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3. Single gravestone or group of gravestones, and
4. Gravestone removed, so that sample was exposed only by scattering from wet soil or
granite surface, not the gravestone itself.

The gravestone results are used for the intercomparison samples and other samples where the
exact geometry is unknown.

In Table B3, TFs are calculated in a core of the Saikoji gravestone for all the measured
activations.

In Table B4, the cores from City Hall were recal culated with two variations:

1. City Hall cores exposed to DS86 free-field fluences
2. City Hall cores without the trace neutron poisons exposed to DS02 free-field
fluences

While the DS86 spectrum, compared to DS02, has slightly more neutron fluence with
energies greater than 3 MeV, the TFs cal culated with the DS86 spectra are essentially the same as
from DSO2 at all depths. Removing the trace poisons causes a small increase (+1%) on the
surface of the City Hall concrete. At depth, the TF goes up about +20 to +30%.

In Table B5, various activations are calcul ated at the cobalt sample locations.

In Tables B6 through B9, the TF, the calculated *Cl activation, and the FIA equivaent *°Cl
activation at a height of 1 m above ground for every %Cl sample are given for Nagashima, Riihm,
Straume granite, and Straume concrete samples, respectively. The columns in the table are as
follows:

. Sampleidentification (if any)

. Noteis madeif it is an intercomparison sample.

. Location

. Mean depth (MD) incm

. Originally reported ground range in meters

DS86 hypocenter ground range in meters

DS02 hypocenter ground range in meters

. Slant range (SR) in meters

. Sample height (Ht) in meters

. Net measurement (Net meas) of the *Cl-measured activation in units of atoms of
3Cl per atoms of Cl at the time of bombing. Background has been subtracted.

11. Investigator’s reported measurement error (or estimated standard deviation [SD] for
the measurement). This will be used to weight measurements when determining
goodness of fit to the calculations. A minimum uncertainty of 3% is used in the
comparisons to calculations (Chapter 12, Part D).

12. K atoms per Cl atom (K/Cl) in sample. If not known, then 300 ppm is assumed.

13-15. Calculated FIA activation for %Cl from **K and **Cl, and for **’Eu from *'Eu with
same units as given in tables of Chapter 3 (*Cl per K atom, *Cl per Cl atom, Bq of
152y per mg of Eu).

16. Brief description of shielding model used to obtain the TF.

17-19. Calculated TF for *K, *Cl, and ***Eu reactions using DS02 Hiroshima fluences.
20-22. Calculated in situ *Cl activation from *Cl(n,y)**Cl and **K (n,a)**Cl reactions. The
total 3°Cl activation is also given.

23. Free-in-air equivalent *®Cl measured activation at 1 m above ground derived from
%Cl in situ measurement. Thisis obtained by subtracting the *°K (n,a)*Cl calculated
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activation from the measured **Cl and then dividing by the transmission factor for
3Cl(n,y)*Cl, TFg, as shown in the formula:

Meas i 36c1 = (Meas j, sin 36c1 - Nk/Net *FFk *TFk) / TFq

The free-in-air equivalent 3°Cl measured activation data can be compared directly with a
smooth curve of the 1 m above ground %°Cl activation. The smooth curve is not dependent on
information about the amount of potassium, K, in the sample. While this approach is very
convenient for comparing Cl measurements with the DS02 Cl calculations and to non-chlorine
measurements, it must be remembered that the FIA equivalent measurement will be slightly
affected by uncertainty of the fast fluence, K/Cl ratio and K thermal neutron cross section.

In Table B10, the TF, the calculated **Cl activation, and the FIA equivalent *Cl measured
activation at a height of 1 m above ground for Shizuma et al. >Eu measurements from four cores
are given (Shizuma et al. 1997, Chapter 8, Part C). The table has many of the same columns as
did the previous table. The new columns are described as follows:

10. "5?Eu measurement in units of Bq mg™ at time of bombing

20. In situ %Cl calculated activation from %Cl(n,y)*Cl

21. In situ equivalent *Cl measured activation. This is obtained by converting the **Eu
measured activation into *Cl by multiplying by the free-field calculated activation
ratio and the TF ratio between *Cl(n,y)*Cl and ***Eu(n,y)'>?Eu activation as shown
in the formula:

Meas ;, sin 36c1 =(Meas i 5250 ¥ FFc1 / FFea * TFc1 / TFEu)

The in situ equivalent **Cl measured activation from ®?Eu measurements can be compared
directly with in situ *®Cl measured activation, and with in situ ¥Cl DS02 activation, which is a
smooth curve as afunction of depth.

In Table B11, the TF, the calculated *°Cl activation, and the FIA equivalent *°Cl activation at
a height of 1 m above ground for Komura's intercomparison europium core measurements
(Chapter 8, Part 1) are given. The table has the same columns as the previous table.

Calculations of TFs for the ®°Co measurements in iron rebar in Hiroshima (Chapter 8, Part A)
and the 3°Cl measurements in concrete cores in Nagasaki (Chapter 8, Part D) were performed and
are used for comparing those measurements to DS02. TFs for the Nagasaki Cl core samples are
given in Table B12. In Table B13, the TFs, the calculated *°Cl activation, and the FIA equivalent
36Cl activation at a height of 1 m above ground for the Nagasaki core samples are given.

Default Thermal Neutron Transmission Factors and Uncertainty

The complete set of TFs was examined for information about default TFs for samples that are
not well defined and to estimate uncertainty for all TFs. Figure 2 shows al of the **CI TFs that
were calculated. They are plotted against depth to distribute them. Three of the core calculations
are highlighted by a connecting curve. The City Hall core, which is typical of concrete, is plotted
as asolid green line. The TFs start at 1.05 on the surface, build up to 1.10 at 5 cm and then fall
off an order of magnitude ~35 cm afterward. The original granite core of Shirakami Shrine is
shown as a blue dash. There is no buildup at the surface, and the activation drops an order of
magnitude in ~60 cm. With a wood cover over the Shirakami granite rock, shown as a red dot,
the surface activation increases by more than 50% at the surface. But then the activation drops an
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order of magnitude in ~40 cm.
The TFs for surface samples range from 0.6 to 1.1. They can be assigned to TF categories
based on the materials they are found in and the type of ground it is exposed to:

Concrete sample surface exposed to soil
Concrete sample surface exposed to concrete:
Concrete sample surface exposed to granite:
Granite sample surface exposed to soil:
Granite sample surface not line-of-sight to soil:
Granite sample surface exposed to concrete:
Granite sample surface exposed to granite:
From the range of TFs that has been calculated, a typical TF for Cl and Eu is about 1.1 in

TF=1.05 at surface, 1.10 at 5 cm
TF=1.0at surface, 1.10 at 5cm
TF=0.9 a surface, 1.10 at 5cm
TF=0.9 at surface, 0.80 at 5cm
TF=0.8 at surface, 0.75at 5cm
TF=0.8at surface, 0.75at 5¢cm
TF=0.7 at surface, 0.65at 5cm

concrete and 0.85 in granite. Thetypical TF for Co is about 0-5% larger.

Comparison of DS02 Cl Transmission Factors

1.2
®  gokoku & chugoku
. e kiin cityhall
a A cityhall wivet conc ® redcross 9m
* + ®  redcross 20m teishin
. 1 ®  clembdg *  postal 42
1.0 \ : e postal 44 motoyasu pillar bridge —
» N b4 motoyasu pillar river suiseko
: o 4 —x—shirakami wio tree —x= shirakami witree
° . +  Faculty of Science corel +  Faculty of Science core2
AN $ hd 4+ Faculty of Science core3 +  Faculty of Science core4
0.8 a N . +  Faculty of Science core5 +  Faculty of Science core6 L
X\ ; A grave a: top of gravestone over ground A grave b: top of gravestone over granite
ke j A grave c: top of gravestone over ground A grave d: top of gravestone over granite
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S~ N N 3 ©  grave cside: side of gravestone over ground © grave dside: side of gravestone over granite
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Figure 2. All calculated transmission factors as a function of depth into
concrete and granite samples. Three cores are illustrated with curves;

1) City Hall concrete core,

2) Shirakami granite rock, and

3) Shirakami granite rock with wood covering.

Except for the Motoyasu bridge railing, the intercomparison samples did not have geometry
descriptions detailed enough to do sample-specific TF calculations. These other samples were al
of granite material. Gravestone “c” was chosen to represent the TF for these samples. Gravestone
“c” islocated 2 cm from the top surface of the gravestone with a few nearby gravestones all on
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top of Hiroshima wet soil. The TF for this calculation is about 0.83. For granite samples, the
range of the TF includes having the sample in an all granite environment (TF = 0.72) or under
foliage (TF = 0.95). Both of those are limiting events. If it is assumed that this represents two
standard deviations, then one standard deviation for the calculated TFs is about 7% for the
intercomparison samples.

For non-intercomparison samples, when the material is known to be granite or concrete with a
clear line-of-sight to the epicenter, then a TF uncertainty of 7% is reasonable. If the sample
material is unknown but the geometry has clear line-of-sight to the epicenter, then 15% is
reasonable.
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Appendix A

Thermal Neutron Transmission Factor Shielding Models

Figures of the shielding models, which are used for thermal neutron transmission factor
calculations, are found in Figures A1 through A33. In each figure, information about the sample
site name, materials, local geometry coordinate system, sample calculation coordinates, and
depths appear. A red star notes the calculation location. A red arrow notes the direction from the
epicenter. A black arrow notes the direction to the hypocenter. The building orientation, with
respect to the hypocenter, is noted by angles in degrees. Units of length are in centimeters unless
otherwise indicated. The original reported ground range distances are given in meters. The TFs
are calculated at this distance. More recent changes in sample ground ranges are small relative to
the overall distance, and will result in very minor differencesin TF (~1%).

Motoyasu Bridge Pillar P1 (S-67)

146 m

Sample Coordinate
X=0, Z= +88.5
Y= (DEPTH)

+/-41.15 (1)
+/-36.25 (5)
+/-31.25 (10)
+/-26.25 (15)
+/-21.25 (20)
+/-16.25 (25)
+-6.25 (35)

water

Granite, Concrete,
Air, Water

6 meters above water

Sample Coordinate
X=+500, Y=0
7= (DEPTH)

+19.5 (1)
+16.5 (4)

X 7 Motoyasu Bridge Railing (S-108)

128 m

Figure Al. Motoyasu Bridge Pillar and Railing (distances to hypocenter
as originally reported)—X,Y,Z is sample location (cm) from building
origin.
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Motoyasu Bridge Pillar P1 (S-67)

146 m

Sample Coordinate
X=0,7=+88.5
Y= (DEPTH)

+-41.15 (.1)
+-36.25 (5)
+-31.25 (10)
+-2625 (15)
+-21.25 (20)
+-16.25 (25)
+-6.25 (35)

Granite, Concrete, Motoyasu Bridge Railing (S-108)

Air, Water 128m
6 meters above water / hypocenter o
— X Sample Coordinate
146 meters X= 4500, Y=0
hypo to sample\ >

7= (DEPTH)

T +19.5 (1)

+16.5 (4)

Figure A2. Motoyasu Bridge Pillar and Railing (distances to hypocenter
as originally reported)—X,Y,Z is sample location (cm) from building
origin.

Hiroshima Bank (S-23) A y
/ T

251 m

Concrete, Air
30 cm thick wall

Sample Coordinate
X=0, Z=+2000
Y= (DEPTH)

43.0 (3)

251 meters
hypo to sample

Figure A3. Hiroshima Bank (distances to hypocenter as originally
reported)—X,Y,Z is sample location (cm) from building origin.
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Aioi Bridge Pier (S-28)

270 m

Granite, Concrete, Air, Water

1 meter radius concrete pier

Sample Coordinate

X=+69.65, Y=-69.65

7= (DEPTH)
-98.5 (1.5)

=
270 meters
hypo to sample

Figure A4. Aioi Bridge Pier (distances to hypocenter as originally
reported)—X,Y,Z is sample location (cm) from building origin.

Gokoku Shrine Gate (S-69 & S-120)
398 m
atori style gate r::_“_‘:'—“:_:;______

North

110 cm

145 cm

Xs deg

Figure A5. Gokoku Shrine Gate Base.
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Gokoku Shrine (S-69 & S-120)

398 m |
a tori style gate ‘ ‘ Sample Coordinate (S-120)
X=0,7=+7
Y= (DEPTH)
34 (3)
28 (7)

Sample Coordinate (S-69)
X=+35,Y=-52.5
7= (DEPTH)
~1 (D)
5(5)
—-10 (10)
15 (15)
20 (20)
30 (30)
40 (40)
50 (50)
k60 (60)
-70 (70)

Concrete, Granite,
Soil, Air

398 meters
hypo to sample

Figure A6. Gokoku Shrine Gate Base (distances to hypocenter as
originally reported)—X,Y,Z is sample location (cm) from building origin.

/ \\\
Tree Covered W e
. . . s
Shirakami Shrine (S-66) ~ T
478 m . e
F'\\\ //‘/j\
Granite, e ™ Bl S
. . i \\ \\ - 7 ~
Soil, Air E\ e TR o ))
o ““‘\ S S - s
S . // e
“““\H\ ‘\\ ~ e,
M 1m m]
. SN SR < o
Sample Coordinate ~K & o
X=0,Y=0 “\\\\_/’/// )
Z= (DEPTH) W Tree Volume and Density
4370 (0) 18m x 18m x 5m @ .01g/cc
4369 (1) - e
+365 (5) e ________;—_—=—
+360 (10) REEEES i
+350 (20) \\
340 G0) ey S
+330 (40) R mi;:&—l

Figure A7. Shirakami Shrine Rock covered by tree foliage (distances to
hypocenter as originally reported)—X,Y,Z is sample location (cm) from
building origin.
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Shirakami Shrine (S-66)

478 m

Granite,
Soil, Air

Sample Coordinate
X=0,Y=0
7= (DEPTH)
+370 (0)
+369 (1)
4365 (5)
+360 (10)
+350 (20)
+340 (30)

4330 (40) -7m
S

Figure A8. Shirakami Shrine Rock not covered by tree foliage (distances
to hypocenter as originally reported)—X,Y,Z is sample location (cm)

from building origin.

Chugoku Electric (S-1)

664 m / =

Concrete, Air f—_

6.5 meter high, center of wall = / y
window sill corner — 7
30 cm thick wall B 4
window opening is 200 x 100 cm / TR /

Sample Coordinate
X=-2, Y=+2, Z=+650
(DEPTH) (3)

664 meters 247.2°
hypo to sample

Figure A9. Chugoku Electric Building (distances to hypocenter as
originally reported)—X,Y,Z is sample location (cm) from building origin.
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Kirin Beer Hall (S-65)

671 m

Concrete, Air / ;__f___‘f_____,
. -""_’\\___d_,_ L \

Sample Coordinate
X=+1000, Z=+1300
Y= (DEPTH)
+1 (1)

5 (5) 670m 664m

+10 (10)
+15 (15)
420 (20)
+30 (30)

Figure A10. Kirin Beer Hall (distances to hypocenter as originally
reported)—X,Y,Z is sample [ocation (cm) from building origin.

City Hall (S-14)

1054 m

/,w 75.7 deg .

Concrete, Air

30 cm wall thickness

66x66¢m pillar
75.7 deg

1043 deg

1054m

ample Coordinate

X=+7200, Z= +430

Y= (DEPTH)
+1300.9 (-.1)
+1296.0 (-3)
+1291 (-10)
+1286 (-15)
+1281 (-20)
+1271 (-30)
+1261 (-40)
+1251 (-50)

Figure All. City Hall Building (distances to hypocenter as originally
reported)—X,Y,Z is sample location (cm) from building origin.
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Hiroshima University (S-70)

Elementary School Building
1269 m

Concrete, Air

Sample Coordinate
X=+200, Z=+1300
Y= (DEPTH)
()

5.(5)

10 (10)

15 (15)

20 (20)

25 (25)

Figure Al12. Hiroshima University Elementary School Building
(distances to hypocenter as originally reported)—X,Y,Z is sample
location (cm) from building origin.

Teishin Hospital (S-58)

1368 m Sample Coordinate

Y=+35,7=+120
X= (DEPTH)
+.1 (1)
+5(5)
+10 (10)
+15 (15)
+20 (20) o

430 30)

Concrete, Soil, Air P
20 cm thick, 140cm high wall -
50 cm thick pillar —

1368 meters
hypo to sample

Figure A13. Teishin Hospital (distances to hypocenter as originally
reported)—X,Y,Z is sample location (cm) from building origin.
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Red Cross Hospital Sample Coordinate
1470, 1501 m Y=-1600, Z= +900
X= (DEPTH)
-3099.9 (.1)
-3095 (5)
-3090 (10)
-3085 (15)
-3080 (20)
-3070 (30)

Sample Coordinate
Y=+400, Z=+2000
X= (DEPTH)
+1500.1 (.1)
+1505 (5)
+1510 (10) \
+1515 (15) \
+1520 (20) (S-76) |
+1530 (30) \

y

1485m

(s-593 \‘(S-60)

Figure Al14. Red Cross Hospital (distances to hypocenter as originally
reported)—X,Y,Z is sample location (cm) from building origin.

Postal Savings Bureau (S-46) (S-47)

1587, 1596 m C4-4 Sample Coordinate
X Y=+1100, Z= +1430
X= (DEPTH)

+1 (1)

Concrete, Air +5(5)
+10 (10)

+15 (15)

= +20 (20)

2 +30 (30)

C4-2 Sample Coordinate |
Y=+3000, Z=+1430 |

X= (DEPTH) 1 S
+1 (1) B> "
5 (5) S - ,
- 28.1deg

+10 (10)
+15 (15)
+20 (20)
+30 (30) e

Ruehm Sample Coordinate

X=+700, Y=+3330
7= (DEPTH)
599 (1) 1585 meters
59 (1) hypo to closest corner
58 (2)

1599 meters
hypo to corner (x=0.y=0)

Figure A15. Postal Savings Building (distances to hypocenter as
originally reported)—X,Y,Z is sample location (cm) from building origin.
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Saikoji Gravestone Sample Coordinate

109m 156 cm X=0,Y=0

/7= (DEPTH)
+155. (1)
+151 (5)
+146 (10)
+141 (15)
+136 (20)
+126 (30)
+116 (40)
+106 (50)
496 (60)
+76 (80)
+56 (100)
+36 (120)
+16 (140)

Granite,
Soil,
Air

~315deg _

Figure A16. Saikoji Gravestone (distances to hypocenter as originally
reported)—X,Y,Z is sample location (cm) from building origin.

Suiseko River Abutment
380 m

Granite, Air, Water -
o

7--G00em(water)

7=  (DEPTH) 2000em._———
55 (5) e
— - 380 meters

hypo to sample

Sample Coordinate !
X=1,Y=0 B
!

Figure A17. Suiseko River Abutment (distances to hypocenter as
originally reported)—X,Y,Z is sample location (cm) from building origin.
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Faculty of Science ~

with granite base and stones

e

Concrete,
Granite,
Air, Soil

Sample Coordinate
#0OX, Y,
1 58, -19.5 -1
2 58, -525.-1
341225, -525.-1
4 43015, -525.-1
5 43905, +1342. -1

Figure A18. Faculty of Science (distances to hypocenter as originally
reported)—X,Y,Z is sample location (cm) from building origin.

g core S

Sample Depth

Y= (DEPTH)

s120r 1 (1)

Sample Coordinate Sor 5 (5)
X, Y, 7 =3or10 (10)

corel 497 , -13.,+129 2or 15 (15)
Tor20 (20)

core 2 +2800 ., -13..+129
core3 +5472.5, -13., +129
core4 497 . 0.,+536.8
core 5 +5472.5, +536.8
core6 497 +823.8

120r25 (25)

0..
0.,

Figure A19. Faculty of Science (distances to hypocenter as originally
reported)—X,Y,Z is sample location (cm) from building origin.
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Generic Gravestone
0-2000 m

_

Granite, Soil
Air e
N

20x20x75

.
40x40x150 —* N
X y
Sample Coordinate
X=0,Y=0,7=+73
(DEPTH=2)

Figure A20. Generic Gravestone (distances to hypocenter as originally
reported)—X,Y,Z is sample location (cm) from building origin.

Insurance Buildin,
134 m & /
=
CONCRETE, air |
iron, ground  w_| )
y

Chiyoda Life %\

Sample Coord.
X=0 )
¥=0 T
7= 1380 e E

Figure A21. Chiyoda Life Insurance Building Iron Ring (distances to
hypocenter as originally reported)—X,Y,Z is sample location (cm) from
building origin.
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Chamber of Commerce
and Industry Building

250 m

CONCRETE, air
iron, ground
Sample Coord.
X=0
Y=0
Z=1380

Figure A22. Chamber of Commerce Iron Ring (distances to hypocenter
as originally reported)—X,Y,Z is sample location (cm) from building
origin.

Hiroshima Bank

243 m /

CONCRETE, air, iron
8 cm deep rebar

Sample Coord.
X=0.
Y=28

7= 2000. 2513 deg

243 meters
hypo to sample

Figure A23. Hiroshima Bank Rebar (distances to hypocenter as
originally reported)—X,Y,Z is sample location (cm) from building origin.
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Fukoku Life

Insurance Building
322m

CONCRETE, air [ <
iron, ground <~
Sample Coord.
X=0
Y=0
7=2480

Figure A24. Fukoku Building Iron Ring (distances to hypocenter as
originally reported)—X,Y,Z is sample location (cm) from building origin.

Honkawa Elementary
School Building

420 m

CONCRETE, air .~ |

iron, ground
191 deg

Sample Coord.
X=0
Y=0

Z= 1180

Figure A25. Honkawa Elementary School Iron Ring (distances to
hypocenter as originally reported)—X,Y,Z is sample location (cm) from
building origin.
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Fukuromachi Elementary
School Building

456 m

CONCRETE, air
iron, ground

Sample Coord.

Figure A26. Fukuromachi Elementary School Iron Ring (distances to
hypocenter as originally reported)—X,Y,Z is sample location (cm) from
building origin.

Sentry Box

640 m

CONCRETE, air, ground, iron
6 cm deep rebar

Y XN T
Sample Coord. \Ngf/' >\
X=-73.17 B I

Y=0
Z=1251.1

346 deg

640 m

Figure A27. Sentry Box Iron Rebar (distances to hypocenter as
originally reported)—X,Y,Z is sample location (cm) from building origin.
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Kirin Beer Hall

676 m

Concrete, Air, Iron

X=2500
Y=1000
7=1104 663m

676m

Figure A28. Kirin Beer Hall Iron Rebar (distances to hypocenter as
originally reported)—X,Y,Z is sample location (cm) from building origin.

Kodokan Building \

765 m

CONCRETE, air
iron, ground

Sample Coord.

Figure A29. Kodokan Building Iron Ring (distances to hypocenter as
originally reported)—X,Y,Z is sample location (cm) from building origin.
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Water Trough

790 m

CONCRETE, air, ground, iron, water
6 cm deep rebar ///\\

Sample Coord.
X=6

Figure A30. Water Trough Iron Rebar (distances to hypocenter as
originally reported)—X,Y,Z is sample location (cm) from building origin.

City Hall Sample Coord.
1014 m X=-660 Y=2500 Z=1495

Concrete, Air

Figure A31. City Hall Iron Railing (distances to hypocenter as originally
reported)—X,Y,Z is sample location (cm) from building origin. More
detailed modeling than in Figure A1l is made to account for environment
of ironrailing.
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Powder Magazine
1196 m

CONCRETE, air
10 cm deep rebar

Sample Coord.
X=10
Y=305

7=428.5

Figure A32. Powder Magazine Iron Rebar (distances to hypocenter as
originally reported)—X,Y,Z is sample location (cm) from building origin.

Nagasaki University

Hospital %
653 m
hospnaga.gft

Concrete, Air,
Soil

Sample Coordinat®
X=0

814 meters

epi to sample 653 meters

hypo to sample

37

Figure A33. Nagasaki University Hospital (distances to hypocenter as
originally reported)—X,Y,Z is sample location (cm) from building origin.
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Appendix B

Calculated Thermal Neutron Transmission Factorsand Resulting
Sample-Specific Activation Calculations

Calculated thermal neutron transmission factors are found in Tables B1 through B5 for *K,
¢, B, *Co, °Ca, and >*Eu reactions. Sample-specific activation calculations are found in
Tables B6-B11 for samples measured by Nagashima et al., Ruhm et al., Straume et al. (granite),
Straume et al. (concrete), Shizuma et al. (Eu) core, and Komura et a. intercomparison (Eu)
samples respectively. Table B12 has calculated TFs for *°Cl reactions for individual Nagasaki
samples measured by Straume et al., and the resulting activation calculations are found in Table
B13. More description concerning each of these tablesis given in the main chapter.
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