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Proceedings of the workshop ““New Radiation Dosimetry System
DSO2 for the Atomic Bombings in Hiroshima and Nagasaki”~

Preface

This is proceedings of the workshop “New Radiation Dosimetry System DS02 for
the Atomic Bombings in Hiroshima and Nagasaki” held in July 29-30, 2004 at Research
Reactor Institute, Kyoto University. DS86 (Dose System 1986) has been used to
estimate radiation dose to the atomic bomb survivors in Hiroshima and Nagasaki
although the discrepancy was observed between DS86 calculation and measured values
for neutron induced activation since early 1990’s. Several groups of scientists both in
Japan and US have continued the investigation to resolve this discrepancy using new
techniques for measurement and computation. In 2000 we agreed with US scientists to
concentrate the efforts of both sides to resolve the discrepancy as a Japan-US joint team.
After two years of the intensive collaboration, the Japan-US joint WG succeeded to
develop a new dose system (DS02). In March 2003 DS02 was approved by the Joint
Senior Review Group of the Ministry of Health, Labour and Welfare, Japan and
Department of Energy, USA as a new dosimetry system to be used in the works of
RERF.

As the summing up of the DS02 efforts by the Japanese WG, this workshop at
KUR was planned to discuss all works by the WG members and remaining tasks to be
done in the future. In addition, presentations were prepared about the dose contribution
of “black rain’ and induced radioactivities that were not discussed in DS02. More than
40 people participated in the workshop.

This workshop was coordinated by Hasai, Hoshi, Shibata and Imanaka.. We are
sure that this report will be useful to understand DS02 for not only specialists but
ordinary citizens. We would like to express our deep acknowledgements to the reporters,
chairpersons and attendants of the workshop.

February 2005
HASAI Hiromi
HOSHI Masaharu
SHIBATA Seiichi
IMANAKA Tetsuji
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Table 1 152Ey 13
Sample Place Slant range Measurement Peak counts (344keV) Background dmc? NosN
No. (m) Date time T (s) No no(cps) N, O, n (cps)
Nagsaki
NM1  Yana bridge 594 990908 515690 465432 9.0x107 325 18  8.1x107° 11
NM2  Ukrakami church 677 940906 670720 127427 1.9x107* 380 19 68x10° 28
NM3  Nagasaki Univ. hospital 653 940917 770110 178=429 2.3x107* 560 24 7.3x107° 3.2
NM4  Gokoku shrine-A 815 991026 1178360 2852459 2.4x10™ 725 27 37x10° 46
NM5  Gokoku shrine-B 816 991012 1201000 178431 1.5x10™ 550 23 45x107° 33
NM6  Nanzan school-A 850 990922 1717590 119+34 6.9x107° 985 31 42x107° 16
NM7  shimoda house 926 991207 1201650 64437 5.3x10™ 560 23 19x10°° 2.8
NM8  Prefectural gymnasium 1024 991221 1116340 69433 6.2x107 520 23 48x107° 13
NM9  st. Maria school 1061 000430 1551170 99431 6.4x10™ 800 28 42x10°° 15
NM11 Maruocho (control) 2889 990601 895430 - - 664 26 68x107° -
Hiroshima
1 Shima hospital 579 910117 81130 25420 3.1x107° 50 7 2.0x10™ 25
45 Naka telepfone office 774 901114 139970 263428 1.9x107° 250 16 26x10™ 12
52 Myochgoj 873 900926 378200 17527 4.6x10™ 260 16 99x10° 7.7
60 Enryuiji 1081 910227 220400 31218 95x107° 270 16 6.9x107° 13
63 Teramachi stone wall 1112 910114 200240 35%19 1.7x10™ 120 11 13x10¢ 14
66 Kozeniji 1299 910720 550680 3118 3.4x107* 300 17 7.2x107° 05
68  Primary school 1450 901119 425730 24417 56x107 300 17  95x10° 10
70  Communication hospital 1488 910722 747820 62440 8.3x107° 1100 33  1.0x10™* 0.8
Control ___Comercial high school 2928 000713 1270310 - - 700 27 47x10° -
2 Detectable minimum counting rate : n'=2.33c, T
Table 2 %Co 14
No. Place Measuring Peak counts Peak counting ~ Background counts dmc? Ratio
time (1173+1332) rate
T (s) Ng(counts)  ny(counts s Ng o n (countss™) ny/n’
[Nagasaki]
NS1 Takatani 267020 199417 75>10™ 50 7.0 6.1>107° 12
NS2 Shiroyama 455450 30023 6.6>10™ 160 126 6.4>107 10
NS3 Nagasaki Univ. 739200 7515 1.0=<10™ 100 10.0 32%107° 32
NS4 Motoki Bridge 1165860 14022 12>=10™ 280 167 33%107° 36
NS5 Mitsubishi Steel 1265260 143424 1.1><10 300 17.3 32%107° 36
[Hiroshima]
S1 A-Bomb Dome 269150 2901=+54 108107 44 6.6 57>107° 188
S2  Kirin Beer Hall 278530 58027 2.1%107° 58 76 6.4>107° 33
S3  Kodokan Building 607140 353+21 58>10™ 101 10 3.9%107° 15
S4  City Hall 611420 275424 45107 102 10.1 38>107° 12
S5 Red Cross Hospital (pipe) 823710 7921 0.96>10™ 148 12.2 34>=<107° 2.8
S6 Red Cross Hospital (ladder) 938660 12218 1.3=<107* 168 130 32%107° 40
S7 Hiroshima Back of Credit 1313690 151421 1.1><10" 221 149 26>107° 41
S8 Army Foods Storehouse 1288030 - - 230 15.2 2.7><107° -
# Detectable minimum counting rate n*=2.326c /T
1000m WG 1000m DS86
800m DS02
152Eu 6OCO i
1000m 152e Co DS02
10

11
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Fig. 5 Results of tracer experiment:
separation of Eu and Ac extracted in 1M
HDEHP in benzene by washing the organic
phase with 0.2 M HNOs.

300 mL 1 300 mL
300 mL Eu 100
mg Fe
152F, Y
1CP-MS
3.
- - Eu
Eu Table 1 S2Eu 217
Eu Eu
DS86 DS02 1S2Eu/Eu
2><10 Bg/mg Fig. 6 VAV
Sm-K-X 52y Fig. 7 Fig. 8
Eu Eu 1.9 mg Table 1 Fe 100 mg
Sm7.0mg Ho 3.1mg Yb 19 mg Lu 2.4 mg 52y
Sm-K-X Sm X Fig. 9
152Eu
Table 1 Results of Eu enrichment and removal of Ac by the present chemical procedure.
Sample E 207
u content /mg La content /mg Ac content /Bq
spe(():gm en Mass /g (Recovery) (Recovery) (Recovery)
Andesite 7755 7.4 (=100 %) 109 (=100 %) 5.4 (=100 %)
Crude specimen 53.76 4.9 ( 66 %) 73 ( 67 %) 3.3( 61 %)
Purified
specimen 0.2 1.9 ( 26 %) not detected not detected
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Fig. 8 Low-energy photon spectra of purified Eu fraction and background.
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Sm Ka X-rays resulted from self-excitation of Sm in counting sample is

interfering with counting of Sm Ka X-rays after £-decay of 152Eu.
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Fig. 9 Sm-K-X-ray from Sm.
HDEHP Eu
Ac
Fig. 10 0.1 M HNO, 1 M HDEHP Ac
0.2 M HNO;4 0.1 M HNOg4
La Ce Pr Nd 80% ““0.1 M HNO,4 0.2 M HNOg4
i Sm  Eu Tb Tm 50 % 3 M HNO;
3 M HNO, Tm Lu
8 M HNOj;

Fractionation of Lns during Ac removal from Eu

12
0.1 M HNO,; soln.

10
« 1 M HDEHP in benzene

Aqg. Org. (lanthanoids Ac) "

« 02MHNO; X< 08

AQ.(Ac) Org. (Eu) "
— 3M HNO,

02

Ag. (Eu) Org.

00

la Ce Pr Nd Sm Eu Gd To Dy Ho Er Tm Yb Lu

Fig. 10 Fractionation of lanthanoids during (1)extraction from 0.1 M HNO; into 1M HDEHP in
benzene, (2)washing the organic phase with 0.2M HNO; and (3)back-extraction with 3M HNOs.
amounts in starting 0.1M HNOs, amounts remaining in 0.1M HNO; after the extraction with 1M
HDEHP in benzene, amounts back-extracted with 0.2 M HNO3, amounts back-extracted with 3
M HNO:s.
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2Eu measurement at Kanazawa University (1)
Takashi NAKANISHI
Graduate School of Natural Science and Technology, Kanazawa University

Measurements of the specific radioactivity of residual neutron-induced radionuclides such as ***Eu and
®Co have been carried out to assess the validity of a series of computer calculations employed for
atomic-bomb neutron dosimetry in Hiroshima and Nagasaki. However, the use of these nuclides for
atomic-bomb neutron dosimetry has been limited by the following difficulties: (1) today, these
radionuclides are found only at extremely low concentrations in materials exposed to the atomic bombs
and (2) the neutrons that induced these radionuclides were thermal and epithermal, while the neutron dose
received in Hiroshima and Nagasaki is attributable to fast neutrons. In order to overcome the first
difficulty, we established a chemical procedure to extract Eu and Co from materials exposed to the atomic
bomb. This chemical procedure has been successful for materials exposed to the atomic bomb within a
1400 m slant distance from the explosion point over Hiroshima. At Nagasaki, materials exposed at
distances greater than 1200 m have never been subjected to the measurement of residual neutron-induced
radionuclides. In this work, we have undertaken the determination of the specific radioactivity of *?Eu
(half-life: 13.542 y) in a sample exposed to the Nagasaki atomic bomb at a place 1595 m distant from the
explosion point. However, because of radioactive decay during the 60 years since 1945 and the great
distance from the explosion point, the current specific radioactivity of **?Eu in the sample is extremely low
(estimated to be  2x10™* Bg-"*Eu/mg-Eu), and a serious problem in the measurement of ultra low-level
S2Eu radioactivity arises due to interference from daughter nuclides of *’Ac (half-life: 21.8'y). Hence,
our chemical procedure for preparing a Eu-enriched counting source must be improved, and much
attention must be given to the removal of Ac from the Eu-enriched sample.

An approximately 19 kg concrete sample was obtained from the outer surface of a building exposed to
the Nagasaki atomic bomb at a distance of 1595 m from the explosion point. From the concrete sample,
approximately 9.6 kg of andesite (used as osteodentin) and approximately 7.7 kg of mortar were separated.
Because preliminary neutron activation analysis demonstrated that the Eu concentration in the andesite
fraction (0.96 ppm) was higher than the concentration in the mortar fraction (0.41 ppm), approximately
7.8 kg aliquots of andesite were subjected to a chemical procedure to separate rare-earth elements (REES)
including Eu. After total decomposition of the pulverized andesite by fusion with sodium hydroxide,
removal of major elements (such as Si, Al, Fe, Ca, Na, K, and Mg) was carried out by precipitation,
solvent extraction, and ion-exchange column methods. A crude specimen obtained in this manner was
subjected to preliminary measurement of Eu and radionuclides. The crude specimen, which was
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enriched in REEs, was then subjected to total decomposition and chemical procedures to obtain a purified
specimen, which was virtually free of major elements and Ac. To remove Ac from the REEs, the major
elements were first removed, and then solvent extraction with 1M HDEHP-benzene was applied to the
REE fraction in dilute nitric acid medium.

Preliminary measurements of Eu and radionuclides in the crude specimen revealed that the content of
22T Ac daughters in the specimen was too high to determine the low-level *?Eu radioactivity. A series of
tracer experiments using Eu and “*®Ac demonstrated that solvent extraction in a 1M
HDEHP-benzene/dilute HNO; system is an efficient method to remove Ac from Eu (Figs. 4 & 5). In the
case of the actual crude specimen enriched in REEs, Eu and Ac were first extracted into 300 mL of 1M
HDEHP-benzene from 300 mL of 0.1 M HNO; solution. The organic phase was then washed with five
300 mL portions of 0.2 M HNOs. Some results of the enrichment and purification of Eu from the sample
exposed to the atomic bomb are given in Table 1. Although the overall recovery of Eu in the purified
specimen is only 26 % of the amount contained in the approximately 7.8 kg aliquots of andesite, the
removal of Ac from Eu has finally enabled the detection of *?Eu radioactivity. The careful measurement
of *Eu radioactivity in the purified specimen should be continued.
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152F, ()

1976

2Ey 13.542 1976 8
in situ 2002
Table 1
1. insituy
1.1 in situ 152gy
1975
2001
3 in situ
Ge
in situ 1976.7.31-8.5
Table 2By
1976.7 in situ 2Ry
1977.7 in situ
1977.10
1979.8 in situ
1982.11 in situ DS86
19955 (270mwe)
1998.6 B2Fy, %°Co
19999 JCO 198 Ay
2001 .8- > 1km
2001.11 | ~1kg 2Ry %CI Intercomparison
20023 |11 B2Ey 1.2km 3
2002 .8 7 2Ry 1.4kmm 7

* KOMURA Kazuhisa, Kanazawa University; komura@yu.incl.ne.jp
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Table 2. B2y
(m)  152Ey (Bg/mg-Eu)
1 146 994 + 55
2 496 152 £+ 089
4 654 62 + 038
5 881 157 £+ 01
3 893 099 + 007
6 912 106 £+ 0.09
7 927 078 + 010
8 1016 027 = 0.09
9 1163 015 + 003
18A "E" -1 1374 <0.1
18B "E" -2 1374 <0.1
17 1411 0038 =+ 0.019
10 4295 ND
11 5302 ND
14 8791 ND
15 7 7611 ND
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83Cu(n,p)®Ni &N 100.1
63Ni
Straume and Marchetti, 1994
63Ni 63Ni [3
Shibata et al., 1994 BN
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slant range 1501 m
slant range 1550 m

Hypocenter

analyzed rain gutter 1
in this work

31-6.7m
3.0-6.25m

analyzed rain gutter 2
in this work

O Rain gutter

" SHIBATA Seiichi, Kyoto University; shibata@HL.rri.kyoto-u.ac.jp
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63Ni

sample weight (g) slant distance (m) Ni (ppm) chemical yield (%)
Rain gutter 1 A 1085.04 1501 42 67
B 935.38 45 64
C 695.31 31 57
Rain gutter 2 A 1055.40 1550 29 57
B 1076.87 7 71
C 686.62 30 56
1)
SN 67 keV B
B
Ota, 2003
8% 17 %
6M
6M oM
DOWEX 1X8, 100 - 200 mesh M aM 0.1M
pH ~8 1% w/w
M
6M 0.5M DOWEX 50Wx8, 100 —
200 mesh 0.5M 6M
ICP
2) “Ni B

63N i

Packard, TRI-CARB-2770 TR/SL
25 %
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B @ (®)

63Ni
(@) Ni 10 — 30 keV
63Ni
(b)
(€)) Ni 1.26 (=
0.31)><10° ®Ni / g Cu SNi
7.26>10* ®Ni / g Cu Straume et
al., DSO2 Report, Chapter 9 Part B Ruhm et al., Chapter 9 Part D
E2Ni(n,y)®Ni BN Santoro et al., DSO2 Report,
Chapter 3 Ni 1945 8
Ni 7.97 (%3.58)>10* ®Ni / g Cu
63Ni
slant range: 706 m; sample weight: 40.14 g; Ni content: 210 ppm
slant range: 864 m; sample weight: 91.35 g; Ni content: 13 ppm
63Ni
sample Rain gutter 1
slant distance (m) 1501
®Ni /g Cu measured 1.26 == 0.31 (><10%
- background” 5.38 =+ 2.21 (<10
corrected to 1945 8.01 =+ 3.29 (<10
®2Ni(n,y)**Ni correction” 7.97 & 358 (<10%
* 7.26 x 10* atoms ®Ni /g Cu Straume
et al., Chapter 9 Part B, DS02 Report ; Rihm et al., Chapter 9 Part D, DS02 Report
*k 1500 m 8.37 x 10° atoms ®Ni /g Ni Santoro et al., Chapter 3,

DS02 Report
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B
~20 %

DS02

Kojima, S. and Furukawa, M., Liquid scintillation counting of low activity ®*Ni, J. Radioanal. Nucl. Chem.,

Letters 95, 323 (1985).
Ota, Y., Study on estimation of fast-neutron fluence of the Hiroshima atomic bomb by *Cu(n,p)®Ni, MS Thesis,

Graduate School of Engineering, Kyoto University (2003) (in Japanese).
Rithm, W. et al., Evaluation of cosmic ray-induced ®*Ni background in copper, Chapter 9 Part D, DS02 Report

(draft).
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Eu Cli

No.
© @ -
1  Motoyasu Bridge. Railing Eu, CI 1000 221 135
2 Shirakami Shrine Fence Eu, ClI 340 5.47 504
3 Honkeiji Temple Eu, CI 500 10.7 896
4 Myochoji Temple 7 Eu, CI 800 26.3 639
5  Old Prefectural office Eu, CI 1000 19.7 877
6  Enryuuji Temple 5-1 Eu, CI 440 16.5 925
7  Shingyoji Temple 1 Eu, CI 600 19.4 915
8  City Office pavement Eu, CI 1000 17.2 1022
9  Kozenji Temple 6-1 Eu, CI 1000 23.1 1177
10  Senngyoji temple Eu, CI lyo stone 1000 27.8
11  Kannonji Temple Eu, CI 1000 21.0
12 Senzoubo cl Iyo or Oshima 8790*
stone
13 Senzoubo Cl Local stone 8790*
14  Senzoubo Eu, CI Local stone 962.1 20.8 8790*
15 Myokenji Temple Eu, CI Local stone 914.6 14.6 7610*
16  Myokenji Temple Cl Local stone 7610*
17  Kikkawa Ryokan Eu, CI 1300 40.4 1424
Surface core of Old Faculty of Ocm-5cm
18 Hiroshima University (E-building) Eu, Cl depth 1385
Deeper core of Old Faculty of 5cm-15¢cm
Hiroshima University (E-building) Eu, CI depth 1385
stones)
17 (Kikkawa Ryokan) (1424m)
18
16 cm 0-5cm 5-15¢cm
18 B2gy
%cl
152 |
(Shizuma et al. 1993)
15 40 ¢
Ge
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5¢cm

1.2

polyethylene with 3.7% boron: Hoshi et al. 1992)

2ml

>=<10" (nfcm?) <=

152Eu

DS02

1cr
S o8f
8
c) N
S 06} o,
E
¢ .
3 04t =
i1
0.2 I —o0— Thermal neutron
---0--- Epithermal neutron
0 sl M
1 10 100
Gold thickness (um)
lum 50 u
0.813 0.402
1000 ppm
10,000 ppm
1 ml 2 ml
22t (Hoshi et al. 1988)
5cm
10cm (Newlite plate:
50 pm
<« i 3.19=<10"  1.76
»» 1.13%<10°  3.25%<10" (n/ecm?)
36C|
152Eu
B2Ey %y DS02
900m DS02
BBy *cl 1100m DS02
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GR *cl/cl 2Eu/Eu (Bg/mg)
(m)" DS02 DS02
Motoyasu 135 2.15E-10 1.89E-10= 1.30E-11  1.67E-10=4 1.00E-12 1.67E-10= 1.20E-11 11058 99.42455
Shirakami 504 3.64E-11 2.22E-11- 1.80E-12  2.18E-114 3.70E-12 1.88E-11-4 1.50E-12  18.699 15.2-40.89
Honkeiji 896 2.03E-12 1.43E-124 1.00E-13  1.39E-12-4 3.00E-14 1.77E-12= 2.00E-13  1.0446 0.99=0.07
Myochoji 639 1.42E-11 1.07E-11- 9.90E-13  9.72E-124 2.60E-13  1.14E-11+ 1.00E-12  7.3105 6.2+0.38
Old Prefect. 877 2.34E-12 2.45E-124 1.50E-13  4.15E-12+ 7.00E-14 2.21E-124 2.10E-13 12071 1.5720.10
Enryuuji 925 1.63E-12 1.78E-122 2.60E-13  1.33E-12+ 4.00E-14 1.68E-124 2.10E-13 0.83356 1.06=-0.09
Shingyoji 915 1.75E-12 1.17E-124 1.60E-13  1.32E-12=+ 3.00E-14 9.90E-13= 1.10E-13 0.90098 0.78=-0.06
City Office 1022 7.62E-13 3.98E-13 3.20E-14 - 3.30E-132 4.00E-14 0.39094 0.27=-0.09
Kozenji 1177 2.31E-13 2.13E-13=+ 4.20E-14  4.35E-13= 1.70E-14 2.20E-13=+ 4.00E-14 0.11865 0.1520.03
*GR(m) DS02
i DS02
E ®  Tsukuba
1, 0L o Livermore
] 107 ¢ A Munich
10" F -
o
3 107 F 3
z [+]
10" F E
r ?Eu/Eu (Bg/mg) l *ciicl
10—2 1 1 1 L L | 10.14 1 I 1 | | |
0 400 800 1200 1600 0 400 800 1200 1600
Ground range (m)
DS02 152py 36| @ Eu () *cI
M/C ( )
*cl/cl 2Eu/Eu
WG  Egbert TF
1

¢l

45



b

M/C

DS02

GR %cl/cl 26 y/Eu
(m)*
Motoyasu 135 1.041 + 0.072 0.933 + 0.006 0.904 + 0.075 1.058 + 0.065
Shirakami 504 0.721 + 0.058 0.712 + 0.192 0.614 + 0.078 0.956 + 0.069
Honkeiji 896 0.834 + 0.058 0.825 + 0.027 1.051 £ 0.177 1.115 + 0.082
Myochoji 639 0.890 + 0.082 0.823 + 0.029 0.965 + 0.113 0.998 + 0.072
Old Prefect. 877 1.237 + 0.076 2.133 + 0.035 1.136 + 0.104 1.530 + 0.078
Enryuuji 925 1.296 + 0.189 0.986 + 0.027 1.245 + 0.142 1.496 + 0.095
Shingyoji 915 0.789 + 0.108 0.907 + 0.031 0.680 + 0.113 1.018 + 0.096
City Office 1022 0.618 + 0.050 - 0.522 + 0.118 0.813 + 0.379
Kozenji 1177 1.090 + 0.215 2.266 + 0.096 1.146 + 0.226 1.487 + 0.244
*GR (m) DS02
® Ogoya O Tsukuba A Livermore A Munich
25
20 |
15 {%
10 % 3 1 R L3 x | % %
oL *
L 2 iﬁ Ok %‘
i ) %
- Q
05 1 }
00 -
Motoyasu Shirakami Myocho Old Pref Honkeiji Shingyoji Enryuji City office Kozenji
135m 504m 639m 877m 896m 915m 925m 1022m 1177m
M/C values of Intercomparison samples
DS02 (M/C)
DS02 Eu M/C
15 1 DS02
a il
B =1 =1 (n,y) ®Cl(n,y)*Cl 436
BlEy(n, v) **Eu 5900 b a
1 SGCI 152Eu
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LI

Eu Cl
36C| 152Eu
(@)
252Cf
Epithermal 3.7%
thermal
0.87=+0.03
b
Cl/Eu
77 0.91%+0.05
1200m
152Eu
Eu

(b) Eu-Cl
36C| 152Eu
36C|
152Eu a
0.86==0.03
a
<« i 1.08--0.05 <«
152Eu 36C|
Eu ClI “
152Eu
Ge ¢l
AMS
cl DS02
DS02
14% Cl

a7
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275
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© v

TL \V4
60Coy/ TL TL
\V4 60Co \V4
)
(d)
%Sr Y
TL additive pre-dose
pre-dose DS86
TL
(i) additive pre-dose TL
1) 200 85 125 110
2) 500 12mGy 200
S(N) S(N)/S(0)
3) 60Co A4
4) vy 10 500
5) 200 ) S(N+y)
S(N+y)/S(0)
6) S(N+2vy) S N+2y /S(0)
7) S(N)/S(0) S(N+y)/S(0) S(N+2y)/S 0
(ii) Modified Pre-dose
additive pre-dose —TL
550 5 TL 1Gy
60Coy/ TL
1) 200 S(0)
2)3 6 525 1
()
3)2 ,additive doses Y Y(Gy) ¢0Coy
SN vy) S(N 2y)
4) S(N)/S( ), S(N vy)IS( ) S(N:+2y)/S( )
) ) ) 5
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6) 200 S'(0)

7 additive doses 60Coy Y 2y

8) 6 52

9) 200 S'(N+y) S'(N+2vy)
R A

R=R, 1—exp —AD

Gy 1.5Gy TL
\V4 TL
400
275 310
Ge
a
B BG
M@2SiO4TLD 100 150pam (o
100pm \V4 B
TLD TL
3 15cm
B

B 0.3 Mg2SiO4 TL 2cm

5 10 15mm 15 6

TL powder for background measurement
in a lead shield container

jon'a'n slv)
Lucite(beta-ray shield)
Brick sample
» « ,4 v P < 3 y ¢
e 4 - Plastic film(alpha-ray shieid)
LEILLE D (0.1 mm thick)
Jd‘ 4’ 4\‘1' V]

TL powder for beta-ray background
measurement from brick sample

3 B 15cm
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N 100 N 100R 876mGy

60Coy/

100R 0.00876><100R 876mMGy 69Coy
()
1.2km 2.1km
60kV mA X Gd K- X
60Coy
c
CaSOs TL
49mm
62.5kPa 49mma® 3mm 2 2
CaSO4 TL 10cm
1 (o
2 3.5mg/cm?2 B
1.13 \V4
lmm 7mmad ><10cm CaS0Os TL
Y
€Y
TL
B \%
TL
0.2Gy
[ a b
A
f
a. CaSOd: TM TL dosimetry grains
b. Polyethyline tube
c. 1mm copper tube (17mm@x10cm)
d. Circular disk (45mm@x3Imm)
e, Palyethylans bag
f. 10cm teadshield
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sample B+e/t_a Gamma i Total Back-ground: Age Total Bkg Dose Repgrted
Lab Place and Sample Type (MGylyr) +/- Dose  +/- +/- Dose  +/- to: Dist
(mGylyr)  Rate(mGylyr) = (yr) (Gy) ' (m)
DUR H.U.F.S. (Hiro. Univ TILE 21102 115 1 3.25 1.02 52 1210.160:0.059; quartz 1454
DUR H.U.F.S. (Hiro. Univ TILE 21+ 02 115 1 3.25 1.02 52 12:0.160:0.059; quartz 1454
JNIRS | Naka Telephone Office TILE tissue 507
JNIRS | Naka Telephone Office TILE Tissue 523
INIRS Sanin Bank TILE Tissue 621
INIRS Chugoku Elec Co TILE Tissue 665
INIRS Chugoku Elec Co TILE Tissue 691
INIRS| H.U.F.S. (Hiro. Univ.) TILE 2657 .32 | 1.25 | 0.04 3.9 0.32 52 1210.203{0.020 Tissue 1366
INIRS| H.U.E.S. (Hiro. Univ.) TILE |265]| .32 | 125|004 | 3.9 0.32 52 | 210.203|0.020| Tissue 1366
INIRS: H.U.F.S. (Hiro. Univ.) TILE 265 .32 1 1.25 1 0.04 3.9 0.32 52 1210.203{0.020 Tissue 1393
INIRS | H.U.E.S. (Hiro. Univ.) TILE 1265 32 {125 004 | 3.9 0.32 52 12:0.203;0.020; Tissue 1416
INIRS: H.U.F.S. (Hiro. Univ.) TILE 265 .32 1 125 1 0.04 3.9 0.32 52 12 :0.203:0.020 Tissue 1420
INIRS| H.U.ES. (Hiro. Univ.) TILE 265 .32 | 125|004 | 3.9 0.32 52 |210.203/0.020 | Tissue 1428
INIRS Red Cross Hospital TILE 275, 36 | 121 | 007 @ 3.96 0.37 44 1210174 0021 Tissue 1433
INIRS . H.U.F.S.(Hiro.Univ.) TILE 265: .32 125 0.04 3.9 0.32 52 :2:0.203:0.020: Tissue 1443
INIRS Ryomatsu sho BRK :191: 38 : 12 : 008 ; 3.11 0.39 73 :2:0.227:0.034; Tissue 3387
INIRS | H.U.F.S.(Hiro.Univ.) TILE 265 .32 : 1.25 | 0.04 3.9 0.32 52 1210.203;0.020 Tissue 1450
JNIRS Chokin-Kyoku TILE 296 | 45 | 125 | 0.09 | 4.21 0.46 47 120.198]0.027| Tissue 1607
NU.E.| Naka Telephone Office TILE Roentgen 523
NUE | Naka Telephone Office TILE Roentgen 523
N.U.E: Naka Telephone Office TILE Roentgen 523
N.U.E: Chugoku Electric Co. | WallTile : 264 10 | 1.1 10 3.74 1414 | 55 0.206 Tissue 692
NUE | Chugoku Electric Co. | Wall Tile | 2.64 | 10 | 1.1 10 3.74 14.14 | 55 0.206 Tissue 692
NUE | Chugoku ElectricCo. : Wall Tile 1 281 10 | 1.1 10 3.91 1414 | 55 0.215 Tissue 692
NUE : Chugoku Electric Co. Wall Tile : 2.81: 10 11 10 3.91 14.14 55 0.215 Tissue 692
NUE | Chugoku Electric Co. : Wall Tile : 296 10 @ 1.1 10 4.06 1414 : 55 0.223 Roentgen 692
NUE | H.U.PS. (Hiro. Univ.) itile, railing| 2.49 {0.007 | 0.82 | 0.04 | 3.31 0.04 45 12 10.149{0.008 | Roentgen 1271
tile,
NUE HUFS "I" Bldg railing, |2.49|0.007| 0.82 | 0.04 | 3.31 0.04 45 | 210.149(0.008 | Tissue 1271
roof
N.U.E: H.U.PS. (Hiro. Univ.) itile, railing; 2.49 :0.007: 0.82 : 0.04 : 3.31 0.04 45 : 2 :0.149:0.008 ;| Roentgen 1298
Beta +- Total Reporte
Sample Gamma Back-ground [Age +/- Total Bkg Dose IOd
Lab Place and Sample +/- Dose  +/- . -
Type (mGylyr) (MGylyr) Dose +- (yr) (Gy) to: Dist
Rate (mGy/yr) (m)
NUE : H.U.PS. (Hiro. Univ.) i Tile, eaves ; 2.49 : 0.007 ; 0.82 ; 0.04 ; 3.31 : 0.04 : 45 : 2 :0.149 ; 0.008 : Roentgen : 1282
NUE | H.U.PS. (Hiro. Univ.) | Tile,eaves i 2.49 0.007 0.82 | 0.04 A 331 ' 0.04 45 2  0.149 § 0.008 | Roentgen 1316
NUE | H.U.PS. (Hiro. Univ.) | tile, railing | 2.49 1 0.007  0.82 | 0.04 | 331 | 0.04 45 2 | 0.149  0.008 | Roentgen | 1336
NUE H.U.F.S. (Hiro. Univ tile, floor | 2.71 { 0.007 : 0.88 : 0.03 : 359 | 0.03 : 52 | 2 ' 0.187 : 0.009 : Roentgen 1388
NUE : H.U.FS. (Hiro. Univ tile, floor : 2.71 : 0.007 : 0.88 : 0.03 : 359 : 0.03 : 52 : 2 :0.187 : 0.009 : Roentgen : 1388
NUE H.U.F.S. (Hiro. Univ tile, floor { 2.71 { 0.007 ; 0.88 : 0.03 ; 3.59 | 0.03 { 52 { 2 :0.187 i 0.009 ; Roentgen: 1388
NUE | H.U.FES. (Hiro. Univ | tile, railing | 2.71 | 0.007 | 0.88 | 0.03 | 359 | 0.03 | 52 | 2 |0.187 | 0.009 | Roentgen| 1393
NUE | H.U.FS. (Hiro. Univ tile, floor | 2.71 | 0.007 | 0.88 | 0.03 | 3.59 | 0.03 | 52 | 2 | 0.187 | 0.009 | Roentgen | 1422
NUE | H.U.ES. (Hiro. Univ tile, floor { 2.71 { 0.007 | 0.88 | 0.03 | 359 ! 0.03 | 52 { 2 | 0.187 | 0.009 | Roentgen | 1428
NUE | H.U.FS. (Hiro. Univ tile, floor { 2.71 { 0.007 : 0.88 { 0.03 ; 359 | 0.03 | 52 { 2 {0.187 | 0.009 i Roentgen i 1451
NUE H.U.F.S. (Hiro. Univ tile, floor : 2.71 { 0.007 : 0.88 : 0.03 : 359 : 0.03 | 52 { 2 : 0.187 : 0.009 : Roentgen: 1451
NUE | H.U.F.S. (Hiro. Univ tile, floor | 2.71 | 0.007 | 0.88 | 0.03 | 3.59 | 0.03 | 52 | 2 | 0.187 | 0.009 | Roentgen | 1451
NUE | H.U.FS. (Hiro. Univ tile, floor | 2.71 | 0.007 | 0.88 | 0.03 | 3.59 | 0.03 ' 52 2 |0.187 | 0.009 'Roentgen| 1451
NUE : H.U.ES. (Hiro. Univ tile, floor : 2.71 : 0.007 : 0.88 : 0.03 : 359 : 0.03 : 52 : 2 :0.187 : 0.009 : Roentgen : 1461
NUE J?ﬁ?gﬁgﬁiﬁg; € Oni-gawara Roentgen i 1131
NUE HUFS "I Bldg “'e'r[f:)':c'“g' 237 | 0.007 | 078 | 0.04 | 3.15 004 | 45 | 2 | 0142  0.800 Tissue | 1298
NUE HUFS "E" Bldg tile, wall | 2.57 { 0.007 { 0.84 | 0.03 | 341 | 0.03 {52 { 2 {0.177 | 0.009 | Tissue | 1378
NUE HUFS "E" Bldg “'e'r[)"’:)':c'“g' 257 1 0.007 | 0.84 | 003 | 341 | 003 | 52| 2 | 0177 | 0.009 | Tissue | 1388
NUE HUFS "E" Bldg tile, wall | 2.57 | 0.007 | 0.84 | 0.03 | 341 | 0.03 | 52 | 2 | 0.177 | 0.009 | tissue 1388
NUE | Red Cross Hospital “'e'rf;g?r ofl 320 | 106 | 1.16 | 10 | 445 |10.06 | 45 0.200 Tissue | 1451
NUE Ch(’k'“s'aK\}’i(r’]g‘S’)(POSta' Rooftile 323 32 | 082 004 405 032 42 2 0162 0017 Roentgen 1597
Ny | Meisenji ‘oni-gawara® - Roof 44 g4 10 25 1414 71 0178 Tissue | 1909
S top Ornament
Meisen -ji "oni-gawara" Roof -
NUE ot omament | 1 | 10 | 14 | 10 | 25 1414 |71 0.178 Tissue | 1909
NUE HUFE Tile, wall { 3.12 10 0.96 10 4.08 {1414 : 55 0.053 Tissue 2041

61




Sample Beta = +/- Gamma Total Age +/- Dose | Reported
Lab Place and Sample Type (mGylyr) +/- Back-ground vr) Total Bkg to: Dist
(mGylyr) (m)
Nyg [Hiramoto “oni-gawara®y - Roof 1,4 dqg 1 g 99 | 34 1414 48 | 0.163 Tissue | 2053
o bottom Ornament
'NUE Kirihara Roof tile 25 10 0.7 10 32 114.14 66 0.211 Tissue | 2453
NUE Kirihara Rooftile | 1.1 10 1.3 10 24 11414 66 0.158 Tissue | 2453
NUE Kirihara Rooftile | 17 | 10 | 13 | 10 3 11414 66 0.198 Tissue | 2453
NUE Kirihara Roof tile 1.7 10 1.3 10 3 14.14 66 0.198 Tissue | 2453
OXF H [H.UFS. (Hiro. Univ)| TILE 21 | 021 [ 115 [ 1 [325 | 1.02 | 52 | 2 |0.169 | 0.063 |Quartz| 1454
OXFS {H.U.F.S. (Hiro. Univ.) TILE 2.1 021 | 1.15 1 3.25 | 1.02 52 2 10.169 | 0.063 | quartz 1454
OXFS {H.UFS. (Hiro. Univ)| TILE 23 | 046 | 115 1 345 {1 110 | 52 | 2 |0.79 | 0.076 | Quartz| 1454
UOF U {H.U.F.S. (Hiro. Univ.) TILE 308 { 045 : 115 : 01 : 423 : 0.18 52 2 :0.196 : 0.014 :Quartz: 1386
U OF U [ H.U.ES. (Hiro. Univ.) TILE 308 | 015 115 0.1 423 | 0.18 52 2 10.196  0.014 iQuartz: 1426
UOF U |H.U.FS. (Hiro. Univ.)| TILE 10 | 10 | 10 | 10 | 20 |14.14 0.000 Quartz | 1433
U OF U {H.U.E.S. (Hiro. Univ.) TILE 3.08 | 015 | 1.15 0.1 423 © 0.18 52 2 0196 : 0.014 Quartz: 1451
U OF U :H.U.ES. (Hiro. Univ.) TILE 2 0.2 1.15 1 3.15 1 1.02 52 2 :0.148 | 0.057 (Quartz: 1454
U OF U {H.U.ES. (Hiro. Univ.) TILE 2 0.2 1.15 1 3.15 | 1.02 52 2 :0.148 : 0.057 {Quartz: 1454
U OF U | H.U.ES. (Hiro. Univ.) TILE 3.08 | 015 | 115 0.1 423 | 0.18 52 2 10.196 | 0.014 {Quartz{ 1389
U OF U [H.U.E.S. (Hiro. Univ.) TILE 3.08 | 015 | 1.15 0.1 423 | 0.18 52 2 |0.196 | 0.014 |Quartz| 1455
UOFU [H.U.FS. (Hiro. Univ.)| TILE 308 | 015 | 115 | 01 | 423 | 018 | 52 | 2 |0.196 | 0.014 {Quartz| 1430
_Dur leno wall Brick Quartz; 1427
_Dur leno wall Brick Quartz; 1427
Dur leno wall Brick Quartz 1427
: Dur leno wall Brick Quartz | 1427
Dur leno wall Brick quartz | 1427
Dur leno wall Brick quartz : 1427
JINIRS Urakami Brick tissue 459
INIRS Sakamoto Brick 218 | 028 | 1.09 | 03 | 327 | 041 | 50 | 5 |0.164 | 0.033 | tissue | 1079
INIRS Zenza Brick 182 | 022 | 1.05 | 0.06 | 2.87 | 0.23 60 3 [0.172 | 0.019 | tissue | 1437
JINIRS NUE HU : :
Y
(m) Gy Gy Gy
__NIRS Atomic Bomb Dome 128 91.5+18.3 - 91.5+18.3
~ NIRs Togiyacho Shojinji 162 771154 - 7714154
__NIRS Nenryo Kaikan 158 68.5+13.7 - 68.54+13.7
~ NUE Zaimokucho Denpukuji 410 61.4+12.6 - 61.4+12.6
~ NUE Zaimokucho Seiganji 401 35.7x7.4 - 35.7+74
_ NUE Zaimokucho Seiganji 401 32.9+6.9 - 32.946.9
~_NIRS Fukuromachi Hospital 421 35.2+7.1 - 35.2+7.1
~_ NUE Zaimokucho 424 37.6+7.8 - 37.6+7.8
__NIRS Naka Telephone Office 521 30.32.7 - 30.3%2.7
~_NIRS Naka Telephone Office 537 33.3%+17 - 33.3%1.7
NUE Naka Telephone Office 537 30.3%2.7 - 30.3%2.7
~ NUE_ Naka Telephone Office 537 28.9+3.4 - 28.9+3.4
~ NUE Naka Telephone Office 537 28441 - 28.4+4.1
~_NIRS Tatemachi  Sanin Bk. 624 141429 - 141329
__NIRS Tatemachi  Sanin Bk. 630 19.6+1.7 - 19.61.7
~_NIRS Chugoku Electric Co. 694 10.5+0.8 - 10.540.8
~ NUE Chugoku Electric Co. 694 12.3+.14 - 12.3+.14
~ NEU Chugoku Electric Co. 694 10.54+0.8 10.54+0.8
~_ NUE Chugoku Electric Co. 694 10.640.7 10.60.7
~ NUE Chugoku Electric Co. 694 10.940.7 10.920.7
~_NUE Chugoku Electric Co. 694 10.3+1.0 10.3%+1.0
__NIRS Noboricho minka 716 9.32+1.90 9.32+1.90
~ NUE Hiroshima Castle 739 9.13+2.15 9.13+2.15
~_ NUE Hiroshima Castle 739 9.60=+2.25 9.6042.25
~_ NUE Nishiteramachi Koenji 977 5.68=+1.26 5.68=+1.26
__NIRS City Hall 988 2.94=40.63 2.94+0.63
NUE Hiroshima Castle 1000 457129 4.57%1.29
~ NUE Hiroshima Castle 1000 2.58-0.94 2.58:0.94
~ NUE Hiroshima Castle 1000 2.48=+0.92 2.48+0.92
~ NUE Nishitera Shosenji 1017 4.54=+1.03 4.54+1.03
NUE Noboricho minka 1145 1.86 0.2 1.66=20.10
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HU/NEU

Hiroshima University 1279 1.66 0.2 1.4640.14
Hiroshima University 1279 1.63 0.2 1.43+0.21
Hiroshima University 1279 1.19 0.2 0.99=+0.79
Hiroshima University 1290 131 0.2 1.1 =+0.23
Hiroshima University 1305 1.19 0.2 0.99=+0.15
Hiroshima University 1305 1.19 0.2 0.99=0.10
Hiroshima University 1324 1.15 0.2 0.95=+0.08
Hiroshima University 1346 1.05 0.2 0.85=+0.12
Hiroshima University 1346 0.9 0.2 0.70==0.10
Hiroshima University 1385 1.27 0.2 1.0720.20
Hiroshima University 1386 1.04 0.2 0.84=+0.16
Hiroshima University 1386 1.02 0.2 0.82=20.04
Hiroshima University 1395 1.12 0.2 0.92=0.06
Hiroshima University 1396 1.12 0.2 0.92=+0.08
Hiroshima University 1396 1.15 0.2 0.95=0.06
Hiroshima University 1396 1.16 0.2 0.96=20.10
Hiroshima University 1396 0.98 0.2 0.78=%0.1
Hiroshima University 1396 0.9 0.2 0.70==0.06
Hiroshima University 1401 1.19 0.2 0.99=+0.13
Hiroshima University 1405 0.96 0.2 0.76=0.06
Hiroshima University 1430 0.82 0.2 0.62=+0.06
Hiroshima University 1433 0.78 0.2 0.58=0.10
Hiroshima University 1534 0.81 0.2 0.61=+0.11
Hiroshima University 1435 0.93 0.2 0.73%0.14
Red Cross Hospital 1456 0.78 0.2 0.58=0.10
Red Cross Hospital 1456 0.81 0.2 0.6140.11
Red Cross Hospital 1456 0.93 0.2 0.73=%0..14
Red Cross Hospital 1456 1.02 0.2 0.82=+0.15
Red Cross Hospital 1456 0.95 0.2 0.7540.12
Red Cross Hospital 1456 0.99 0.2 0.79=%0.12
Red Cross Hospital 1456 0.94 0.2 0.74==0.13
Red Cross Hospital 1457 0.82 0.2 0.624-0.08
Hiroshima University 1457 1.23 0.2 1.03+0.18
Hiroshima University 1457 0.96 0.2 0.76=20.12
Hiroshima University 1457 0.92 0.2 0.72=20.07
Hiroshima University 1458 0.86 0.2 0.66=+0.10
Hiroshima University 1458 0.92 0.2 0.72=+0.07
Hiroshima University 1458 0.96 0.2 0.76==0.06
Hiroshima University 1458 0.78 0.2 0.58=+0.09
Hiroshima University 1469 0.68 0.2 0.48=0.06
Hiroshima University 1470 0.9 0.2 0.70=2=0.21
Hiroshima University 1475 0.88 0.2 0.68=0.29
Hiroshima University 1477 0.76 0.2 0.56=+0.23
Red Cross Hospital 1497 0.93 0.2 0.73=20.14
Red Cross Hospital 1497 0.81 0.2 0.6140.13
Red Cross Hospital 1497 0.9 0.2 0.70=%0.11
Red Cross Hospital 1497 0.94 0.2 0.74=0.15
Postal Sav.(Chokin k) 1608 0.59 0.2 0.39=0.06
Postal Sav.(Chokin k) 1607 0.58 0.2 0.38=+0.02
Postal Sav.(Chokin k) 1607 0.53 0.2 0.33=%0.07
Postal Sav.(Chokin k) 1607 0.57 0.2 0.37=%0.06
Postal Sav.(Chokin k) 1619 0.51 0.2 0.31=+0.03
Postal Sav.(Chokin k) 1637 0.53 0.2 0.33+0.08
JEMIC 1766 0.4 0.2 0.20==0.08
Meiseniji 1915 0.39 0.2 0.19=+0.04
Meisenji 1915 0.38 0.2 0.18=0.04
Meisenji 1915 0.41 0.2 0.21=0.08
Meisenji 1915 0.4 0.2 0.20==0.08
Hiramocho Oni-gawara 2038 0.26 0.2 0.06=0.06
Hiramocho Oni-gawara 2038 0.3 0.2 0.10==0.04
Hiramocho Oni-gawara 2038 0.32 0.2 0.12=+0.04
Hiramocho Oni-gawara 2038 0.32 0.2 0.12=+0.04
Hiramocho Oni-gawara 2038 0.33 0.2 0.13==0.06
Hiramocho Oni-gawara 2038 0.33 0.2 0.13==0.02
Hiramocho Oni-gawara 2038 0.29 0.2 0.09=+0.03
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'HU/NEU Hiramocho Oni-gawara 2038 0.31 0.2 0.11=+0.04
_HU/NEU Hiramocho Oni-gawara 2038 0.36 0.2 0.16=0.06
'HU/NEU Hiramocho Oni-gawara 2038 0.35 0.2 0.15+0.03
~_ NUE Hiroshima University 2050 0.27 0.2 0.07=0.05
~ NUE Hiroshima University 2050 0.29 0.2 0.09=0.04
~NUE Hiroshima University 2050 0.28 0.2 0.08==0.08
~ NUE_ Hiroshima University 2056 0.43 0.2 0.232-0.04
NUE Hiroshima University 2056 0.26 0.2 0.06=0.01
INIRS NUE HU :
(m) Gy Gy Gy
NIRS Yamazotocho 87 222.9+44.6 22294446
NUE Matsuyamacho 77 213.3+42.8 213.3+428
NUE Oka machi 217 175.3%35.2 175.3%35.2
NUE Oka machi 217 172.4234.6 172.4+34.6
NUE Yamazatocho 307 147.7429.6 147.7429.6
NUE Yamazatocho 307 134.4427.0 134.4427.0
NUE Yamazatocho 307 117.3+23.6 117.3%+23.6
NUE Shiroyama Primary Sch 490 75.0%14.9 75.0%+14.9
NIRS Urakami Church 517 44348 44.3+4.8
NIRS Urakami Church 517 44.3+4.8 44.3+48
NIRS Urakami Church 517 57.8%11.6 57.8+11.6
NUE Shumoyama cho 623 36.6+ 7.4 36.6+ 7.4
NUE Ueno cho 634 340+ 6.9 340+ 6.9
NIRS Nagasaki U. Hospital 655 404% 3.9 404+ 3.9
NIRS Nagasaki U. Hospital 655 334+ 39 334+ 39
NIRS Nagasaki U. Hospital 655 244+ 26 244+ 26
NUE Shiroyama cho 760 21444 214444
NUE Shiroyamacho 763 129+ 2.7 12.942.7
NIRS Hachimannjinja nearby 860 148+ 3.0 14.943.0
NIRS Hachimanjinjya 896 133k 2.7 13.3+2.7
NUE Urakamicho 967 8.43=+1.72 8.4=+1.7
NIRS Sakamoto cemetery 1040 8 0.23 7.8+1.67
NIRS Sakamoto cemetery 1040 7.6 0.23 7415
NIRS Sakamoto cemetery 1040 6.5 0.23 6.3+0.8
NIRS Sakamoto cemetery 1040 5.2 0.23 5.0+0.9
NIRS Sakamoto cemetery 1040 6.7 0.23 6.520.6
NIRS Sakamoto cemetery 1068 7.8 0.23 7.620.10
NIRS Sakamoto cemetery 1068 8 0.23 7.8+0.10
NIRS lenocho wall A 1421 1.39 0.23 1.16+0.21
NIRS lenocho wall B 1421 1.37 0.23 1.1440.22
NIRS Zenza 1428 1.21 0.23 0.98=+0.24
NIRS Zenza 1428 1.22 0.23 0.9940.24
NIRS Nagasaki U. Charnel 1452 1.46 0.23 1.23+0.21
NIRS Nagasaki U. Charnel 1452 1.51 0.23 1 28=+0.18
NIRS Nagasaki U. Charnel 1452 1.4 0.23 1.17+0.15
NIRS ‘Yamada Oil Storehouse 2045 0.35 0.23 0.12=-0.06
NIRS ‘Yamada Oil Storehouse 2045 0.45 0.26 0.19=0.06
NIRS ‘Yamada Oil Storehouse 2045 0.4 0.26 0.1740.06
NIRS ‘Yamada Oil Storehouse 2045 0.43 0.26 0.17==0.06
NIRS ‘Yamada Oil Storehouse 2045 0.38 0.26 0.12=+0.06
NIRS ‘Yamada Oil Storehouse 2045 0.45 0.26 0.19+0.06
NIRS ‘Yamada Oil Storehouse 2045 0.43 0.26 0.17=0.06
NIRS Inasa 2050 0.39 0.26 0.131+0.10
NIRS Inasa 2050 0.39 0.26 0.131+0.10
INIRS NUE HU :
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Introduction

The comparison of measured TL results “from ceramic materials (bricks and tiles from Hiroshima
and Nagasaki) to the doses calculated by A-bomb dosimetry systems requires good, sample-specific
calculations for acceptable accuracy. That is, even though investigators typically measured samples with
exposed surfaces that had a clear line of sight to the bomb, the actual calculated dose deposited in the
measured quartz crystals by bomb gamma rays (the in situ dose to quartz) is not always equal to the free-
in-air kerma (Kerr et al. 1987) at the same location, to an acceptably close approximation. This has been
demonstrated independently of the DS86 and DS02 dosimetry systems by both experiment and calculation,
e.g., in Hashizume et al. (1967) and Uehara et al. (1988), which demonstrated that the in situ dose to
quartz depends on the depth of the measured material below the surface and the angle between the surface
and direction of the incident gamma rays. The ratio of 1) the in situ dose to quartz, to 2) the free-in-air
kerma at the same location, is regarded as a “transmission factor” (TF) in DS02. We can think of the TF as
representing the fraction of the free-in-air kerma that reached the quartz crystals whose TL signal was
measured.

In this report, as in the DS02 report itself, we consider all of the available measurements that contain
useful information about the free-in-air kerma from the Hiroshima and Nagasaki bombs, including those
considered in the DS86 Final Report: measurements by the Japan National Institute of Radiological
Sciences, identified by the abbreviation “JNIRS” in the tables below, the University of Utah (USA) group,
identified by the abbreviation “U of U” in the tables below, the Oxford University (UK) group, identified
by the abbreviation “OXF” in the tables below, and the Durham University (UK) group, identified by the
abbreviation “DUR” in the tables below, (Hashizume et al. 1967, Maruyama et al. 1984, Maruyama et al.
1987) and the Nara University of Education (Japan) group, identified by the abbreviation “NUE” in the
tables below (Nagatomo et al. 1987) as well as an important set of early measurements by the Nara
University of Education group not considered in DS86 (Ichikawa et al. 1966), and various newer
measurements reported after DS86 by the JNIRS and NUE groups (Maruyama et al. 1988, Hoshi et al.
1989, Nagatomo et al. 1991, Nagatomo et al. 1992, Nagatomo et al. 1995, Maruyama et al. In Press).

Kaul et al. (1987) made detailed calculations of the in situ dose to quartz in almost all of the samples
included in the DS86 report. Although they did not evaluate TF’s explicitly, it is simple to calculate TF’s
from their calculations of the in situ dose to quartz. To calculate the in situ dose to quartz they used
detailed adjoint Monte Carlo calculations similar to those used for evaluating the shielding of Japanese
wooden houses in DS86. Unfortunately, funding was not available to perform such a suite of calculations
for DS02. Besides having different gamma ray and neutron fluences from DS86, DS02 includes new, post-
DS86 TL measurements at a considerable number of new sites. This resulted in a need for a thorough
guantitative analysis of the DS86 calculations, so that they could be adjusted and extended for DS02.

" Harry CULLINGS, Radiation Effects Research Foundation; hcull@rerf.or.jp
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To analyze the DS86 TF’s of Kaul et al., we first separated their calculated in situ dose to quartz into
two portions. The first and most important part is due to incident gamma rays from the bomb, and the
second, sometimes called “building gammas,” is due to the incident neutrons from the bomb. The key
assumption that allows us to extend the analysis of the DS86 TF’s to DSO02 is that the TF for a given
sample is the same in DS02 as in DS86, for the portion of the in situ dose to quartz arising from incident
bomb gamma rays. That is, the angle and energy distribution of the gamma ray fluences in DS86 and
DSO02 are similar enough that, using the subscript “BG” to denote “building gammas” and “FIA” to denote
“free in air,”

TF _ dosequartz,in_situ,without_BG,DSOZ _ dosequartz,in_situ,without_BG,DSBG _TF d
DS02 = = = lFpsgs » 10 @ very goo

kerma FIA,DS 02 ker'rna'FIA,DS86

approximation (< 1% difference). This assumption has been checked and is supported by various
observations, beginning with the parallel nature of the curves for calculated free-in-air kerma of DS86 and
DS02, suggesting that they are attenuated almost identically in air.

This assumption allowed us to calculate the DS02 in situ dose to quartz in a straightforward way, for
samples that were calculated for DS86 by Kaul et al. That is, we could simply calculate the DS86 TF and
multiply it times the DS02 free in air kerma to obtain a DS02 in situ dose to quartz. For samples that were
not calculated by Kaul et al., we needed to take an additional step. That step was to analyze the TF’s of
Kaul et al. by using a simplified model that would allow us to estimate TF’s for other samples with
reasonable accuracy, although not as accurately as a full, custom adjoint Monte Carlo calculation.

We analyzed the DS86 TF’s of Kaul et al. as a function of the input variables that we could model in
a simple way, which are a few sample parameters: the depth of the measured material below the surface of
the sample, the density of the sample material, and the angle between the surface of the sample and a line
of sight to the epicenter of the bomb (related to the “angle of incidence”). We could not model the effects
of scattering and partial blocking of the incident bomb fluence by the structure in which the sample was
situated at the time of bombing, because that requires an adjoint Monte Carlo calculation or a model of
some other type that we did not have the resources to develop. However, our simplified model gave good
enough results for a useful approximation of the TF’s that Kaul et al. calculated. We used our simplified
model to estimate TF’s for samples that were not calculated by Kaul et al., and we applied those estimated
TF’s to the DS02 free in air kerma at the sample locations to estimate the in situ dose to quartz under
DS02.

DS02 has new sample distances, and new ground elevations at sample locations in Nagasaki, that are
based on a careful evaluation of sample locations using the Geographical Information System (GIS) at
RERF with the U.S. Army maps, the newer Japanese city maps, and pre-bombing aerial photographs. In
addition, DS02 has a 20 m increase in the height of burst (HOB) in Hiroshima, which affects the slant
range to any given sample location. To analyze the DS86 TF’s of Kaul et al., we calculated the DS86 free-
in-air kerma for the divisor by using a slant range based on the same sample distances, sample ground
elevations in Nagasaki, and HOB that they used: the DS86 ones. To calculate the DS02 in situ dose to
quartz, however, for all of the samples, whether or not calculated in DS86 by Kaul et al., we used the
DS02 free in air kerma at a slant range based on the DS02 sample distances, DS02 sample ground
elevations in Nagasaki, and DS02 HOB.

We used a somewhat analogous method to estimate the “building gamma” component of in situ dose
to quartz, which arises from fast interactions (e.g., inelastic scattering, prompt capture gammas) of
incident bomb neutrons. In that case, we determined that if we corrected for the inverse square of slant
distance from the epicenter of the bomb, the bomb gamma components of Kaul et al. were close to a
straight line on a semi-logarithmic plot vs. slant distance. Based on this, we used an inverse square of slant
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distance times an exponential in slant distance to correct for differences between the sample distance
assumed in DS86 and that assumed in DS02, and we corrected for the difference between the DS86 and
DS02 neutron fluences by using a ratio of calculated ®°Co activation values. For samples calculated for
DS86 by Kaul et al., we could simply apply these corrections to the building gamma component
calculated by them. For samples not calculated for DS86, we used a simple regression model vs. slant
distance, based on the inverse square times the exponential as just described, to obtain an estimate of the
DS86 building gamma component, and then we corrected it for the ratio of DS02 to DS86 neutron fluence
using the ratio of calculated *°Co activation values.

In the following sections, we give some additional details of these calculations. We identify some
remaining concerns about particular post-DS86 samples for which we may not be able to calculate
acceptably accurate TF’s, and we describe several other potential sources of inaccuracy in measured or
calculated values that might influence the comparison of one to the other. Finally, we summarize the
results of our comparison of measured and calculated values for DS02.

Calculation and Analysis of the TF’s Implicit in DS86

dose quartz,in _ situ,without _ BG,DS86

kerma FIA,DS86

. The numerator

As noted above, we defined the DS86 TF as Tk =

of this ratio for each sample was taken from Tables 15, 17, 19, 21, and 23 of Appendix 11 to Chapter 4 of
the DS86 Final Report. To obtain the divisor, we took the table of free-in-air kerma to tissue values for
DS86 (e.g., Table 40 in Chapter 3 of the DS86 Final Report), converted the noted ground distances to slant
distances using the DS86 height of burst, converted dose to quartz to dose to tissue by dividing by 0.916,
and interpolated the resulting values at the slant distance of the sample, based on its elevation and “new
city map” ground distance as given in Tables 1 - 5, Appendix 11 to Chapter 4 of the DS86 Final Report.

In obtaining the calculated free-in-air kerma for the divisor by this method, we assume that the free-
in-air kerma “scales as the slant distance” within a few tens of meters height above the elevation of the
hypocenter — i.e., that the free-in-air kerma at some ground distance and height (GRy, hy) is equal to the
free-in-air kerma at some other ground distance and height (GR,, h) if

\/GRf +(HOB-h)* = \/GRZZ +(HOB -h,)* < SR, = SR,, where GR is a ground distance, HOB

is the height of the epicenter above the hypocenter, h is the elevation difference between a sample location
and the hypocenter, and SR is a slant distance. DS86 uses this assumption to correct for terrain elevation
in Nagasaki, whereas it corrects for sample height above ground implicitly because that height is included
in the model of the building containing the sample that is used for forward-adjoint Monte Carlo coupling.
For DS02 we removed these corrections so that we could analyze TF’s based on sample properties, by
using this assumption to calculate a free-in-air quartz kerma at the sample’s actual slant range, corrected
for both terrain elevation and height above ground. We can use the TF that we estimate by this method to
get a “free-in-air-equivalent measured value” at the sample’s actual location (ground distance and
elevation), and then use the above assumption again, with the DS02 estimate of the sample’s elevation, to
correct it back to one meter above ground at the same ground distance. The resulting “free-in-air-@1m-
equivalent measured value” can then be compared to tabulated values of free-in-air kerma at one meter
above flat ground, or plotted versus distance in comparison to a smooth curve of calculated free-in-air
kerma at one meter above flat ground. This allows us not only to estimate “free-in-air-@1m-equivalent
measured values” for new measurements not calculated in DS86, but to correct DS86 calculated in situ
dose to quartz for DS02 estimates of terrain elevation that may differ from those used in DS86.
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A very important aspect of the analysis was to calculate the angle of incidence accurately for each
sample, where the angle of incidence is defined per the usual convention in radiological physics, as the
plane angle between a normal to the exposed surface and a ray to the center of the radiation source, with
the latter being assumed parallel to unscattered incident radiations. For horizontal samples the angle of
incidence is easily calculated from the height of the bomb epicenter above the elevation of the sample and
the ground distance from the hypocenter to the sample. For vertical samples and samples tilted somewhat
from the true horizontal, we developed formulae based on the trigonometry in three dimensions. For
vertical samples the formula requires the azimuthal angle (in the horizontal plane) between the vertical
surface and a ray to the hypocenter, in addition to the angle of elevation defined by the epicenter height
and ground distance. For “tilted” samples that are neither horizontal nor vertical, the formula requires the
azimuthal angle (in the horizontal plane) between the axis about which the sample’s surface is tilted and a
ray to the hypocenter, as well as the tilt angle, in addition to the angle of elevation defined by the epicenter
height and ground distance. These angles are given for the samples calculated in Appendix 11 to Chapter 4
of the DS86 Final Report, in either the text or figures of that section. The formulae and method of
derivation are given in the DS02 report (Cullings et al. In Press).

The other necessary variables were the assumed depth and density of the measured material as used
in Appendix 11 to Chapter 4 of the DS86 Final Report, which are given in the tables of that section. The
calculated angles, the density, the measured depths, and the corresponding TF’s are given in Tables 1 and
2 below.

Table 1. Type 1 Transmission Factors Implicit in Calculated in situ Values of DS86 with Related
Angles, Measured Depths, and Density of Sample Material: Hiroshima

Elev. . Angle of | Meas. . TF,no i TFwith
Lab Place Name Sample 1D# LITST\I':) GDSB; tlisﬁ?z Angle ﬁﬁg?y?:; Incidence{ Depth, D:/r;?:]t%/, Bldg Bldg
) ' ' Theta, deg ' tau, deg cm gamma | gamma

JINIRS A-bomb Dome* 118.6 4 78.4 NA® 11.6 1-2 2.10 0.786 0.944
INIRS Togiya-cho Shojun-ji* 146.2 3 75.8 90 75.8 1-2 2.00 0.392 0.645
INIRS Ni‘gﬁoﬁgkgrdgﬁe' 1754 | 3 731 90 731 12 200 | 0451 | 0.695
o Fukuro-machi East
INIRS Orthopedic Surgical 406.4 3 54.8 90 54.8 1-2 2.00 0.696 0.861
o Hospital*
JINIRS Naka Telephone Office 3 1-01 506.8 14 48.2 NAS 41.8 0.4-0.9 2.10 1.019 1.093
INIRS Naka Telephone Office 2 1-19 523.1 14 473 69 50.7 0.6-1.3 2.00 0.774 0.870
NUE Naka Telephone Office 203-3 1-04 523.4 14 47.2 NAS 42.8 0.2-1.05 2.10 0.962 1.046
NUE Naka Telephone Office 204-2 1-04 5234 14 47.2 NA® 42.8 0.2-1.05 2.10 0.962 1.046
NUE Naka Telephone Office 204-3 1-04 523.4 14 47.2 NA* 42.8 0.2-1.05 2.10 0.962 1.046
JNIRS | Tate-machi Sanin Godo Bank® | 617.5 3 43.1 90 43.1 1-2 2.00 0.793 0.885
JINIRS Sanin Bank 12-02 621 13 42.4 74 44.8 0.4-1.05 2.00 0.889 0.959
INIRS Chugoku Elec Co 2 01 665.4 0.16 411 NA® 48.9 0.4-1 2.00 0.527 0.582
JINIRS Chugoku Elec Co 2 2-03 691.8 0.5 40.0 68.3 44.6 0.4-0.8 2.00 0.610 0.672
NUE Chugoku Electric Co. 3-1-3 2-03 691.8 0.5 40.0 68.3 44.6 0.2-1.2 2.00 0.592 0.647
NUE Chugoku Electric Co. 3-1-3 2-03 691.8 0.5 40.0 68.3 44.6 0.2-1.2 2.00 0.592 0.647
NUE Chugoku Electric Co. 3-2-2 2-03 691.8 0.5 40.0 68.3 44.6 0.2-1.2 2.00 0.592 0.647
NUE Chugoku Electric Co. 3-2-2 2-03 691.8 0.5 40.0 68.3 44.6 0.2-1.2 2.00 0.592 0.647
NUE Chugoku Electric Co. 3-2-3 2-03 691.8 0.5 40.0 68.3 44.6 0.2-1.2 2.00 0.592 0.647
JINIRS i Nobori-machi Elementary School 710.0 3 39.1 90 39.1 1-2 2.00 0.825 0.893
INIRS City Hall* 985.5 3 30.3 90 30.3 1-2 2.00 0.876 0.901
NUE Japanese House (Nobori-cho) 145 1131.2 4.8 27.0 23.455761 69.2 0.1-1.5 2.00 1.037 1.052
NUE H.U.P.S. (Hiro. Uriv.) H-1 4-08 | 12713 | 14.72 24.0 NA® 66.0 0.2-2.5 1.87 0.970 0.981
NUE HUFS "I" Bldg H1 4-08 12713 : 14.72 24.0 NA® 66.0 0.2-2.5 1.87 0.970 0.981
NUE H.U.P.S. (Hiro. Univ.) H-2 4-07 : 1282.1 : 14.72 238 72.9 29.0 0.2-2.5 1.87 0.987 0.998
NUE H.U.P.S. (Hiro. Univ.) H-3 4-09 1297.7 | 14.72 235 NAS 66.5 0.2-2.5 1.87 0.979 0.990
NUE H.U.P.S. (Hiro. Univ.) H-4 4-01 | 13165 | 14.72 232 74.3 27.8 0.2-2.5 1.87 0.987 0.996
NUE H.U.P.S. (Hiro. Univ.) H-5 i4-03 horizontal; 1338.1 i 14.72 22.9 NAS 67.1 0.2-2.5 1.87 0.950 0.959
NUE H-5B | 4-03 vertical | 1338.1 | 14.72 229 74.8 273 0.2-2.5 1.87 0.852 0.861
NUE H-5B | 4-03 vertical | 1338.1 | 14.72 229 74.8 27.3 0.2-2.5 1.87 0.852 0.861
NUE H.U.P.S. (Hiro. Univ.) | H-5B | 4-03 vertical | 1338.1 | 14.72 229 74.8 273 0.2-2.5 1.87 0.852 0.861
JINIRS H.U.F.S. (Hiro. Univ.) 7 3-07 1377 131 224 75.8 26.3 0.5-1.5 2.00 0.981 0.991
NUE HUFS "E" Bldg HPI 3-08 : 13784 : 10.61 224 75.8 26.4 0.2-1.9 2.00 0.972 0.982
JINIRS H.U.F.S. (Hiro. Univ.) 10 3-10 1387.4 131 22.2 73.8 27.3 0.5-1.5 2.00 0.951 0.958
NUE H.U.F.S. (Hiro. Univ,j H-6-1 3-20 | 13879 | 131 222 NA® 67.8 0.2-1.9 2.00 0.885 0.892
NUE H.U.F.S. (Hiro. Univ.j H-6-2 3-20 1387.9 13.1 22.2 NAS 67.8 0.2-1.9 2.00 0.885 0.892
NUE H.U.F.S. (Hiro. Univ.j H-6-3 3-20 | 13879 | 131 222 NA® 67.8 0.2-1.9 2.00 0.885 0.892
NUE HUFS "E" Bldg HP2 3-11 1388.5 10.7 22.3 73.8 27.3 0.2-1.9 2.00 0.957 0.964
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< Table 1 continued>

Elev. . Angle of | Meas. . TF,no | TFwith
Lab Place Name Sample ID# LITST\I':) GDSB; tliSﬁ?Q Angle ﬁﬁg?emctl]:g; Incidence Depth, Dg/r;i:]t%/, Bldg Bldg
) ' ' Theta, deg ' tau, deg cm gamma | gamma

NUE HUFS "E" Bldg HP3 (3-11) | 1388.5 10.7 22.3 73.8 27.3 0.2-1.9 2.00 0.957 0.964

U.OFU. | H.U.F.S: (Hiro. Univ.) UHFSO3 3-23 113928 | 131 22.1 753 60.7 10.25-1.75: 2.10 0.982 0.989
NUE H.U.F.S. ® (Hiro. Univ.j H-7 3-36 1393.1 13.4 22.1 75.8 60.7 0.2-1.9 2.00 0.957 0.964

U.OFU. | H.UF.S.* (Hiro. Univ.) UHFSO2 3-22 {1 1397.0 | 131 22.1 74.8 60.8 10.25-1.75; 2.10 0.959 0.966
NUE H.U.F.S. (Hiro. Univ.j H-8 3-18 1422.0 13.1 21.7 NAS 68.3 0.2-1.9 2.00 0.885 0.891

INIRS H.U.F.S. (Hiro. Univ.) | 3-29 | 14249 | 135 217 743 26.5 0.5-1.5 2.00 0.961 0.968
JINIRS H.U.F.S. 2 (Hiro. Univ.) 1\ 3-31 1426.1 13.4 21.7 75.8 61.2 0.5-1.5 2.00 0.942 0.948
NUE H.U.F.S. (Hiro. Univ,j H-9 3-17 ¢ 14279 : 131 21.7 743 26.5 0.2-1.9 2.00 0.860 0.867

JINIRS Red Cross Hospital 5-01 1451.8 7 215 56.5 39.1 0.5-1.5 2.00 0.923 0.930
NUE Red Cross Hospital HP4 501 | 14518 7 215 56.5 39.1 0.2-1.4 2.00 0.961 0.969

JINIRS H.U.F.S.(Hiro.Uriv.) R1 3-35 1449.1 13.1 214 NAS 68.6 0.5-1.5 2.10 0.881 0.888
DUR H.U.F.S. (Hiro. Univ.j UHFSFT02 | 3-35 | 1449.1 | 13.1 214 NA® 68.6 10.25-1.75i 2.10 0.885 0.892

DUR H.U.F.S. (Hiro. Univ.j UHFSFT02 | 3-35 1449.1 13.1 214 NAS 68.6 0.25-1.75 2.10 0.885 0.892

OXF H H.U.F.S. (Hiro. Univ.) UHFSFT03 | 3-35 | 1449.1 | 13.1 214 NA® 68.6 10.25-1.75| 2.10 0.885 0.892
OXFH H.U.F.S. (Hiro. Univ.) UHFSFTO03 | 3-35 1449.1 131 214 NA® 68.6 0.25-1.75 2.10 0.885 0.892
OXF H H.U.F.S. (Hiro. Univ.) UHFSFT03 : 3-35 @ 1449.1 : 13.1 214 NA® 68.6 :0.25-1.75: 2.10 0.885 0.892
UofU H.U.F.S. (Hiro. Univ.) UHFSFT02 | 3-35 1449.1 13.1 214 NAS 68.6 0.25-1.75 2.10 0.885 0.892

UofU H.U.F.S. (Hiro. Univ.) UHFSFT03 | 3-35 | 1449.1 | 13.1 214 NA® 68.6 10.25-1.75: 2.10 0.885 0.892

NUE H.U.F.S. (Hiro. Univ.j H-10-1 3-15 1450.5 13.1 21.3 NA® 68.7 0.2-1.9 2.00 0.897 0.904

NUE H.U.F.S. (Hiro. Univ,j H-10-2 3-15 | 14505 | 131 213 NA® 68.7 0.2-1.9 2.00 0.897 0.904

NUE H.U.F.S. (Hiro. Univ.j H-10-3 3-15 1450.5 13.1 21.3 NA® 68.7 0.2-1.9 2.00 0.897 0.904

NUE H.U.F.S. (Hiro. Univ,j H-10-4 3-15 | 14505 | 131 213 NA® 68.7 0.2-1.9 2.00 0.897 0.904

UofU H.U.F.S. ® (Hiro. Univ.) UHFS04 3-24 1456.9 131 21.3 15.7 66.9 0.25-1.75 2.10 0.955 0.961

UofU i H.UF.S.? (Hiro. Univ.) UHFS07 3-27 i 14572 ¢ 131 213 75.8 616 :0.25-1.75: 2.10 0.942 0.947

NUE H.U.F.S. (Hiro. Univ.j H-11 3-16 1460.9 13.1 21.2 NAS 68.8 0.2-1.9 2.00 0.821 0.826

'NUE | Chokin-Kyoku (Postal Savings) | 6-04 | 1602.9 20 19.3 28 63.7 0.2-0.7 2.05 0.654 0.657

JINIRS Chokin-Kyoku* 6-00 1605.7 22 19.2 61.5 57.9 0.5-1.5 2.10 0.857 0.860

NUE HUFE HP5 8-01 | 2050.5 6 15.6 87.7 15.8 0.2-1.65 2.00 0.978 0.978

Notes: 1. Hashizume 1967 sample. 2. Includes only height above ground (elevation of ground above
hypocenter was assumed = 0). 3. These samples were slanted downward 7.4° in a direction close to the
direction to the hypocenter. 4. This sample was “slightly slanted,” but neither the angle nor necessary
dimensions are given by Kaul et al.(1987). 5. Horizontal surface sample.

Table 2. Type 1 Transmission Factors Implicit in Calculated in situ Values of DS86 with Related
Angles, Measured Depths, and Density of Sample Material: Nagasaki

. TF
DS86 Elevation . Angle of . 1 TF, no .
Lab Place Name Sample ID# L'TSET\I':J GR, tizsgr?] Angle Theta, ﬁﬂgrrelft(;?g: Incidence De’\;;lfrisém Dg?csr;]t%' Bldg \évlléz
m deg tau, deg gamma
gamma
INIRS | Yamazoto-cho House! 88 4 81.2 45 10.0 1-2 2.1 1.018 § 1.048
JNIRS Urakami N4 501 24 42.8 46.9 575 0.5-1.5 17 0.860 : 0.869
INIRS Urakami Church 508 3 38.2 45 44.5 1-2 2 0.878 | 0.894
JNIRS | Hachiman jinja nearby house® : 866 3 29.3 90 30.0 1-2 2 0.957 | 0.963
INIRS Hachiman jinja' 891 3 28.1 90 29.3 1-2 2 0.968 i 0.974
JNIRS | Sakamoto cho Gaijin Cemetery® | 935 3 27.1 45 28.1 1-2 2 0.986 | 0.992
INIRS | Sakamoto-cho Gaijin Cemetery* 973 3 24.6 70 27.2 1-2 2 0.986 | 0.991
JNIRS Sakamoto N-6 1054 28 24.0 90 24.0 0.5-1.5 1.7 1.055 { 1.057
Dur leno wall NAIEOS N-2-1 {1429 | 11 19.0 81 20.9 0.3-3.2 1.7 0.992 i 0.992
Dur leno wall NAIEO5 N-2-1 | 1429 11 19.0 81 20.9 3.4-6.4 1.7 0.775 : 0.776
Dur leno wall NAIEOS N-2-1 | 1429 | 11 19.0 81 20.9 6.6-10.3 1.7 0.688 | 0.689
Dur leno wall NAIEO5 N-2-1 | 1429 11 19.0 81 20.9 0.3-3.2 1.7 0.992 : 0.992
Dur leno wall NAIEO5 N-2-1 | 1429 11 19.0 81 20.9 3.4-6.4 1.7 0.775 § 0.776
Dur leno wall NAIEO5 N-2-1 {1429 | 11 19.0 81 20.9 6.6-10.3 17 0.688 | 0.689
INIRS leno A N-2-2 1431 11 19.0 81 20.9 0.5-1.5 1.7 0.969 | 0.970
JINIRS leno B N-2-2 1431 11 19.0 81 20.9 1-3 1.7 0.965 | 0.966
NUE leno wall A N-2-1 {1429 { 11 19.0 81 209 0.2-3.6 1.7 0.959 i 0.960
NUE leno wall B N-2-1 1429 11 19.0 81 20.9 3.6-6.6 1.7 0.817 : 0.818
NUE leno wall C N-2-1 | 1429 | 11 19.0 81 20.9 7-104 1.7 0.682 | 0.683
OXFH leno wall NAIEO5 N-2-1 | 1429 11 19.0 81 20.9 0.3-3.2 1.7 0.992 | 0.992
OXFH leno wall NAIEO5 N-2-1 | 1429 11 19.0 81 20.9 3.4-6.4 1.7 0.775 § 0.776
OXFH leno wall NAIEO5 N-2-1 | 1429 11 19.0 81 20.9 6.6-10.3 1.7 0.688 | 0.689
UofU leno wall NAIEO6 N-2-1 | 1429 | 11 19.0 81 20.9 0.4-3.6 1.7 0.955 | 0.956
UofU leno wall NAIEO6 N-2-1 1429 11 19.0 81 20.9 3.7-6.9 1.7 0.793 | 0.794
UofU leno wall NAIEO6 N-2-1 | 1429 11 18.8 72 20.9 7-10.2 1.7 0.718 | 0.719
JINIRS Zenza N-7 1424 9 19.3 90 19.1 0.5-1.5 1.7 1.060 : 1.061
INIRS Inasa A N-3 2050 | 0.6 13.9 67.4 26.3 0.5-1.5 1.7 1.025 | 1.025
JINIRS Chikugo N-8 2323 22 11.7 0.5-1.5 1.7 1.009 : 1.009
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When the TF’s were divided into groups based on the mass thickness depth to the middle of the
measured material and then plotted vs. the inverse of the cosine of the angle of incidence (the angled depth

dang to @ perpendicular depth d is given by dang = for an angle of incidence t), the plot did not

coSt
show clear and simple trends, as shown in Figure 1.

The key to analyzing these data was to notice that the samples measured by JNIRS and reported in
1967 by Hashizume et al., except for one sample in each city, were modeled for DS86 by using the same
exact building model, in addition to the same measured depth and density. The TF’s for these INIRS 1967
samples in Hiroshima do lie on a smooth curve, and the identically modeled JNIRS 1967 samples in
Nagasaki lie on a different curve. Thinking about this led to the idea of combining all of the depth (d),

do
CcoSt
portion of the measured material at depth d. Then, based on the idea that attenuation should be

amtd
RLE ,mat

density (p), and angle (t) information by calculating an angled mass thickness depth amtd = to any

proportional to e , Where RLg e IS SOme characteristic relaxation length specific to the incident
gamma energy spectrum and the sample material, we could model the logarithm of the TF as a linear
function of quantities based on amtd, and other variables of interest. Another inspiration for this concept,
and a useful standard for comparison in some respects (although differing from DS86 because of
differences in sample environs, beam energy and beam directionality), was a 1988 paper by Uehara et al.,
in which they measured and calculated depth doses for thin layers of sample material in bricks and tiles.
We used their depth doses to calculate TF’s based on the definitions they used for depth dose vs. our
definition of TF, and then we made smoothed curves based on their values, which are included in Fig.1.

TF vs. Angle of Incidence
by Measured Mean Mass Thickness Depth in g/cm?
11
O Hiroshima JNIRS 1967
14 O Nagasaki INIRS 1967
¢ Hiro 0.9 -1.5DS86
0.9 ® Hiro 1.6 - 2.1 DS86
08 4 A Hiro 2.2-2.6 DS86
e Hiro 2.7 - 3.4 DS86
07 1 o Naga1.6-2.1DS86
= O Naga 2.7 - 3.4 DS86
0.6 + Naga 8.3-9DS86
05 X Naga 14.3 - 14.8 DS86
' ® X Partially shielded
0.4 * —— Uehara et al 1.25 Co-60
— - Uehara et al 1.8 Co-60
0.3 - = -Uehara et al 2.3 Co-60
—= -Uehara et al 2.9 Co-60
0.2 T T T T T T T
0.5 1 15 2 25 3 35 4 4.5
1/cosine of angle of incidence

Figure 1. TF vs. inverse cosine of angle of incidence, classified by mass thickness depth.
We therefore analyzed log(TF) by doing a multiple linear regression on the amtd’s associated with
the minimum, geometric mean, and maximum depths of the measured material in each sample. In
Hiroshima, we also included a dummy variable for vertical vs. horizontal samples, to allow for a broad

70



difference between the two. Another important point is that we purposely excluded particular samples at
the Chugoku Electric Co. and the Postal Savings Building that had unusually low calculated TF’s due to
substantial and obvious blocking of part of the incident bomb fluence by part of the modeled structure.
The model chosen as best for Hiroshima was:

In(TF) = 0.130155 — 0.095655amtd_,, —0.011206amtd . —0.075565HV |,

where the dummy variable HV was taken equal to O if the sample was horizontal and 1 if the sample was
vertical. The model chosen as best for Nagasaki was:

In(TF) = 0.0914539 + 0.0998853amtd . —0.1122389amtd

The positive sign on the term for minimum amtd in the Nagasaki equation is apparently due to the fact that
the sample population in Nagasaki consisted of relatively thin, shallow samples at various locations and
much thicker, much deeper samples at leno wall.

The TF values predicted by the regression are compared to the actual values calculated in Appendix
11 to Chapter 4 of the DS86 Final Report, in Table 3 below. The regression-based models are useful
because the indicated terms were highly significant in the regressions, and the models correspondingly
explained much of the variation among the calculated TF’s. The unexplained remainder of the variation is
essentially random variation due to the detailed properties of randomly determined building geometries as
reflected in the Monte Carlo calculations of TF; i.e., aspects of building geometry that affect the scattering
and (minor) partial blocking of incident bomb fluences but are not systematically related to sample angle,
measured depth, or density. Therefore these models should give a good approximation of the TF that
would be calculated for a different sample not calculated in Appendix 11 to Chapter 4 of the DS86 Final
Report, so long as it was not taken from a location with obvious, substantial blocking of part of the
incident fluence; i.e., locations like those at the Chugoku Electric Co. that were deliberately omitted from
this analysis.

geom_mean *

Table 3. Loglinear Model Results for Estimating Type 1 TF

) ) TF estimated by Ratio of regression
City Place Sample ID# { RERF List No.; DS86 TF Iogllnea:;ot;jegressmn estimate to gDSBG TE
H [A-bomb Dome 0.786 0.885 1.126
H iTogiya-cho Shojun-ji 0.392 0.405 1.033
H :Nenryo Kaikan (Fuel Authority Bldg) 0.451 0.470 1.042
H Fukuro—machl East Orthopedic Surgical 0.696 0.701 1.007
Hospital
H {Naka Telephone Office 3 1-1 1.019 0.994 0.975
H iNaka Telephone Office 2 1-19 0.774 0.841 1.087
H |{Naka Telephone Office 203-3 1-4 0.962 1.044 1.085
H |Tate-machi Sanin Godo Bank 0.793 0.764 0.963
H {Sanin Bank 12-2 0.889 0.917 1.031
H  {Nobori-machi Elementary School 0.825 0.779 0.944
H iCity Hall 0.876 0.803 0.917
H |H.U.P.S. (Hiro. Uriv.) H-1 4-08 0.970 0.922 0.951
H iH.U.P.S. (Hiro. Univ.) H-2 4-07 0.987 0.957 0.970
H :H.U.P.S. (Hiro. Univ.) H-3 4-09 0.979 0.919 0.939
H {H.U.P.S. (Hiro. Univ.) H-4 4-01 0.987 0.958 0.971
H |H.U.P.S. (Hiro. Univ.) H-5 4-03 horizontal |  0.950 0.914 0.962
H iH.U.P.S. (Hiro. Univ.) H-5B 4-03 vertical 0.852 0.958 1.124
H iH.U.F.S. (Hiro. Univ.) 7 3-07 0.981 0.915 0.933
H H.U.F.S. (Hiro. Univ.) HPI 3-08 0.972 0.966 0.994
H [H.U.F.S. (Hiro. Univ.) 10 3-10 0.951 0.913 0.960
H iH.U.F.S. (Hiro. Univ.j H-6-1 3-20 0.885 0.924 1.044
H {H.U.F.S. (Hiro. Univ.) HP2 3-11 0.957 0.966 1.009
H {H.U.F.S. (Hiro. Univ.) UHFSO3 3-23 0.982 0.948 0.965
H |H.U.F.S. (Hiro. Univ.j H-7 3-36 0.957 0.969 1.013
H iH.U.F.S. (Hiro. Univ.) UHFSO2 3-22 0.959 0.948 0.989
H {H.U.F.S. (Hiro. Univ.j H-8 3-18 0.885 0.920 1.040
H H.U.F.S. (Hiro. Univ.) | 3-29 0.961 0.914 0.951
H [H.U.F.S. (Hiro. Univ.) \Y 3-31 0.942 0.873 0.927
H iH.U.F.S. (Hiro. Univ.j H-9 3-17 0.860 0.966 1.123
H iRed Cross Hospital 5-01 0.923 0.894 0.969
H iRed Cross Hospital HP4 5-01 0.961 0.966 1.005
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<Table 3 continued>

. . TF estimated by Ratio of regression
City Place Sample ID# | RERF List No.| DS86 TF Iogllnef;lrl]'otjglresswn estimate to DS86 TF
H H.U.F.S.(Hiro.Uriv.) R1 3-35 0.881 0.787 0.893
H |H.U.F.S. (Hiro. Univ.j UHFSFT02 3-35 0.885 0.890 1.006
H iH.U.F.S. (Hiro. Univ.j H-10-1 3-15 0.897 0.917 1.022
H iH.U.F.S. (Hiro. Univ.) UHFS04 3-24 0.955 0.906 0.949
H {H.U.F.S. (Hiro. Univ.) UHFS07 3-27 0.942 0.943 1.001
H |H.U.F.S. (Hiro. Univ.j H-11 3-16 0.821 0.916 1.116
H iChokin-Kyoku 6-00 0.857 0.884 1.032
H {HUFE HP5 8-01 0.978 0.978 1.000
N Yamazoto-cho House 1.018 0.967 0.961
N |Urakami N4 0.860 0.941 1.114
N {Urakami Church 0.878 0.929 1.072
N iHachiman jinja nearby house 0.957 0.957 1.012
N {Hachiman jinja 0.968 0.957 1.001
N |Sakamoto cho Gaijin Cemetery 0.986 0.959 0.984
N iSakamoto-cho Gaijin Cemetery 0.986 0.960 0.985
N {Sakamoto N-6 1.055 1.003 0.963
N ileno wall NAIEO5 N-2-1 0.992 0.947 0.971
N |leno wall NAIEO5 N-2-1 0.775 0.784 1.029
N ileno wall NAIEO5 N-2-1 0.688 0.675 0.994
N ileno wall NAIEO5 N-2-1 0.992 0.947 0.971
N ileno wall NAIEO5 N-2-1 0.775 0.784 1.029
N |leno wall NAIEO5 N-2-1 0.688 0.675 0.994
N ileno A N-2-2 0.961 1.005 1.059
N ileno B N-2-2 0.957 0.923 0.980
N i leno wall A N-2-1 0.959 0.955 1.013
N |leno wall B N-2-1 0.817 0.779 0.969
N ileno wall C N-2-1 0.682 0.684 1.014
N ileno wall NAIEO5 N-2-1 0.992 0.947 0.971
N ileno wall NAIEO5 N-2-1 0.775 0.784 1.029
N |leno wall NAIEO5 N-2-1 0.688 0.675 0.994
N ileno wall NAIEO6 N-2-1 0.955 0.922 0.984
N ileno wall NAIEO6 N-2-1 0.793 0.765 0.981
N ileno wall NAIEO6 N-2-1 0.718 0.696 0.978
N |Zenza N-7 1.060 1.006 0.961
N ilnasa A N-3 1.025 1.002 0.989
N iChikugo N-8 1.009 1.009 1.012

Estimation of DS02 TF’s and Calculation of DS02 Dose to Quartz Exclusive of Building Gamma
Component
For new samples and locations not calculated in Appendix 11 to Chapter 4 of the DS86 Final Report,

we used the loglinear model described in the preceding section. For the JNIRS 1967 measurements,
because the TF’s calculated in Appendix 11 to Chapter 4 of the DS86 Final Report lie on a reasonably
smooth curve vs. the inverse of the cosine of the angle of incidence (they are well approximated over most
of the range by a simple exponential), we could adjust the DS86 estimates by calculating a new angle of
incidence based on a DS02 ground distance evaluated with the geographical information system (GIS),
and new assumptions about the azimuthal angles involved. For the samples and locations that were
calculated in Appendix 11 to Chapter 4 of the DS86 Final Report, we did not have a straightforward way
to adjust the TF for a re-evaluated angle of incidence. We could have developed a perturbation method
based on the TF calculated for DS86 and the log-linear model, but it was not necessary because we
confirmed that the adjustments would be very small based on the changes in angle that would apply to the
particular samples involved. The TF’s that were adjusted or calculated de novo for DS02 are summarized
in Tables 4 and 5 below. These TF’s, and those that were adopted from DS86 without adjustment, were
used with DS02 free-in-air calculated values, evaluated at DS02 slant range for all samples, to obtain
DS02 in situ dose to quartz, exclusive of the building gamma component.
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Table 4. DS02 TF’s Estimated de novo or Adjusted Based on Analysis of DS86 TFs: Hiroshima (does not
include height correction

Ds02 Elevation : Angle of | Meas. : TF with
Lab Place Name Sample RERF GR, D302 Angle Azimuthal Inci%ence Depth, Den5|t2y, TF, no Bldg Bldg
ID#  iList No. ht, m Angle, deg glem gamma
m Theta, deg tau, deg cm gamma

JINIRS Togiya-cho Shojun-ji 162 3 74.8 7 75.2 1-2 2 0.402 0.584
JINIRS Nenryo Kaikan (Fuel Authority Bldg) : | 1158 3 75.2 78.9 75.5 1-2 2 0.393 0.573
'NUE  Zaimoku cho, Dempuku ji H-1 410 4 55.5 45 30.0 2.2-39 2.1 0.593 0.696
NUE _ Zaimoku cho, Seigan ji H-2 401 4 56.1 45 30.0 2.2-39 2.1 0.593 0.698
'NUE [Zaimoku cho, Seigan ji H-2' 401 4 56.1 45 30.0 2.2-3.9 2.1 0.593 0.698
JINIRS [Fukuro-machi East Orthopedic Surgical Hospital| 421 3 54.8 69.4 57.4 1-2 2 0.662 0.790
'NUE _ Zaimoku cho, i H3 | 424 4 54.6 45 30.0 2.2-39 21 0.593 0.694
JNIRS iTate-machi Sanin Godo Bank i624 1 3 43.0 740 | 459 1-2 2 0.780 0.859
JNIRS :Nobori-machi Elementary School ] i 716 3 39.8 763 417 1-2 2 0.810 0.872
'NUE Hiroshima Castle, ninomaru: H-4 . 739 4 38.9 45 . 336 0.2-1.9 2.1 0.991 1.048
'NUE [Hiroshima Castle, ninomaru | H-4' 739 4 38.9 45 33.6 0.2-1.9 21 0.991 1.048
_NUE _ Nishitera machi, koen ji H-6 977 4 314 45 37.3 0.2-19 2.1 0.987 1.018
'NUE Hiroshima Castle, honmaru H-8 1000 i 4 30.8 45 37.7 0.2-1.9 2.1 0.986 1.015
'NUE Hiroshima Castle, honmaru H-8' 1000 ; 4 30.8 45 37.7 0.2-1.9 21 0.986 1.015
'NUE _Hiroshima Castle, honmaru H-8" 1000 4 30.8 45 37.7 0.2-1.9 2.1 0.986 1.015
JNIRS [City Hall 988 3 31.1 72.4 35.3 1-2 2 0.847 0.873
'NUE _ Nishitera machi, Shozen ji H-7 1017} 4 30.4 45 37.9 02-19 21 0.986 1014
JNIRS Hiroshima Univ Radioisotope Facility 1470 4 22.1 NA* 67.9 0.5-1.5 2 0.808 0.814
JINIRS Hiroshima Univ Radioisotope Facility 1475 ;1 4 22.0 NA* 68.0 05-15 2 0.807 0.813
JNIRS Hiroshima Univ Radioisotope Facility 1477 ¢ 4 22.0 NA* 68.0 0.5-1.5 2 0.807 0.813
JNIRS Red Cross Hospital 1501 | 20 21.1 56.5 38.9 0.5-15 2 0.895 0.901
INIRS |Red Cross Hospital 1501 | 20 21.1 56.5 38.9 05-15 2 0.895 0.901
JINIRS Red Cross Hospital 1501 ;@ 20 211 56.5 38.9 05-15 2 0.895 0.901
JNIRS Red Cross Hospital 1501 i 20 21.1 56.5 38.9 0.5-15 2 0.895 0.901
JINIRS Red Cross Hospital 1501 : 20 211 56.5 38.9 05-15 2 0.895 0.901
'NUE _Postal Savings (Chokin Kyoku) | A 1596 | 19 20.0 NA* 70.0 0.2-19 2 0.900 0.904
'NUE _[Postal Savings (Chokin Kyoku) | B 1607 | 22 19.8 61.5 57.9 0.2-2.1 2 0.971 0.975
NUE _ Postal Savings (Chokin Kyoku) | D 1619 | 19 19.7 NA* 70.3 02-19 2 0.897 0.901
'NUE Postal Savings (Chokin Kyoku) i E 1637 ¢ 19 19.5 NA* 70.5 0.2-1.9 2 0.895 0.899
NUE JEMIC i HP7 1788 : 145 18.1 69 275 0.2-05 2 1.000 1.002
'NUE Myosen -ji "oni-gawara" top : Me-1 1915 7 17.2 16.8 74.0 0.2-1.6 2 0.808 0.809
'NUE  |Myosen -ji "oni-gawara" bottom  Me-2 1915 | 7 17.2 16.8 74.0 0.2-1.6 2 0.808 0.809
'NUE Myosen -ji "oni-gawara" top A-1 1915 7 17.2 16.8 74.0 0.2-1.6 2 0.808 0.809
'NUE Myosen -ji "oni-gawara" bottom: A-2 1916 ¢ 7 17.2 16.8 74.0 0.2-1.6 2 0.808 0.809
'NUE Hiramoto “oni-gawara" bottom ; Hr-1 2067 ; 4.8 16.1 47 453 02-14 2 0.807 0.808
'NUE _Hiramoto "Oni-gawara" B 2067 | 4.8 16.1 47 45.3 0.2-1.4 2 0.807 0.808
'NUE _Hiramoto Oni-gawara Al-1l 2067 | 4.8 16.1 47 45.3 0.2-14 2 0.807 0.808
'NUE _ Hiramoto Oni-gawara Al-2 2067 | 4.8 16.1 47 45.3 02-14 2 0.807 0.808
'NUE _Hiramoto Oni-gawara Al-3 2067 | 4.8 16.1 47 45.3 0.2-1.4 2 0.807 0.808
'NUE Hiramoto Oni-gawara A2 2067 : 4.8 16.1 47 453 02-14 2 0.807 0.808
_NUE __Hiramoto Oni-gawara A3 2067 : 4.8 16.1 47 45.3 0.2-14 2 0.807 0.808
'NUE _Hiramoto Oni-gawara A4-1 2067 | 4.8 16.1 47 45.3 0.2-14 2 0.807 0.808
'NUE _|Hiramoto Oni-gawara A4-2 2067 | 4.8 16.1 47 453 02-14 2 0.807 0.808

NUE Hiramoto Oni-gawara i A5 | 12067 { 48 i 161 | 47 i 453 i0.2-14 2 0.807 i 0.808

* Horizontal surface sample.
Table 5. DS02 TF’s Estimated de novo or Adjusted Based on Analysis of DS86 TFs: Nagasaki (does not
include height correction

RERF: DS02 Elevation . Angle of i Meas. . TF, no TF with
Lab Place Name Sample ID# | List i GR, Ets?ﬁ Angle ﬁﬁ'TeUIQ:I Incidence | Depth, De/r;sr:%/, Bldg Bldg
No. m ' Theta, deg gle, deg tau, deg cm 9 gamma : gamma
NUE Matsuyama cho N-1 7 5 81.2 45 39.2 2.2-3.9 2.1 0.827 0.848
NUE :Oka machi N-2 217 7 66.3 45 32.0 2.2-39 2.1 0.848 0.870
NUE iOka machi N-2' 217 7 66.3 45 32.0 2.2-39 2.1 0.848 0.870
NUE {Yamazoto cho N-3 307 10 58.1 45 30.2 2.2-3.9 2.1 0.853 0.871
NUE [Yamazoto cho N-3' 307 10 58.1 45 30.2 2.2-39 2.1 0.853 0.871
NUE |Yamazoto cho N-3" 307 10 58.1 45 30.2 2.2-3.9 21 0.853 0.871
NUE iShiroyama Elementary School | N-4 490 16 44.8 45 315 2.2-3.9 2.1 0.850 0.862
INIRS :Urakami church 517 29 48.1 46.9 60.8 1-2 2 0.677 0.690
NUE :Shiroyama cho N-6 623 : 125 38.2 45 33.9 0.2-1.9 2.1 0.983 0.992
NUE {Ueno cho N-7 634 19 37.3 45 34.3 2.2-39 2.1 0.842 0.851
JNIRS |Nagasaki University Hospital 655 30 35.8 37 60.8 0.5-1.5 2 0.918 0.926
JNIRS iNagasaki University Hospital 655 30 35.8 53 49.7 0.5-1.5 2 0.961 0.969
JNIRS {Nagasaki University Hospital 655 30 35.8 53 49.7 0.5-1.5 2 0.961 0.969
NUE i{Shiroyama cho N-8 760 12 32.9 45 36.5 2.2-3.9 2.1 0.836 0.842
NUE {Sakamoto cho N-9 763 6 33.1 45 36.4 2.2-3.9 2.1 0.836 0.842
JNIRS |Hachiman jinja nearby house | 861 16 34.2 74.8 36.9 1-2 2 0.932 0.938
JNIRS |Hachiman jinja [ 896 18 33.0 74.8 35.9 1-2 2 0.938 0.943
INIRS iSakamoto cho Gaijin Cemetery : 1040 i 33 28.6 74.8 32.0 1-2 2 0.959 0.963
NUE :Urakami cho i N-10 967 9 27.1 45 39.9 2.2-3.9 2.1 0.825 0.828
JINIRS iSakamoto-cho Gaijin Cemetery : 1068 | 33 28.0 74.8 315 1-2 2 0.962 0.965
JNIRS |Sakamoto Cemetery 1040 | 26 24.6 70 31.3 0.5-1.5 1.7 0.997 0.999
INIRS Sakamoto Cemetery 1040 | 26 24.6 70 313 0.5-1.5 17 0.997 0.999
JNIRS {Sakamoto Cemetery 1040 | 26 24.6 70 31.3 0.5-1.5 1.7 0.997 0.999
JNIRS {Sakamoto Cemetery 1040 i 26 24.6 70 31.3 0.5-1.5 1.7 0.997 0.999
INIRS {Nagasaki University Charnel 1452 9 18.8 72 25.8 0.5-1.5 1.7 1.014 1.015
JNIRS |Nagasaki University Charnel 1452 9 18.8 72 25.8 0.5-1.5 1.7 1.014 1.015
JNIRS |Nagasaki University Charnel 1452 9 18.8 72 25.8 0.5-1.5 1.7 1.014 1.015
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For the Myosen temple and Hiramoto residence in Hiroshima, we could not verify the very oblique
angle of incidence values that were given by the authors. We can obtain a georeferenced image of the
buildings in question from the new city map in the former case and from a pre-bombing aerial photograph
in the latter case, such that we can use the GIS to measure horizontal (azimuthal) angles of sides and
corners of the buildings vis-a-vis the direction to the hypocenter. But the side(s) of the roof from which
samples were taken were not documented well enough to clearly resolve apparent inconsistencies with the
apparent angles of the sides and corners of the georeferenced images. In addition, the sample from
Myosenji was a relatively small oni-gawara tile that was rounded and protuberant, and would not have the
same properties as a sample from a large, flat surface. For these reasons, the TF’s that we can calculate at
these two sites may be inaccurate. However, because the TF’s calculated here are about 0.8, and the true
TF could not possibly exceed about 1, errors in these TF’s could explain only a small part of the observed
amount by which the free-in-air-equivalent measured values exceed the calculated values at these sites.

There are two TF’s calculated in Appendix 11 to Chapter 4 of the DS86 Final Report for the Urakami
church in Nagasaki. The specific TF calculated using the model described for the “N-4" sample on p. 222
of final report is about 0.86, whereas the generic model used in that Appendix for the INIRS 1967 samples
gives a result of about 0.68 if it is adjusted for the correct angle of incidence using the regression method
described above. Unfortunately, it was not possible to determine from available records whether any of the
samples measured could have come from the south corner of the west facade, which would have had
substantial partial frontal shielding from an adjacent building, or whether there could have been any
shielding by the facade itself because of the deep relief of the main wall surface vs. the protruding
columns.

For some of the new locations in Nagasaki that were measured after DS86, it was not possible to
calculate accurate TF’s for some of the samples. These include the portion of the wall tiles that were
recessed into the window opening in the case of the tower at Nagasaki University Hospital and were
therefore partially shaded by the portion of the same wall that lay in the general direction of the bomb, and
some bricks from a gatepost of the Yamada-Furukawa family graveyard in Sakamoto-cho that may have
had their exposed surface on a side with a very oblique or even shaded line of sight to the bomb.

Calculation of DS02 Building Gamma Component of Dose to Quartz
When the building gamma component of dose to quartz calculated in Appendix 11 to Chapter 4 of

the DS86 Final Report was adjusted for the square of slant distance and plotted vs. slant distance, it was
apparent that it could be well fitted with a simple exponential. Furthermore, the exponential obtained by a
regression of the logarithm of building gamma on slant distance had a relaxation length typical of bomb
thermal neutron activation. This, along with the physics of building gamma production from incident
bomb neutron fluence, suggested that the building gamma component for new samples and locations could
be estimated by the regression line for the appropriate city, and that the values already calculated could be
adjusted in a straightforward manner for DS02 distances by applying a correction based on the same
exponential and the inverse square of distance. The values calculated in Appendix 11 to Chapter 4 of the
DS86 Final Report and the corresponding regression lines used to estimate DS02 values are shown in
Figure 2. These values are evaluated at or adjusted to the DS02 slant distance, using the exponential with
the indicated relaxation length divided by the square of distance, and are further adjusted by multiplying
them times the ratio of the DS02 *°Co activation to the DS86 *°Co activation, to reflect the difference
between the DS02 and DS86 neutron fluences.
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Figure 2. Building gamma component calculated in Appendix 11 to Chapter 4 of the
DS86 Final Report, vs. slant distance.
Comparison of Measured and Calculated Values for DS02
The “free-in-air-equivalent” measured values at one meter above flat ground, obtained by dividing the

measured value by the TF and correcting for sample height (height above ground and, in Nagasaki, ground
elevation at sample location vs. hypocenter) using ground distances and heights as evaluated in DS02, are
shown in Tables 6 and 7 and Figures 3 and 4 below. We included a series of measurements published by
Ichikawa et al. in 1966, for which it was necessary to make considerable adjustments, as well as
assumptions for calculating TF’s, which are given in DS02 (Cullings et al. In Press). Although the
uncertainty of these measurements is considerably larger than most of the others included in the DS02
analysis, they are important measurements, both historically and due to the dearth of later measurements at
proximal distances in both cities.

Table 6. Measured Values and Measured/Calculated Ratios: Hiroshima

L . Free-In-Air @ 1 m- Measured to
Lab Place Name Sample ID# | RERF List No. in situ Measured Tissue Equivalent Tissue Dose, i Calculated
Dose, Gy N
Gy Ratio
Gy + Gy +

JNIRS |A-bomb Dome 83.805 16.791 99.509 19.938 0.90
JNIRS {Togiya-cho Shojun-ji 70.594 14.149 130.006 26.057 1.25
JNIRS Nenryo Kaikan (Fuel Authority Bldg) 62.710 12.572 117.691 23.595 112
NUE | Zaimoku cho, Dempuku ji H-1 56.100 11.220 86.516 17.303 1.70
NUE i Zaimoku cho, Seigan ji H-2 32.610 6.522 50.216 10.043 0.96
NUE {Zaimoku cho, Seigan ji H-2' 29.739 5.948 45.795 9.159 0.87
JNIRS |Fukuro-machi East Orthopedic Surgical Hospital | 32.223 6.475 44.051 8.852 0.90
NUE  |Zaimoku cho, H-3 34.350 6.870 53.135 10.627 1.10
JNIRS :iNaka Telephone Office 3 1-01 27.570 2.47 26.180 2.345 0.80
JNIRS Naka Telephone Office 2 1-19 30.320 1.56 36.595 1.883 1.19
NUE |Naka Telephone Office 203-3 1-04 27.240 2.47 27.190 2.466 0.89
NUE iNaka Telephone Office 204-2 1-04 25.970 3.15 25.923 3.144 0.85
NUE iNaka Telephone Office 204-3 1-04 25.560 3.75 25.514 3.743 0.83
JNIRS |Tate-machi Sanin Godo Bank 12.907 2.612 16.274 3.294 0.76
JNIRS {Sanin Bank 12-02 17.780 1.56 19.496 1711 0.93
JNIRS :iChugoku Elec Co 2 01 7.140 1.010 13.568 1.919 0.77
JNIRS Chugoku Elec Co 2 2-03 9.430 1.56 15.489 2.562 0.98
NUE Chugoku Electric Co. 3-1-3 2-03 11.190 1.328 19.073 2.263 1.20
NUE iChugoku Electric Co. 3-1-3 2-03 9.480 0.746 16.158 1.272 1.02
NUE  {Chugoku Electric Co. 3-2-2 2-03 9.610 0.638 16.380 1.087 1.03
NUE |Chugoku Electric Co. 3-2-2 2-03 9.900 0.677 16.874 1.154 1.07
NUE  {Chugoku Electric Co. 3-2-3 2-03 9.290 0.882 15.834 1.504 1.00
JNIRS :Nobori-machi Elementary School 8.535 1.738 10.613 2.162 0.73
NUE Hiroshima Castle, ninomaru H-4 8.250 1.650 8.498 1.700 0.65
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<Table 6 continued>

in situ Measured Tissue

Free-In-Air @ 1 m-

Measured to

Lab Place Name Sample ID# | RERF List No. Equivalent Tissue Dose, | Calculated
Dose, Gy Gy Ratio
NUE |Hiroshima Castle, ninomaru H-4' 8.685 1.737 8.946 1.789 0.69
NUE [Nishishin machi* H-5 7.596 1.519
NUE iNishitera machi, koen ji H-6 5.160 1.032 5.491 1.098 1.18
NUE :Hiroshima Castle, honmaru H-8 4.074 0.815 4.348 0.870 1.03
NUE | Hiroshima Castle, honmaru H-8' 2.247 0.449 2.398 0.480 0.57
NUE Hiroshima Castle, honmaru H-8" 2.272 0.432 2.305 0.461 0.55
JNIRS City Hall 2.160 0.572 3.348 0.712 0.76
NUE |Nishitera machi, Shozen ji H-7 4.116 0.823 4.398 0.880 1.13
NUE |Japanese House (Nobori-cho) 145 1.52 0.088 1.564 0.091 0.68
NUE iH.U.P.S. (Hiro. Uriv.) H-1 4-08 1.30 0.07 1.408 0.076 1.09
NUE HUFS"I" Bldg H1 4-08 1.370 0.10 1.484 0.108 1.15
NUE |HUFS™"I" "HP1" 1.391 0.090 1.509 0.097 1.17
NUE {H.U.P.S. (Hiro. Univ.) H-2 4-07 1.34 0.13 1.428 0.139 1.15
NUE iH.U.P.S. (Hiro. Univ.) H-3 4-09 1.31 0.19 1.410 0.205 121
NUE |[H.U.P.S. (Hiro. Univ.) H-4 4-01 1.02 0.21 1.092 0.225 1.01
NUE |[H.U.P.S. (Hiro. Univ.) H-5 4-03 horizontal 0.91 0.14 1.010 0.155 1.02
NUE {H.U.P.S. (Hiro. Univ.) H-5B 4-03 vertical 0.730 0.14 0.902 0.173 0.91
NUE H.U.P.S. (Hiro. Univ.) H-5B 4-03 vertical 0.890 0.14 1.100 0.173 111
NUE |H.U.P.S. (Hiro. Univ.) H-5B 4-03 vertical 0.800 0.14 0.989 0.173 1.00
NUE HUFS™"I" "HP2" 0.905 0.092 1.121 0.115 1.13
INIRS _{H.U.F.S. (Hiro. Univ.) 7 3-07 0.900 0.07 0.970 0.075 1.15
NUE [HUFS"E" Bldg HPI 3-08 0.620 0.11 0.677 0.120 0.81
NUE |HUFS"E" "HP3" 0.644 0.092 0.714 0.103 0.86
JNIRS {H.U.F.S. (Hiro. Univ. 10 3-10 1.010 0.18 1.125 0.201 1.40
NUE H.U.F.S. (Hiro. Univ. H-6-1 3-20 0.77 0.15 0.922 0.180 1.15
NUE |H.U.F.S. (Hiro. Univ. H-6-2 3-20 0.75 0.04 0.898 0.048 1.12
NUE iH.U.F.S. (Hiro. Univ. H-6-3 3-20 0.84 0.05 1.006 0.060 1.25
NUE {HUFS "E" Bldg HP2 3-11 0.84 0.07 0.935 0.078 1.17
NUE [HUFS"E" Bldg HP3 (3-11) 0.87 0.05 0.967 0.056 121
NUE |{HUFS"E" "HP4" 0.883 0.092 0.996 0.104 1.24
NUE {HUFS"E" "HP5" 0.873 0.073 0.942 0.078 1.20
U.OF U. H.U.F.S. (Hiro. Univ.) UHFSO3 3-23 0.990 0.04 1.069 0.043 1.36
NUE H.U.F.S. (Hiro. Univ.j H-7 3-36 0.690 0.10 0.764 0.111 0.97
U. OF U. iH.U.F.S. (Hiro. Univ.) UHFSO2 3-22 1.030 0.08 1.140 0.089 1.47
NUE {H.U.F.S. (Hiro. Univ.j H-8 3-18 0.64 0.05 0.767 0.060 1.10
JNIRS |H.U.F.S. (Hiro. Univ.) | 3-29 0.940 0.12 1.037 0.132 1.50
JNIRS {H.U.F.S. (Hiro. Univ.) I\ 3-31 0.70 0.05 0.789 0.056 1.15
NUE :H.U.F.S. (Hiro. Univ ] H-9 3-17 0.57 0.05 0.703 0.062 1.03
JNIRS | Red Cross Hospital 5-01 0.53 0.09 0.615 0.104 0.98
NUE Red Cross Hospital "HP6" 0.560 0.101 0.654 0.118 1.04
JNIRS ;Red Cross Hospital 0.669 0.128 0.777 0.149 1.24
JNIRS |Red Cross Hospital 0.751 0.137 0.873 0.160 1.39
JNIRS |Red Cross Hospital 0.687 0.110 0.799 0.128 1.27
JNIRS |{Red Cross Hospital 0.724 0.110 0.841 0.128 1.34
JNIRS :Red Cross Hospital 0.678 0.119 0.788 0.138 1.26
NUE Red Cross Hospital HP4 501 0.550 0.077 0.613 0.086 0.98
JNIRS |H.U.F.S.(Hiro.Uriv.) R1 3-35 0.970 0.16 1.167 0.193 1.87
DUR iH.U.F.S. (Hiro. Univ. UHFSFT02 3-35 0.680 0.12 0.815 0.144 131
DUR |{H.U.F.S. (Hiro. Univ. UHFSFT02 3-35 0.690 0.12 0.827 0.144 1.32
OXFH |H.U.F.S. (Hiro. Univ. UHFSFT03 3-35 0.730 0.13 0.875 0.156 1.40
OXFH {H.U.F.S. (Hiro. Univ.) UHFSFT03 3-35 0.760 0.12 0.911 0.144 1.46
OXFH iH.U.F.S. (Hiro. Univ.) UHFSFT03 3-35 0.760 0.11 0.911 0.132 1.46
U. OF U. H.U.F.S. (Hiro. Univ.) UHFSFT02 3-35 0.710 0.08 0.851 0.096 1.36
U.OF U. H.U.F.S. (Hiro. Univ. UHFSFT03 3-35 0.660 0.11 0.791 0.132 1.27
NUE iH.U.F.S. (Hiro. Univ. H-10-1 3-15 0.70 0.11 0.828 0.130 1.33
NUE {H.U.F.S. (Hiro. Univ. H-10-2 3-15 0.66 0.06 0.780 0.071 1.26
NUE |{H.U.F.S. (Hiro. Univ. H-10-3 3-15 0.60 0.09 0.709 0.106 1.14
NUE iH.U.F.S. (Hiro. Univ. H-10-4 3-15 0.66 0.06 0.780 0.071 1.26
U. OF U. iH.U.F.S. (Hiro. Univ. UHFS04 3-24 0.730 0.05 0.812 0.056 1.34
U. OF U. |H.U.F.S. (Hiro. Univ.) UHFS07 3-27 0.550 0.08 0.621 0.090 1.03
NUE iH.U.F.S. (Hiro. Univ.j H-11 3-16 0.44 0.05 0.569 0.065 0.96
JNIRS i{Hiroshima University Radioisotope Facility 0.641 0.192 0.855 0.257 1.45
JNIRS |Hiroshima University Radioisotope Facility 0.623 0.266 0.832 0.355 1.44
JNIRS |Hiroshima University Radioisotope Facility 0.513 0.211 0.686 0.282 1.19
JNIRS {Red Cross Hospital 0.669 0.128 0.788 0.151 1.50
JNIRS Red Cross Hospital 0.559 0.119 0.658 0.140 1.25
JNIRS |Red Cross Hospital 0.641 0.101 0.755 0.119 1.44
JNIRS Red Cross Hospital 0.678 0.137 0.798 0.162 1.52
JNIRS {Red Cross Hospital 0.605 0.101 0.712 0.119 1.35
NUE |Postal Savings (Chokin Kyoku) A 0.405 0.019 0.475 0.022 1.32
NUE |Chokin-Kyoku (Postal Savings) 6-04 0.36 0.05 0.581 0.081 1.70
NUE :Postal Savings (Chokin Kyoku) B 0.352 0.017 0.382 0.019 111
JNIRS | Chokin-Kyoku 6-00 0.30 0.06 0.369 0.074 1.07
NUE | Postal Savings (Chokin Kyoku) D 0.334 0.055 0.394 0.065 1.20
NUE Postal Savings (Chokin Kyoku) E 0.283 0.021 0.335 0.024 1.10
NUE {JEMIC HP7 0.183 0.077 0.197 0.083 1.14
NUE |Myosen -ji "oni-gawara” top Me-1 0.17 0.036 0.228 0.048 2.20
NUE {Myosen -ji "oni-gawara" bottom Me-2 0.16 0.035 0.214 0.047 2.07
NUE :Myosen -ji "oni-gawara" top A-1 0.195 0.070 0.261 0.094 2.52
NUE Myosen -ji "oni-gawara" bottom A-2 0.186 0.073 0.249 0.097 2.40
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<Table 6 continued>

in situ Measured Tissue Free-In-Air @ 1 m- Measured to

Lab Place Name Sample ID# | RERF List No. Equivalent Tissue Dose, | Calculated

Dose, Gy Gy Ratio
NUE {HUFE clay wall tile C-1 0.067 0.048 0.075 0.054 1.15
NUE |HUFE clay wall tile C-2 0.085 0.039 0.095 0.044 1.46
NUE _HUFE clay wall tile C-3 0.076 0.074 0.085 0.082 1.30
NUE HUFE HP5 8-01 0.049 0.032 0.054 0.036 0.86
NUE HUFE HP8 0.053 0.054 0.059 0.060 0.92
NUE _iHiramoto "oni-gawara" bottom Hr-1 0.05 0.010 0.067 0.013 112
NUE _|Hiramoto "Oni-gawara" B 0.088 0.040 0.118 0.054 197
NUE  iHiramoto Oni-gawara Al-1 0.113 0.038 0.152 0.051 2.53
NUE _ :Hiramoto Oni-gawara Al-2 0.107 0.023 0.144 0.031 2.39
NUE _ Hiramoto Oni-gawara Al-3 0.121 0.055 0.163 0.074 2.71
NUE__iHiramoto Oni-gawara A2 0.118 0.020 0.159 0.027 2.65
NUE |Hiramoto Oni-gawara A3 0.085 0.024 0.115 0.033 1.91
NUE _iHiramoto Oni-gawara A4-1 0.097 0.036 0.130 0.048 2.17
NUE :Hiramoto Oni-gawara A4-2 0.148 0.058 0.199 0.078 3.32
NUE |Hiramoto Oni-gawara A5 0.136 0.031 0.183 0.041 3.06

*could not be analyzed due to conflicting map information.

Table 7. Measured Values and Measured/Calculated Ratios: Nagasaki

RERF List: in situ Measured Tissue Free-In-Air @ 1 m- Measured to
Lab Place Name Sample 1D# No. Dose, Gy Equivalent Tissue Dose, Gy | Calculated Ratio
Gy + Gy +
JNIRS  iYamazoto-cho House 204.154 40.861 195.363 39.102 0.62
NUE Matsuyama cho N-1 195.255 39.051 243.174 48.635 0.76
NUE Oka machi N-2 160.455 32.091 193.501 38.700 0.82
NUE Oka machi N-2' 157.845 31.569 190.354 38.071 0.81
NUE Yamazoto cho N-3 135.225 27.045 160.997 32.199 0.89
NUE Yamazoto cho N-3' 123.045 24.069 146.496 29.299 0.81
NUE Yamazoto cho N-3" 107.385 21.477 127.851 25.570 0.71
NUE Shiroyama Elementary School N-4 68.089 13.618 80.182 16.036 0.92
NUE Shiroyama cho* N-5 48.225 9.645
JNIRS Urakami N4 40.400 4.40 46.179 5.029 0.60
JNIRS  Urakami 40.579 4.397 46.158 5.001 0.60
JNIRS  iUrakami Church 52.918 10.614 76.025 15.249 0.98
NUE Shiroyama cho N-6 33.435 6.687 35.371 7.074 0.73
JNIRS  iGokoku jinja (?) house* 35.166 7.064
NUE Ueno cho N-7 31.086 6.217 37.500 7.500 0.82
JNIRS  |Nagasaki University Hospital 37.006 3.527 39.475 3.762 0.94
JNIRS  iNagasaki University Hospital 30.594 3.609 31.194 3.680 0.75
JNIRS  i{Nagasaki University Hospital 22.350 2.336 22.788 2.382 0.55
NUE Shiroyama cho N-8 19.515 3.903 24.549 4.910 0.95
NUE Sakamoto cho N-9 11.772 2.354 15.051 3.010 0.59
JNIRS  'Hachiman jinja nearby house 13.619 2.755 15.247 3.084 0.94
JNIRS Hachiman jinja 12.210 2473 13.514 2.737 0.98
JNIRS  iSakamoto cho Gaijin Cemetery 7.719 1.575 8.164 1.666 1.14
NUE Urakami cho N-10 7.074 1.415 9.148 1.830 0.91
JNIRS  iSakamoto-cho Gaijin Cemetery 6.774 1.386 7.160 1.466 1.14
JNIRS Sakamoto Cemetery 5.743 0.769 5.938 0.796 0.83
JNIRS Sakamoto Cemetery 4534 0.815 4.688 0.843 0.66
JNIRS Sakamoto Cemetery 5.478 0.394 5.664 0.407 0.79
JNIRS  |Sakamoto Cemetery 5.981 0.540 6.185 0.559 0.87
JNIRS Sakamoto N-6 6.920 0.88 6.817 0.867 1.09
JNIRS  :Sakamoto 7.099 0.879 6.938 0.859 1.10
Dur leno wall NAIEO5 N-2-1 0.890 0.116 0.966 0.126 0.70
Dur leno wall NAIEO5 N-2-1 1.050 0.074 1.457 0.103 1.06
Dur leno wall NAIEO5 N-2-1 0.780 0.106 1.220 0.165 0.89
Dur leno wall NAIEO5 N-2-1 0.700 0.056 0.760 0.060 0.55
Dur leno wall NAIEO5 N-2-1 0.610 0.105 0.847 0.146 0.62
Dur leno wall NAIEOS N-2-1 0.740 0.055 1.157 0.086 0.84
JNIRS leno A N-2-2 1.06 0.19 1.177 0.211 0.86
JNIRS leno B N-2-2 1.04 0.20 1.160 0.223 0.85
NUE leno wall A N-2-1 0.970 0.028 1.089 0.032 0.79
NUE leno wall B N-2-1 0.860 0.028 1.133 0.037 0.83
NUE leno wall C N-2-1 0.910 0.032 1.436 0.050 1.05
OXFH leno wall NAIEO5 N-2-1 0.850 0.111 0.923 0.120 0.67
OXFH ileno wall NAIEO5 N-2-1 0.700 0.102 0.972 0.142 0.71
OXF H leno wall NAIEO5 N-2-1 0.620 0.091 0.970 0.143 0.71
U.OF U. ileno wall NAIEO6 N-2-1 0.930 0.057 1.048 0.064 0.76
U.OF U. leno wall NAIEO6 N-2-1 0.730 0.041 0.990 0.056 0.72
U.OF U. [leno wall NAIEO6 N-2-1 0.580 0.036 0.869 0.054 0.63
JNIRS  iNagasaki University Charnel 1.127 0.192 1.198 0.204 0.99
JNIRS  {Nagasaki University Charnel 1.172 0.165 1.246 0.175 1.03
JNIRS  |Nagasaki University Charnel 1.072 0.137 1.139 0.146 0.95
IJNIRS  iZenza N-7 0.910 0.22 0.932 0.225 0.70
IJNIRS | Zenza 0.907 0.220 0.929 0.225 0.70
JNIRS Inasa A N-3 0.12 0.09 0.128 0.096 1.13
JNIRS Inasa A 0.119 0.082 0.127 0.088 1.12
JNIRS  |Yamada Oil Storehouse 0.110 0.055 0.117 0.058 1.01
JNIRS  iYamada Oil Storehouse 0.174 0.055 0.185 0.058 1.60
JNIRS  iYamada Oil Storehouse 0.156 0.055 0.166 0.058 1.43
JNIRS  Yamada Oil Storehouse 0.156 0.055 0.166 0.058 1.43
JNIRS  iYamada Oil Storehouse 0.082 0.037 0.088 0.039 0.76
JNIRS  |Yamada Oil Storehouse 0.119 0.046 0.127 0.049 1.09
JNIRS  iYamada Oil Storehouse 0.174 0.073 0.185 0.078 1.60
JNIRS __ iChikugo N-8 -0.01 0.15 -0.011 0.160 -0.26

*could not be analyzed due to conflicting map information.
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Figure 3. Hiroshima measured free-in-air-equivalent values compared with DS86 and
DS02 calculated values, vs. slant distance.
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Figure 4. Nagasaki measured free-in-air-equivalent values compared with DS86 and DS02
calculated values, vs. slant distance.

It can be seen in Fig. 3 that the agreement in Hiroshima is very good; overall it is slightly better for
DS02 than DS86. There remain some measurements at distances over about 1400 m slant distance and
kerma values less than about 1 Gy that exceed the calculated values for both DS86 and DS02, although
only the samples at Myosen Temple, at about 1900 m ground distance, stand out clearly in this regard
when measurement uncertainty, as indicated by the error bars, is considered. Because accumulated
background becomes a substantial fraction of bomb kerma when the latter drops below about 1 Gy, with
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even the youngest samples dating from pre-war construction having estimated total background doses of at
least 0.15 to 0.2 Gy, the accuracy and reliability of background estimates are important concerns.

Agreement in Nagasaki is not quite as good overall as Hiroshima, and is slightly worse for DS02 than
for DS86. There is a tendency for measured values to lie below calculated, particularly at distances less
than about 800 m ground distance, although it is certainly not clear that this constitutes any kind of a trend
with distance, given the errors involved and the small number of sites with DS86 and post-DS86
measurements, particularly at ground distances less than 800 m. In addition, the comparison is made more
difficult by a number of other serious concerns:

e As mentioned above in regard to calculating TF’s, there is a concern about the ability to calculate
accurate and reliable TF’s for three important sites of post-DS86 measurements, at 517 m ground
distance (Urakami church), 655 m ground distance (Nagasaki University Hospital tower) ,and
1040 m ground distance (Yamada-Furukawa family graveyard gatepost in Sakamoto-cho). All
three sites have wide ranges of measured values.

¢ In the case of Urakami church, the DS86 and 1988 measured values are substantially less than the
1967 value, even though the 1967 sample was deeper and therefore has a much lower calculated
TF (0.68 vs. 0.86) if the calculated dose to quartz in situ for the 1967 sample in Appendix 11 to
Chapter 4 of DS86 is adjusted for angle of incidence. Therefore, because the larger TF applies to
the smaller measurement and vice versa, applying the TF’s as such gives free-in-air equivalent
values for the DS86 and 1988 measurements that are only 61% of those for the 1967
measurement: 46.2 Gy vs. 76.0 Gy, a very large difference in measured values on the same
material from the same location.

e The possibility of minor frontal shielding (blocking of some minor portion of incident fluence) at
several sites in Nagasaki, by terrain, other buildings, or groves of trees has been discussed,
particularly because the sample locations in Nagasaki are so much closer to the ground than in
Hiroshima, the terrain is so much more hilly, and the height of the bomb is about 100 m less.

In addition to these concerns about the comparability of existing measurements to calculated values,
there has been discussion of the adequacy of the calculated location of fission debris in the fireball that is
used to calculated delayed gamma ray kerma, which accounts for a large portion of total gamma ray kerma
in Nagasaki.

Conclusions

Measurements and calculated values compare quite well in Hiroshima, with agreement for DS02
being somewhat better than for DS86. There remains some concern about the adequacy of background
corrections for measurements substantially below 1 Gy and the indications of some measurements that
appear to exceed calculated values at distances beyond about 1400 m.

Agreement in Nagasaki is not as good, and is slightly worse for DS02 than for DS86, but there are
substantial concerns about the comparability of measured and calculated values with the presently
available information about sample-structure geometry, particularly in light of rather large ranges of
measured values on the same samples at several important sites. There may also be some concern about
the adequacy of the model used for the delayed radiation calculation in Nagasaki.
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Re-evaluation of the Hiroshima Hypocenter Based on Data in ABCC
Technical Reports 12-59 and 3-69: Some Initial Ideas and Results

Harry Cullings®, Shoichiro Fujita
Radiation Effects Research Foundation
Masaharu Hoshi
Hiroshima University

Abstract

Modern software and associated computing speed allow a better evaluation of data on the hypocenter
than was feasible even ten years ago. Hubbell, Jones, and Cheka wrote a report in 1969, ABCC
Technical Report 3-69, which is the source of the Hiroshima hypocenter estimate used in the DS86
and DS02 dosimetry systems. They made an exhaustive study of all available data at that time and
they documented all of the available data explicitly in their report, except for data that were
documented previously in an earlier report, ABCC TR 12-59. For the present work all of these data
were entered into spreadsheets. In addition to direct entry of tabular numerical data, data implicit in
maps and drawings were obtained in numerical form by using the Geographical Information System
(GIS) to locate them in the map coordinate systems used in DS02. The GIS was also used to check 1)
the coordinates of measured locations whose identity is established by site hames or other such
information, 2) various hypocenter estimates of the original studies as drawn on maps and figures by
the original investigators, and 3) various hypocenter estimates of the original studies as given by the
original investigators in reference to landmarks of known location. Measurement locations could be
checked against aerial photographs and modern maps using the GIS, with correction if appropriate,
and estimates of hypocenter location specified above in (2) and (3) could be evaluated in the GIS and
compared to numerical coordinate values given by the original investigators or cited from other
sources in ABCC TR 3-69. The raw data from four major studies on which the Hiroshima
hypocenter estimate of TR 3-69 was primarily based (Kimura and Tajima, Arakawa and Nagaoka,
Kanai, Woodbury and Mizuki), were extensively analyzed. The least-squares fitting method given by
Arakawa and Nagaoka in TR 12-59 was augmented to allow for specification of the penumbra effect
from a fireball of any specified size, and combinatorial methods were used to check the effects of
various related assumptions on the results of the two major studies (Arakawa and Nagaoka, Kanai) in
which the authors did not explicitly treat the penumbra issue nor document the sides of the shadow-
casting objects on which they took measurements. A new uncertainty analysis was performed,
including the definition of a new statistic similar to the one used in TR 3-69, to provide a way to
relate the information in the data themselves (how close the measured rays come to intersecting at a
single, common point) to the uncertainty in the input variables (X and Y coordinates of measured
locations, angles measured) and the resulting uncertainty in the corresponding hypocenter estimate.
This relationship was elucidated and estimated by numerical simulations of random errors, including
the simulation of many plausible sets of measurement locations for studies for which the
measurement locations are not available. A new weighting scheme similar to that suggested by Land
in TR 3-69 was devised and used to obtain a new hypocenter estimate. In contrast to the work of
DS02, which used a map alignment to define the location in new city map coordinates of the
hypocenter determined in U.S. Army map coordinates by Hubbell, Jones, and Cheka, this more
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fundamental work completely re-analyzes the data used by Hubbell, Jones, and Cheka. Initial
indications are that the new estimate may be about 17 m south of their estimate.

Introduction

For almost 20 years, dosimetry working groups (RERF 1987) have used an estimate of the atomic
bomb hypocenter location in Hiroshima that was produced in 1969 by a thorough review of earlier studies.
This review was conducted by scientists of the U.S. Oak Ridge National Laboratory and published in an
ABCC (Atomic Bomb Casualty Commission) Technical Report, No. 3-69 (Hubbell et al. 1969). A major
strength of ABCC TR 3-69 is that it did an excellent job of preserving all of the detailed information that
was available in 1969 from earlier studies. ABCC TR 3-69 and an earlier ABCC report produced in 1959,
No. 12-59 (Arakawa and Nagaoka 1959, Woodbury and Mizuki 1959), taken together, contain all of the
raw data, consisting of measurement locations and measured angles to the hypocenter at those locations,
for four major studies that were the main basis of the estimate produced in ABCC TR 3-69. Although the
joint binational working group that prepared the DS02 dosimetry system conducted a major reanalysis of
map issues using modern Geographical Information System (GIS) software, time and resource constraints
compelled them to use the hypocenter estimate of 1969, as originally defined on the 1945 U.S. Army map
of Hiroshima, for which they determined a new estimate of the corresponding location on new city maps
produced by the City of Hiroshima in 1979. This transfer of the ABCC TR 3-69 hypocenter to more
modern maps was based strictly on the alignment of the two sets of maps. That is, DS02 did not attempt to
re-analyze the original raw data(Young and Kerr 2004).

The possibility of re-analyzing the raw data of ABCC TR’s 12-59 and 3-69 is interesting in the first
place because of the great progress in computerized computation and related information systems since the
1960’s. Contemporary Geographical Information Systems (GIS’s) allow maps and aerial photographs to
be combined in ways that enable more accurate estimation of the map coordinates of sites where angles to
the hypocenter were measured (Young and Kerr 2004). Modern computer software in the form of
spreadsheets and programming languages allows greatly facilitated computation, and the speed of modern
computers allows much larger calculations for purposes such as numerical simulation of statistical
problems. Furthermore, statistical methods such as linear regression have been extensively developed and
elaborated in the last several decades (Draper and Smith 1981).

In addition to the advantages of modern methods and computers, a careful reading of ABCC TR’s
12-59 and 3-69 reveals that a number of problems related to analyzing and interpreting the original raw
data were never resolved. This paper will focus on solutions to three of the most prominent of those
problems:

1. Devising a method to analyze the data of measurers who failed to record the sides of shadow-
casting objects on which they made measurements of the angles of the edges of shadows from the
bomb’s thermal radiation (the penumbra problem),

2. Devising a statistic that uses the information implicit in the measurements of such angles for a
given study, and a method of estimating the distribution of that statistic, so that it can be used in
turn to estimate the uncertainty of the resulting hypocenter estimate of that study (the
measurement uncertainty problem), and

3. Using the uncertainty estimates so derived to construct an appropriate method of statistical
weighting to be used in combining the results of the original studies considered in ABCC TR 3-69
(the statistical weighting problem).

We take the solution proposed here for the penumbra problem and apply it to the data of Kanai,
which was an unresolved enigma for the authors of ABCC TR 3-69. We take the solution proposed for the
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measurement uncertainty problem and illustrate it using the data of Arakawa and Nagaoka (Arakawa and
Nagaoka 1959), which consist of 1178 total measurements at 37 different sites and represent by far the
largest recorded data set of the four major studies used in ABCC TR 3-69. In both of these cases we also
give the results of using the GIS to re-evaluate the coordinates of the sites where the measurements were
made. Finally, we use the solution to the third problem to combine the resulting estimates of the
hypocenter location from the data of Kanai and those of Arakawa and Nagaoka with similarly derived
estimates for the other studies considered in ABCC TR 3-69, to produce a new initial estimate of the
hypocenter location.

Methods
The Penumbra Problem

Data collected by measuring shadows created by the thermal radiation from the bomb comprise
almost all of the information on which the authors of ABCC TR 3-69, and most reports cited by them,
based their estimates of the location of the Hiroshima hypocenter. The source of thermal radiation, which
is identifiable with the “fireball,” was substantial in size, a fact remarked upon repeatedly by Hubbell,
Jones and Cheka in ABCC TR 3-69. As a result, shadows preserved by the alteration of surfaces by the
thermal radiation from the fireball had a penumbra, as shown in Figure 1. Because investigators naturally
tried to measure the outer edge of the penumbra, where it blends into the area of no shadow, they
measured the angle to one side of the fireball that constitutes the source of radiation producing the shadow,
and not the center of the source. A measurement on one side of the shadow-casting object corresponds to
one side of the fireball, and a measurement on the other side of the object corresponds to the other side of
the fireball.

The investigators performing two of the major studies considered in ABCC TR 3-69 (Kimura and
Tajima, Woodbury and Mizuki) measured shadows on both sides of an object and took a ray halfway

Figure 1. Shadows from a source of non-negligible extent create an area of partial shadow, the
penumbra, adjacent to the full shadow, or umbra
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between the rays so measured as being a ray to the center of the fireball. However, in the other two major
studies (Kanai, Arakawa and Nagaoka), there is no information in ABCC TR 12-59 or ABCC TR 3-69
about which sides of the shadow-casting objects were measured, nor is there information to establish
whether or not a procedure to obtain a central ray was followed. Treatment of the penumbra in two of the
four major original studies was therefore a problematic issue in the writing of ABCC TR 3-69 and has
remained an unresolved question to the present day.

To attack this problem we began by choosing the method of solving for a hypocenter estimate that
was originally proposed by Arakawa and Nagaoka in Part | of ABCC TR 12-59, and appears to give good
results. (That is, the solutions obtained by this method, unlike the solutions obtained by the methods
suggested by Woodbury and Mizuki in Part 1l of ABCC TR 12-59, appear by visual inspection of plots to
be central to the measured rays. This issue will be documented further in future work.) We follow the
authors’ original nomenclature, which is illustrated in Figure 2, taken from their work (Arakawa and
Nagaoka 1959). That is, (x,y) are the coordinates of the hypocenter, (X;y;) are the coordinates of the
location where the i"™ measurement was made, the measured azimuthal angle «; is specified counter-
clockwise from grid east, and d; is the perpendicular (and shortest) distance from the ray to the hypocenter.
Based on the simple but elegant geometry that Arakawa and Nagaoka illustrated in Fig. 2, they observed
that

d,=AB-AC =(y-y,)cose, —(Xx—x)sinea, (1)

(i.e., ABxy and ACxy; are similar right triangles, so that the length of segment AC is given by sina; =
AC/AXxy; = AC/(x — X;), where we have used “Ax;y;” to denote the length of the segment from the point
labeled A to (X;yi), etc.). They suggested finding a hypocenter estimate (x,y) that minimizes the weighted

sum of squares of the d;, which they denoted as A, by setting the first derivatives equal to zero, i.e.,
4 10N & . 10A &
A=Y nd’ -=——=Yndsing =0, =—=> nd.cose, =0 (2).
Z i 2 Ox ; i i 2 ay |Z=1: ( )

i=1

FIGURE 5 PROCEDURE USED FOR CALCULATING LOCATION OF THE HYPOCENTER
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Figure 2. Notation for measurements parameterized as X-Y coordinates of the measurement
location and azimuthal angle (reproduced from Arakawa and Nagaoka (Arakawa and Nagaoka
1959)
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Here m is the number of measured locations, n; is the number of measurements at the i"" location, and the
weighting reflects the presumed dependence of the variance of, e.g., the mean of n measurements, on n.
With some additional algebra (shown below for the case in which we assume a fireball of some fixed
radius), this results in a solution
- C(P-R)-BQ-5) _B(P-R)-AQ-S)
AC - B? ’ AC - B?

3,
where

m m m m
a2 H 2 a2
A:zl“nism ai,B=Zl“ni3|naic05ai,czzl“nicos “i’P=Zl‘,niXi5'n a,
i= i= i= i=

Q=Y. nxsing cosa;, R=Y ny;sine; cose;, and S = ny,cos’ e, (4).
i=1

i=1 i=1
It is easy to rewrite and solve the equations of Arakawa and Nagaoka for optimization to a circle of some
fixed radius r about the hypocenter. In that case we do not want the d; to be as small as possible, but rather
as close as possible to some specified effective fireball radius r. Using the same notation, we write

A=Y n(d;—r?=>"n[(y-y;)cosa; —(x—Xx)sing, (@15
wherein the sign of the term for r depends on which side of the shadow-casting object was measured, as
discussed further below. (Consistent with the notation of Arakawa and Nagaoka, we have omitted the
limits on the summations for simplicity; they are all “i = 1 to m.”)
Then taking the first partial derivatives with respect to x and y gives

OA

= =2>"n[(y-y;)cosa; — (x—X)sing; +r]sing;

% =-2> " n[(y-y;)cosa; —(x—X)sine; +r]cose, (16),

and setting them equal to zero gives
D n(§-y)sing cosa; = Y ni(X-x)sina; + Y £nrsing,
D ni(§-y;)sing; cosa; = D n(X—x)sin’ ; + > tnrcose; (17)
which expand to
XY nsina; — ¥ nising; cose; = Y nx sin®a; — Y ny;sing; cosa; — Y £ nrsing,
XY nsina; — ¥ nising; cose; = Y nx sin®a; — Y ny;sing; cosa; — Y £ nreose;
(18).
Abbreviating the summations for the remaining algebra, we can write
AR-Bj=P-R-T
BR-C§j=Q-S-U  (19),

from which

)A(ZP—R—T+By=C(P—R—T)+BZR—B(Q—S—U) N

A AC
G 1 (C(P—R—T)—B(Q—S—U))_ AC (C(P—R—T)—B(Q—S—U))
-, B? AC ~ AC-B’ AC

AC
:C(P—R—T)—B(ZQ—S—U) (20).

AC-B
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Similarly,

.~ B(P-R-T)-AQ-S-U)

V= AC — B?
wherein we have kept A through S exactly as defined by Arakawa and Nagaoka, and we have added the
expressions T and U, in which we must remember that the signs of the individual terms depend on which
side of the shadow-casting object was measured. The correct sign is obtained by the rule that, if the angle
is measured counterclockwise from due E, reverse (to negative) the signs for terms corresponding to a ray
that is drawn to the left side of the fireball, i.e., the ray with the larger angle of the two to either side of the
fireball. Looking away from the hypocenter toward the point of measurement, this is the shadow on the
left side of the structure casting the shadow: the side indicated by the arrow in Fig. 1.

When only one of two rays has been measured, and one knows not which, the problem is to decide
which sign to associate with each term in T and U. In the case of only two rays, the correct decision is
obvious, because only one solution lies in the correct direction with respect to the directions of the rays.
For larger numbers of rays, the correct solution is not necessarily obvious. For a single measurement at
each of m locations, there are 2™ possible solutions, defined by changing or not changing the sign of each
term in T, where each term in U has the same sign as the corresponding term in T. For numbers of
locations around 18 to 20 or so, it is quite feasible to exhaustively check each of these possible
combinations to see which one has the smallest residual sum of squared distances between the rays and the
circle representing the effective fireball radius. This provides a truly optimal solution in cases lacking the
side-measured information, and this method can be used to learn something about the individual data sets,
as shown in the following analysis for the data of Kanai.

The method that was devised for exhaustive checking was to

o use the digits of a binary number between 0 and 2™-1, including all of the leading zeros to the
full width of m characters,

(2D),

e increment the number from 0 to 2™-1 in steps of 1, and

o for each such number, equate the sign of each term with the 1 or 0 of the corresponding digit.
The terms A, B, C, P, Q, R, and S do not have to be recalculated for these combinations, only the terms T
and U need be recalculated. In this code, as in the code for numerical simulation of random errors
described below, the results of the code for representative sets of input values were extensively cross-
checked against spreadsheet calculations of the same solutions to assure correct results.

The situation is illustrated here with a simple example. Figure 3 shows measured rays for both sides
of the shadow-casting objects at three hypothetical locations, using the grid coordinates of the newer city
map of Hiroshima for illustration. In Figure 4, we assume as an example that all measurements were
actually made to the left side of the fireball. As noted above, the correct solution for this case is obtained
by using a negative sign for all of the terms T and U described above, which we designate “L L L* in the
figure legend and in Table 1.

In Figure 4 we show all of the solutions that would be calculated for the hypocenter location for
various combinations of the sides that we might assume were measured at each location. Although it is
clear that the correct combination, “L L L,” is tangent to all three rays, it also appears that the combination
“R R L,” i.e., the solution based on the assumption that the first two locations were measured to the right
side of the fireball and the third to the left, is tangent to all three rays. In fact, “R R L* is actually not quite
a perfect fit, but the difference is too small to be visually apparent on this plot. This ambiguity arises
because the first and second points are not well separated in terms of their angular distribution about the
hypocenter. This problem should not arise in the applications of interest, which have larger numbers of
observed rays with a much more homogeneous angular distribution. However, it is clear from even this
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Simulated Triangulation with Penumbra:
3 Hypothetical Measured Locations, Both Sides
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Figure 3. A set of hypothetical locations and the rays that would be measured (without
error) to the sides of a 100-m effective fireball radius.

Simulated Triangulation with Penumbra:
True Sides Measured: All Left Sides
Solutions for All Possible Assumed Combinations
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Figure 4. Three measured rays and the hypocenter estimates that would be obtained
for all possible combinations of sides assumed to have been measured.

small example that picking a correct combination by visual inspection is impossible, even if errors in the
measured angles and coordinates of the measurement sites are negligible and we know the exact size of
the effective fireball radius.
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In Table 1, we check the sum of squared perpendicular distances in m from the three rays to the
fireball for all of the possible combinations of sides assumed to have been measured, for fireball radii in
10-m increments from 10 m to 120 m. That is, for each set of assumptions about the combination of sides
measured and the fireball radius, we calculate the minimum sum of squared perpendicular distances,
which corresponds to the hypocenter location that we would calculate under those assumptions. In
addition to the perfect fit for the the correct combination “L L L,” it is notable that the misleading
combination “R R L,” * fits almost perfectly if the fireball radius is assumed to be 120 m rather than 100
m. It is also apparent from the table that a very small fireball of radius 10 m fits very well for the
combination “R L L,” although not perfectly. (This possible solution is not shown on the plot in Fig. 4, but
it fits into the triangle formed by the intersection of the three measured rays.) Again, such ambiguity
should not be encountered in practice if the number of measurements is > 2 and the measurement locations
have a reasonably homogeneous distribution of azimuthal angle about the hypocenter.

Now we apply this method to the data of Kanai, shown in Table 2, which include measurements at
14 locations. The locations are well established. They are named in Table 3 of ABCC TR 3-69, along with
the authors’ estimates of their U.S. Army map coordinates, and they are shown on a reproduction of

Table 1. The minimum sum of squared perpendicular distances for each set of assumptions about
the fireball radius and the sides measured.

Assumed combination of sides measured
Assumed
Fireballi LLL LLR LRL LRR RLL RLR RRL RRR
radius, m

10, 266.4 387.7 923.7 1139.8 6.3 34.6 275.0; 398.0

20| 2105 451.4 1818.8 2438.8 171.9 40.6 225.8/ 473.7

30] 161.2 519.9 3014.3 4226.0 825.7 347.1 181.5] 555.9

40: 1184 593.2 4510.2 6501.4 1967.6 953.9 142.0. 644.7

50 82.2 671.3 6306.5 9265.1 3597.8 1861.1 107.4. 740.1

60 52.6 754.3 8403.2| 12516.9 5716.2 3068.7 77.6] 8421

70 29.6 842.1 10800.2 16256.9 8322.8 4576.6 52.6; 950.6

80 13.2 934.8; 13497.7, 20485.1 11417.5 6385.0 32.5{ 1065.8

90 3.3 1032.3 16495.5; 25201.6; 15000.5 8493.7 17.2, 1187.5

100 0.0 1134.6; 19793.7 30406.2; 19071.7 10902.9 6.7 1315.8

110 3.3 1241.7| 23392.3| 36099.0| 23631.1| 13612.4 1.1| 1450.6

120 13.2 1353.7; 27291.3 42280.0; 28678.7 16622.3 0.3 1592.1

Table 2. The data of Kanai.
Kanai _ QIS—Estimated_NeW Kanai azimuthal
Point No. Location City Map Coordinates anglfa
Y, km X, km ccw from grid E, deg

1 Branch Office, Sanwa Bank 26.821 -178.485 193
7 Branch, Chiyoda Insurance Co. 26.852 -178.380 221
10 Branch, Sumitomo Bank 26.966 -178.453 194
13 Seiyoken 26.912 -178.656 141
14 Industrial Museum, S side 26.617 -178.317 326
17 Chamber of Commerce and Industry 26.615 -178.182 299
20 Fukuro-machi Primary School 27.035 -178.733 138
23 Hiroshima Central Telephone Bureau 27.136 -178.773 131
24 Branch Office, Yasuda Bank 27.201 -178.614 172
25 Honkawa Primary School 26.357 -178.214 332
29 Chugoku Electric Co. 26.813 -179.085 98
30 Bank of Commerce and Industry Assn 27.337 -178.470 188
35 Hiroshima City Office 26.719 -179.436 454
36 Shin-ohashi Bridge 26.208 -178.725 391

89



Table 3. Results for Kanai data.

Best combination for radius Next to best combination for
radius
Radius, m Combination SS, km? Combination SS, km?®
10 LRLLLLRRLLLLLL 0.0313 LRLLLLRRLLRLLL 0.0320
20 LRLLLLRRLLLLLL 0.0225 LRLLLLRRLLRLLL 0.0236
30 LRLLLLRRLLLLLL | 0.0164 LRLLLLRRLLRLLL 0.0180
40 LLLLLLRRLLLLLL 0.0130 LLLLLLRRLLRLLL 0.0130
50 LLLLLLRRLLRLLL | 0.0114 LRLLLLLRLLLLLL 0.0125
60 LLLLLLRRLLRLLL 0.0120 LRLLLLLRLLLLLL 0.0146
70 LLLLLLRRLLRLLL | 0.0150 LLLRLLRRLLRLLL 0.0179
80 LLLLLLRRLLRLLL 0.0202 LLLLLLRRLLRLLR 0.0225
90 LLLRLLRRLLRLRR | 0.0225 | RRRRLLRRRLLRLL 0.0296
100 LLLRLLRRLLRLRR | 0.0226 | RRRRLLRRRLLRLL | 0.0306

Kanai’s original map in Figure 1 of Appendix 3 of ABCC TR 3-69. For this study, the new city map
coordinates of these locations were evaluated using the GIS, giving the values in Table 2. This corrects a
substantial distortion in the map originally used by Kanai.

The measured azimuthal angles of the shadows are given with respect to magnetic north in Table 3
of ABCC TR 3-69. To restate them with respect to grid east of the newer city maps, we first noted that,
according to the declination diagram on the U.S. Army map, magnetic north in Hiroshima in 1945 was 5
deg. 41 min. = 5.683 deg. west of true north. We also calculated from the equations of the Geographical
Survey Institute, which relate grid coordinates of the new city map to longitude and latitude in the Tokyo
datum (Young and Kerr 2004), that grid north of the new city maps in the Hiroshima area is about 0.2 deg.
east of true north. We assumed that the direction “true north” in the Tokyo datum used for the new city
maps was the same as “true north” in the datum used for the U.S. Army maps. Thus, to convert from
angles specified with respect to 1945 magnetic north to angles specified with respect to new city map grid
east, we converted the angles given by Table 3 of ABCC TR 3-69 to angles stated counter clockwise
(ccw) from 1945 magnetic north and then added 5.683 + 0.2 + 90 deg. to obtain angles stated ccw from
new city map grid east.

The results for the analysis of Kanai’s data are given in Table 3. For each effective fireball radius
checked, in increments of 10 m, the best and next-best combination of sides measured are shown, along
with their sums of squared perpendicular distances. The best combination is for a radius of 50 m and has
three sites with measurements to the right side of the fireball and eleven with measurements to the left side
of the fireball. This reduces the sum of squares considerably from the assumption of no fireball effect on
the measured angles (equivalent to assuming that all of the reported angles were actually for central rays)
from 0.0429 km? to 0.0114 km® The mean absolute perpendicular distance from measured rays to the
hypocenter is approximately 47 m for the solution based on the assumption of no fireball effect, whereas
the mean absolute perpendicular distance from the measured rays to the effective fireball radius is about
22 m for the best solution with a fireball effect. The hypocenter estimate for the combination
LLLLLLRRLLRLLL with a 50-m effective fireball radius is at (27.714, -178.465), about 34 m west and
12 m north of the solution for no assumed fireball (equivalent to assuming that all of the reported angles
were actually for central rays), which is at (27.748, -178.477). These solutions are shown in relation to the
measured rays in Figure 5. The three shadow lines that the optimal fireball-effect solution suggests were
measured to the right side of the fireball are shown as dotted lines.
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Figure 5. Kanai’s measured shadow lines and various possible solutions.

Because the optimal solution suggested that only three shadows were measured to the right side of
the fireball, we considered the possibility that all sites were measured to the left side of the fireball, and
that the situation of those three lines is due to error. The solution with all measurements to the left of the
fireball has a minimum sum of squared perpendicular distances for a radius of 40 m, and its solution is
very close to the solution for no fireball effect, as shown in Fig. 5. Its sum of squared perpendicular
distances is 0.0274 km? and its mean absolute perpendicular distance from the measured rays to the
effective fireball radius is about 39 m. This is a small improvement over the assumption of no fireball
effect, but not nearly as good as the optimal combination. We also considered the influence of one
particular measurement, at location No. 23, the Hiroshima Central Telephone Office. It has the largest
error in all of the solutions discussed here, and appears quite discordant with the other lines. However,
when this particular observation is omitted, there is little effect on the solutions discussed above. On
balance, we feel that the solution for the combination LLLLLLRRLLRLLL with a 50-m effective fireball
radius is the best one and should be used in the combined estimate. It is also closer to the estimates of the
three other major studies than the other two estimates discussed above.

The same method was used to analyze the data of Arakawa and Nagaoka. Those data are more
complicated, as many replicate measurements were made at most of the sites measured. The method
described above was applied to the average measured angle for each site, based on analyses that are too
extensive to include here but will be included in a future publication. That is, it appeared from detailed
analyses that all of the measurements at a given site were made on the same side of the shadow-casting
objects. For example, when the measured angles for each site were plotted, there was no evidence of a
bimodal distribution or enough angular separation to suggest that both sides were measured.

As with the Kanai data, the coordinates of the measurement locations were re-evaluated for this
study using the GIS. Because a total of 37 sites were measured, it was not practical to exhaustively
evaluate all possible combinations of sides measured; however, because the numbers of measurements per
site were very unevenly distributed, the vast majority of measurements could be included. The first 16
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Figure 6. Arakawa and Nagaoka’s measured shadow lines and two possible solutions.

sites with the most measurements per site, which include 1104 of the 1178 measurements, were subjected
to the full optimization. The optimal solution was for all except one (location No. 6) of the 20 sites being
measured to the right side of the fireball. This is clearly seen in Figure 6, in which the shadow line for
location No. 6 is shown as a dotted line. For several reasons, we believe it is most plausible that the
measurements at this site were actually made to the right of the fireball, and that the result obtained from
the optimization is due to the error in the measurements. The difference between the two solutions is small,
as the combination chosen here, with all measurements to the right side of the fireball, is at (744.291,
1261.686) in U.S. Army map coordinates, whereas the solution assuming that location No. 6 was
measured to the left side of the fireball is at (744.285, 1261.682).

The Measurement Uncertainty Problem

Because of the errors in measured angles and estimates of the coordinates of locations where
measurements were made, there is uncertainty in the hypocenter estimate obtained for each set of data,
which is related to the quality of the data in that particular study. We need to evaluate this uncertainty
quantitatively in order to properly combine the results of studies with different qualities into a single
overall estimate of the hypocenter location, as well as to estimate the uncertainty of that combined
estimate. There are various ways to approach this problem. One way, which is explored here, is to start
with a full probability model of the errors in the input variables and then determine the corresponding
error distribution to be expected in the solutions. Another way, which is being considered for future work,
is to use a resampling method such as the bootstrap method to evaluate the uncertainty in the solutions.

We do not have ideal information on the uncertainty in the input data for most of the studies, but we
do have at least rough estimates of the uncertainty in the measured angles, which were part of what
Hubbell et al used to weight their overall estimate, and there are some ways to get at least a rough estimate
of the accuracy in specifying the coordinates of the measurement locations that investigators would have
used in making their original estimates. More importantly, we can give fairly good estimates of the
uncertainty in location coordinates for the major studies that are re-analyzed here, because we can relate
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them to known sites on the maps and aerial photographs in most cases. In addition, another thing we have
for the major studies is the A - the sum of squares of perpendicular distances from the measured rays to
the solution point constituting the hypocenter estimate. This is a very useful item in view of the insightful
observation, as suggested by Hubbell et al and undoubtedly others before them, that the size of the A must
be statistically related to the uncertainty of that estimate. That is, the closer the rays come to converging in
a single point at which all of them intersect, the more confidence we can have in the accuracy of the
solution.

The approach used here, then, is to seek to establish a statistical relationship between the
uncertainty in the input data (x;, yi, o) of each original study and the uncertainty in both (a) the A, and (b)
the solution (X, ). The uncertainty in the input data (x;, yi, o) would be characterized by a fully-specified
joint probability density function such as f(x;, yi, oi; Ly, Hy, Has Ox, Oy, Ga). Given the form of f(x;, yi, oi; px,
Wy, Ha, Ox, Oy, Oy), the probability distribution of A, which determines its uncertainty, depends on the p,
Ly, Lo, Ox, Oy, G, Via equation (1) above, and the probability distribution of the hypocenter estimate (X, Y)
depends on the py, py, Lo, Ox Oy, O Via equation (3) or (19) above, as applicable.

In this work, because of the mathematical difficulty of establishing this relationship in analytical
form, we have chosen to use numerical simulation of random errors. We will make simple assumptions
about f(xi, i, oi; Hx, My, Has Ox, Oy, Oy) and rely on estimating the key relationships by simulatiing of
random errors generated from f(X;, yi, oi; px, Hy, Has Ox Oy, 0o). We will use this relationship, along with
the observed value of A and other information available from each original study, to make an estimate of
the uncertainty in the input data (x;, Vi, o;) of that study. Then we use the same statistical relationship to
estimate the uncertainty in the hypocenter estimate for that study. The relationships involved are
illustrated in Fig. 7 and are further explained below.

(Xi, Vir %) Gy Oy Og

other
informatio

f(X\Y,a;0,,0,,0,)

A [cy] A

Figure 7. Relationships among quantities involved in estimating the uncertainty of the
hypocenter estimates of individual studies.
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Uncertainty in Input Values

Measured Angle
The assumption adopted for this work is that the errors in measured angles are approximately

normally distributed. Clearly this can only be an approximation, because the normal distribution is defined
on the entire set of real numbers, from -oo to +co, whereas the angles can only extend from -t (-180°) to +n
(+180°). But with angle standard deviations on the order of even 10°, about the largest likely to be
considered here, the tales of the normal distribution that cannot be accommodated contain infinitesimal
mass.

The most complete information, by far, on the reproducibility of measured angles of shadows is
given by the data of Arakawa and Nagaoka, as reported in Part | of ABCC TR 12-59. They comprise 1178
measurements, with as many as 219 measurements at a single location. These data thus represent a very
important basis for estimating o

The sample standard deviations of the recorded angles for the 18 sites including the vast majority of
the measurements are shown in Table 4, along with the approximate distance of the site from the
hypocenter.

Coordinates of Locations Where Measurements Were Made

The locations given by Arakawa and Nagaoka are documented with both specific site names and
U.S. Army map coordinates. These could be checked on georeferenced aerial photographs and the new
city map for almost all sites, including the 18 sites with the most measurements as shown in Table 4. The
data obtained by checking these sites, including consideration of the information given in ABCC TR 3-69
about errors at several of them, is shown in Table 5.

The information on the most measured sites was good enough to specify U.S. Army map
coordinates correct to an error standard deviation in each coordinate no more than 15 to 20 m in all cases.

Table 4. Summary data on measured angles of Arakawa and Nagaoka (18 most-measured sites)

Site No. | Ground distance, | # of sample s.d. of estimated s.d. of
m observations | angles measured mean angle for site
1 851 7 1.57 0.59
2 418 181 7.81 0.58
3 215 93 3.08 0.32
4 313 214 6.73 0.73
5 378 35 3.95 0.43
6 105 30 8.74 1.59
7 387 101 3.26 0.60
8 340 39 3.21 0.59
9 412 91 6.32 1.15
10 432 115 6.13 1.12
11 612 14 4.04 0.74
12 605 85 2.52 0.46
13 455 50 6.37 1.16
14 258 18 3.74 0.68
15 524 16 6.77 1.24
16 321 16 3.58 0.65
17 884 11 1.03 0.19
18 387 11 3.89 0.71
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Table 5. Measurement locations used by Arakawa and Nagaoka in ABCC TR 12-59

. avg angle, deg ccw
IS\I'(t)e Site Name X Y deggcw ?rom frorr? Army fr(r)er\rc]i gﬁ\g E
' mag N grid E
1 |Shokaku Temple 745.208 | 1261.905 259 185.3 3.234
2 Joen Temple 744 1261.36 47 37.3 0.651
3 iSensho Temple 744.41 1261.5 332 112.3 1.960
4 Jisen Temple 743.965 | 1261.628 85 359.3 6.271
5 Keizo Temple 744.076 | 1261.358 34 50.3 0.878
6 [Sairen Temple 744.21 1261.78 127 317.3 5.538
7 Myoren Temple 744.588 | 1261.398 317 127.3 2.222
8 Shojun Temple 744.66 1261.62 283 161.3 2.816
9 |Kokutai Temple 744.47 1261.29 338 106.3 1.856
10 Myoho Temple 743.93 1261.41 55 29.3 0.512
11 Ryuko Temple 744.24 1261.04 4 80.3 1.402
12 Jokaku Temple 743.66 1261.53 77 7.3 0.128
13 Dempuku Temple 743.877 | 1261.442 58 26.3 0.459
14 |Yasuda Life Insurance Co. 744.55 1261.58 295 149.3 2.606
15 ‘Yasuda Bank 744.82 1261.47 296 148.3 2.589
16 :Fukoku Life Insurance Co. 744.5 1261.42 326 118.3 2.065
17 iYorozuyo Bridge 743.85 1260.85 30 54.3 0.948
18 Nippon Bank 744.47 1261.32 340 104.3 1.821
19 [Honkawa Grade School 743.941 | 1261.872 118 326.3 5.695
20 Daiichi Bank 744.41 1261.64 316 128.3 2.240
21 Chiyoda Life Insurance Co. 744.44 1261.72 261 183.3 3.199
22 |Gokoku Shrine, outer gate 744.31 1261.91 178 266.3 4.648
23 Kokutai Temple 744.45 1261.17 345 99.3 1.733
24 Seiryu Temple 744.94 1261.6 286 158.3 2.763
25 Sorazaya Shrine 743.96 1262.29 156 288.3 5.032
26 Aioi Bridge, west end 744.02 1261.98 145 299.3 5.224
27 |Aioi Bridge, east end 744,12 1261.96 153 291.3 5.084
28 Aioi Bridge, south end 744.05 1261.87 123 321.3 5.608
29 Kiyozumi Temple 743.79 1262.05 126 318.3 5.556
30 Sanwa Bank 744.4 1261.61 335 109.3 1.908
31 Monument (West Parade 7445 | 1261.88 230 2143 3.741
Ground)
32 |West Reconstruction Board 744.36 1261.9 210 234.3 4.090
33 Bank Club 744.37 1261.52 355 89.3 1.559
34 iNippon Life Insurance Co. 744.38 1261.56 330 114.3 1.995
35 Honkawa Geibi Bank 743.8 1261.63 80 4.3 0.075
36 |Osaka Bank 744.57 1261.64 286 158.3 2.763
37 |Court | 744.94 | 1261.05 320 | 1243 2.170

Results of Random Error Simulation

A number of plots like the one shown in Figure 8, for various assumed error s.d.’s in the
measurement location coordinates, were generated by random error simulation and evaluated. The
observed standard deviation of the perpendicular distances from the measured rays to the hypocenter
estimate noted above, 16.8 m, is shown as a horizontal line in red. Based on the trend in the simulated s.d.
of the same quantity, as shown by the triangles on the plot, it was decided to assign error s.d.’s of 2.3 deg
and 10 m, respectively, for measured angle and measurement location coordinates, which are quite

consistent with the information from other sources noted above.

95




Arakawa & Nagaoka Simulation Results

measurement location error sigma=10m
2000 simulations at each angular error sigma

80
A
70
Apa
60 - 20 - AAA
N AAAA
i. 50 o tat
£ aas + hypo X sigma, m
.g 40 P = hypo Y sigma, m
S o oot » dsigma, m
o : — observed d std dev
— 30 X
%]
(]

S
'%b
£
3
T&

\5

0.0 2.0 4.0 6.0 8.0 10.0

angular error sigma, degrees

Figure 8. Results of random error simulation for the data of Arakawa and Nagaoka.

Kimura & Tajima Simulation Results
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Figure 9. Simulation results for the data of Kimura and Tajima.

One of the virtues of random error simulation as used here is that it includes the effect of
asymmetrical angular dispersion of measurement locations about the presumed solution. The uncertainties
for the two coordinates of the hypocenter, shown as diamonds and squares in Fig. 8, are virtually identical
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because of the relative radial symmetry of the angular dispersion of measurement locations. Even though
there are no locations directly north of the hypocenter area in Arakawa and Nagaoka’s data, as shown in
Fig. 7, there is enough coverage of radial angles to avoid asymmetry in the coordinate uncertainty. On the
other hand, the simulation results for the measurement locations of Kimura and Tajima, shown in Figure 9,
reflect the fact that there were relatively few measurement locations, as shown in Figure 10, and most of
them were north or south of the hypocenter area, so that the uncertainty in the Y coordinate is greater
because there is less angular difference for a unit difference in hypocenter location on the Y axis than on
the X axis. (The observations shown as dotted arrows entering the diagram from outside its depicted area
were not used because they appeared inconsistent with the reported result of Kimura and Tajima when the
named measurement locations were evaluated with the GIS, and in the case of the “Gas Tank,” the
location was unknown.)

The most important unsolved problem in this regard has to do with the numerous small studies
included by the authors of ABCC TR 3-69 in their tabulation and their resulting estimates, which they
estimated to have only three measurement locations. They have no real documentation of these studies
except for their resulting hypocenter estimates. Most importantly, they have no documentation of the
locations measured. Simulations to date have indicated that, even when very favorable constraints are
imposed on a random selection of measurement locations to avoid any two of them being close to having
the same direction from the simulated hypocenter, modest-sized error standard deviations in the simulated
errors of the measured angles result in very large errors in the hypocenter estimate with non-negligible
probability: the empirical distribution of the simulated errors has “heavy upper tail.” As a result, the
simulation estimates of the uncertainty in the hypocenter estimates of such studies are unstable, even at
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Figure 10. The measurement locations of Kimura and Tajima, from ABCC TR 3-69.
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surprisingly large numbers of trials. Although very large number of trials and additional work on
simulation may improve the related estimates of uncertainty for such three-location studies, this is an area
that requires more statistical research if these small studies are to be considered.
The Statistical Weighting Problem

Although the authors of ABCC TR 3-69 gave tabulated values of estimated error standard
deviations in the coordinates for the locations where measurements were made, for all of the individual
studies in their Table 1, they did not use them in their weighting for combining the results of those
individual studies. They chose instead to estimate the sample standard deviation of the d;’s (perpendicular
distances from measured rays to hypocenter estimate) for the various studies, in combination with the
estimated standard deviation of the measured angles. They were able to calculate this quantity for the four
major studies, but they generally had no quantitative basis for estimating it for the studies lacking recorded
measurement data. (They quote a value for the USSBS study that is not footnoted as “Assumed by the
present authors,” as are the values given in their Table 1 for other studies without measurement data, but
they do not provide a source or a basis for this estimate.) Thus, for studies lacking the original data, they
based their weights partly on a quantity that depends on the uncertainties in the measured data in a rather
complicated way, which they did not determine, and partly on the uncertainties of the measured data

N

O.

themselves. They wrote their formula for weights as w, = , where N; is the number of

measurements in the i" study, o; is an estimate of the standard deviation of the d;’s of the i study, and
A@, is an estimate of the error standard deviations in the measured angles of the i™ study. No statistical

derivation is given, and this formula illogically combines uncertainties in an input variable with an
uncertainty in an intermediate variable that is influenced by that input variable.

A better and much more obvious method is to estimate the hypocenter coordinates X and Y using
weighted sums of the individual study results, with the weights being the inverses of the estimated
variances of the X and Y coordinates of the individual estimates, i.e.,

N R N R

wajxj Zwyjyj . .
X=-L Y =5 D W= W, = (26).
ZW o (X)j o (y)j

=1

=

=N

i
This is a component-wise application of a standard statistical method used for weighted means of scalar
quantities, as suggested by Land in Appendix 1 of ABCC TR 3-69 and in many other texts and references
such as, e.g., Bevington and Robinson’s popular book Data Reduction and Error Analysis for the Physical
Sciences (Bevington and Robinson 1992). As Kerr and Solomon observed in their report on the Nagasaki

hypocenter, if &Xj = &yj Vj €l,...,N, it is equivalent to minimizing the weighted sum of squares of the

Euclidean distances from the combined estimate to the individual estimates, but this method further
corrects for situations in which this equality does not apply. Because the &Xjand &yj are based on all

relevant parameters of the individual studies, there is no weighting at this level by the numbers of
measurements in each study.

One potential shortcoming of this method is that it does not consider possible covariance between
errors in the X and Y coordinates of the hypocenter estimates of individual studies. Thus, it may be
necessary to adjust the formulae for covariance.

These methods were used to re-evaluate the hypocenter estimates of the four major studies used in
ABCC TR 3-69, and to produce rough preliminary estimates of the uncertainties in all of the individual
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study results considered in that report. The results are given in Table 6 and Figure 11. The listing
suggested by Land in Appendix 1 to ABCC TR 3-69 is used here to avoid the redundancies in the more
complete listing given in that report by Hubbell, Jones, and Cheka.

Table 6. Estimates of hypocenter location for individual studies and combined result.

. Angular .
No. in Angular Assumed Estimated .
Hubbell Source Nc?ilnctjsf error s.d. est egrsct’fd‘:‘lg error s.d. of hvoo X hvoo Y s.d. of error Es;:(rzf;[gtrj;d.
etal. P from TR 3- coord’sof VP yp in hypo X,
measured work, . hypo Y, m
Table 1 69, deg deg meas. loc's m
2 Kure Naval Base Team | 3 3 4 25 26.639 | -178.334 60 60
3  Arakatsu 3 3 4 25 26.639 @ -178.334 60 60
4 Watanabe et al 3 3 4 25 26.645 : -178.414 60 60
5 Kimura & Tajima 7 1 2 15 26.731 | -178.393 9 19
7 Kanai 14 1 55 15 26.714 : -178.465 25 16.5
10 Tanaka 5 1 2 25 26.736 . -178.412 25 25
11  Manhattan Engr District] 5 1 2 20 26.639 | -178.334 22 22
13  "British" quoted by USSBS | 5 1 2 25 26.753 | -178.42 25 25
14 Oughterson-Warren Report | 5 1 2 25 26.722 | -178.356 25 25
16 USSBS 6 1 2 20 26.682 : -178.405 20 20
17 ggc':g“’y Bureau of Yards &| 1 2 20 26.761 | -178.419 22 22
18  Woodbury & Mizuki 7 1 55 15 26.715 | -178.418 19 20
First ABCC Hypocenter, )
20 Wright & Brewer 5 1 2 25 26.675 | -178.339 25 25
22  Arakawa & Nagaoka 37 5 2.3 10 26.716 | -178.415 8.3 8.3
Hypo-center estimate i variance of weighted mean, km2 | 4.21E-05 | 7.59E-05
This work 26.716 | -178.407 standard deviation of wtd mean, km 0.00649 0.008711
4 main studies only 26.722 -178.421
standard deviation of wtd mean, m 6.489517 8.711441
+ This work

Hiroshima Hypocenter Estimates
® Hubbell Jones Cheka est

& Kimura & Tajima

m Woodbury & Mizuki

A Arakawa & Nagaoka
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Docks

+ First ABCC Hypocenter, Wright
& Brewer

Figure 11. Estimates of individual studies and combined result. Confidence ellipses depicted are
20.
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As may be seen in Figure 11, there is a remarkable concordance between the results obtained by
the methods used here for the reanalysis of the data of Arakawa and Nagaoka and those of Woodbury and
Mizuki. Both are somewhat south and west of the result of Kimura and Tajima, and somewhat south of the
combined estimate of Hubbell et al. as given in ABCC TR 3-69 (1969). Kanai’s data remain somewhat
apart, despite many efforts, beyond what are described in this work, to investigate possible sources of
error, but it is certainly not established that they represent a statistical outlier. Many of the smaller studies
shown here are subject to the consideration that, in addition to their large estimated uncertainty based on
the initial application of the methods suggested here, their results were specified only very inexactly and
were never intended to be used in an effort such as the present work. Although additional work would
certainly refine the estimate shown here, it seems likely that the methods and philosophy suggested in this
work would result in an estimate generally south of the estimate of Hubbell et al., by a few meters to a few
tens of meters.

Conclusions

e Modern computationally intensive methods allow new and better solutions to the problems of
interpreting the original measurement data on the location of the Hiroshima hypocenter, with
regard to

o0 the penumbra problem, and
0 the estimation of the uncertainty in the coordinates resulting from studies for which the
measured angles and locations are recorded.

e More statistical research is needed to determine the uncertainty of the results of very small (i.e.,
about three measured locations) studies with undocumented locations and angles, and to decide
what weight, if any, should be given to such results in a combined analysis.

e The method of statistical weighting originally suggested by Land in Appendix 1 of ABCC TR 3-
69 is a preferable one and should be used in making combined estimates of the hypocenter
location based on the results of various studies.

e Initial results as shown here suggest that estimates of the Hiroshima hypocenter location should be
generally south of the location given by Hubbell, Jones, and Cheka in ABCC TR 3-69, by roughly
10 to 25 m.
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59Co( ,Vv) 60Co 0.27 mBg/gCo
487mBg/gCo Table 1 BiEu( wy)2EU
152Eu 7.9 mBqg/gEu 147mBqg/gEu
DS02 1200m 1.13x104mBg/gCo 9.91x104
mBag/gEu 1/20 1/670
Table. 1 ®Co B2Ey 2001
20
152 sl
Eu activity induced by DS02 calculation
background neutron
%0ColCo 0.27 mBg/gCo 5.5 mBg/gCo
2Eu/Eu 7.9 mBg/gEu 5.3><10° mBg/gEu
O Thermal neutron flux
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Table 2 6-9.7><104n/cm2 s
Table 2.
Measuring Thermal 2By activity E
. . . rror
Location time Count neutron flux induced mBa/aEu
sec 1/cm?/s mBg/gEu a9
Rooftop at RIRBM 5F 50,913 2,648 9.16 x 10™ 10.3 0.2
412,232 21,247 9.08 x 10™ 10.2 0.07
Higashi-Senda Ground 3,600 188 9.20 x 10™ 10.3 0.75
(Old Fac. Science) 3,600 200 9.79 x 10™ 11.0 0.78
Rooftop at 5F 3,600 123 6.02 x 10 6.77 0.61
Takeichi clinic 3,600 142 6.95 x 10" 7.82 0.66
Roof at NHK building ~ 27F 3,600 146 7.14 x 10™ 8.04 0.67
3,600 175 8.56 x 10™ 9.63 0.73
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LLRL

Ge ( 0.1mm 12q)
3 198AU
2.695 99.5% Table 3
50 + 10 “*®Au atom/g-gold 0.1mm 0.4
(8.8 +1.0) x10™* n/cm?®s *He
Table 3.
Target  '*Auatoms Cd ratio
Location Target form  Irradiation  weight
© atom/g-gold error ~ atom/atom error
Hiroshima Nisseki Hospital ~ 0.1mm sheet  bare 12.00 50.5 4.1 1.56 0.29
0.1mmsheet  Cd-covered 12.07 32.2 5.3
Honkawa Prim. Sch.  0.1mm sheet  bare 12.00 41.7 5.1 14 0.30
0.1mmsheet  Cd-covered 13.22 29.7 5.1
RERF 0.1mm sheet  bare 12.00 42.3 4.0 1.53 0.30
0.1mmsheet  Cd-covered 12.00 21.7 4.7
Saijo 0.1mm sheet  bare 13.00 55.0 5.6 2.68 0.45
0.1mmsheet  Cd-covered 12.59 20.5 2.7
Nagasaki  Nagasaki U grain bare 20.03 55.5 7.0 1.60 0.46
grain Cd-covered  20.00 34.6 8.9
Reference LLRL grain bare 20.00 52.4 5.8
MRI, Tsukuba 0.7 mm plate  bare 11.50 77.6 11.4
SHe 120kBq  252Cf
10
0.00017 0.00092 /cm2 s 0.00071
/cmz2 1200m
152Eu  60Co 1/650 1/20
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ID shape reaction E, (MeV)
1 plate  D(d,n)*He 1.8-6.46
2 plate  T(d,n)*He 13.43-14.85
3 plate  T(p,n)He  0.35-1.55
4 sphere  D(d,n)°He  1.88-6.73
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1) H. Hasai et al., Health Physics, Vol. 53, No.3, pp. 227-239, 1987.

2) S. Endo et al., J. Radiat. Res., Vol. 40, pp. 169-181, 1999.

3) 1966

4) W.M. Johnson, J.A. Maxwell, Rock and Mineral Analysis 2 ed., John Wiley & Sons,
New York, 1981.

5) @) 1967

6) 1984

7 JIS M8211, 1984

8) JIS M8231, 1982

Measurement of Water Component in the Granite Rock
K. Iwatani, H. Hasai, K. Shizuma, M. Hoshi, T. Oka, S. Endo, T. Imanaka
Abstract: Concerning reevaluation research of the Hiroshima atomic bomb neutron, there was the necessity of
measuring amount of moisture in the exposure rock. The moisture analysis technique which is ever known in
the geochemistry field is examined in detail and the water-content characteristic experiments were carried. It

was deduced that there were other two kinds of component of the conventional water content as a result.
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0.2mm 11 5
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Si 0
[41
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61mm
@4mm 3.4msr 66mm

* KOMATSUBARA Tetsuro, University of Tsukuba; komatsubara@tac.tsukuba.ac.jp
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[1] H. Hasai, K. Iwatani, K. Shizuma, M. Hoshi, K. Yokoro, S. Sawada, T. Kosako, H. Morishima,
Health Phys. 53 (1987) 227

[2] K. Shizuma, K. lwatani, H. Hasai, M. Hoshi, T. Oka, Health Phys. 72 (1997) 848
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DS02

T57D 1957 @
ICHIBAN
@ 500m
60Co ICHIBAN
T65D 1965 1980
T65D
T65D
1987 DS86 Dose
System 1986 ® DS86
1990 60Co  152Eu DS86
DS02
45 DS02 DS86
DS86 DS02
DS02
DS02
prompt
radiation
delayed radiation
initial radiation
prompt radiation
prompt primary y J1sec
prompt neutron msec
prompt 2ndary y 0.1 sec
delayed radiation
delayed y 30sec
delayed neutron 10sec
delayed 2ndary y 10sec
residual radiation
induced radioactivity months
fallout months

" IMANAKA Tetsuji, Kyoto University; imanaka@rri.kyoto-u.ac.jp
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Prompt source term (LANL) Delayed source term (SAIC)
Leakage from the casing Emission from rising fire ball

v v

Transport in Air-over-Ground (ORNL) Transport in Air-over-Ground (SAIC)

2 dimension.al discrete ordinates ) 2 dimensional giscrete ordinates

——
Shielding calculation in local structures (SAIC)
3 dimensional adjoint Monte Carlo

Organ dose (RERF)

Shielding calculation by human body (SAIC)
3 dimensional adioint Monte Carlo

DS02
FP

DS02
3-1

DS

DS02

DS02 16kton 600m DS86
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DS02 DS86 DS02/DS86
_____ moles/kt 1.768E-01 1.773E-01 0.9972
_____ MeV 0.3106 0.3059 1.0153
_____ moles/kt 6.665E-03 5.043E-03 1.3216
MeV 1.3979 1.4137 0.9888
_____ moles/kt 2.640E-01 2.734E-01 0.9657
_____ MeV 0.0126 0.0201 0.6242
_____ moles/kt 9.022E-02 6.296E-02 1.4330
MeV 1.2667 1.3495 0.9387
3-2
LANL White Little Boy Fatman
(6)
Hydrodynamics MCNP
ENDF/B6.2 DS86
199 42
Little Boy 40
DS86 60 DS86
38 20 Little Boy 20
DS02 DS86 O)
Little Boy
DS02 DS86
Fatman a d Fatman
DS02 DS86
o0 100+
DS02

DS86 T

—Grp 1-3: 6-17 MeV

---Grp 4-11. 2.2-6 MeV

— Grp 12-14: 1.1-2.2MeV
—Grp 1-14 Total: 1.1-17 MeV

Little Boy

1IMeV 100

—6.1-20 MeV: Grp 1-27
---22-6.1 MeV: Grp 28-47
—1.1-2.2 MeV: Grp 48-61
—1.1-20 MeV Total: Grp 1-61
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10 MCNP ENDF
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5-3

7
8
9

Hydrodynamics Static
- Forward-adjoint
DS02

R.H. Ritchie, G.S. Hurst ABCC TR 26-59, 1959
J.A. Auxier, “ICHIBAN: Radiation Dosimetry for the Survivors of the Bombings of Hiroshima and
Nagasaki”, TID-27080, 1977.
“US-Japan Joint Reassessment of Atomic Bomb Radiation Dosimetry in Hiroshima and Nagasaki”. (DS86
Final Report) Vols. 1&2. RERF, 1987.
DS02
2003
US-Japan WG; “Reassessment of the A-bomb Radiation Dosimetry for Hiroshima and Nagasaki —
Dosimetry System 2002” (DS02 Report), RERF (in preparation)
S.W. White, P.P. Whalen, A.R. Heath; “Hiroshima and Nagasaki Bomb Output Calculation”, Chapter 2,
DS02 Report (draft).
D.C. Kaul et.al.; “Delayed Gamma Rays”, Chapter 3 Appendix 4, DS86 Final Report Vol.2, 1987.
R.T. Santoro, S.E. Egbert et.al.; “Radiation Transport Calculations”, Chapter 3, DS02 Report (draft).

Private communication with S.E. Egbert about the results of DS02 calculation in EXCEL sheets.

10 G..D. Kerr; J.V. Pace IlI; “Fluence-to-Kerma Conversion Coefficients”, Chapter 12A, DS02 Report (draft).
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* ENDO Satoru, Hiroshima University; endos@hiroshima-u.ac.jp
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X, =Xt
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[ X dt =X, [t**dt=5X,

1 1

187Cs B1cs imCiZkm?> 1
300mR Fractionation
20-40R
1
Measured Kind of Exposure Cumulative
Investigator Days after Exposure Measure- Rateat 1 h Exposure
bomb Rate (mR/h) ment (R/h) (R)
13 Shinohara et at N+53 0.1-2.7 Range 0.5-14 2.5-70
1% Tybout (**Wilson) N+57 1 . 5.8 29
(*’McRaney) N+48 1-1.8 Max. 4.7-8.5 2443
15pace and Smith N+73 1.08 Max. 8.4 42
N+96 0.7 Village 16 38

* SHIZUMA Kiyoshi, Hiroshima University; shizuma@hiroshima-u.ac.jp
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137CS

Deposition of 137¢q (mCi/km?)  Cumulative
Investigator Year  Year Exposure
Taken Measured Nishiyama Nagasaki Net 19452 (R)

"Miller 1956 1982 62 7 55 130 40
22Mahara and Miyahara 1981 1981 600 200 400 900 270
23,240k ajima et al 1969 1970 1520 1040 480 760 230

1969 1970 740¢ 290 450 710 210

3 The extrapolation of measured values back to 1945 includes only radioactive decay of 137¢s,
b Uncultivated soil.

€ Arable soil.
1370g 1¥7Cs
1950 1960
1969
DS86
40R
DS86 1
3R
Exposure rate at time :
Days of Measusement Exposure Cumulative
Investigator after rate at lh  exposure
bomb Gross Net (R/h) (R)
*8Miyasaki and Masuda ~ H+188 221 Max. 1713 0.6 3
201 Average 151 0.5 23
PFujiwara and Takeyama H+49 6 X Bkg. Max. 40 uR/h  0.19 1
H+920 2.4 X Bkg. 11uR/h 18 9
% Tybout (®Arakawa) H+60 45uR/h Max. 37uxR/h 023 1.2
15Ppace and Smith H+87 1920 uR/hRange 1134 yR/h 0.1140.33 0.6-1.6

41, the unit of jonization obtained with the Neher electrometer is about 1.5 uR/h.
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Distribution and Behavior of Fallout Plutonium Released by the Nagasaki A-Bomb:
-Surveys at the Nagasaki Area for the local fallout and at Agassiz ice cap for the global fallout-
Yasunori MAHARA and Akira KUDO
ABSTRACT

Pu in an area with a high population density came from nuclear
d 239+240

The first environmental release of %24

explosion at Nagasaki in 1945. Unfissione Pu and various fission products (e.g., **'Cs, °Sr) have been
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interacting with various environmental materials (soils, sediments and plants ) under humid and temperate
conditions for about 50 years. To assess the mass balance of ****°Py of the A-bomb and the environmental
distributions of 2%*#%py, *¥Cs, *°Sr from this release, the intensive environmental surveys were conducted in

the Nagasaki area.

239+240

The local fallout Pu was heavily deposited at Nishiyama 3Km east of the hypocenter. However, the total

amount of local fallout was estimated to be only 0.25% of the A-bomb Pu. The remaining 91.65% was scattered

in the world as the global fallout and only 8 % was fission in the nuclear explosion. The vertical distributions of

289+240p 137cs and *°Sr were determined in unsaturated soil cores up to 500 deep. Most radionuclides were

found in the soil column 30  from the ground surface (95% of *°Sr, 99% of *¥'Cs and 97% of #%**%py).
However, °°Sr and 2%*#*%py were detected in the groundwater as well below a depth of 200 . No *’Cs was

found below 40  from the ground surface or in groundwater. These observations reveal that about 3% of total

239+240 239+240 f 239+240

Pu has been migrating in the soil at a faster rate than the remaining Pu. Sharp peak o Pu and

37Cs, indicating heavy deposition from the Nagasaki local fallout of 1945, were found in sediment cores

collected from the Nishiyama reservoir. On the other hand, since **Sr is mobile in fresh water sediments, there

239+240

was no 1945 Sr peak in the sediment cores. Pu peaks were unexpectedly discovered in pre-1945

sediment core sections. Although *°Sr was found in these sections, no **¥’Cs was found. By contrast to the

distribution in sediment cores, **'Cs in tree rings had spread by diffusion from the bark to the heart of the tree

239+240

without holding a fallout deposition record. Most of the Pu was distributed in the tree rings following a

similar deposition record to that found in sediment cores. Furthermore, a very small amount of ****°Py (about

1%) was found in pre-1945 tree rings. The only reasonable explanation for these unexpected discoveries is the

239+240py) in the environment.

239+240
f

existence of mobile
The precise deposition record o Pu and *'Cs was found in the 14-meter-long ice cores drilled at the
Agassiz ice cap in Canada. Deposition of 2%?*py and **'Cs were clearly recorded from 1945 to late of

f 239*240py and *'Cs from nuclear explosions (of Alamogordo,

1980 in them. We confirmed the small peak o
Hiroshima and Nagasaki) in 1945. The Pu global fallout was released from the Alamogordo and Nagasaki
explosions. At least, the Nagasaki explosion was contributed to the production of an approximate half of the

global Pu peak in 1945.

183



1945 8 9

1 60
DS02
LSS( ) DS02
137Cs Ge
1975 30km
137Cs
1960 1945
1945 DS86
1987
1986 4
1) 1991
2
21
600m
Glasstone and Dolan 3
100 100 1
X
(Fireball)

* MARUYAMA Takashi, National Institute of Radiological Sciences; t_maru@fml.nirs.go.jp

184



pm

40

22

30pm

600m

1pm

1.25

km)

20kt 500m

560m
20km 40
40
100pm 200pm
10pm
100cm/sec 10cm/sec
1991
2g/m3
BOUSSINESQ

185

20kt

10 100

cm/sec



23.

3.

(a

~ ~

1km><1km

1

15

15

0.25km2 500m><500m

15

15 2

30km><40km

input

3m/

15

5,750m

4,000m

186

3m/

9
9
9
1
10,000
2,250m
2,250m
10,000

1km?2
15
10
3
13
8
9



3.80><10

1.55><105

10,000

wipkepy | *J"J"tﬁ;!:ix z '-,‘

rtqu

ﬁ‘éﬂ“m

-

8000 m

4000 m

4000~ 4500 m

(©)

0.25km

1km




TI51 TWLIIPLIED Y TLI0Ee00 T LEWEL: 3. e T2 Ty LI ) g
F S S BN 1z 13 1% 15 {s (7 W 1% 29 ' g3 25 ga 25 26 I¥ 8 W WO

13l
. J=sp o > 2 o s 3 3 ., 'y v o4 4 9 3-a 5 1 & @ a ¢ 0 ¢ ¢ i 9w ¢ o
J=i9 1 _p'% 7 ¢ 0 @ A 9 & 9 ¢ & & 4 9 ¢ 0 9 ¢ p_.0
Jzid 1 4 9 o o o 8 o o & ¢ o w v 4 3 9 & g 4 & @
J=17 84 _a_® 6 & b 4 o o a4 o 8 4 4 5 ¢ 6 a4 4 4 3
A3 e a9 a a4 3 © a4 o 0 8 4 & 4 d4 g 4 _d g g @ 4
1238 Lo P e 8 o ¢t w © 8 o 6 v o v s 8 W 4 4 ® 4
Juis 9_ 0 3 B 9 49 9 & 4 0 b 4 g o A 6 4 9 04 0
Jz33 a4 4 9 ¢ W 9 ¢ w e 9§ _0©o U 4 8 O & a4 da ¢ o0 8 @
1232 9 9 9 9 o 8 4a 4 4@ ¢ 4 g a o8 ¢ s 9 ¢ o 4 g g o' ¥ v 0 & o @ 1
Je31 9 9 ¢ 9 © o 9 3 @ @ © 0 @ O ° 8 & A4 8 8 _©_ 0.0 & g ¢ o a9
=31 4 ¢ 4 -9 © o 6 9 o ¢ 9 9 w0 © 9 §_ ¢ 0§ 94 o0 0 0 O ¢ 0 & o 0 4
Jedp 9 % & a2 ¢ 0 & & & 9 & o _ O 4 0 © § 0o 0 9 g g U O o g g p o _4qa
Jd:23 9 8 § 1 1 v © o a_a_g £ b 8 4.0 '4 2 p-9 o v 5 0o 0 B a5 0 0
J227 ¢ 4 ¢ 9 * * © w w 9 4 0D O 0 4 b 4 O & @4 4 & I & o & B D 3 ®
2y v 9 ¢ 4 9 9 e ¢ o 9 ¢ 3 9 0 4.0 6 1 b 0 4 O 8 0 8 9 b» 8 @ @
o328 p ¢ 9 ® 9 O O 4 0 ‘0 @ a4 I & € 9 @ 4 3 B @4 3 g 4 00 o p O T @
Jizs T 0 0 e 8 0 8w 31 m 9 9 0 ® ¥ o 0 6 3 o 8 g &9 413 2 4 o a
a3 » 8 8 e ® o 8 4 4 5 9 0 o 9 4 5 o u g 90 @ 3 4 o Ao a0 e
J=23 149 9 @8 4 v 2 @4 3 @O 8 4 & b 4 g ‘g -4 [ N N / 2 1.) 9 g w0
ds71 4 B8 _ % 0 4 g a0 v ¢ 0 g 4 v @ _4&_ p & 4 ¢ 1 _q 1 2 fo v a0 @
Juzp 4 0 & 8 8 o 8 h v 0o 0 o 4 v 0 4 o .0 ¢ jf)/, {10} 1,(’ 4 ¢ 4 ¢ § .
J=ia 4 6 9 0 e & 8 B & t 8 & & 3 & _d & 0 4. s o5 13Ys A 0 v g o s |
d=ta 9 4 & 9 & % O "m ¢ ©0 3 o 0 a4 04 & b /Q— £ o u;’a/‘o I
dzt7 © a9 % 3 8 n_'g v ¢ % 3 6 0 o ¢ w_g 7 f’x 7(::; 20 /{/’l 4 o a4 @ 9 |
Juwty - 4. 8 g 0 9 W _49_ B _&_© o o 4 4 0 s _a_&@ A3 "ﬁ'] ;v’ 3.0 o & O ©n @
J-l‘! g 9 4 o9 @ & ©§ B0 _ g &+ 9 ©p_O©_ 0 0 & 4 .4 @B L ,p'_ [ N I I I )
LI 1 8 4 9 o & @8 ®m_ 1 & g s @& 0 0 4.3 0 6 & 46 & 8 a 0 & 6 4 39
N LLE] " @ 9 v © 9 @ 4 4 4 ¢ ® 8 © ¢ 4 4 3 9 9 o p g 0o B 9w §_ g g 0
J=12 i_0 9 ¢ o 9 4 9 ¢ 9 'c 4 4 ¢_D o 8 9 0'6 v & 0 p v 6 n_ 9 o ¢
A 4 o ® 1 6 0 @ © g 9 % 9 9 ® D0 ‘D 4 9 O @& 4 ¢ B0 9 0 D 0 W OB &
L] [ ] [ " ¢ 9 9 o 9 0 0 0 3 9 ‘%
g 22 NTRR
.o ., ) . ; T q KHEHART (GRETF)
SaL vk ITRALY 3 pebeRTew Akrkhos e e P ST ]

1 Z_3 & & i 1] A.L0 1y 12 13 o 15 ke (17 151‘150

Jxap e 0 D 0GB D130 9 0 0w 0 0 b n_o0 o @
5139 v o 5 g s o A 1\ 9 9 ©° v 9o 8 v 0 _F D ® © 9
a3 o ¢ o ‘e b 6/t 2 3 TPoe 0 4 v 8w 8 o 8 Db oy o
a3t 2 0 0 8 o of 3 3 2 2z 1 hws 0 8 28 t o-# 6 @
a3 .o o o o of e b 4 3 3 ™D 0 9 0 ¢ p-@ a0
5 8 4 o @ sb s 4 s % ¢ 3 7 ™31 9 2 9 9c0 @ 4
34 5 ¢ o o a ol 7 y 8 7F 5 &-3 2 ™3 Fy}-0 @ a 0o
Ja33 b e v v e o 4 8B 4 3 b 8 8NF ®oge.r B 7 8 3 1 roTes o 0. @ g
Juiz » + o o 8 o 4 o w 4 s s a0 % sl 1??:“;2 T a3 13 B A0 8 ¢
J=31 I3 0 0. 9w o o'W @ 3 v 9 0 ol sli6 16 34 M7 7 4 5 3 hod a o
J=30 b8 0 b ] b 8 0 g v o 37 97 40 2 g9 s Yo 1 s 3 3 1Ny e o
Sz oL 0 8 o 0 & 4 o & 4 35 o & 8 o 73 s pe g g N A0 5 4. g b
Ja20 P » b » 8 ® o b D o 4 o @_4 u‘\;irulgz 20 26 2 30 22 1L 8 4 .3 1N 4
27 5 o o » 8 @ 0 4 o w_ o w. @ a o oN)3 31 3IF ge e I 27 2z 15 1Py gy 3 N
Jalds 5 5 © 5 0 4 @ d D 4 9 o 4 0 3 B 20 35 20 w2 w51 38 go 1k e 5
o2 t 0 0 b 0 o w 4 8 6 & o g 8-5 b \17 1s 8 % wmm 37 a7 s /A
Jo24 b 2 0. 5 0 o 8 o b b5 o b u_ o o 5 a\Nw o wm g su{100) w9 3528 Fara
3y b5 n 5 » o 4 6 v 4 s o 6 0 0 5 4 %hio 3y e sofoinme_se s 33/ 3l 0 o
22 b 3. 0 b 8 & 8 4 b a0 b a3 o e o\ 1\am 42 B 3875 s -0 b
B3l 5 a4 0 s 0 o o & 8 4 8 5 4 8 o 8 & -8%1h 5. a8t
Je2n SR TN e N o H T T R H R R T R e T o s 5 oWz T i A B s DO
119 » % o o nm s & 4 9 g 1 8 a5 o s 08 o g} 1% oslus 300 vcn a o
a8 1 ® U 0 U 0 € © & 4 0 0.8 .0 0 ® U0 903 il s @ v v 8 - v
Jaiy .0 o " o w® @ a9 '8 9 0 9 9 © O _® 8§ 2 n-k'e 3.6 9 o ¢ p:® 8 0
Ja1s » » o »'s o © 4 o g 0 O 4 ©.p ® § a-m @ o u_p_® b
JE15 » 0 0 3 v v % u o ¢ 2 g & o % 0 % 9 0 8 & g 0 § 8 a4 gow e 3
Jnta b 0 o 4 9 o & 0 _© 4 0 p @ 9 ¢ 0 & 9 o 0 s o ¢ 0 G 4 g o 0 4@
Ju13 ° 9 v. 9 » U 8 ¢ .o 9 o © 4 8 9 9§ 4 0 o ® 4 o i v % 4 5 p §_4d
Sli- b 5 5 o 0 e % 8 v w o g 6 0 o 5 6 0 e o g o 3 & 0 4 g 1 0 4
Juiy b v 0 s § © 8 4 9 6 6 _p @ a4 3 6 4 0 ©_ 0 g 0 3 4 & 4 o s.8 4
T t % 4 g b o 4 o 3 b o 4 o 8 8 a4 o v 6 g o 0§ 4 8 4 ¢ 4 B 4
= NIRETZTE A0S0 RO SR TSESOR V85 =1, 19 V8= 4775 K152 79 KTz 25 Voo

r KIEAHT (HET)

188



32

1945 8 6 3
a
1kt
12 24 2
2. 1kt EBq kt 4
12 24
1.05 0.41
1.04 0.42
1.01 0.36
1.06 0.41
1.03 0.46
1.04 0.41
Glasstone  Dolan3 24 0.55EBq
2 DS86
DS02 16kt 12 24
6.15 EBq
4000
3800
DS86
Y 5 28A 2.24
56Mn 2.58 24Na 15 48
24Na 46Sc
60Co 5.27 134Cs 2.06
5Mn  24Na 2
3 50
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15kt
15.6
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83.8



2km 1g 23Na
56Mn
3 23Na  55Mn 19
Na Mn
18.1 0.9
22.0 2.7
171 4.9
26.8 3.7
7.7 1.0
41.9 1.2
7.0 0.12
* 14 0.53
* 8 1.3
ORNL
ORNL Na Mn
2
DS86 46
1m 1.125>1013 n/cm2
530 55Mn 13.3
24Na  37kBq 56Mn  111kBq
ORNL 24Na  74kBq 6Mn  185kBq
Im 2
1g 24Na 74kBq 5Mn 222kBq
5m
2km
30
100kg m2 5
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3 Na Mn 24Na
2.85GBq 56Mn 2.96GBq

1km 500 1 2km 500,000 1
100 1 800m
1mz2 24Na S6Mn 29.6MBq 0.8 mCi
b
200pm 30pm
10 3 10,000
1
1 ><1km
3 3 2 18
3
1 12
15.6 EBg><( /3)>< /10,000 (1/ )> /106 (km2/m2)=5.2><108 Bg/m?2
3,660
75 23 3,760 10
4
1
24Na 56Mn

10/10,000 (/km2) 3.66><10% kg 27.0x<10¢ Bg/m? 81.4%<10¢ Bg/m?2
10/10,000 (/km2) 7.5 <10 kg 0.56><10¢ Bg/m2 1.7><104 Bg/m?2
10/10,000 (/km2) 2.3 <10 kg 0.17><10¢ Bg/m2 0.51>=104 Bg/m2

1.55><105
3.21><103 0.0207 1.55>=<104
0.100 1.36>=<105 0.875 2km
1.256>=<107m2 .a.
24Na 56Mn 372TBq

372TBQ/1.55>=<1010 =2.40><104Bq/g
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100 5
24Na 56Mn
10/10,000 (/km?2) 0.0207 7.7><104 Bg/mz2 7.7><104 Bg/mz2
10/10,000 (/km?2) 0.100 38.9><104 Bg/mz 38.9=<104 Bg/m?
10/10,000 (/km?2) 0.875 325><104 Bg/mz 325104 Bg/m?
c
1945 8 6 9 3
3,4 5 AV
1m
1 Y
152 25
Ci /mz2
152
t t 12
5 24 126
Ci/m2 R/h
12 24Na 19.16 pICi /Im2z |/ R/h) 56Mn
405 pCi/mz |/ R/h
12
mCi/m2 im
R
3
Ci /m2
1,600 Ci/m2 12.7R/h
24Na 450 Ci /Im2 23 R/h
150pCi/mz2 8mR/h
12 13R/h
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Appendix. Free-in-air kerma and neutron activation at 1 m above the ground based on DS02.

from Tables 11, 12, 13, 14 Chapter 3, Radiation Transport Calculations for Hiroshima and Nagasaki by
Santoro, RT, Egbert, SD, Barnes, JM, Kerr, GD, Pace Ill, JV, Roberts, JA, Slater. In Report of the
Joint US-Japan Dosimetry Working Group, Reassessment of the Atomic-Bomb Radiation Dosimetry for
Hiroshima and Nagasaki — DS02. Robert W. Young and George D. Kerr editors, Radiation Effects
Research Foundation, Hiroshima, Japan, 2005.

Table A-1. DS02 Hiroshima doses for 600 m height of burst above standard ground at 16 KT yield.

Neutron Dose Secondary Gamma Dose  Primary Gamma Dose Total Gamma Dose
Ground Slant
Range Range Prompt Delayed Total Prompt Delayed Total Prompt Delayed Total Prompt Delayed Total
meter meter gray gray gray gray gray gray gray gray gray gray gray gray
0 599 3.16E+1 2.96E+0 3.45E+1 4.45E+1 151E+0 4.61E+1 6.18E-1 7.38E+1 7.44E+1 452E+1 7.53E+1 1.20E+2
100 607 2.93E+1 2.73E+0 3.20E+1 4.18E+1 142E+0 4.32E+1 7.22E-1 7.10E+1 7.17E+1 4.25E+1 7.24E+1 1.15E+2
200 632 2.29E+1 2.16E+0 2.51E+1 3.42E+1 1.18E+0 3.53E+1 6.86E-1 5.96E+1 6.02E+1 3.48E+1 6.07E+1 9.56E+1
300 670 1.60E+1 1.48E+0 1.75E+1 2.54E+1 8.84E-1 2.63E+1 5.90E-1 4.61E+1 4.67E+1 2.60E+1 4.70E+1 7.30E+1
400 720 1.02E+1 9.19E-1 1.11E+1 176E+1 6.13E-1 1.82E+1 5.02E-1 3.39E+1 3.44E+1 1.81E+1 3.46E+1 5.27E+1
500 780 5.98E+0 5.09E-1 6.48E+0 117E+1 4.00E-1 1.21E+1 391E-1 2.32E+1 236E+1 121E+1 2.36E+1 3.57E+1
600 848 3.33E+0 2.76E-1 3.61E+0 7.55E+0 2.53E-1 7.81E+0 2.90E-1 155E+1 1.58E+1 7.84E+0 1.58E+1 2.36E+1
700 921 1.80E+0 1.49E-1 1.95E+0 4.92E+0 160E-1 5.08E+0 2.07E-1 1.02E+1 1.04E+1 5.12E+0 1.04E+1 1.55E+1
800 999 9.24E-1 7.20E-2 9.96E-1 3.18E+0 9.95E-2 3.28E+0 150E-1 6.58E+0 6.73E+0 3.33E+0 6.68E+0 1.00E+1
900 1081 480E-1 362E2 5.17E-1 2.08E+0 6.29E-2 2.15E+0 9.98E-2 4.22E+0 4.32E+0 2.18E+0 4.28E+0 6.47E+0
1000 1166 242E-1 1.77E-2  2.60E-1 1.38E+0 4.08E-2 1.42E+0 7.09E-2 2.73E+0 2.80E+0 1.45E+0 2.77E+0 4.22E+0
1100 1253 120E-1 8.29E-3 1.29E-1 9.21E-1 2.66E-2 9.48E-1 4.98E-2 1.75E+0 1.80E+0 9.71E-1 1.78E+0 2.75E+0
1200 1341 6.25E-2 3.99E-3 6.65E-2 6.26E-1 1.77E-2 6.44E-1 359E-2 1.13E+0 1.16E+0 6.62E-1 1.15E+0 1.81E+0
1300 1431 3.18E-2 192E-3 3.37E-2 4.27E-1 1.20E-2 4.39E-1 257E-2 7.21E-1 T7.47E-1 453E-1 7.33E-1 1.19E+0
1400 1523 1.62E-2 9.05E-4 1.71E-2 2.92E-1 815E-3 3.01E-1 173E-2 4.71E-1 4.88E-1 3.10E-1 4.79E-1 7.89E-1
1500 1615 8.60E-3 4.41E-4 9.04E-3 2.03E-1 5.65E-3 2.08E-1 12562 3.06E-1 3.18E-1 215E-1 3.12E-1 527E-1
1600 1708 451E-3 211E-4 4.72E-3 140E-1 3.92E-3 144E-1 8.72E-3 2.00E-1 2.09E-1 149E-1 204E-1 3.53E-1
1700 1802 2.39E-3 1.02E-4 2.49E-3 9.80E-2 2.73E-3 1.01E-1 6.08E-3 1.31E-1 1.37E-1 1.04E-1 1.33E-1 237E-1
1800 1897 1.28E-3 5.06E-5 1.33E-3 6.88E-2 192E-3 7.07E-2 4.24E-3 8.99E-2 9.41E-2 7.30E-2 9.18E-2 1.65E-1
1900 1992 6.86E-4 247E-5 7.11E-4 485E-2 1.36E-3 4.99E-2 3.02E-3 5.75E-2 6.05E-2 5.16E-2 5.88E-2 1.10E-1
2000 2088 3.73E-4 1.24E-5 3.86E-4 3.45E-2 9.68E-4 3.54E-2 2.32E-3 3.87E-2 4.10E-2 3.68E-2 3.96E-2 7.64E-2
2100 2184 2.05E-4 6.28E-6 2.11E-4 2.46E-2 6.93E-4 2.53E-2 168E-3 254E-2 271E-2 2.63E-2 2.61E-2 5.24E-2
2200 2280 11364 3.19E-6 1.16E-4 1.76E-2 4.98E-4 181E-2 120E-3 1.66E-2 1.78E-2 1.88E-2 1.71E-2 3.59E-2
2300 2377 6.25E-5 1.64E-6 6.41E-5 126E-2 3.58E-4 1.30E-2 853E-4 1.15E-2 1.24E-2 13562 1.19E-2 253E-2
2400 2474 3.48E-5 846E-7 3.56E-5 9.05E-3 2.59E-4 9.31E-3 6.09E-4 7.94E-3 8.55E-3 9.66E-3 8.20E-3 1.79E-2
2500 2571 1.94E-5 4.38E-7 1.99E-5 6.53E-3 1.88E-4 6.72E-3 4.37E-4 5.38E-3 5.82E-3 6.97E-3 5.57E-3 1.25E-2

Table A-2. DS02 Hiroshima activation data for 600 m height of burst above standard ground at 16 kT

yield.

Reaction cadong) ci3s(ng) Co59(n,g) Cu63(n,p) Eulsl->grd Eul53(n,g) Ni62(n,g) S32(n,p)  K39(n,a)
Abundance 0.96941 0.7577 1 0.6917 0.4782 0.5218 0.03634 0.9502 0.93258
MwW 40.08 35.453 58.9332 63.54 151.96 151.96 58.71 32.064 39.102
Half-Life 80000 301000 5.2714 100.1 13.542 8.593 100.1 14.262 301000
Time units years years years years years years years days years
Branching ratio 0.641

Ground Slant Detector height @ 6.5m

Range Range

meter meter Units in atoms  Ca4l/grCa  CI36/Cl bg/mgr Co Ni63/grCu bg/mgr Eu bg/mgr Eu  Ni63/grNi  dpm/gr S CI36/K

(unless otherwise indicated)

0 599 4.88E+10 2.54E-10 1.47E+1 1.14E+7 1.31E+2 2.01E+1 4.14E+10 2.38E+3 1.86E-15
100 607 4.45E+10 2.31E-10 1.34E+1 1.14E+7 1.19E+2 1.83E+1 3.78E+10 2.42E+3 1.92E-15
200 632 3.43E+10 1.78E-10 1.03E+1 9.49E+6 9.17E+1 1.40E+1 2.91E+10 2.04E+3 1.94E-15
300 670 2.28E+10 1.19E-10 6.84E+0 7.12E+6 6.10E+1 9.32E+0 1.93E+10 1.56E+3 1.97E-15
400 720 1.34E+10 6.98E-11 4.02E+0 5.27E+6 3.59E+1 5.47E+0 1.14E+10 1.19E+3 1.75E-15
500 780 7.19E+09 3.74E-11 2.16E+0 3.58E+6 1.92E+1 2.93E+0 6.10E+09 8.23E+2 1.29E-15
600 848 3.62E+09 1.88E-11 1.09E+0 2.28E+6 9.64E+0 1.47E+0 3.06E+09 5.44E+2 1.07E-15
700 921 1.74E+09 9.05E-12 5.25E-1 1.44E+6 4.64E+0 7.10E-1 1.48E+09 3.46E+2 7.79E-16
800 999 8.17E+08 4.24E-12 2.46E-1 8.43E+5 2.17E+0 3.33E-1 6.92E+08 2.07E+2 5.22E-16
900 1081 3.78E+08 1.96E-12 1.14E-1 5.05E+5 1.01E+0 1.55E-1 3.20E+08 1.28E+2 3.68E-16
1000 1166 1.74E+08 9.02E-13 5.26E-2 2.82E+5 4.62E-1 7.11E-2 1.47E+08 7.23E+1 2.34E-16
1100 1253 8.00E+07 4.15E-13 2.43E-2 1.57E+5 2.13E-1 3.28E-2 6.78E+07 4.13E+1 1.35E-16
1200 1341 3.73E+07 1.93E-13 1.13E-2 9.10E+4 9.91E-2 1.53E-2 3.15E+07 2.42E+1 7.96E-17
1300 1431 1.74E+07 9.03E-14 5.29E-3 5.09E+4 4.63E-2 7.16E-3 1.47E+07 1.36E+1 4.64E-17
1400 1523 8.21E+06  4.25E-14 2.49E-3 2.79E+4 2.18E-2 3.37E-3 6.95E+06 7.75E+0 2.73E-17
1500 1615 3.96E+06 2.05E-14 1.20E-3 1.61E+4 1.05E-2 1.62E-3 3.35E+06 4.50E+0 1.55E-17
1600 1708 1.93E+06 9.98E-15 5.86E-4 9.12E+3 5.11E-3 7.90E-4 1.63E+06 2.57E+0 8.91E-18
1700 1802 9.49E+05  4.91E-15 2.89E-4 5.12E+3 2.51E-3 3.88E-4 8.02E+05 1.46E+0 5.22E-18
1800 1897 4.73E+05 2.45E-15 1.44E-4 2.87E+3 1.25E-3 1.94E-4 4.00E+05 8.32E-1 2.99E-18
1900 1992 2.39E+05 1.24E-15 7.27E-5 1.63E+3 6.32E-4 9.78E-5 2.02E+05 4.78E-1 1.74E-18
2000 2088 1.22E+05 6.31E-16 3.71E-5 9.41E+2 3.23E-4 4.99E-5 1.03E+05 2.77E-1 9.88E-19
2100 2184 6.31E+04 3.27E-16 1.92E-5 5.36E+2 1.67E-4 2.58E-5 5.33E+04 1.60E-1 5.74E-19
2200 2280 3.30E+04 1.71E-16 1.01E-5 3.06E+2 8.74E-5 1.35E-5 2.79E+04 9.22E-2 3.33E-19
2300 2377 1.75E+04  9.06E-17 5.33E-6 1.75E+2 4.63E-5 7.16E-6 1.48E+04 5.30E-2 1.94E-19
2400 2474 9.38E+03  4.85E-17 2.85E-6 1.00E+2 2.48E-5 3.83E-6 7.92E+03 3.05E-2 1.12E-19
2500 2571 5.06E+03 2.61E-17 1.54E-6 5.77E+1 1.34E-5 2.06E-6 4.27E+03 1.77E-2 6.48E-20
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Table A-3. DS02 Ngasaki doses for 503 m height of burst above standard ground at 21 KT yield.

Neutron Dose Secondary Gamma Dose Primary Gamma Dose Total Gamma Dose
Ground Slant
Range Range Prompt Delayed Total Prompt Delayed Total Prompt Delayed Total Prompt Delayed Total
meter meter gray gray gray gray gray gray gray gray gray gray gray gray
0 502 1.08E+1 7.97E+0 1.88E+1 7.17E+1 3.35E+0 7.50E+1 6.12E+1 1.92E+2 2.53E+2 1.33E+2 1.96E+2 3.28E+2
100 512 1.00E+1 7.18E+0 1.72E+1 6.88E+1 3.10E+0 7.19E+1 5.93E+1 1.81E+2 2.40E+2 1.28E+2 1.84E+2 3.12E+2
200 540 7.49E+0 5.38E+0 1.29E+1 5.34E+1 247E+0 5.58E+1 4.44E+1 1.48E+2 1.92E+2 9.78E+1 1.50E+2 2.48E+2
300 585 5.21E+0 3.45E+0 8.67E+0 3.97E+1 1.75E+0 4.14E+1 3.33E+1 1.10E+2 1.43E+2 7.30E+1 1.12E+2 1.85E+2
400 642 3.29E+0 1.97E+0 5.26E+0 2.80E+1 1.12E+0 2.91E+1 2.27E+1 7.55E+1 9.82E+1 5.06E+1 7.66E+1 1.27E+2
500 709 1.94E+0 1.03E+0 2.97E+0 1.85E+1 6.78E-1 1.92E+1 1.47E+1 4.92E+1 6.39E+1 3.31E+1 4.99E+1 8.30E+1
600 782 1.13E+0 5.22E-1 1.65E+0 121E+1 3.99E-1 1.25E+1 9.45E+0 3.12E+1 4.07E+1 2.16E+1 3.16E+1 5.32E+1
700 861 6.06E-1 2.49E-1 8.56E-1 8.21E+0 2.31E-1 8.44E+0 5.80E+0 1.93E+1 2.51E+1 1.40E+1 1.95E+1 3.35E+1
800 944 3.38E-1 1.20E-1 4.58E-1 5.58E+0 1.37E-1 5.72E+0 3.77E+0 1.20E+1 1.58E+1 9.36E+0 1.21E+1 2.15E+1
900 1031 181E-1 5.67E-2 2.37E-1 3.67E+0 8.23E-2 3.75E+0 2.30E+0 7.44E+0 9.74E+0 5.97E+0 7.52E+0 1.35E+1
1000 1119 9.82E-2 264E-2 125E-1 2.48E+0 5.06E-2 2.53E+0 1.52E+0 4.56E+0 6.08E+0 4.00E+0 4.61E+0 8.62E+0
1100 1209 5.20E-2 1.24E-2 6.45E-2 1.62E+0 3.23E-2 1.65E+0 9.35E-1 2.84E+0 3.78E+0 2.56E+0 2.87E+0 5.43E+0
1200 1301 2.83E-2 5.88E-3 3.41E-2 1.10E+0 2.10E-2 1.13E+0 6.07E-1 1.76E+0 2.37E+0 1.71E+0 1.78E+0 3.49E+0
1300 1394 153E-2 2.77E-3 1.81E-2 7.61E-1 139E-2 7.75E-1 403E-1 1.11E+0 1.51E+0 1.16E+0 1.12E+0 2.28E+0
1400 1487 8.26E-3 132E-3 9.58E-3 5.19E-1 9.37E-3 5.28E-1 2.61E-1 7.05E-1 9.66E-1 7.80E-1 7.15E-1 1.49E+0
1500 1582 447E-3 6.39E-4 5.11E-3 3.60E-1 6.41E-3 3.66E-1 1.71E-1 4.46E-1 6.17E-1 5.30E-1 4.53E-1 9.83E-1
1600 1677 2.44E-3 3.11E-4 2.75E-3 2.54E-1 4.43E-3 258E-1 1.14E-1 2.89E-1 4.04E-1 3.68E-1 2.94E-1 6.62E-1
1700 1773 1.34E-3 151E-4 1.49E-3 1.80E-1 3.07E-3 1.83E-1 7.75E-2 1.83E-1 2.60E-1 257E-1 1.86E-1 4.43E-1
1800 1869 7.38E-4 7.47E-5 8.13E-4 127E-1 215E-3 1.29E-1 5.21E-2 1.18E-1 1.70E-1 1.79E-1 1.20E-1 2.99E-1
1900 1965 4.05E-4 3.72E-5 4.43E-4 8.86E-2 152E-3 9.02E-2 3.50E-2 7.92E-2 1.14E-1 124E-1 8.07E-2 2.04E-1
2000 2062 2.25E-4 1.89E-5 2.44E-4 6.21E-2 1.08E-3 6.32E-2 2.37E-2 5.15E-2 7.52E-2 8.58E-2 5.26E-2 1.38E-1
2100 2159 1.25E-4 9.69E-6 1.35E-4 4.39E-2 7.68E-4 4.46E-2 1.62E-2 3.39E-2 5.01E-2 6.01E-2 3.47E-2 9.47E-2
2200 2257 7.05E-5 4.97E-6 7.55E-5 3.15E-2 551E-4 3.20E-2 1.13E-2 219E-2 3.32E-2 4.28E-2 2.25E-2 6.52E-2
2300 2354 3.98E-5 2.60E-6 4.24E-5 2.29E-2 3.96E-4 2.32E-2 7.96E-3 153E-2 2.33E-2 3.08E-2 157E-2 4.65E-2
2400 2452 2.24E-5 136E-6 2.38E-5 1.66E-2 2.87E-4 1.69E-2 5.60E-3 1.02E-2 1.58E-2 2.22E-2 1.04E-2 3.27E-2
2500 2550 1.28E-5 7.13E-7 1.35E-5 121E-2 2.08E-4 1.23E-2 3.93E-3 6.58E-3 1.05E-2 1.60E-2 6.79E-3 2.28E-2

Table A-4. DS02 Nagasaki activation data for 503 m height of burst above standard ground at 21 KT yield.

Reaction ca4o(n,g) cI35(n,g) Co59(n,g) Cu63(n,p) Eulsi->grd Eul53(n,g) Ni62(n,g) S32(n,p)  K39(n,a)
Abundance 0.96941 0.7577 1.00E+0 6.92E-1 4.78E-1 5.22E-1 0.03634 9.50E-1 0.93258
MW 40.08 35.453 5.89E+1 6.35E+1 1.52E+2 1.52E+2 58.71 3.21E+1 39.102
Half-Life 80000 301000 5.27E+0 1.00E+2 1.35E+1 8.59E+0 100.1 1.43E+1 301000
Time units years years years years years years years days years
Branching ratio 6.41E-1

Ground Slant Detector height @ 6.5m

Range Range

meter meter Units in atoms  Ca4l/grCa  CI36/CI  bg/mgr Co Ni63/grCu bg/mgr Eu bg/mgr Eu Ni63/grNi  dpm/gr S CI36/K

(unless otherwise indicated)

0 502 2.08E+10 1.09E-10 5.67E+0 2.51E+7 5.51E+1 6.75E+0 1.77E+10 6.93E+3 6.30E-15
100 512 1.75E+10 9.13E-11 4.80E+0 2.39E+7 4.63E+1 5.74E+0 1.49E+10 6.61E+3 6.10E-15
200 540 1.12E+10 5.85E-11 3.13E+0 1.73E+7 2.97E+1 3.82E+0 9.55E+09 4.73E+3 4.35E-15
300 585 6.04E+09 3.14E-11 1.73E+0 1.23E+7 1.60E+1 2.17E+0 5.13E+09 3.39E+3 3.15E-15
400 642 2.99E+09 1.55E-11 8.77E-1 7.83E+6 7.97E+0 1.14E+0 2.53E+09 2.14E+3 2.04E-15
500 709 1.47E+09 7.63E-12 4.40E-1 4.64E+6 3.94E+0 5.83E-1 1.25E+09 1.29E+3 1.21E-15
600 782 7.40E+08 3.84E-12 2.23E-1 2.74E+6 1.98E+0 3.00E-1 6.26E+08 7.69E+2 7.34E-16
700 861 3.67E+08 1.90E-12 1.11E-1 1.47E+6 9.84E-1 1.50E-1 3.10E+08 4.19E+2 3.99E-16
800 944 1.85E+08 9.61E-13 5.62E-2 8.48E+5 4.97E-1 7.60E-2 1.57E+08 2.40E+2 2.36E-16
900 1031 9.21E+07 4.77E-13 2.79E-2 4.49E+5 2.47E-1 3.77E-2 7.79E+07 1.31E+2 1.26E-16
1000 1119 4.57E+07 2.37E-13 1.39E-2 2.56E+5 1.22E-1 1.87E-2 3.87E+07 7.36E+1 7.38E-17
1100 1209 2.29E+07 1.19E-13 6.95E-3 1.35E+5 6.12E-2 9.36E-3 1.94E+07 3.96E+1 3.95E-17
1200 1301 1.15E+07 5.95E-14 3.49E-3 7.58E+4 3.07E-2 4.69E-3 9.72E+06 2.24E+1 2.25E-17
1300 1394 5.80E+06 3.00E-14 1.76E-3 4.24E+4 1.54E-2 2.36E-3 4.90E+06 1.26E+1 1.28E-17
1400 1487 2.95E+06 1.53E-14 8.97E-4 2.33E+4 7.85E-3 1.20E-3 2.49E+06 6.93E+0 7.16E-18
1500 1582 1.51E+06 7.84E-15 4.60E-4 1.29E+4 4.03E-3 6.18E-4 1.28E+06 3.87E+0 4.01E-18
1600 1677 7.84E+05 4.05E-15 2.38E-4 7.23E+3 2.08E-3 3.19E-4 6.62E+05 2.20E+0 2.29E-18
1700 1773 4.09E+05 2.11E-15 1.24E-4 4.07E+3 1.08E-3 1.66E-4 3.45E+05 1.24E+0 1.31E-18
1800 1869 2.15E+05 1.11E-15 6.54E-5 2.29E+3 5.70E-4 8.76E-5 1.82E+05 7.03E-1 7.44E-19
1900 1965 1.14E+05 5.91E-16 3.47E-5 1.28E+3 3.03E-4 4.65E-5 9.66E+04 3.96E-1 4.19E-19
2000 2062 6.11E+04 3.16E-16 1.86E-5 7.21E+2 1.62E-4 2.49E-5 5.17E+04 2.25E-1 2.38E-19
2100 2159 3.29E+04 1.70E-16 1.00E-5 4.09E+2 8.72E-5 1.34E-5 2.78E+04 1.29E-1 1.36E-19
2200 2257 1.79E+04 9.27E-17 5.45E-6 2.34E+2 4.74E-5 7.28E-6 1.51E+04 7.42E-2 7.87E-20
2300 2354 9.80E+03 5.07E-17 2.98E-6 1.35E+2 2.59E-5 3.98E-6 8.28E+03 4.29E-2 4.56E-20
2400 2452 5.39E+03 2.79E-17 1.64E-6 7.69E+1 1.42E-5 2.19E-6 4.55E+03 2.48E-2 2.63E-20
2500 2550 2.98E+03 1.54E-17 9.06E-7 4.45E+1 7.87E-6 1.21E-6 2.52E+03 1.43E-2 1.53E-20
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DS02 Workshop at KUR

Date 29" July(Thursday) — 30" July (Friday)
Place: Conference room at Research Reactor Institute, Kyoto University
< 29" July

>

13:30 - 14:00 Executive summary of DS02 development

<Neutron Activation Measurements >

>
>
>

\4

14:00-14:20 152Eu, 80Co measurement at Hiroshima University

14:20-14:40 152Eu measurement at Kanazawa University (1)

14:40-15:00 152Eu measurement at Kanazawa University (I1)

<Break 15:00-15:20 >

15:20-15:40 36CI measurement by AMS at Tsukuba University

15:40-16:00 3Ni measurement by liquid scintillation

16:00-16:20 152Eu- 36Cl intercomparison of Hiroshima samples
<Break 16:20-16:40 >

<TL Measurement >

>
>

16:40-17:00 TL measurements
17:00-17:20 Comparison of TL measurement with DS02
< Reception 18:30 >

< 30" July (Friday)

<DS02 related works >
»  9:00-9:20 Hypocenter determination
»  9:20-9:40 Measurement of natural neutrons in Hiroshima
»  9:40-10:00 Measurement of 3Cu(n,p) 3Ni response function
» 10:00-10:20 Measurement of water content in granite
» 10:20-10:40 Measurement of hydrogen content in granite
<Break 10:40 -11:00 >
<DSO02 calculation>
» 11:00-11:20 Outline of the calculation system for DS02
» 11:20-11:40 Comparison of DS02 calculation with measured data
» 11:40-12:00 Application of DS02 to the LSS cohort
<Lunch 12:00 -13:30 >
<Residual radiation>
» 13:30-13:50 Induced radiation based on DS02
» 13:50-14:10 Radiation dose from black rain deposition
»  14:10-14:30 235U/238U ratio in black rain sample in Hiroshima
» 14:30-14:50 Pu fallout by the Nagasaki bomb
» 14:50-15:10 Simulation of black rain in Hiroshima and Nagasaki
<Break 15:10-15:30 >
<Discussions>
» 15:30-15:50 Unresolved issues and future tasks
» discussions

<17:00 End

Hasai H.

Shizuma K.
Nakanishi T.
Komura K.

Nagashima Y.
Shibata S.
Hoshi H.

Maruyama T.
Cullings H.

Cullings H.
Endo S.
Takamiya K.
Iwatani K.

Komatsubara T.

Imanaka T.
Endo S.
Fujita S.

Imanaka T.
Shizuma K.
Fujikawa Y.
Maharay.
Maruyama T.

Hoshi M.



©O© 0N O WN -

=
o

(SN
(B

-
N

(BN
w

Harry CULLINGS

H
o

[N
ol

-
[op]

[3XY
~

=
oo

[N
©

N
o

N
[

N
N

N
w

N
S

N
ol

N
[ep]

N
~

N
[ee]

N
©

w
o

w
=

w
N

w
w

w
~

w
(8}

w
(op]

w
~

w
[0}

w
©

N
o

SN
AN




KUR REPORT OF
KYOTO UNIVERSITY RESEARCH
REACTOR INSTITUTE

FATHT A1 SR T

FHATH k28 410 A

FRr KRIRMRFEERAE BT EAVE 2 T H
TEL (072) 451- 2300

Bl SN 7oimsCE o WMk, RS L OAREEHIIFAIE L CRER R R EBRTNICRET 5,
AREEITHEERF TR Y AT b VICHE - AT 25D E 9%, httpi//repository.kulib.kyoto-u.ac.jp/dspace/



	序文
	目次
	contents
	１．DS02の背景と総括
	２．広島大での測定
	３．金沢大での測定（１）
	４．金沢大での測定（２）
	５．広島花崗岩のCl-AMS測定
	６．広島63Ni液シン測定
	７．相互比較測定
	８．ガンマ線量の推定
	９．Comparison of TL Data
	10．Hypocenter Reevaluation
	11．環境中性子測定
	12．Ni63励起関数の測定
	13．花崗岩中水分の測定
	14．花崗岩の水素分析
	15．DS02計算システムの概要
	16．DS02計算と測定の比較
	17．放影研における線量計算
	18．誘導放射線量の評価
	19．黒い雨にともなう積算線量
	20．黒い雨のU235/U238比
	21．長崎原爆によるPuフォールアウト
	22．広島原爆黒い雨による被ばく線量
	付録：DS02線量値
	研究会プログラム



