XRT D ZIRIET T 7 4
7 2D
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2) JIA A 2 1 o> —3

—H—73Skin dose’ }z ONInput(2)’ & RN L T, LB ER%Z FigD-7 DA L H—T = A AT
5. 2 7254, Microsoft-Excel 7 7 A WML SVD, 7 7 A Vi, Table D-10 I2F 7K 91T,
Table D2 1ZH D AN T 74 v (BREFHE) LFEICARING 2 bN5, 774 MWE, 32D
— hE2ET (2250 — FNERN), Table D-11 TE®D 2 5D — 41, Excel 7 7 A /LD
#2WT 5, Blz1E, YYYhknxls’ [Zhkn® & OVhkvol’ D> — k& &ie, £OH T, EOINZE
FNbHL— bk (B, hkn) [ FREOT —F KOG & LT fEk O E A & BlC KR T 577
T4 I AEETe,

Table D-10 AR D —EB D Fz i§ Ofj &34 % F£ 7~ 3 5 Microsoft-Excel 7 7 A /L

A7 7 AN% (BREFH)*  Microsoft-Excel 7 7 A /L (RADARAC DOSE O 7))

YYYhkn.mct=> YYYhknxls
YYYhkp.mct=> YYYhkp.xls
YYYqgkn.met=> YYYqgkn.xls
YYYqkp.mct=> YYYqgkp.xls

Table D-11  AR{AR— D FZ fE 4R B /54 % 7n 3~ Microsoft-Excel 7 7 A /WIiZ& 45 v — b

— M HFr—MIEENDIE®R
hkn, hkp, « NMEETIVOMRES K ORERE  (Fig.D-7 ThH- 2 b5 1EH)
qkn, gkp” - Pt S ofEEk (Fig.D-7 TH 2 b5 1HH#H)
- XY —CORERREESTEER
hkvol or gkvol* - 22 — O &K OVE &
Graph (H2hThW)

*: Table D-10 D 7 7 A AMAIZHEN, 1 DD — " REEN 5,

‘hkp’>— b~ OEE % FigD-22.12779, ¥ — bOFERUE, ‘hkn’, ‘gkn’ e N gkp’ > — b & HEAalA
CLThsb, 7L, GENLIEZROHBL, THTHRE (KOSRE) (BT 5 EH hkn’ (F
721% ‘qkn’) IZDOBEEND 20, ‘hkn’ (F7213qkn’) & hkp’ (E721% ‘gkp’) & DRI THRA D,
Fig.D-22 AL, FigD-16 LIZEFR L ThH D, (a) CHHENTE 7T FigD-6 DA F—7 = A
ATHEZ bR ERBERREND, ARANCHDBFRIZONVTIE, WrRLIEBIELARIE B2
VY,

A— N TIE, BMESAITE S KROKEFHICE LD BND, RIEOETIE, REDEITH
[ZOWTC R UAZEDBRED, FigD-23@IR L7 E 221 2D N —TIClRY bbb, =
— =%, IREOE S IR > e EREDMEWRTE D, O —HORIE, Lm0
BMEN1LOODITN—TIZRY FLHLNDHDOT, 22— —IKROKE SIZBIT L MES %

WTE D, ‘hkp(gkp) > — MI 2 2OHEEETe, ‘hkn’ K qkn’ > — ML, HPEF, LT RO%
MEE G2 57280, 6 DORDMFET D, A EL DT ONMEE, FigD-230bIIRT X 9 I2E
XFMOGAAEGZHROTTELDLND,
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{em) 173.9]|S td_model Height(em) 1-1) Photon dose (vertical)

Weight{kg) 72.1|Whole Body 178.6 \ Gell Tally value Region Angle—min. Angle—max. A

(5td model Helght Balow 158.6|Head (Fixed) 20 341 1.51467E-07 | Trunki 1 270 275625

(5t mosel Hetant (k) Below neck trunk) 68.3 Weight(ke) 1.51102E-07 | Trunkl 2 270 275,625

A5ta waighe for Heigwe (Eg)) 62.406 | Whole Body 732 1.69798E-07[Trunkl 3 270 275625

Scaling factor (z) 0.97 [Head (Fixed) 49 1.64006E-07 [Trunki 4 270 275,625

Shapeing factor Cx—y) 1.033 1.56749E-07[Trunkl & 270 275,625

1.57502E-07 | Trunki 6 270 275,625

Saurce | 7.358E+13) 1.56958E-07 | Trunkl 7 270 275,625

MeVig o kg | 1.602E-10 1641 63E—07 | Trunkl & 270 275625

1.43321 E=07 | Trunk1 8 270 275625

Segment Standard Modified 1.52206E-07[Trunkl 10 270 275625

Hair—face 91.45 £9.098 1.47395E-07 | Trunk1 11 270 275,625

Face—Meck 78.4 76.048 1.4967E=07 [ Trunkl 12 270 275625

Meck-Trunk 70 67.9 242 1.63768E-07 | Trunke 1 275,625 23125

Trunk-Leg 0 [i] 1.48682E-07 | Trunkz 2 275.625 281.25

Front-Back 0 [i] 1.63810E-07 | Trunke 3 275625 281 .25

1.60728E-07[Trunkz 4 275.625 281.25

Caution!! Head & Trunk Regions 1.80874E-07 | Trunk2 & 275626 281.26

Angle=0: To left side direction on the x—axis 1.67954E-07 | Trunkz 6 275.625 281.25

Angle90. 180. 270: (to back, right. front) 1.381 BEE-07 | Trunke 7 275625 281.25

Height=0: Bottom of trunk center 1.59995E-07 | Trunke & 275.625 281.25

(Origin_of MIRD-type phantom) 162501 E-07 [ Trunkz 8 275,625 281.25

1.63115E-07[Trunk2 1 0 275625 28125

Trunk Skin Scgmentatian Definitian 1.62422E-07|Trunkz 11 275.625 251.25

Cantar_tisight (cm] 17 Cell: B26 1.65345E-07 | Trunkz 12 275625 281 25

Reaton |Quarter De fault:D> 343 1.6239E-07 | Trunk3 1 251.25 286575

Azimuth 270 HalfH 1.65708E-07[Trunk3 2 25125 286575

Azimutn Angl. sar (§) |3| 5 Quarter:@ 1.55948E-07 | Trunka 3 281.25 286875

scal egment 12125 1.5051 E-07[Trunka 4 25125 286575

(a) 1.7222E-07 | Trunka § 281.25 286875

1.63947E-07 | Trunk3 & 28125 286575

1.41052E-07 | Trunka 7 281.25 286.875

1.66615E-07Trunks & 25125 286575

1.6262E-07 | Trunka 9 28125 286.875

1.62026E=07 | Trunk3 1 0 25125 286.575

1.66825E-07 | Trunk3 11 28125 286575

1.5600E-07 [ Trunka 12 281.25 286875

EYT) FICERLTe] o aor 0Tk ann R

1-1)FPhoton d

se (wartical)

Fig.D-22 ‘hkp’ > — b OAF#ELX

Ceall Tally walue Region Anele—min, Angle—max Mglegﬂ'd) Height—law{cm Height-up{cm] Heigl
4 1 851 467E-07 | Trunkl 1 270 276 G2E 27281256 9.7 100125
1511 02E-07 | Trunkl 2 270 270625 2728125 109125 12125
1 69T98E-07 | Trunkl 3 270 2THGRG 2TEE12G 12125 133375
1 64006E-07 | Trunkl 4 270 2TEARE 2TE8126 133376 14565
1.56749E-07 | Trunki & 270 275.625 272.2125 1455 167625
1. 67603E-07 | Trunkl & 270 270625 2728125 157625 16976
1 66088E-07 | Trunkl 7 270 2THG2E 2728126 16976 181875
1641 BIE-0T | Trunkl & 270 2TEARE 2TE8126 181876 10.4
142321 E-07 | Trunki 2 270 275.625 272.2125 194 206125
1.62296GE-07|Trunkl 10 270 270625 2728126 206125 21.5258
1.47395E-07 | Trunkl 11 270 2TEARE 2728126 21.826 23.0376
1 4967E-O7 | Trunkl 12 270 276 ARG 2728126 230375 2425
342 1637ESE-07 | Trunks 1 270625 281.258 2784578 a7 109125
1.48682E-07 | Trunk? 2 2THGRG 281.25 2704376 109125 12125
16381 9E-07 | Trunk2 3 2THAR2E 281.26 278 .43T7H 12126 133376
1 BO7ERE-07 | Trunk 4 2TE ARG 28125 2784376 132376 1455
1.80874E-07 | Trunk2 & 270625 281.25 2754375 1455 157625
1 67064E-07 | Trunk? § 272G 281.26 278 437H 167626 16076
1381 66E-07 | Trunk2 7 276GR2E 281256 2784275 16076 181876
1.50995E-07 | Trunk2 2 275.625 281.25 2724375 181875 194
162601 E-O7 | Trunk2 9 270625 281.25 2704375 19.4 206125
16311 5E-07 | Trunk2 10 2THARG 281.25 2704376 206125 21825
1 62422E-07 | Trunk2 11 2TEARE 28126 2784276 21826 230375
1 65345E-07 | Trunke 12 276625 281 .26 2784376 230375 2426
343 1 6239E-07 | Trunk3 1 281.25 286875 2840625 a7 109125
1 G6ET0OFE-0T | Trunk? 2 281.26 226876 2840626 100125 12126
1 BE048E-07 | Trunk2 3 28126 226876 2840626 12126 133376
1.5061 E-O7 | Trunk? 4 281.25 226.276 2240626 122376 1455
1. 7823E-OT | Trunk3 5 281.25 286875 2840625 14.55 157625
1 6804TE-O7 | Trunk2 B 28126 286876 2840626 157626 16076
1. 052E-07 | Trunk3 7 281 .26 286.875 2840625 16.476 181875
1.6661 5E-07 | Trunk2 2 281.25 226.276 2240626 181276 194
1 6262E-07 | Trunk? 9 281.26 286876 2840626 19.4 206126
1 B2026E-07|Trunkz2 10 28126 286876 2840626 206126 21.826
1.66225E-07 | Trunk2 11 281.25 226.275 2240626 21.825 22.0375
15500E-07 | Trunk? 12 28125 226276 2240626 220375 24.25
344 1 6FTRE-O7 I Trunkd 1 286875 2025 2B0GETH a7 100126
Y
(a) TE[EJ5 ) OD B JEHREA0 DFR
Maximum Photon Dose position in trunk skin
Region Angle—min. Angle-max Angle(mid) Height-lawi{cm) [Height-uplcm) [Height-mid{cm) |Dose(Gy)
TrunkZ & 2TEG2E 231.28 2724375 14586 157625 1515625

(b)

A 52 & U7 AR R G 0

Fig.D-23 fE{A—H 0D B2 i o0 An & s 3 5k
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FigD-24 OV 77 4 v 7 AN, BMEROLHMNRIND, NENOXIRAED, &S KT
TR SN, @S FHOY [ ZAEEROMETH D, 2—W—X, FigD-24 D) THEI
ICHDAELY, EROEGROMEZHERTHIENTED, ZOMNOGERIND X
212, 0, 90, 180 M Uf 270 FEiX, = ErUREOLEM, %7, AL ORTS CERIND,
Appendix-E 1%, AEELIREEFRMOMBEOBRETET S, 777 4 v 7 AT, @HRELN
AR OMERIL, ZRENEE OR), #6 (F) CToaffiFanhsd, 2721, &RKXELLT, T
BOMEZG5 252 LIXTER,

Photon 2D Graph
Max Dosel(G

Dose Distribution—20

0.0090 Min.—angle(des.) ' Max.—angle High
2425 (m) from bottom of trunk,

Low
a7 [omy) from bottom of trunk

The angle is defined as below.

Wiew from top side

/ Back
\ Right “@
Eront
a
E:

Fig.D-24 &ﬁﬁ%kbtmw&ﬁ®£ﬁ

W?é7774/7x

D-6.3 25 DHREBEDRKBRER

Z—H =N FigD-8 OA V¥ —T = A AKERERE 5 2 7-%4, Table D-3 O
RADARAC DOSE O ANIZHE - T, YYYWnxIs F721XYYYWpxls” & A RTO T B L7z
Microsoft-Excel 7 7 A VAR IS, YYYWnxIs HONYYYWpxIs” 77 A Vi, 120D
— hDHRETe, — NI, Wn ROWp Th D, ZhbDI— FTik, Wh7R8/ELHR)
T2V, ‘Wn» K OWp® OFHESL, RINOIPWEETH D, Zhik, Wp T #E,
b RO R E Vo To PRI ICBEE T 2 &2 S £V ERIC L D

Fig.D-25 1%, ‘Wn’>— b O EHOEBXKEZ R LT\ 5, Aok EoFk  (@)OFEWESY)
IX, FigD-8 DA ¥ —7 = A A THZ LI HRIRE 27”7, SO P (F, 85,
) 1%, 2O TFTORITTEND (B)DFAWE ), FHEFHEIZIZHONTE, A— ME, A
RBITHIINAR ST B U 7L 24 OHEREZ &t ()DFAVERSY)
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() =

———
Sérw Inlensil: 5.0000E+H 6 N (a)

1-1)
No. Name Tally
o1 | Head tissue X

{me |Erain tissue

104 heck: fissu

121 Head skin
122123 Face skin

124 Mok skin

106 Trunk tcp tissue
106 Trunk,up tissue
108 Trunk, middle_tissue
e Trunk low tissue
[ioa |Genitelia_tissue
126 Trunk, top skin
126 Trunk,skin

127 Trunk bottom skin
128 Genitelia_skin
|ET |F6Ehtﬁ %kin
BB FightAm tissue
231 LeftArm,_skin
237 |LeftArm tissue

251 Rightleg_skin
sz |rightieg tissue
&7l Lefileg skin
272 LeftLeg tissue
\ 161 Fightlung

\ Lefilune

Soft—tissue in Head

Soft—tissue in Trunk

Skin—tissue in Trunk

Right, lissue
kin

Left issue

RightLeg tissue

Leftleg skin
Leftleg tissue

Lung—tissue

[Head tissue

1-4) Specific activity of **Ma induced in human_bod
Cell No. Name

| Exsin_tiszue

Meck tissue

Head_skin

Face_skin

Meck skin

Trurk top tissue

Trunk up tissue

Trunk middle_tissue

TrunkJom tissue

Genitelia tissue

Trunk top skin

Trunk_skin

Trunk bottomskin

Genitelia_skin

Right 4 _skin

FRight A tissue

LeftAm_skin

Lett A tissue

Rightleg skin

Riehtlee tissue

Leftles skin

Leftles tissu

Rightlung

Leftlong

Fig.D-25 ‘Wn’ > — k OHE#E X

B TELH INT-WELEL, FigD-26 DR TRIND, ZORIE, FigD-25 DERD FIZRKRS
b, B OB, ROBMOKTHRIND, 777 4 v 7 AT, Atk OMEHRE

OFEEIE, ThZEhEE OF), %6 (F) TefMTshd, 2L, kKELLT, £

B2 DT EITTERY,

Soft_Tissue

Skin_Tissue

Lung_Tissue

Bone_Marrom

Cortical Bone

Whole Body (Skeletal with Marrow)

Whole Body (Skeletal with Gortical)

Head (Marrow)

Trunk (Marrow)

Genitalia

Right Arm (Marros)

Left Arm (Marrow)

Right Leg (Marrow)

Left Leg (Marrow)

Whole Body (Marmow)

Fig.D-26 2 DMESMORKNT T 7 4 v 7 A

HOME

MBI Z T, FigD-27 ® X512, ¥ — bOEMICHEBEE VEENRFE L L THRREND,
MEETNVOLREREL, FigD-28 ORTHRRIND, ZOROAEYE, AMEETVOLEEEYF

NTE D,
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|0) Volume and Weicht for each region |

Cell Mo. Mame Tally

101 102 Heaad_tissue TEG4ITE-R

103 Brain_tissug BAREIELR Soft—tissue in Head
104 Meck ticsue

12 Head_zkin

122123 Face skin Skin—tissue in Head
124 Mack skin

Trunk top tissue

Trunk,_up_tissue

Soft—tissue in Trunk
Trunkrmid_tissue

Trunk Jom tissue

Genitelia_tissue
Trunk_top_skin

Trunk_skin Skin—tissue in Trunk
Trunk bottom skin

Rightamskin |

Genitelia _skin
RightAm_skin
RightAm tissue

LeftArm,_skin
LeftArm tissue
Rightleg skin
Rightleg tissue

Gi
RightlLeg tissue

Lefitleg _skin

enitel: 1l
Leit kin
Left tissue

ghtleg _skin
fiLe 5!

Leftleg skin
issus

LeftLeg tissue
Zﬂlﬁuﬁg Lung—tissue
Skull
hacnalibena Skeletal in Head
Spine_ Head 41 BRBTE-T:
Spine ek 5.5ET3TE-T:
Spine Trunkup 1 72341 E-
Spine_Trunkmid 1 4001 BIE-2
Fight Clavide 11372051
LeftClavicle 1.1420E-T
FightScapulze 415003612
LeftScapulas 4. 20756E-13
141 15t Fib 2 44449 -T2

Fig.D-27 ‘Wn’ > — ~ OFEK(2), MK ERALOAFE K OV &

Volume (cm®) Weight(c) Weicht(ke)
Soft Tissue 52318.26 F2047.74 5,042
Skin Tissue 3502.24 356110 2.551
Lung Tissue 2350.66 993.79 0994
Skeletal Tissue Jgeav 10645.01 10545
Total Weight (ke) 7206843 7313764 73.1

Fig.D-28 AAET VOB EZ RTH
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Appendix E Guidance for making input files with RADARAC INPUT
RADARAC _INPUT enables us to make input files for the MCNPX or the MCNP code by a dialog

method using interfaces. The definition of geometry, however, should be explained in more detail.

Appendix-E gives guidance concerning geometry for making input files.

E-1 Geometry for making source model
E-1.1 Parameters for each shape

RADARAC INPUT adapts the ‘macrobody’ (or Combinatorial-Geometry, CG)) format to
describe geometry of a source model. The shape of body can be described by referring to Fig.E-1.

1) RPP (Rectangular parallelepiped) and RPP_C (Square Pyramid)

1-1) RPP
Zmax
V4
Xmin
o Y
Xmax ...... rh.‘ Zmin
Ymin Ymax
1-2) RPP_C Zmax
; Z
X .
min Y
// Zmin
Ymin Yméx max

A user should give minimum and maximum values for the x, y and z axes. The shape can be

selected at “Type of shape for each part” in ‘Step2’ of a program for making a source model.

2) LAT: Hexagonal pillar (used in Lattice 2)
! »
T 1]

Hz

< < (VX! Vy! VZ)

A user should give the center position of bottom surface (Vy, Vy, V), the length of one side (I) and
the height (H,).

Fig.E-1 Parameters for each shape (1/3)
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3) SPH (Sphere)

(VX= VV! VZ)

A user should give the center position (Vy, Vy, V) and the radius (R).

4) RCC (Right Circular Cylinder)

A user should give the center position of bottom surface (Vy, Vy, V,), the radius (R) and the center
axis (Hy, Hy, Hy,).

5) CNE: Cone (Right Circular)

(HX1 Hya HZ)

........ i (VXs Vy’ VZ)

A user should give the center position of bottom surface (Vy, Vy, V,), the radius (R) and the center
axis (Hy, Hy, H,).

Fig.E-1 Parameters for each shape (2/3)
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6) TRC (Truncated Right-angle Cone)

(VX= Vya VZ)

A user should give the center position of bottom surface (V, Vy, V,), the radius (R;) in the bottom

surface, the radius (R,) in the upper surface and the and the center axis (Hy, Hy, H,).

7) BOX (Box)

(H3X= H3y= H3Z)

sz ,Hay, Haz)

(VX! Vya Vz) - (H1x, H1y= H1z)

A user should give the starting position (Vy, Vy, V) and three sides; (Hix, Hiy, Hi,), (Hax, Hay, Ha,)
and (Hs,, Hsy, H3,). The three sides cross at right angles at the position of (Vy, Vy, V).

Fig.E-1 Parameters for each shape (3/3)

E-1.2 Surface cards for each shape

RADARAC INPUT automatically converts all of the geometry components into surface cards in
the MCNPX or the MCNP code for a radiation transport calculation of a dose assessment. Here, the
shapes of geometry can be categorized into three groups; i) RPP, RPP_C, LAT and BOX, ii) RCC, CNE
and TRC and iii) SPH. The shapes in the first group need plural planes to close within one region. The
shapes in the second group can be described with a surrounding curved surface and two planes defining
the upper and the lower limits. The sphere surface can close one region.

Table E-1 summarizes the number of surface cards, which are used to define each shape. In
RADARAC INPUT, if the figure of ten is same in the number of surface cards (e.g, 6011, 6012,

6013...), these surface cards are used to the same geometry component.
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Table E-1 Number of surface cards in each shape

Shape Number of surface cards Items

RPP 6 6 Surroundings

RPP _C 6 4 Surroundings, upper and bottom
LAT 8 6 Surroundings, upper and bottom
SPH 1 1 (closed surface)

RCC 3 Surrounding (curved), upper and bottom
CNE 3 Surrounding (curved), upper and bottom
TRC 3 Surrounding (curved), upper and bottom
BOX 6 6 Surroundings

E-1.3 Examples of constructing source configurations
1) A source with a large volume (Fissile material)

The first example is the large volume configuration, which is depicted in Fig.6 in the text. It is
hypothesized here that large amount of fissile material is poured into the upper part of the cylindrical
stainless-steel container (r: 26cm x h: 115cm). The lower part of the container has cylindrical vacant.

There is a rectangular parallelepiped shaped hole in the upper part.

o) o
A & |
— aull | —— A
Y
X
(a) Overview and the coordinate system (b) Cross section (X or Y —Z in (a))

Fig.E-2 A hypothesized source configuration with fissile material.

(O in (b) is set as the origin of the coordinate system for the configuration)

1-1) Operation in ‘Step 2’

/ The horizontal plane and the height are set to the x-y axes and the z-axis, as depicted in Fig.E-2 (a). The
origin is set at the position of ‘O’ in Fig.E-2 (b). The configuration is divided into the upper and lower
parts at the bottom of the horizontal stainless-steel (at the line of ‘A’ in Fig.E-2 (b)).

/ For the upper part, five geometry components are defined to cover the regions in below (Gel — Ge5).
All of these components have parameters, which are summarized in Table E-2.

Gel: Vacant in upper (RPP)

Ge2: SUS surrounding the upper vacant (RPP)
Ge3: Fissile uranium (RCC)

Ge4: Vacant above the fissile uranium (RCC)

— 116 —



JAEA-Data/Code 2009-008

Ge5: SUS in outside (RCC)
/ For the lower part, two geometry components are defined to cover the regions in below (Ge 6 and Ge
7). All of these components have parameters, which are summarized in Table E-2.
Geo6: Inside vacant BASE (RCC)
Ge7: SUS in outside BASE (RCC)

Table E-2 Definition of ‘Step 2’ to construct the configuration in Fig.E-2

Component | Shape Parameters (in cm)
Gel RPP Xomint =35 Ximax: 35 Yimin: =35 Yimax! 35 Zmin: -20, Ziax: 10
Ge2 RPP Xmin: 4, Ximax: 4, Yiin: 4 5 Yimax:4d, Zmin: =22, Zmax: 10
Ge3 RCC Vi 0,Vy: 0, V,: 25, Hy: 0, Hy: 0, Hy: 33, R: 24.5
Ge4 RCC Vi 0,Vy:0,V,: 8 Hy: 0, Hy: 0, Hy: 2, R: 245
Ge5 RCC Vi 0, Vy: 0, V,: 28, Hy: 0, Hy: 0, H: 38, R: 26
Geb6 RCC Vi 0,Vy:0,V,:-105, Hy: 0, Hy: 0, H,: 77, R: 24
Ge7 RCC Vi 0,V,:0,V,:-105, Hy: 0, Hy: 0, Hy: 77, R: 26

1-2) Operation in ‘Step 4’

/ The source configuration can be constructed by combining the seven geometry components in ‘Step 2’
with the definitions in Table E-2. The last region, “Outermost shape” is to be combined with the cell of
the outer shape of human model.

/ The definition of geometry is explained in detail here. Resources about materials, which are set up in
“‘Step 3°, should be given for the regions in Table E-3. The importance (‘imp’) of particle in radiation
transport also should be given in ‘Step 4’. The ‘imp’ for the last region should be set to 0.0°. (It is

recommended to give ‘1.0’ for the importance to the other seven regions.)

Table E-3 Definition of ‘Step 4’ to construct the configuration in Fig.E-2

Region Combination of Geometry component in Table E-2*
Vacant in upper (Gel, I)

SUS surrounding vacant in upper | (Gel, O) * (Ge2, I)

Fissile material (Ge2,0) * (Ge3, D)

Vacant above fissile material (Ge2, O) * (Ge4, O)

SUS outside of upper (Ge3, O) * (Ge4,0) * (Ge5,1) * (Ge2,0) * (Ge5,0)

Vacant in lower part (Geo, 1)

SUS in lower part (Geb6, O) * (Ge7, 1)

Outermost shape (Ge5,0) * (Ge7, 1)

1-3) Operation in ‘Step 7’
/ If a user sets up the geometry for source emission as the definition of ‘Ge3’ in Table E-2 and defines cell

number, radiations are to be emitted from the region of ‘Fissile material” in Table E-3.
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2) A small source in a capsule
The second example is a small volume configuration in Fig.E-3, which has a capsule containing a

y-ray source (the plaid in Fig. E-3 (b)). The area of stainless-steel capsule is within a small cylindrical

region (r: 0.37cm x h: 2.1cm). The capsule has holes and constrictions.

(a) Overview and the coordinate system (b) Cross section (X-Z in (a))

Fig.E-3 A hypothesized configuration with a source and a capsule.
(O in (b) is set as the origin of the coordinate system for the configuration)

2-1) Operation in ‘Step 2’
/ The horizontal plane and the height are set to the x-y axes and the z-axis, as depicted in Fig.E-3 (a). The

origin is set at the position of ‘O’ in Fig.E-3 (b). The configuration is divided into the upper, middle
and lower parts at the lines of ‘A’ and ‘B’ in Fig.E-3 (b).
/ For the upper part, three geometry components are defined to cover the regions in below (Gel — Ge3).

All of these components have parameters, which are summarized in Table E-4.

Gel: Source (RCC)
Ge2: SUS capsule_upper (RCC)

Ge3: Hole upper (RPP)
/ For the middle part, four geometry components are defined to cover the regions in below (Ge4 — Ge7)

All of these components have parameters, which are summarized in Table E-4.
Ge4: SUS capsule_middle (RPP)

Ge5: Hole middle (RCC)

Ge6: Constriction 1_left (RCC)

Ge7: Constriction 2_right (RCC)
/ For the lower part, one geometry component is defined to cover the region in below (Ge8). This

component has parameters, which are summarized in Table E-4. (The component of ‘Ge5’ in above is
included in the lower part but no definition is necessary here.)

Ge8: SUS capsule lower (RCC)
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Table E-4 Definition of ‘Step 2’ to construct the configuration in Fig.E-3

Component | Shape Parameters (in cm)
Gel RCC Vi 0,Vy:0,V,:-0.1, Hy: 0, Hy: 0, Hy: 0.2, R: 0.1
Ge2 RCC | V4« 0,Vy:0,V,:-0.37, He: 0, Hy: 0, H,: 0.74, R: 0.32
Ge3 RPP Xinin: 0.2, Xipax: 0.2, Yot -0.35, Yoax: 0.35, Ziin: -0.37, Zpax: -0.2
Ge4d RPP Kimin® =0.32, Xinax: 0.32, Yinin: 0.1, Yinax: 0.1, Zinin: -1.5, Zipax: -0.37
Ge5 RCC Vi 0,Vy:-0.1, V,: -1.5, Hy: 0, Hy: 0.2, H,: 0, R: 0.15
Ge6 RCC | V4 -0.32,V,:-0.1, V,: -0.67, He: 0, Hy: 0.2, H,: 0, R: 0.12
Ge7 RCC Vi 0.32,Vy:-0.1, V,: -0.67, Hy: 0, Hy: 0.2, H,: 0, R: 0.12
Ge8 RCC | Vi« 0,Vy:-0.1,V,:-1.5, Hy: 0, Hy: 0.2, H,: 0, R: 0.32

2-2) Operation in ‘Step 4’

/ The source configuration can be constructed by combining the seven geometry components in ‘Step 2’
with the definitions in Table E-4. The last region, “Outermost shape” is to be combined with the cell of
the outer shape of human model.

/ The definition of geometry is explained in detail here. Resources about materials, which are set up in
‘Step 3, should be given for the regions in Table E-5. The importance (‘imp”) of particle in radiation
transport also should be given in ‘Step 4’. The ‘imp’ for the last region should be set to ‘0.0°. (It is

recommended to give ‘1.0” for the importance to the other seven regions.)

Table E-5 Definition of ‘Step 4’ to construct the configuration in Fig.E-3

Region Combination of Geometry component in Table E-2
Source (Gel, I)

SUS in upper (Gel, O) * (Ge3,0) * (Ge2, )

Fissile material (Ge2, 1) * (Ge3, )

SUS in middle (Ged, 1) * (Ge5, O) * (Ge6, O) * (Ge7, O)

SUS in lower (Ge8, I) * (Ge4,0) * (Ge5,0)

Hole in SUS (Ges5, 1)

Constriction (left) (Ge6, O) * (Ge4, ])

Constriction (right) (Ge7, O) * (Ge4, 1)

Outermost shape (Ge2,0) * (Ge4, I) * (GeS, O)

2-3) Operation in ‘Step 7’

/ If a user sets up the geometry for source emission as the definition of ‘Gel’ in Table E-4 and defines cell
number, radiations are to be emitted from the region of ‘Source’ in Table E-5. (However, the source
region corresponds to the one geometry component (‘Gel’). Then, the definition of cell is not essential

for this case.))
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E-2 Geometry in a human model
E-2.1 Coordinate system in human model

The radiation transport calculation utilizing RADARAC adapts the coordinate system in making a
source model. The posture of human body (=directions of limbs), however, should be set up with the
coordinate system for the human model in RADARAC INPUT. (See, Appendix-A, instruction of ‘Step2’
in the program for making a human model.)

The human model prepared in RADARAC INPUT has the same coordinate system of the
MIRD-type phantom, as depicted in Fig.E-4 (a). The origin of human body is positioned at the center of
the trunk bottom. The axes of ‘x’, ‘y’ and ‘z’ are the directions toward left, back and upper of the human
model, respectively. (-x; right, -x; left, -y; front, +y; back, -z; lower, +z; upper) The zenithal angle for the
human body starts at the direction toward upper (the ‘z’-axis). Then, the model in upright posture has
limbs, which are set up with the zenithal angles of 180 degrees (here, azimuthal angle is unavailable), as
depicted in Fig.E-4(a).

Figure E-4 (b) depicts the azimuthal angle for the human model, viewing from the top. The
direction towards left and back have the azimuthal angles of 0 degree and 90 degrees, respectively. The
azimuthal angle is essential information to confirm skin dose distribution at a part of trunk with the sheet
in Fig.B-24 (See, Appendix-B.6.2).

y (Back)
A
)
" » x (Left side)
®: Zenith angle
@: Azimuth angle ® : Azimuthal angle
(a) Over view (3-dimensional) (b) View from top for the trunk

Fig.E-4 Polar angles defining the human model in RADARAC.

((a) Over view, and (b) view from top for the trunk)
Figure E-5 shows the human model, which stands beside the tank in Fig.6 of the text. Figures

E-5(a) and E-5 (b) are viewed from front and left side, respectively. Table E-6 summarizes the angles for

all limbs in the human model in Fig.E-5.
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(a) Frontal view (b) Left lateral view

Fig. E-5 A hypothesized human model (same as Fig.6 in the text).

Table E-6 Direction limbs of the human model in Fig.E-5 (in degree)

Part of limb Zenithal angle (®) Azimuthal angle (F)
Right arm upper 45.0 240.0
lower 135.0 285.0
Leftarm  upper 45.0 300.0
lower 135.0 255.0
Right leg  upper 165.0 210.0
lower 165.0 210.0
Left leg upper 165.0 30.0
lower 165.0 30.0

E-2.2 Transform of human model into the coordinate system of the source model

The transformation of human model needs two resources; i) Position and ii) Direction of human
model toward the source. The position should be referred the correlation between the origins of source
and human model. The origin of human model can be confirmed with Fig.E-4. The direction of human
model toward the source is defined by setting up the two polar angles of the zenithal and the azimuthal
angles. Figure E-6 depicts correlations between the azimuthal angle and the direction of human body. In
this figure, the zenithal angle is fixed to 0 degree. On the other hand, Figs.E-7 and E-8 depict correlations
between the zenithal angle and the direction of human body. The azimuthal angle is fixed at 0 degree in
these figures. The coordinate systems in Fig.s E-6, E-7 and E-8 are used in the dose calculation. It should
be also mentioned here that these polar angles should be referred to the direction of the ‘trunk’ of
the human body toward the source. If the both angles are set to zero, the coordinate system is to be
common for the human and source models. Only the positions of origins are different between the two

models.

The procedures in below may be recommend.
/ At first, a user sets up the position of the origin for the human model in the coordinate system for a
radiation transport calculation (a source model).

/ The polar angles are set up to define the direction of human body (trunk) toward the source model.
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(1) Azimuthal angle (®): 0 degree (3) @: 90 degrees

/A

(4) @: 135 degrees (5) @: 180 degrees (6) @: 225 degrees

58 |

z
i > X

(7) @: 270 degrees (8) @: 315 degrees

Fig.E-6 Correlation between the azimuthal angle in transform and the direction of human model in the
coordinate system (x-z plane) for a radiation transport calculation.

(Zenithal angle is fixed to 0 degree. View from the frontal side, the minus(-) y axis )
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IR

(1) Zenithal angle (®): 0 degree (2) O : 45 degrees (3) ®: 90 degrees
/ |
(4) ®: 135 degrees (5) ®: 180 degrees (6) ®: 225 degrees

KoL

(7) ©: 270 degrees (8) ®: 315 degrees

Fig.E-7 Correlation between the zenithal angle in transform and the direction of human model in the
coordinate system (x-z plane) for a radiation transport calculation.

(Azimuthal angle is fixed to 0 degree. View from the frontal side, the minus(-) y axis )
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L——
BN

(1) Zenithal angle (®): 0 degree (2) O : 45 degrees (3) ®: 90 degrees

f 4

(4) ©: 135 degrees (5) ©: 180 degrees (6) ©: 225 degrees
4
- (
e ¥ —
Y
(7) ©: 270 degrees (8) ®: 315 degrees

Fig.E-8 Correlation between the zenithal angle in transform and the direction of human model in the
coordinate system (y-z plane) for a radiation transport calculation.

(Zenithal angle is fixed to 0 degree. View from the left, the plus(+) x axis )
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Appendix F Guidance of utilizing RADARAC for executing radiation transport calculations
A user can automatically make necessary input files to derive dose assessment by using
RADARAC INPUT. It is preferable, however, to revise a few descriptions in the input files for effective

radiation transport calculations.

F-1 Number of generated particles

In the MCNPX or the MCNP code, a number of generated particles should be given with the ‘sdef”
card or ‘kcode’ card. The radiation dose to be obtained has usually higher accuracy with larger number of
generated particles in radiation transport calculations. On the other hand, it takes longer time to execute
radiation transport calculation with larger number of generated particles. Thus, it is preferable to confirm
the availability of the files made by RADARAC INPUT to radiation transport calculations with a small
number of generated particles as a ‘test run’, before the dose and volume calculations.

If dose assessment is performed for a radiation source without fission reaction, the ‘ctme’
(computing time) is set to be short in ‘Step 5’ of the program for making a source model with the
interface of Fig.A-8 (see, Appendix A). Then, the ‘sdef’ card is made in the input file, as described in
Fig.F-1 (a). If a source with fission reactions is considered in a dose assessment, the first, the third and
the fourth value of the ‘kcode’ card are set to a smaller number with the interface of Fig.A-9. Then, the
‘kcode’ card is made in the input file, as described in Fig.F-1 (b). Here, the first number means generated
particles per a cycle. The third and the fourth number mean the numbers of the skipped and the total

cycles.
C***********************************************

c GENERATOR SOURCE & MODE

C***********************************************

NPS 1E+06
SDEF ERG=D1
CEL=2010
RAD ..o

MODE P
CTME 0.5

(a) No fission reaction (not using kcode card).

C***********************************************

c GENERATOR SOURCE & MODE

c***********************************************

KCODE 1000 1 5 25
SDEFERG=DI .......cccociiiiiiiiiin,

(b) With fission reaction (using kcode card).

Fig.F-1 A part of the card for source emission

After the validity of the input file can be confirmed, the appropriate values should be set in ‘ctme’

and ‘kcode’ card. Especially, the value for ‘ctme’ should be set up not to terminate a radiation transport
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calculation before all of the particles are generated. The necessary computing time can be assumed by

referring to the number of generated particles in the ‘test run’.

F-2 Radiation transport calculation
F-2.1 Dose over a whole body

As described in Appendix B, the total weight of a human model can be confirmed only with the
human model, which is used to calculate the whole body dose. In addition, the defined geometry
condition should be verified with any other dosimetry methods, if possible. The dose assessment soon
after an outbreak of an accident may give the degree of exposure. Thus, it is recommended to confirm the
verification of the human model by executing an assessment of dose over a whole body (See, Fig.A-23).
Since RADARAC_DOSE requires the input files (=output files of the radiation transport calculation) of

the dose and the volume calculations, the both calculations should be performed.

F-2.2 Volume calculation for a part of trunk in skin
The interested region is only a part of skin on a trunk, if the option ‘half” or ‘quarter’ is set in the
assessment of skin dose (See, Fig.A-25). In this case, the surface cards are included to segment the skin

on the trunk, as depicted in Fig.F-2.

c
c Skin segmentation
c

C Trunk
kR EE L EEEE LR E B L L e B e L L B L e e e e L L L L

¢ quater Azimuth 270(min.)-315(max.)

c 3f s sk e sk sk sfe sk sk sk sk sk sk sk sk sfe sk sk sk sk sfe sl sk sk sk sk ske sk sk sk sk sk sk sk sk sfe sk sk sk sk skeoskeok stk skoskoskokosk

3011 PX  0.000000E+00

302 1 1.000000E+00  9.849140E-02  0.000000E+00  0.000000E+00
3031 P 1.000000E+00  1.989124E-01  0.000000E+00  0.000000E-+00

a~]

3041 P 1.000000E+00  3.033467E-01  0.000000E+00  0.000000E+00
3051 P 1.000000E+00  4.142136E-01  0.000000E+00  0.000000E+00
3061 P 1.000000E+00  5.345111E-01  0.000000E+00  0.000000E+00
3071 P 1.000000E+00  6.681786E-01  0.000000E+00  0.000000E+00
3081 P 1.000000E+00  8.206788E-01 ~ 0.000000E+00  0.000000E+00
3091 P 1.000000E+00  1.000000E+00  0.000000E+00  0.000000E+00
3101 PY  0.000000E+00

c

341 1 PZ 2.910000E+01
342 1 PZ 3.031250E+01
343 1 PZ 3.152500E+01
344 1 PZ 3.273750E+01
3451 PZ 3.395000E+01
346 1 PZ 3.516250E+01
347 1PZ 3.637500E+01
348 1 PZ 3.758751E+01
3491PZ 3.880001E+01
3501 PZ 4.001251E+01
3511 PZ 4.122501E+01
3521PZ 4.243751E+01
3531 PZ 4.365001E+01

Fig.F-2 A part of the surface card for divisions trunk skin in the ‘quarter’option.
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The plane source is set to irradiate over a whole body with the interface of Fig.A-31 in ‘Step 2’ of
the program for making an input file. The ‘sdef” card in Fig.F-3 defines the plane source in the case,
where the ‘Width’ and the ‘Height’ are set to ‘30.0” and “100.0’, respectively. The descriptions of ‘x=d1’
and ‘z=d2’ in Fig.F-3 mean that the values in ‘sil’ and ‘si2’ define the region for x-axis and the region for
z-axis for the plane source in the ‘sdef” card. The values for x-axis and z-axis set the region for the width
and the height for the plane source, respectively. Now, the ‘sdef’ card in Fig.F-3 defines the plane source
with surface area of 12,000cm’ (= 60 cm x 200 cm). In this case, most particles do not relate to calculate
the volume of interest. Thus, the descriptions in ‘sil’ and ‘si2’ are to be replaced with appropriate values,

according to Fig.F-2.

C**********************************************

¢ Source for volume calculation
C**********************************************
sdef erg=0.1 x=dl y=-100.00 z=d2
dir=1.0 vec=010
sil -30.0 30.0

spl 0 1

si2  -100.0 100.0

sp2 0 1
c

Fig.F-3 A part of the card for source emission in the volume calculation (default).

Here, as the left of the trunk is interested in dose assessment, the value in minus is recommended
to be replaced with zero about ‘sil’ (see also, Fig.E-4 (b)). (If the right of the trunk is interested in dose
assessment, the value in plus is replaced with zero.) In addition, it is preferable to set up other values in
‘si2’ to cover the regions of interest, according to the parameters in lines of 341 (minimum) and 353
(maximum) in Fig.F-2. The values in ‘si2’ can be set to 29.0 and 44.0 in this example. Figure F-4 shows
the modified ‘sdef” card for the ‘volume calculation’. The surface area of the plane source is changed to
450cm” (=30 cm x 15 cm).

C**********************************************

¢ Source for volume calculation
C**********************************************
sdef erg=0.1 x=dl y=-100.00 z=d2
dir=1.0 vec=010

sil 0.0 30.0
spl 0 1
si2 29.0 44.0
sp2 0 1

c

Fig.F-4 A part of the card for source emission in the volume calculation (modified).
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