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Interface of EGS4 for Tutorial Use
K.Konashi*, K.KaSc*, K.Imanishi** and Y. Nakamura*#*

We have developed an interface of EGS4 fot tutorial use. This program can be
used on both of work station with UNIX and PC with DOS. The graphical input and
output was designed for biginners of EGS4.

*Power Reactor and Nuclear fuel Development Corporation, Tokai
Ibaraki 319-11, Japan

**CSK Ltd., 4-2-30, Taga, Hitachi, Ibaraki 316, Japan
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Gamma-Ray Production Cross Section of Iron

for Incident Neutron Energy Between 3 and 33MeV

~ Eiji Tanabe and Kazuo Shin
Dept. of Nuclear Engineering, IKyoto University.
Yoshidahon-machi, Sakyo-ward, Kyoto-city, Kyoto Japan

Neutron-induced gamma ray production cross sections of iron were measured at incident neutron
energies 3—33 MeV. The gamma-ray spectra were measured with a BGO spectrometer using
the cyclotron at CYRIC, Tohoku university and the Be(p,n) reaction as the neutron source.
The resulting spectra were unfolded and corrections were applied for neutron and gamma-ray
attenuation.
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Estimation of Bremsstrahlung Flux for Measurement
of Photonuclear Reaction Cross Sections

Yoshitomo Uno, Akira Yamadera, Takashi Nakamura

Tohoku University, Cyclotron and Radioisotope Center
Aoba, Aramaki, Aoba-ku, Sendai 980 Japan

For investigating the isotopic dependence of photonuclear reaction cross sections
around %Sr and '37Cs, the average cross sections of (y,n) reaction were measured by
activation method. The enriched samples of 84Sr, 86Sr, 885y, 85Rb, 87Rb, %¥Ru and **Ru
isotopes were irradiated by bremsstrahlung photons. They were produced from 1 mm
thick platinum target bombarded by 60 MeV electrons which extracted from the electron
linear accelerator of Tohoku University. The energy spectrum of bremsstralung at an
irradiation point was calcurated by the EGS4 code and the absolute flux was obtained
from induced activities of Au monitor foils irradiated together with samples.
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Calibration of a detector to measure radioactive concentration in
the room air during proton beam therapy.

PMRC, Tsukuba university : Junlchiro Tada
Mitsubishi Atomic Power Industries, Inc. : Satoshi Iwai
Mitsubishi Research Institute, Inc. : Osamu Sato

When patients are irradiated by proton beam for cancer treatment,
the beam crosses the room air over certain distance. This results the
room air getting radioactive due to nuclear reactions such as
14N(p,a)*'C and '°0(p,spallation)''C. Thus the measurement of the
radioactive concentration of the air is of importance as a point of
radiation protection. The response of the gas monitor depends not only
on the energy spectrum of emitted f-rays but also on the wall material
and the geometry of the ionization chamber. Consequently, the
calibration of the detector is necessary. As the standard activity
samples are not available for those nuclides with short half life, ''C,
13N, etc., EGS-4 code is utilized to calculate the detector response.
The result shows that the response of the detector (Tritium Room
Monitor MGR-120X, Aloka) for these nuclides is about one tenth of that
for tritium. With this calibration factor the radioactive concentration
in the air of treatment room is estimated as 0.6 Bgq/cc at maximum,
where the beam energy and the fluence rate are 160 MeV and 6.4X 10%cm~2-
sc~! respectively.
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Response Calculation of Radioactive Gas Monitor using EGS4 Code

T. Torii, S. Kawagoshi, T. Nozaki, H. Ando

O-arai Engineering Center,
Power Reactor and Nuclear Fuel Development Corporation
4002 Narita, Oarai-machi, Ibaraki-ken, 311-13, JAPAN

Concentrations of radioactive gases are measured continuously by radioactive gas monitors
installed in nuclear facilities. The calibration of these gas monitors has been carried out using a
calibration loop and standard gases, such as ¥Kr and '**Xe, in O-arai Engineering Center. How-
ever it is hard to calibrate the gas monitors for FP gases with short half-lives and for gaseous
positron emitters. Because there is no standard gas of such nuclide.

To evaluate the sensitivity for such gases, we calculated the response of the plastic
scintillator type gas monitor for several radioactive gases using EGS4 code. The calculated
results were in good agreement with experimental ones. Furthermore it became to be possible to
estimate the calibration factors and the lowest detectable concentration of the gas monitor for
radioactive gases with short half-lives.
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Response Calculation of the SSDs Boarding on the Satellite

Shunji Takagi
Cyclotron and Radioisotope Center, Tohoku University
Aoba, Aramaki, Sendai 980, Japan

Response of the thin SSDs was calculated by using the EGS4 code. These detectors
have been measuring energetic charged particles, mainly geomagnetically trapped parti-
cles, boarding on the satellite. It is very important to determine the exact energy ranges
that the detectors system can measure. The results of the energy ranges calculated by
the EGS4 code become higher than those from the Bethe's stopping power equation.
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Table 1. JlEHF& T RIVF—EH

CHANNEL ENERGY RANGE
NAME PARTICLE ' [MeV]
eEl electron 20 < (8.0
elE2 electron 0.7 - 20
el3 electron 025 - 0.7
pEl proton 30 - 38
pE2 proton 15 - 30
pE3 proton 64 - 15
AA alpha particle 15 - 45

3 EGS4(c&3SSDhDLFLRIF—EE
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Calculations of Absorbed Dose Distributions in Phantoms Irradiated with
Gamma and Low Energy X-rays

Nobuteru Nariyama
Ship Research Institute
6-38-1 Shinkawa, Mitaka, Tokyo, 181 Japan
Shun-ichi Tanaka,Michio Yoshizawa, Hiroshi Nakashima, Yoshihiro Nakane
Japan Atomic Energy Research Institute
Tokai, Naka, Ibaraki, 319-11 Japan
Yoshihito Namito,Hideo Hirayama, Syuichi Ban
National Laboratory for High Energy Physics
1-1 Oho, Tsukuba, Ibaraki, 305 Japan

The applicability of EGS4 code has been expanded to low energy X-ray
region with addition of electron binding corrections and linear
polarization effects to Compton scattering and Rayleigh scattering. The
precision of the code was confirmed by calculating absorbed dose
distributions in phantoms and comparing them with ones measured using
monochromatic low energy X-rays from synchrotron radiation.
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Application of a general purpose users' version of the EGS4 code system
to the dose equivalent calculation of using the human phantom model

I Nojiri®, O. Narita® S. Iwai®, and Y. Fukasaku®

A : Power Reactor and Nuclear Fuel Development Corporation
Tokai-mura, Naka-gun, Ibaraki 319-11, Japan

B : Mitsubishi Atomic Power Industries Inc.
1-297 Kitabukuro-cho, Omiya-shi, Saitama 330, Japan

C : Nudlear Energy System Inc.
Tokai-mura, Naka-gun, Ibaraki 319-11, Japan

A general purpose users' version of the EGS4 code system has been developed to make EGS4
easily applicable to the safety analysis of nuclear fuel cycles facilities. By using this version,
without requiring user-written subroutines for geometrical modeling, sources, detectors, and
variance reduction, electron - photon transport could be simulated. The dose equivalent
calculation of the human phantom model has been performed by using this version. These
calculational results have been compared with published data of ICRP Pub. 51. This comparison
has shown that almost good agreements between calculated and published data would be
obtained by using some adequate modeling.
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Photon energy spectrum and dose distribution computation
of a telecobalt therapy beam

Hidetoshi Saitoh, Toraji irifune, Kenichi Fukuda,
Masahiro Fukushi, Kenji Saegusa
Tokyo Metropolitan College of Allied Medical Sciences
7-2-10, Higashi-Ogu, Arakawa-Ku, Tokyo, 116, JAPAN

The most accurate mean of three-dimensional dose distribution calculation is by Monte
Carlo techniques. In order to calculate dose distributions in a patient using Monte Carlo
techniques, we must obtain accurate energy spectra of therapy beams. In this work, we
used the EGS4 code system to compute the energy spectra from Shimadzu RTGS-2 cobalt-
60 radiation therapy unit and the dose distributions in a homogeneous phantom for
verification of the spectra.

As the result of the 1.17 and 1.33 MeV primary photons of 4,000,000 were randomly
generated inside the entire source volume respectively, 66,976 photons reached the
scoring plane at 80 cm SSD for field size of 30x30cm?. Of the 66,976 photons, 61.3%
were unscattered primary photons and 38.7% were scattered photons. The ratio of
primary photons to scattered photons decreased as field area increased. These lower
energy photons were ejected mainly caused by Compton interactions with the source
itself, the source capsule, the primary definer and the adjustable collimator.

The spectra were used as input to calculate percentage depth doses in water phantom.
The computed percentage depth doses were in good agreement with the experimental data
with an ionization chamber.
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Fig.1 Cutaway view of Shimadzu RTGS-2 telecobalt therapy unit. (courtesy of Shimadzu Co.)
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Fig.2 Schematic diagram of the source housing, primary  Fig.3 Diagram of the source and source capsule
collimator, adjustable collimator and sampling geometry and materials on our simulation.
plane on our simulation.
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Fig.4 Encrgy spectrum of all photons which were Fig.5 Energy spectrum of photons except the unscattered

collected in a radial bin extending from 0.0 to primary photons are shown separately from last
15.0 cm at sampling plane (SSD80 cm) for ficld scattered regions.
size 30X 30 cnt.
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Fig.6 Comparison of the scattered photon spectra which Fig.7 Comparison of the scattered photon spectra which
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Fig.8 Comparison of calculated and measured percentage Fig.9 Comparison of calculated and measured percentage
depth dose curves fora 5X 5 cni ficld. depth dose curves for a 10X 10 cnt field.
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Fig.10 Comparison of calculated and measured percent- Fig.11 Calculated absorbed dose at buildup region for a
age depth dose curves for a 20X 20 cni field, broad beam by Rogers (Ref.6) and mass energy
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Cosideration on Electron Linac and Target System for
the Positron Factory

Hirohisa Kaneko, Sohei Okada
Takasaki Establishment, Japan Atomic Energy Reserarch Institute
Vatanuki-machi, Takasaki-shi, Gunma-ken 370-12, Japan

JAERI Takasaki has been promoting design studies for the Positron
Factory, which aims at production of linac-based intense monoenergetic
positron beams of 10'® s-!' in intensity. A new concept of the target
design is proposed , which is expected to supply intense slow positron
beams simultaneously for multiple beam channels.

¥e investigated relationship betveen the electron beam energies of
the linac onto the converter and the slow positron yields from the
moderator with MHonte Carlo simulations. ¥e used EGS4 for the
~energetic positron production in the converter and a newly developed
code named SPG ( Slow Positron Generation ) for the slow positron
production in the moderator. It was concluded that the optimal
electron beam energy is around 100 to 150 MeV.
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Sinulation of Energy Deposition from Runaway Electrons

in Plasma Facing Components with EGS4

Tomoaki Kunugi, Masato Akiba and Masuro Ogawa
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, lIbaraki-ken, 319-11 Japan

Osamu Sato and Mitsushi Hakamura
Mitsubishi Research Institute Inc.
Time & Life Building, 3-6, Ohtemachi 2-chome, Chiyoda—-ku, Tokyo, 100 Japan

ABSTRACT

The electron-gamma shower code EGS4 was applied to the simulation of
energy deposition from runaway electrons in the plasaa facing components
of takamaks. We calculated the energy deposition in the layers of carbon
and molybdenum irradiated by electrons which energies were from 10 to
300 MeV and the incident angles were from 0.5 to 25 degrees. The energy
depositions calculated by EGS4 were compared to the results of GEANTI.
EGS4 calculated higher total energy deposition rate in both carbon and
molybdenua layers, and lower peak energy at the surface of molybdenunm
layer. EGS4 was also applied to the calculations of energy deposition
on three types of proposed ITER divertor targets. The results of these
calculations showed that the peak deposited energies on metallic compo-
nents were not affected by their geometrical shapes in case of low inci-
dent angle.
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H1 BESLIUCBUITIZVEBRANORXBFIRINF—
DABIRNE—CHTEIHUS

Electron Incident

Energy  Angle Fraction of deposited energy (%)
13 [} in Carbon in Molybdenum
(MeV)  (degree) EGS4 GEANT3* EGS4 GEANT3*
0.5 23.85 *+0.49 18.24 2.02 0. 1.63
1.0 29.96 +£0.51 23.80 2.53 *0.12 2.29
10 2.0 39.01 0,52 3.40 %£0.13
5.0 56.80 *0.49 50.84 5.54 +0.17 5.23
25.0 73.10 +0.29 74.18 21.75 +£0.28 19.11
0.5 22.09 +0.44 18.36 4,32 £0.17 3.99
1.0 30.00 +0.46 24.44 6.04 +0.20 5.44
20 2.0 39,55 +£0.46 34.62 8.34 +0.22 7.86
5.0 54.48 +0.41 50.84 13.02 +£0.26 12.72
25.0 47.19 £0.29 50.37 47.58 +£0.32 43.96
0.5 22,24 +0.38 19.29 8.19 *+0.25 7.87
1.0 30.1Y %0.39 26.94 11.34 £0.27 10.12
50 2.0 39.91 +0.38 15.¢~ £0.31
5.0 £0.14 +0.30 46.79 26.54 £0.35 26.75
25.0 18.26 *+0.12 19.26 75.70 +£0.20 73.35
0.5 23.13 +£0.34  20.67 11.85 +0.29 10.77
1.0 30.64 +£0.33 28.32 16,77 +0.32 15.88
100 2.0 38.81 +0.30 36.27 23.63 £0.34 22,80
5.0 41.60 +0.25 39.93 41.09 +£0.36 39.30
25.0 8.68 £0.05 8.99 85.18 £0.14 83.96
0.5 26.13 +0.27 23.78 18.35 £0.31 12.21
1.0 32.27 *0.24 29.75 26.31 *+0.33 -23.51
300 2.0 34.78 £0.20 34.06 39,43 +0.34 36.7
5.0 22,28 +0.15 22.54 66.52 +£0.26 61.52
25.0 3.10 +0.02 2.94 89.22 +0.10 89.68

*The Tesults of GEANT3 is obtained from Ref. (E=10-100MeV, 6=1-25' )

£2 BRESLIUEBUIFVBHNSORHBFIRIF—

Electron Incident Fraction of reflected energy (%)
Energy Angle by Electrons by Positrons by Photons
(MaV) !dggree) EGS4 _ GEANT3* EGS4 EGS4  GEANT3*

0.5 73.86 79.7 0.00 0.44 0.3
1.0 67.24 73.4 0.00 0.62 0.5
10 2.0 57.32 0.00 0.62
5.0 37.08  43.2 0.00 0.80 0.8
25.0 4,05 6.0 0.00 0.65 0.8
0.5 72.79  76.7 0.00 0.82 0.8
1.0 62.89 69.0 0.00 1.17 1.0
20 2.0 50.75 56.1 0.00 1.43 1.3
5.0 30.73 34.6 0.01 1.65 1.7
25.0 2.38 3.2 0.00 2.89 1.8
0.5 67.58 70.6 0.07 1.80 2.1
1.0 56.29 59.7 0.12 2.05 2.7
50 2.0 40.72 0.18 3.03
5.0 20.18 21.6 0.07 2.76 4,2
25.0 1.65 1.9 0.03 1.46 3.2
0.5 60.99 64.1 0.42 3.3 4,3
1.0 47.37 48.8 0.48 4.44 5.7
100 2.0 31.64 32.9 0.51 5,01 6.6
50 12.06 12.9 0.34 4.3 6.9
25.0 0.63 0.9 0.04 1.3 2.9
0.5 45.15 4.8 2,06 7.28 10.8
1.0 29.51 331 2.24 8.60 13.1
300 2.0 15.44 15,2 1.87 7.34 1.4
5.0 4,48 4,6 0.98 4,50 10.5
25.0 0.16 0.6 0.02 0.89 1.6

% The results of GEANT3 is obtained from Ref. (E=10-100MeV, §=1-25" )



R3 REBIVEBYUITFVBRTCORREBIRIVF—

Electron Incident  Peak deposited energy (MeV/cm)/{electron/cm2)

Energy  Angle in Carbon in Molybdenum
(MeV)  (degree) EGS4 GEANT3* EGS4 GEANT3*
0.5 24,17 £0.36 17.30 1.60 £0.12  2.00
1.0 30.07 £0.37 22.50 2.10 £0.13  2.60
10 2.0 36.80 *0.36 2.72 *0.15
5.0 39,15 +0.32 37.30 4,46 +0.18 6.20
25.0 9.76 +0.15 11,20 15.62 *£0.32 18.40
0.5 40.85 +0.57 32.90 3.73 £0.20  5.00
1.0 51.52 +0.57 42.60 5.84 £0.26  6.50
20 2.0 60.75 +£0.54 . 54.50 7.57 £0.27 9.10
5.0 49,71 +0.45 53.80 12.34 +£0.34 15.10
25.0 10.34 £0.17 11.40 32.30 £0.48 37.90
0.5 90.29 +1.09 79.20 12.75 £0.49 14.50
1.0 111,85 *£1.06 101.60 .17.28 *=0.57 18.30
50 2.0 111.65 %0.96 24.37 %0.65
5.0 50.73 £0.74 62.70 41,08 +0.82 43.10
25.0 10.66 £0.17 10.90 51.04 +0.72 - 54.80
0.5 163.08 *1.66 154.80 31.08 £1.00 33.30
1.0 181.68 *1,53 180.60 -  40.68 %£1.04 50.30
100 2.0 136.07 *£1.22 153.60 58.26 +1.22 68.00
5.0 57.21 *0.80 63.10 86.55 +1.47 108.70
25.0 9.69 +0.15  9.80 58.49 +0.87 64.10
0.5 369.89 *+3.11 349.50 131.13 *£2.61 162.80
1.0 282.05 *2.51 307.00 179.06 +2.85 234.90
300 2.0 153.36 *1.76 166.00 246,39 *3,15 315.50
5.0 79.14 £1.06 76.30 296.41 *3.23 364.20
25.0 10.44 +0.16  9.50 109.48 +1.39 135.00

* The results of GEANT3 is cbtained from Ref. (E=10-100MeV, 8=1-25" )
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- Type A : Monoblock concept, 1mm-thick copper tube in CFC block

component average deposited energy peak deposited energy
: (MeV/icm ) {MeV/iem )
CFC 47.2140.50 372.3+ 3.1
Coolant tube 73.6511.48 1246105
Coolant 16.004+0.39

Type B : Armored copper tube concept, copper structure armored by 1cm-thick CFC

component average deposited energy peak deposited energy
(MeV/ecm ) {MeVicm )
CFC 76.21+£1.04 a71.2x 4.0
Copper structure 40.634-0.91 126.1% 3.4
Coolant 7.96+0.29

Type C : 1mm-thick coolant tube between CFC and copper structure

component average deposited energy peak deposited energy
(MeV/iem ) {MeV/icm )
CFC 63.92:+0.88 37481 4.0
Coolant tube 73.324-1.88 127.4% 34
Copper struclure 30.600.87 755+ 3.2
15.36+0.47
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