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CALCULATION OF DOSE IN QUARTZ FOR
COMPARISON WITH THERMOLUMINESCENCE
DOSIMETRY MEASUREMENTS

Dean C. Kaul, Stephen D. Egbert, Thomas Kuhn, and James Roberts
Science Applications International Corporation

Gamma radiation from the atomic bombs detonated over Hiroshima and Nagasaki left o
record in the quartz grains constituent 1o the tile and brick in city structures. That record
has been read to determine the gamma-ray dose deposited in these grains, using thermolu-
minescence (TL) dosimetry techniques (sec Chapier 4).

Because the quartz grains are imbedded in dense tile and brick material located on
structures of complex geometry, the dose in quartz is not an exact measure of the free-field
kerma (see Chapter 3 for a discussion of "free ficld" quantities). Therefore, calculations of
dose deposition in the quartz grains were performed, using the same Iree-licld Huence data
and shielding computation methods as those incorporated in the dosimetry system delivered
o the Radiation Effects Research Foundation (RERF) in 1986 (Chapters 7 and 9). This
report presents a summary description of the experimental results, including total dose and
background dose, as well as the salient features of the tiles and brick, including their locations
on the various structures. The report provides a description of the approach used to calculate
the dose to the quariz in the tile and brick samples, as well as a detailed tabulation of
the calculated dose, including the contribution from each component of A-bomb radiation,
Finally, the report provides a comparison of D586 and T65D dose values with measured
results and a discussion of issues raised in the process of that comparison,

Thermoluminescence Measurements
TL measurenents were performed by the following organizations as part of the project
1o reassess Japanese A-bomb survivor doses:

Nara University of Education (NUE) (Chapter 4 Appendixes 2 o 5)
National Institute of Radiological Sciences (NIRS) (Chapter 4 Appendix 1)
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University of Utah (UU) (Chapter 4 Appendix 6)
Oxford University (Chapter 4 Appendix 8)
Durham University (Chapter 4 Appendix 7)

The parameters for these measurements, including distance from the hypocenter, sample
description, thickness, density, and depth from which the quartz grains were taken are given
in Tables 1 to 3 for Hiroshima and Table 4 for Nagasaki. Table 4 also inclodes the ground
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Table 4. Thermolumlnescent Doslmetry Sample Speclficotlons for Magnsakl
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elevation relative to that at the hypocenter for each Nagasaki sample location. The ground
elevation is required to preserve the proper separation between epicenter and sample in the
calculation. Table 5 provides similar data for TL measurement results published in 1967 by
NIRS! for locations at both cities. Contemporary data published by NUE® have not been
matched with calculations due to large uncertainties in sample location, configuration, and
orientation relative to the hypocenter,

Distances from sample locations to the hypocenter at each city were determined for two
map systems, US Army Maps, circa 1945, and new city maps produced in the 19705 The
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hypocenter for each city for the two map systems are as follows:

Hiroshima
Amy Map: 44208 = 61.707
New Map:  26.7350 x —178.3995

Nagasaki
Amy Map:  93.624 x 65936
MNew Map: 34,2475 » —25.3045

Distances reporied in Table 1 for Hiroshima University Auached Primary School sample
locations according to the Army Map have changed due 1o an apparent error in the Army
Map representation of the length of that building. As changed, all samples are located in
terms of Army Map coordinates according 1o actual building dimensions, relative to the
sample from that building closest w the hypocenter (Sample 4-08).

The density of the tiles and bricks are generally twice that of water. The quartz grain
samples were laken from depths of 2em or more. Therelore, the amount of radiation that
reaches these quartz grains is sensitive Lo the angle between the normal to the surface of
incidence and a line from that surface o the epicenter. That angle depends on the distance
from the hypocenter, orientation of the building, and orientation of the tile on the building.
As relerred o in Tables 1 o 5, railing, rool, and step tread tiles were parallel 1o the ground
plang, although there are two exceptions to this convention, as will be described later. Wall
and fascia tiles were oriented perpendicular to the ground plane.

The measurement resulls are presented in summary form in Tables 6 to 10. Resulls are
given in the units originally presented by each proup and as converted to dose in quartz
[denoted rad(S10; )]. Dose in quartz was chosen as the quantity to measure that was most
nearly proportional W the TL signal from the quarz, and, therefore, as most appropriale o
calculate, However, the laboratories monitored their measurements with detectors calibrated
for other quantities, usually the exposure (in roentgens).

The conversion from roentgens to rad(Si0Og) was determined by modeling the experimen-
tal configurations ol the calibration facility ol each laboratory, including the source, facing
material, sample, and backing material. All of the laboratories except UU used ®°Co sources.
UU used 37Cs, Calculations were performed to determine the exposure in roentgens and
the dose in rad(Si03) at the monitor/sample site. The results of the calculations indicate the
conversion factor to be 0.87 £ 0.02 rad(Si02) per roenigen for all laboratories, This value is
essentially that determined directy [rom the mass-energy absorption coelficients for air and
quartz for gamma rays of the energy emitied by the sources. Therefore, the value 0.87 rad/R
was used with no attempt made to propagate the calculational error. In the case of NIRS,
the published results had been converted to dose in tissue by multiplying the exposure in
roentgens by 0.95rad/R. Therefore, the conversion factor used to obtain the NIRS data in
rad(5104) i5 0.916. Some of the NUE results had also been converted from exposure (o dose
in tissue prior o being reported using a conversion factor of 0.96 rad(tissuc)/R; therefore, the
conversion factor the authors used to obtain the dose in quartz from these values was 0.906.
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Table €. Nara Universlty of Education TLD Measurements ot irnshima
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The quartz in each tile or brick sample has been accruing dose from natural sources,
including alpha particle, beta particle, and gamma-ray sources within the tile and surrounding
media, and cosmic radiation. That background dose was resel o zero when the ceramic
material was fired and has been accruing ever since, over periods of 50 years or more,

Background dose rates were measured for most sample locations by one or more labora-
tories. The uncertainties associated with the total background dose are generally dominated
by uncertainty in the age of the building or, more specifically, the date when the ceramic
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Table 10. Natlonnl Institote ef Radisloglea) Selences (1967 TLD Mea-
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was [ired, In those cases for which no background estimate is available [rom any laboratory,
an estimate of 204+ 10 R [17 rad(SiOgz) or 19 rad(tissue)] was used. This value is represen-
tative of many measured background values, and its use is thought to be preferable 1o a zero
estimate.

All of the laboratories measured doses in samples from the Hiroshima University Faculty
of Science. Therefore, it is of interest 1o obtain consistent background dose estimates 1o apply
to all such measurements, The background dose mites (in quartz, rad per year) reported by
all the laboratories and their given or assumed locations are as follows:

Laboraiory Locatiaon Hefa Garmma
HUE fkoar 0,236 == 0006 0U077 = 0,004
HIES wall (243 £ 00020 0115 =0.037

University of Ulsh  miling 0262 4= DU0OG

flooe 01704 0,007
Oxfard University  floor 02104 0020
Dusham Univessity floar 193+ 0019

It is expected that tiles of different origing should have dilferent beta-particle backgrounds
but that the gamma-ray backgrounds should be relatively uniform from tiles from a given
building. Therefore, for the purpose of comparing measurecments with calculations at the
Faculty of Science site the [ollowing representative background dose rates were adopted:

Dase rata (rad{Zig) per year)

Sample Localion Tota Oamma Tatal

Wall 0243 0,029 009620027 0339 £ 0.0
Railing 026240015 009620027 0358 £ 0,031
Floos 020240028 00560027 0298 £ 0.059
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The gamma-ray dose rates and the beta-particle dose rates o the floor are mean values, The

age of the building was 5242 years. Thus, the representative background doses reflected
in Tables 6 to 8 are as follows:

Backpground Dase
Sample Location  mad(5303]  mdastee)  Hoenlgens
Wall 18 19 20
Fatling 19 0 21
Flear 14 iy 15

All values have an associated uncertainty of approximately £ 2rad (or R), standard error.

In the case of the Ieno-cho wall location at Nagasaki, only NIRS has reported back-
ground measurements. Thus, those background values are assigned o all Ieno-cho wall
MEASUrements,

Experimental precision values are presented for completeness, However, since these
values represent only a portion of the true uncertainty ol the measurement, no atlempl was
made to carry them through the measurement-calculation process.

Measurement results for each laboratory are presented as reported (net) and as adjusted
using correction to the gross dose measurement as determined by a laboratory intercalibration
experiment using MgsS5i04: Tb TLDs irradiated at the the National Burcau ol Standards
{Chapter 4 Appendix 10). The adjustment factors thus determined are as follows:

NUE 0,98
NIRS 1.00
University of Utah  1.11
Oxford University 1.06
Durham University  1.09

The adjustments apply only Lo the gross measured quantities and not to the background,
Therefore, the adjusted net is obtained by subtracting the background from the product of
the gross measurement and the adjustment factor. Note that no adjustment factor is available
for the NIRS 1967 data; however, the more recent NIRS data required no adjusiment.

The inclusion of the NIRS 1967 values in this study may seem controversial, since
there is no way to perform intercalibration or other verification/validation studies using the
same techniques or instruments. However, their data were used to provide justification for
the T65D system; and, therefore, are of legitimate interest in the present study. Further,
modern measurements by Oxford University, vusing undifferentiated tile samples, not unlike
those used in the NIRS 1967 approach, provide results that are quite consistent with those
obtained using more modem techniques.

Calculation of Depth Dose in Brick and Tile. Calculation of dose to the guartz grains

in tiles and bricks was performed wsing the fluences of prompt neutrons and gamma rays,
secondary gamma rays, delayed gamma rays, and delayed-neutron secondary gamma rays
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whose calculation is described in Chapter 3. The yields of the Hiroshima and Nagasaki
A-bombs were assumed 10 be 15 and 21 ki, respectively (Chapter 1),

Transport of radiation into the tile was performed by the Monte Carlo method, using
the technique of forward-adjoint coupling. That echnique allows the transport of externally
incident radiation to a deteclor location in a complex geometry, such as that of a structure (o
which a tile is attached, to be correlated with a free-field fluence, therchy obtaining a result
in the combined system. The quantity that facilitates that correlation is called the adjoint
fluence. It may be convolued with the forward, free-field fluence to obtain the Muence al
the detector site, according Lo the expression:

-HE1=f3_/;fﬂEGES,E,ﬂ}rﬁ'{S;E—rE',ﬂ}n-ﬂdﬂdEdS (1)

where ¢(E') is the mean energy-differential fluence in the detector volume, $(5, E, 1) is
the cnergy- and angle-differcntial fluence over some surface S surrounding the complex
geomelry shielding system, and ¢(S, E — E', Q1) is the adjoint Muence tallied on that same
surface, relating encrgy- and angle-differential fluence on that surface to energy-differential
fluence in the detector volume, The same method was used to caleulate structure (Chapter 7)
and survivor self-shielding (Chapter 8) in the DS86 system,

Calculations were carried out using the DLC-31 cross section and kerma library,* which
has an energy group structure as presented in Table 11. The kerma in quartz is presented
in Table 12. The quartz and the surrounding medium were assumed Lo have the same
composition and electronic equilibrium was assumed in the two. The Monte Carlo transport

Tuble 11. MNeotres psd Gamma-ray Esergy Doundarles for the 37-21
Coupled Moutres.gamma Library

Meutran Grauy [e¥) Gamy Graup {e¥)
Graup F [nergy Letharoy Energy Eff. dvy.
i 1067 =0.47% 14347 L 206
l.45eT =0:525 1-00eT 9.00s5
1 1.4%s7 =040 0.00:6 1. 50s8
L] 1427 =01,153 .00 4 £ Lilaf
5 1387 3,125 4004 - 21
§ 1.0s7 w2, 75 50046 4. 5006
T 12347 <0, 100 1. 03E 1500
B 1.11:7 =0 180 A0E+E 2.75eA
) 1.0087 0.0{d 2,500 . 2598
10 9.05:8 0.8 .0080 1. 0544
11 4,154 0.208 1,508k 1. Fh4E
1z T.4148 0.2 1.00%6 B DS
13 &, M4 [ |0 F B . T5+E
14 4,574 2,709 4 E0a% J. TS
15 A TT+HE 2,50 3,345 i
15 407+ f.500 18045 1.2545
17 3.00+6 1.200 1.000% B.50sd
18 2.33+6 1,433 .00 §.4Te4
15 F.A06 1.446T 4500 J.754
20 1.03:8 1.dG0 A.00ed 25044
i1 1.1146 .70 2.00rd L5044
iz 55065 2530 L.oaud
e | 150k i.180
i 1.1145 4500
5 5 75l 5 260
i FETIT .00
a7 P LEL ] B, L5
b (== EL 5815
3 J.354] .200
n L. 234] 9.505
1] H.B142 .75
u [ LS 11503
1 ¥ 0] .75
3 [HH LT 11,750
¥ 30543 15,003
B 11343 15,003
i 4.14-1 17,600
Lerear Dourd 1.00-5 #1611

*Read a8 196 ¢ 107
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Tabls 11, Gomma-ray Kerma ln Qeariz (5105}

Upper Engrgy EEAHL
Groep Ha i [Bas[ 2802 per it Flurnce]
L 4.0 J.I2d.9%
F 0.0 i.44a-9
1 B.0 L
i 1.8 1.228-5
-3 [N} 1.E03-9
] .0 1. 2459
T 1.0 1.111-9
i 3.0 #.488-10
L] 2.5 B.219-10
13 2.0 6.BEZ-1D
W 1.4 $.332=10
12 1.0 1.492-00
13 3.7 2 IM-10
1 o448 1.7 73=10
15 .30 1.021-13
1 2,15 5.E15-11
Ir g.10 S 48011
H:} &.0o7 B 142-10
1] D.0% 1.B15-1D
n 0.011 . L83=1D
2l 0.0 144708

sresd as 1,520000°7,

code MORSE® was used to perform the neutron and gamma-ray adjoint transport calculations
in the sample systems. The forward-adjoint coupling was performed using the YCS Code
System,® which is also the basis of the DS86 shielding calculations.

The geometry sysiems describing the location of the tile and brick samples were modeled
alter the structures on which the ules were located, in those cases where such information
was available. Structure modeling was limited to those features which were thought to have
an effect on TL measurements. Computer-generated pictures of the structures and structure
detail as modeled in the calculations are presented in Figure 1 1o 19, as follows:

Hiroshima
Naka Telephone Office Hirpshima University Attached Primary School
San-In Bank Hiroshima Universily Faculty of Science
Chugoku Elcctric Company Hiroshima University Faculty of Technology
Postal Savings Burcau House (Oni-gawara Tile)
Red Cross Hospital

Nagasaki
Ieno-cho Wall

The perspective views are from the dircction of the epicenter.

Figure 1 shows dimensions of and sample location on the Naka Telephone Office. Sam-
ples 1-01 and 1-04 are horizontal tiles on the railing; sample 1-19 is a vertical wall tile.
Figure 2 shows dimensions of and sample location on the San-In Bank. Sample 12-02 is a
yvertical wall tile.

Figure 3 shows the dimensions of and sample location on the Chugoku Electric Company.
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Sample:
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Figure I. MNaka Telephone Office
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Figure 2, San In Dank

Sample 2-01 is on the horizontal surface of the second step of the stairwell, indicated in the
Figure 4 detail as 2-4. Sample 2-03 is actually several vertical tiles located at the far end

of the window-well as shown in Figure 5 detail. The tile measured by NIRS is 1-2. Those

measured by NUE are 1-3, 2-2, and 2-3. The calculation was performed for tile 1-2.
Figure 6 shows the dimensions of and sample location on a Japanese house. The location

of the Oni-gawara decorative roof ridge-end tile is approximated by sampling from a region
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tample 2-01

Figure 3, Chugeku Eleciric Company
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Figure 4, Chugoku Electric Company detail, Sample location 2-01, stair
well (dimensions in cm)

1.0 cm from the end of the tile roof.

Figure 7 shows the sample location on the Hiroshima University Autached Primary
School. Samples 4-03, 4-07, and 4-09 are from horizontal railing surfaces beginning ap-
proximately 1cm from the outer edge of the railing. Samples 4-01 and 4-08 are fascia or
vertical decorative tiles on roof edges. Figure 8 provides building dimensions as modeled.
Figure 9 provides the location of samples.
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Figure 5. Chugeku Electric Company defail, Sample location 2-01,
windaw well (dimensions in cm)
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Figure 10. Hiroshima University Faculty of Selence
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Figure I1. Hiroshima Unlversity Faculty of Selerce, rooftep corfipura-
Hon, Building heighs, 13,43 m; internal wall thickness, 60 cm; conslructed
of concrele (oufside), Dimensions in meters

Figure 10 shows a perspective view of the Hiroshima University Faculty of Science
building, Its dimensions are shown in Figure 11, and the many sample locations are shown
in Figure 12, Railing samples take into account the tile tilt toward the inside of the railing.
Samples 3-25 and 3-26 arc from heavily shielded locations; 3-25, behind a wall; and 3-26,
behind a pillar. Sample 3-27 is a vertical trim or “kick tile" at the base of another pillar,
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Figure 12, Mirezhima University Faculty of Science, TLD sample loca-
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i-04

Figure 14, Chokin Kyoku (Postal Savirgs Burean)
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Figure 15, Chokin Kyolu dimensions

Sample 3-16 is somewhat shiclded by the intervening stairwell structure.

Figure 13 shows the dimensions of and sample location on the Red Cross Hospital.
Sample 5-01 is a vertical tile taken from window trim near the inner corner of the wall. The
protrusions from the sides of the building are actually covered, open porticoes with a roof
beginning approximately one third of the way up the structure. This modeling error should
not affect the sample calculation, given its location.
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Figure 16, Hiroshima University Faculty of Technology
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-l Figure 17, Teno Wall, house, and shed
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Figures 14 and 15 show perspective and plan views of the Postal Saving Burean (Chokin
Kyoku). Sample 6-00 is located near the peak of a slightly slanted roofl surface. Sample
6-04 is located at the base of a blockhouse on a comer molding to the left of an entry door.
It is shiclded by the second blockhouse,

Figure 16 shows dimensions of and sample location on the Hiroshima University Faculty
of Technology. Sample 8-01 is located on the inside vertical surface of the railing around
the roof.

Figures 17 1o 19 provide a perspective view, detail, and plan view, respectively, of the
Ieno-cho Wall, house, and shed. As shown in Figure 18, calculations were performed for
three individual bricks, modeled together with their grout, corresponding to samples used by
various laboratories. Figure 19 shows the location of the shiclded sample N-2-2, which is
located in that portion of the wall that is two bricks thick, plus 1.0em of grout.

Other locations in which shiclding geomeltry is less well known have been modeled more
simply. The tile samples of Hashizume et al' were assumed to be located on buildings

[l
[
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Sarple Hed-]
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Figure 18, lens Wall and shed (detarl), Dimensions in melers

Figure 19, Plan view of Terno Wall, house, and shed. Dimensions in
meiers

represented by concrete blocks 2m wide, 20m long, and 4 m high. The horizontal samples
are located in the center of the upper surface of that structure. The vertical samples are
located in the middle of the long wall, 1m down from the top. The Urakami church was
modeled as a brick block 10m wide, 20m long, and 10m high. The sample (N-4) was
located on a comer, 3 m above the base, the azimuth angle between the short wall and a line
from the sample to the hypocenter was 46,99, The Sakamoto grave wall was modeled as a
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brick block 1 m wide, 2m long, and 1.5m high., The sample (N-6) was taken to be located
in the center of the long wall, The orentation of that surface was taken o be normal o a
line from sample w hypocenter. The Zenza and Chikugo grave walls were modeled as brick
walls 0.108 m wide, 2m long, and 1.3 m high. The samples (N-7 and N-8) were taken 1o be
located in the middle of the long walls, 1 m above the base. These surfaces were laken (o be
normal 1o a line from sample 0 hypocenter. The Inasa warchouse was modeled as a brick
block 14m wide, 19m long, and 9m high. Samples N-3-1 10 N-3-3 were located on the
long wall most nearly facing the hypocenter. Sample N-3-1 was located on the near comer,
3 m above the base. Samples N-3-2 and N-3-3 were located approximately 4.5 m horizontal
distance from sample N-3-1, 3m and 1.5m above the base, respectively. The angle between
the long wall and a line [rom sample N-3-1 to the hypocenter was 112.6°. Sample N-3-1
was located in the maddle of the short wall most nearly [acing away from the hypocenier,
approximately 3m from the base.

Separate calculations were performed for the dose o quartz in tiles corresponding to the
measurements of each laboratory, according to the location of the sample tile and the depth
for the sample region in that tile. Calculations were made using mean, ground-level air and
ground constituents adapted from those in Chapter 3. All structures except the Ieno-cho
Wall and its environs and other brick structures were assumed (o be constructed of concrele
wilh tile placed on external surfaces. The Ieno-cho Wall was constructed of brick, grout,
and concrete with surrounding structures composed of materials typical of Japanese residen-
tinl dwellings as described in Chapter 7. Other brick structures were assumed o be solid
brick blocks. The materials used in the transport calculations, along with their constituent
elements, are provided in Table 13. The constituents of dry brick and tile were considered

Table 13, Elseatal Constiisent Welght Percents Used Is Modellspg Alr,
Groand, Tlice, Bricks, and Sirucieres o §isoahina gnd Noposok]

Haterial

Thze Hiroshims Epgasakl

ElgmEn kiF Gropad Tile Arick Coserele ot rale

- 1% - L 3,040 .BE=T E. 557 §.07=1 £.57-1
mmﬂ B, TE<}
Carboa B30 1.38-1 1.47-1 7.53-1
Mibrogpen Tolide]
Oxygen 2l $.07+1 S.04e] §.250] 5. a0kl 4,571
Esdiua 1220 1.78s1 2711 1.03:0 8,151
Higsaili= 2:41=1 1, 16=1 H.1B=1
Aluminom §.43:0 1.03%0 L. 20y 5.2540 35240
381 1con 2.56e] g+ 3,084 ] I,469L ERP L]
Pl phorous .8L-T
Lul Ter [ =s 1]
Chlarine §.00-2
Argon L. B340
Fotassium 2.7540 1.4540 14740 L. 3+ 1,910
Calelesm §.00=0 S.2F=1 Bafill=] [ 153 2,568
Titaniim 1=l 5.21=1 £ 1E=1 r.20-2
Rasgdigia A0 4642 2:00=1 8,10 4,43-2
Iren 1. 3543 111+ 1.55+D 2,574 1.31=0
genpley [gree) 1.11-3 1. TEwd viFlabla  1.70#0 pe =] 2.32:0

shesd i 18300070,

to be nominally the same. However, measurements performed by Haskell” indicate that
the density of brick ranges between 1.55 gfem® for dry brick and 1.82g/cm® for saturated
brick. An intermediate density value of 1.7 gfem® was chosen for the calculation. The tiles
were assumed to be glazed and, therclore, not subject to significant variations in moisture
content, Calculations were performed using appropriate densities for individual tiles based
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on the location of each. These densities were developed based on measurements by several
laboratories.

The results of the calculations for all sample locations are presented in Tables 14 1o 23,
Results for sample distances corresponding (o those from the Army maps and the new city
maps are presented separately. It should be noted that the distances provided in the table
of calculation results for Nagasaki samples have been adjusted, using local ground elevation
values relative to that of the hypocenter, to give the slant distance from epicenter 1o sample
correctly.,

Dose calculation results for each sample include the contributions from prompt and air-
secondary gamma rays (P+5), delayed gamma rays (DG), and building-sccondary gamma
rays from prompt neatrons (BGp) and delayed neutrons (BGp). Typical statistical precision
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Measuremeaty, Army Mop

Coua Companenis [IJ!'[!!D::IJ

Sample fn [ o b 8, 0 Tatal
3.3t 1328,7 .6 19.4 0.5 5 .45
3277 1%2.0 " S 0.5 - £3.0
-1 .8 .2 .0 0.4 - El,E
3.75" 4.7 1.4 i1 f.4 = 10,5
3-35¢ p4i4,8 3.4 27.8 0.8 5 LLE
2.38" 14848 2. 1.8 .4 - £3.6
-3¢ TIEN #2.4 1.8 B4 £ BB
Jazat 1452.1 2.1 . g z 51,1
J.zt 1852, 5 L5 7.8 8,3 5 §2.0
-5t 1455, T 3.7 L3 8.3 - B.B

4. Prospt pled ircordary gasad.

B Delayed gesms ray.

£. Building gemsa rays from proapk neubreai,
d. Muilding gi=ms rays Trom delayed meutrend.
8. Univerfity af Utah,

f. Oefaord Ualwarilby

s Durbss Unlserilty.
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Tuble 19. Cabewlsbed Dose o Cuartz in Hiroshima Tie Cormesponding
1o Uelversiy of Utah, Ouxford Unlversily, and Durbam Universlty TLD

Meassrements, New Cliy Map

Dots Cospiments [Rldl:ﬂl:l?]]

Glatance "
Samzle ) ] Tatsl
2.13" 1352.8 1,7 o 1.4
.73 1357.0 15,5 0.5 [FH
1.n* 1475 ¥4 o £3.d
3.35% 1433, % £, o.d 1.3
1.* 1445.1 .3 0.4 TE
1 1445.1 7.3 0.4 5.8
3357 1485.1 7.3 .4 kR.A
324" 1456.9 6.0 0.3 2.0
.t 14572 FF] 0.1 1.2
325" L0504 1.5 0.1 .4

d- Prosps plus secosdary Qasmi.

B, Debayed gamdd ray-

6. Hullding gama rays fras preapl Pdutreas.
d. Bullding ghmd raps fros delayed Aestrenss
£ Unlversity of LRas,

. Dulfesd Batwersity

g. Durkia Universdty

Table 20, Caloulated Dose 1o Quarts In Magniaki Tirlelk, Aremy Map

Cose Companents [3ad tsilill.b]:

Dlstancs
Taapla [a) " Tatul
e
BaZala 1430, 56,2 ar.1 0.1 1034
b 49.3 B.A 0:1 RE,Z
£ 414 21 ol 3.6
HIE
H-d L9 2598 a7 1.3 EETD.1
Hel inif.2 169.4 1.6 0.9 4.8
H-T ALHLE El.4 L5 [11M 1LE.0
H-2-1& IEX]. & L5.E 7.3 [+ M ] a7
] 5.1 LHH | 2.1 = 153.3
3 El.X 4.5 - B | - 92.8
d L] n.r 0.1 - 25,4
] [ LT a1 = 1.5
f B 5.2 0.1 = 7.0
q LT3 45,0 0.1 = 1013
h 55,3 41,1 b.1 - .5
i 15,4 35.1 0.1 = .5
L] .l . 0.1 - 65,1
E-3-1a 14954 0.0 . 0.1 - 1.4
-] 9.1 4.8 a.k = .0
[ 205 iT:0 a.1 b
d 5.2 i1.4 2.8 oE:T
L] 1.4 12.1 [ N ] b2
H-3-1 Y, 7 .2 1.5 = el
= T, & .3 1.4 = En.l
-3 i e 6.4 1.5 - =0.0
-4 45,0 0,77 o . 1.5
H=A 14,0 2.5 (P15 - 1.9
Ualvirsley aff ULik
d=3=]a 18136 3.5 0.1 183.0
] 3.1 o.1 1.7
[ 4.4 Bl 7.4
fafgrd Universiiy of Dyrhas Pafiveriity
d-3-la 14336 ifE - 1 | 156.9
b .2 2.1 K7
[ 1.9 0.1 1.1
B. Prompt plul Secendiry gasms ray.
B. Celayed gamn Py,
£, Bullding gesas rays froa proapt nesdrons.
dy Byibding guemd rays from delayed naytreag,

associated with each component is 3 % for prompt and air-secondary gamma rays and delayed
pamma rays and 6% for the gamma rays from the building. At Hiroshima the delayed
gamma rays constitute the largest single contributor to TL dose at all distances. At Nagasaki,
however, the prompt and air-secondary component excecds that from delayed gamma rays

beyond approximately 1000 m.
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Table 21. Calculated Dode fo Quartz In Magnsakl Irick, Mew Clty hap

Dase Companents [Rad |_5iI:I!,L'|

Digzantd
taaple [=i pegl pokb T T Total
P )

]

Had=la 1428.5 51.3 3,2 0.1 - 1054
b 50,2 1.7 0.1 - 50.0
£ 42,3 2.8 0.l - 5.1

M[EE

el .3 26049 1540 9.4 8.7 [ 315 )

Heb 1051.8 212.4 9.0 0.9 0.4 451.5

HaT 1.6 £3.3 55,7 (] - 117.1

H-2-12 L .7 40,0 (| = bOE. B
] k. 4n.1 ¥ | - [
[ T 47.% oLl - 8B
d 9.7 18,6 a,1 - BE. i
' 45,5 4.5 8.1 = BO.5
r 3.6 19,8 .1 = 6.5
0 58,3 47,1 a1 = §05.5
h 11 | 2.9 2.1 = 5.4
1 &2 8.9 0.1 - 8.2
F 7.0 1.6 0.1 . BT

H-2-2 14396 25.6 .5 0.1 - 4.6
b 2590 5.1 0.1 = 55,0
C 0.9 17.3 0.1 = 6.4
] 5.8 11,8 0.1 - 1.2
[] L. 0 1.5 0.1 = 6.8

K-1-1 405 B.1 3.0 - . 2.9
] 1.8 b2 1.8 E . 10.0
3 20918 bl 1.6 - = 9.9
1 0573 TE T = : 1.5

L 21331 2.12 .28 - - 1.6

Gniversity af Utak

K-1-1a 14205 £5.5 45.5 0.1 - 105.2
b A8.4 18,5 0.1 a &7.4
£ 3.8 5.2 0.1 - .l

Caford University

LS T 6.7 50,9 0.1 - 109.2
b i7.3 3.0 0.1 B%.4
£ 41,0 2.7 0.1 75.8

v, Froapt plws secosdery geess ray.
b Delayed gesms rays

t. Eullding gemd riyl from prompt saubroat.
d., Bullding geama rapt from Salayed pewtreni.

Tuble 2. Calculated Dose to Quoriz [n Hiroskima and Mapasakl Tile
Corresposd|sp o Katlong] Instliute of Hadioloplcad Sclences (1967) TLD
Mexsupements, Army Mag

Boin Compeneats [Had|510,1]

Barance
Sazple f=) pegd Gb B © Bay g Tetal
Wiroshima
! 130.2  1AIZ.6 ZEPOA 2EEE.D 114.5 E763.7
S 130.0 2565 EED MEEE] £4.1 5191.9
1 WEa 115 2EEAD 39L.B §13.4 Bl 3
4 A5 b 0.7 2050.% GE2.4 45,3 e
5 610,32 B13.9 1053 1743 14.2 1177.1
6 Tor.§ MO 65N BL.J 1.2 11546
7 EET ur.? FLI 1.8 1.0 Til.8
Ragasakl
L k¥ 1LaR5 & JdadR.] §92,5 140.7 #3180,
2 455 1680 IS 4.5 70,4 EEEL.2
1 13 IDE2.A 1609 12,9 15.6 24788
4 £71 E12.4  GELE 4,1 1,7 1251.0
5 E 511.7 8.k 1.% 7 1118.5
5 #47 dHoe 807, 2.8 2.1 §E3, 4
’ §75 6.3 A, ¥ ET .0 30,9

be Prespl plul fedsndary gamms ray.

b, Delayed quema ray.

E. Bulldlng fisss Fiyé Fiom grompb neukross.
d. Pl Bd1Ag Queds FayE From dalayed meubreat,

At both cities the contribution from building-secondary gamma rays is small beyond a dis-
tance of approximately 500 m. However, inside that distance the building-secondary gamma
ray contribution can be quite large, particularly at Hiroshima, The Hiroshima building-
sccondary component is itsell dominated by that from prompt neutrons. However, Nagasaki
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Table 23, Caleulated Doss g0 (Quariz [s Hirshima snd Magsakl Tie
Corresponding to Motlons] Institute of Rediodoploal Sclences (1967 TLD
Measarements, Mew Cliy hop

Boie Companents [Rad[5! I:I;.r]

Datasce
Sespla (] regd Gt [ BE, ¢ Tatal
Hlrasklss
1 186.2 356,19 259 T 2851.5 1z.a £37.1
E 1185 50,7 SE3E.] LEZ0.9 E5.B LIgEL.5
3 5.4 W58 M9 2304 N £531.E
[ 40 .4 9l 3206 TR 1.4 421%,0
5 517.8 BIT.A LOBILE 184.0 13,8 17184
b 18,0 if6.8  ERT.6 B f.i iisisE
T BE5.E 1327 Fe T B.3 0.8 1.0
ezt
1 i 19%609,F  (8BS0.% £i4,3 j65, 8 TUEE
2 503 5105 A50T.T 444 ] B15%.1
3 111 11104 [LE ] 11.3 14,3 Fa L |
[ RES Sk.E G 4.3 1.9 1291,
§ L] 2314 Lil.% A7 1.0 1LED,8
£ 535 TR T ] 2.8 1.8 622
T L 9.1 4] o 2.0 anl.e

= Prospr ple fecsadiry gisal Fiys

Balayed gisma riy.

Buflding sema rayi from prompt revtreds.
Buiiding guwsa rays Trom delayed nestrang.

o
Eaon

results show a much different relatonship between building-secondarics [rom prompl and
delayed neutrons. The neutron output from the Nagasaki bomb is dominated by neutrons
having energies below approximately 3 keV. These neutrons can barely reach the ground and
are thus important only within 100 or 200m from the hypocenter. Beyond that distance,
delayed neutrons are more numerous though somewhat less energetic than the remaining
prompt neutrons and provide the bulk of the building-secondary gamma rays at Nagasaki
through nearly 1000 m distance.

Few of the tiles are shiclded by intervening structures, The self-shiclding of the quartz
by the tile or brick and the building to which it is attached varies with sample depth and
angle of incidence of the radiation. At a distance of approximately 1400m a sample taken
from a depth of 0.5 1o 1.5¢c¢m on a horizontal surface has a dose that is approximaitely 0.8 of
the free-field values, while on a vertical surface, facing the hypocenter, it is approximately
0.9. Samples deeper in the brick or tile, such as the 1.0 to 2.0cm depth of the NIRS 1967
measurements, are reduced another 10 % or more, depending on sample orientation. These
reductions are consistent with those determined by Hashizume ct al.l

Comparison of Calculations and Measurements

Comparisons between calculated and measured doses in quartz were made for 49 locations
al Hiroshima and 42 at Nagasaki, counting all the various sample depths at the Ieno-cho
Wall. Each location is associated with two distances, one from the Army map and one
from the new cily map. Also, for all laboratories excepl NIRS, cach measurement has an
unadjusted and an adjusted value based on calibration factors provided by the measurers,
Thus, there are many comparisons that can be made. These comparisons are presented in
tabular form in Tables 24 1o 28. Comparisons are made in terms of the ratio, (calculated
value — measurcd value) + (calculated value). Thus, the value given indicates the fraction by
which the calculation would have to change to match the measurement. The sign indicates
whether the calculation is low (=) or high (+ understood) relative to the measurement. The
following four conventions were adopted goveming the comparison process: (1) the mean
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Table 4. Comparlson of Calculated and Measiered [Doged lo Quaniz la
Hizroshima Tile Samples, Mara Universiy Measmrenenis

DisEance {Calc =Mens. ) iCalic. DEstance {Calc.=Maat . ) fCale
Arsy Hip Hew CALy MHap

Lampilm s} ursdl ). [md wid |« idl,
Hizh Tr-En"I'lu.rI Har Lz
L=4 EIG.A 151 «1EA 5234 =170 8T
-84 E55.0 =: 102 = 089 L1 ] =128 = 18%
L5 1134.7 {5 .21 1191.2 Lk =31
4228 L2550 =z 1T my LER 1211.3 =g 153 =.112
A7 L2750 =, 208 =, 1EQ 1.1 = 215 L |
429 1251.1 =104 -1 1197.1 -1 =260
451 i38a.7 =.043 =019 13169 -0 = .0k
4=00 Hor, 133,11 =005 =, 047 1338.1 =07 =.011

Yerka S <ME3 014 S04
1=10 PIELD =, 244 =, 214 1131.% - =00
3-15 FIF20 =.03 =015 13931 =015 =021
3-8 1ns.4 = 1E2 =. 12 1822.0 =189 =151
1=i7 .z o OB =081 1427.9 =181 -, 0ae
Jal5 L1 E P =251 el ] 18505 g A1 =15
1-15 1iR4.8 =012 A 10451 =013 =013
1= 1B 1184.2 14 B 1968.7 -0 FLie
-4 Lt == GC - L5 503,80 -.050 =. 1ol
Béin = 1858, 154 = Q30,139 i - L L] = U122
Baan wio .00 & 14§ -.0978.122 = 0715019 =195, 15 -, CO5E. I

Prodais Hithed

&-08 1385.0 =. 10 =.1M 1271.3 =2 =202
4-0% Vort. 133110 =111 - OES 1338, ] - 141 =117
1-08 1373, «AZL 115 1370.4 2134 150
3-11 13118 =241 =214 1138.5% =2 - 150
i-f0 h-0H, ] =153 =171 13879 =377 =, J44
§-31 19,7 =047 -0 1451.8 =057 =05
A-01 0861 Pl 209 4.5 =007 M1
Hean = L1Ek LER =. 004+, 167 = 02Te, 075 = 102=. 079
L]

1111 locakiont]) =1 Me. 15 = 104+.152 = 15T, 236 =132, 701
w'o
G504 & 145 = 180,131 =076+ 131 = AEEe, 1dE L B L
Hesnn 018+ 185 <O+ 182 SAEL+. 211 341+, 208
«lstance less o == = =
thin |0
Hean = 1LEE.125 = [0k 126 =.119+.112 =.111+.113
=Slstance greaber

than 1000

[=fa 6-C4 & 135]

Reany = JLBE. 162 = D04, 16T = 137%,17% = nie. 11
=Olslance Greaker

Ehin LOS0m

predaoie

Feanit = 10d+. 109 = [30%.107 =< L41+.114 = 115k L1
=bistasce greater

Ehia 1000a

High Temperature
[wfa =04 & 145)

comparison between calculations and the measurements was determined on the basis of
sample location, (2) thus, if more than one measured value is given for a specific location,
the mean comparison for that location was determined before determining the overall mean
for the laboratory, (3) similarly, if results are given at a specific location for more than one
measurement technique, the mean for a technique was taken before obtaining the mean for
the location, and (4) finally, all laboratories were given equal weight in determining the
overall calculation-measurement comparison mean.

Nara University of Education. Comparisons of calculations with NUE Hiroshima mea-
surements (Table 24) are uniformly good as a whole and in various groupings based on
measurement method and distance from the hypocenter. Samples 6-04 and 145 should be
omitted from the comparisons because they are outliers and have complex geometries not
adequately modeled in the calculations.

NUE has obtained the majority of its dose data using the high temperature method with
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Table 15, Comparlson of Calculated and Measured Doses 1o Cruariz
Ia Hirathlma The Samplo, Natlonal Instiube of Radidoglca] Schisccs

Meazuremenls
Blithrse [L=CHE S TR T L) [ Dlgtarse [Calg,~meat, }/Cale,
Arwy Map Naw ClEy Map
Samalg [m] e | . sl |m] anad] . ).
High Temperature Hekbod
1=l 50b.5 [ 2.2 8.8 0.238 0.
=19 5271 =2, 155 =155 513.1 =0, 128 ey
i12=0F A12.5 0080 &30 EXl.0 0, 65% 0,080
=01 610 8,183 G183 Ei4.4 a,%11 o3
=0 6550 =200 =000 EilsB =0, 0L =0.014
Feedese Hethad
357 [REFS | =3.150 =3.190 13T =0, 711 0.211
1=10 13E2.8 adi 441 =441 13175 =0, 468 =0.4E3
1= 14191 =0, 541 -3, 841 14,9 -0, 517 -0, 517
1-11 I, 2 .08 -3, 180 6.1 -0, 308 -0, 20
3-1% JELEM ] =0.521 =0,.521 1491 =0,9%% =0.9%4
5-31 L =0,80% =3,.015% L4518 =0, 040 =0.04F
G6=00 16837 ;0 =054 =0, 054 LEQS.T =0, 14F =0. 149
Hegn =0 DT 135 -I],l?i'_h,]i‘i- =0, TBE+, J4F 0, LBse 242
e -0, 1137, 250 -0.013%.280 -0, 016%, 858 -0,0163, 252
wio 3-35
Hesn I].ﬂE!_t.'I.S-!- 0.061+158 I].I]Ji:. L&Y 0.07%%.15]
Blatiace Veis
than | 000m
Haea =0.257+.152 =0.257+.152 <0_F75+ 204 =035+ 204
Blarsnes gresber
Lhan |60=
wia 1=3%
Table 36 Comparlsoa of Colcubaicd oed Messured Doses to fjuaric
Ia llireshlees Tile Somples, Uslversity of Liah, Oafurd Unlverslty, el
Durhiom University Measuremeais
DikEanca [Calca=Meat.)/Cale. Dfitance [Calc.=Heas.|/Calc.
Amy Hap Hew Gty Fag
fampla [ unid]. . fn] wiadlf Bd] .
-t 1388, T -3, 304 -3 404 1.0 =0.2H -0.477
31 13220 0,108 0,515 1370 =-0.365 =0,547
321 1421.8 - - 1421.9 5 "
I-l'!l' 1427.T 1.CHE 1,033 1833.2 1-4E5 L2 g
134" 14410 =0, 105 0,3 5.1 =020 =154
1-34% 14448 -3, 1M 0.4t 14481 -0.35 -0, 454
31" 1444.08 0. 715 0,35 1449.1 =0.235 =0, 17§
-4t 1453.1 =3, 104 03,370 14569 =023 =0, 40
B 145,85 .87 -5, 058 14572 0,05] -n,874
1150 1455, T 3,100 0, 02% ELED. A .29 =i1,938
Talwersiiy of Utak -.I”’i. i =, H]:.II'D -I:I.I'i.'l‘_hil'.li =036, 176

mEan w00 320, J=1%, =16

k= University of Utah.
B. OQuford Ualweralty
€. Derhea Walvariley.

some additional data from the pre-dose method. A comparison of the resulis of the two
methods at three coincident locations indicated that the pre-dose technique gives results
which are 109 higher than those obtained by the high temperature method. However, that
difference is not considered significant, being of the same order as the precision of the
measurements. Further, differences between the calculated results and those oblained by
NUE using the two methods at all of their respective locations are very similar. What does
differ substantially between the comparisons, as grouped by measurement method, is the
standard error of the mean comparison value. The pre-dose method results show a larger
spread in comparison with the calculations than do those obtained by the high temperature
method.
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The NUE mean measurement-calculation comparisons do dilfer with range, being less
than the calculations at distances less than 1000 m and greater at distances more than 1000 m,
The differences are not significant within the stated uncertainties. However, a similar trend
iz demonstrated by comparison of NIRS data with the calculations, as discussed later.

Comparisons of calculations with NUE Nagasaki measurements (Table 27) generally
show better than 10 % agreement between the two, though there is a consistant gradient in
the comparison with sample depth. At the front surface, however, the calculations were
between 4 and 8% high, which is consisient wilh the degree of calculation precision and
probably within the range of a realistic assessment of measurement uncertainty.

National Institute of Radiological Sciences.  Comparison of calculations with NIRS
Hiroshima measuremenis (Table 23) vields very different resulls within and without a distance
of 1000 m. Inside 1000m the calculations exceed the measurements by approximately 7 %,
compared to 3 % for a similar comparison with NUE data. In both cases the spread in the data
is large, providing standard errors of the distribution of about 0.15 1o 0.20. Beyond 1000 m
the measurements exceed the calculations by approximately 28 96, provided that Sample 3-35
15 omitted as an outlier. There is no apparent reason why the NIRS value at Sample 3-35
should be so high, However, as will be discussed later it is well outside the envelope of the
four other measurements; therefore, ils omission is considered justifiable,

It should be noted that NIRS switches measurement techniques at 1000 m, from quartz
inclusion at shorter distance to pre-dose at larger distances. The NIRS and NUE pre-dose
results differ in comparison with the calculations, with the NIRS data being higher than either.
However, the variances of the comparison ralios [or pre-dose data from both laboratories are
similarly large.

Comparison of calculations with NIRS measurements at Nagasaki (Table 27) indicates
that for shallow samples (depth less than 5 cm) overall agreement is better than 10 % (much
better if the comparison is limited to distances greater than 1000 m). Inclusion of all measure-
ments in the comparison, including all sample depths, yields a somewhat greater discrepancy
between calculation and measurement; the calculations would have to be lower by approx-
imately 13% to maich the measurements overall. However, in all of these comparisons the
spread is very large, yielding a large standard error of the population (0.2).

Al Ieno-cho Wall (Sample N-2) the comparison between calculation and measurement
is very good and consistent for depths less than 5 cm. At larger depths most, but not all,
of the measurements drop below the corresponding calculations. The comparisen between
shielded and unshielded Ieno-cho Wall samples is of particular interest because it serves as
an indication of the qualily of DS86 house shiclding calculations. Using measurements and
calculations at like depths (0.5 io 1.5cm), the measured and calculated transmission factors
(see Chapter 7 for a discussion of "transmission factors") are:

Measured 048  Calculated 0.52

which are in good agreement with each other.

University of Utah. Comparisons of calculations with the UU Hiroshima measurements
(Table 26) are very different with and without the calibration adjustment. The measurements
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Table 27, Comparlses of Cakubsied ansd Measured Doscs io Quariz in

Mazsall Orick Samiples

Blgtasce [Calca=Feas. pfialc. Distarce [Cale.-Meas.]/Cale.
Aray Map Wew Gty Map
Eaple [n] unsiy, ad), [} unady, wd).
e
B=Z=14 14370 0043 o 652 14389 0.06% 0.081
b o014 .08 0,24 0.044
£ =0,114 =0,181 =[0.G92 =.0J3
Kean =0.009:0, 688 =0, D350, 0ES l!l.ﬂl!:l:l.ﬂli G.ﬁl.!.:..ﬂl]l-
HIES
K- 5.0 0.3 2.9 521.5 0.15E 0.3
H-& 10458 =0 1E2 =122 112 =0 163 =0.1E1
H=T 18324 0.215 [ F-d 11 1E35.4 0.238 0.234
KeZsla 1437.0 =0.011 =00k 14319 0.008 0.000
b <0004 =0, 016 0.004 0.004
5 =0,04 =, 04 =0:01% =0.081
d 0.m9 8,095 o.118 o.1%a
B &, 202 O 20 D217 D207
f =Fri ] G240 0.255 0,255
q =006 =}, 025 =005 =0,005
h =0,0LE =0}, 315 0,058 0,004
1 | M ] 0.1354 0.112 0,142
1 =0,007 -a,a37? =0.007 =0 001
H-Z-2u 14148 M= 0,665 38,0 D.DEA 008
1] 0.ore 0.014 0,08 0.0l
i =0, K97 =0. 15 =0,172 =0.172
L] 0,418 .41 0,435 R
L 3 0,351 0.351 0, 3] 0,341
H=3=1 b LK «0. 163 =0, MdE.0 -G 7LE 0,717
-2 204T.0 0.918 n.911 Fae ] 2. 5l0 o.5k0
-1 204T.0 1.48 1.4k bt AL 1.46
-4 o £ 1.03 T61.T 1.200 I.E00
H-A Fe il AL 123 121 bk - (1 1%
Meani 0, 12684211 012643, 203 O, b3, |98 O, ha848, 198
=picepk H=1, H=8 = - e
Pean: LeARHILEN D.09RRuE0 0. 10340, 702 010340, 200
=3pale depth lesa I e £ T
thia 5.0 cm
=expept H=3, H=B
Feanz 0,0304+0, 14T D-ﬂﬂlﬂ‘q 187 D45, 16T 004343, 16T
=ieaple depth lepa = 8!
Lhia 5.0 tm
=pacept H=1, M=
=dlstasce GrELLER
thia 1000
Feanz 0,052+0.1460 005040, 103 0, 08943, 150 008003, 120
=l Wall B e T
slghlelded
Feanz -h,ﬂllﬂ.mi -ﬂ.ﬂﬂlﬂhmﬂ 0.BE343,. D2 0 G0EHE, 009
-lora Wall = i
~Unphlelded
=Hmale depth
lgss then 5.0 ¢a
U TE 0.5, 165 015430, 255 017040, ¥5A 0.17040. 258
=lera Wil = ok o ®
=3hiEldid
Hean: 0, 070443, 004 0.07040,00& 0 DER40, D05 D-DERA 3, 005
=lm=g Wall & i = o
=Shielded
-Smmplw deplh
leid thin 5.0 ¢m
Helvargity of Utsh
daPaln 14370 O-.204 o.057 19315 0.221 o116
b 0,353 o.14% i, 268 3,155
t 034 o.350 0,155 &, 57
Hains 0. 006e0.06%  D.1EE:0.078 D.150.068 0,180,877
Oulord Uslesrsity
O 1 14370 D252 0157 1431.% g.aT .22
b 1 | 0.1%4 [k | ] 0, 180
[ o.rr 0.141 o, 235 o, 1
Hesn 2,23150.01% 0.1E550.002 0. EATe 0017 0, 195+0.024
i T ] I.hh'l'-ﬂ'l.!
b-2-la 1431.0 8.141 0.0 51 ] o,1% o1z
[ ] 0,104 0106 0.211 k]
L4 L1 3 5 [ ] 0.15% 0. LOF
Haia 0. 880,015 0,251 2015 0., 2050614 o, LLED.O13
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are approximately 35 and 16% higher than the calculations with and without the calibration
adjustment, respectively. Three samples were omitted o obtain this level of agreement. They
are 3-21, which was withdrawn by UU, and 3-25 and 3-26, which were substantially shiclded
and are therefore subject to large errors in measurement by being close to background. Even
without these samples the spread in the comparisons is still quite large, resulting in a large
standard emor of the distribution. It should be noted that the mean comparisons of the other
laboratories using the pre-dose technigue, including those from Japan, are within the range
ol thatl standard error.

The Nagasaki samples show a distinct improvement with the inclusion of the adjustment
1o the measurements. Even so, the calculations would have to be reduced by 17% to match
the adjusted mean [or all thicknesses or by 10 % to match the adjusted front-face value.

Oxford and Durham Universities. At Hiroshima (Table 26) the comparisons between
Oxford and Durham Universities data and the calculations sulfer substantially with the in-
clusion ol the calibration adjustment, though the Durham results are reasonably consistent
with those ol UU. The Oxlord results are very high compared with all the other laboratories
as well as compared with the calculations.

At Nagasaki (Table 27) the results for the two British laboratories are both quite consistent
over the entire brick thickness, unlike the results of other laboratories. In the case of Nagasaki
calculation-measurement comparisons, the calibration adjustments produce an improvement.
According to the adjusted values, the Oxford results for all thicknesses at the Ieno-cho Wall
are consistent with those of UU, while the Durham results are closer to those of the Japanese
laboratonies. For [ront surface comparisons the results of UU and Durham are both consistent
with the Japanese resulis, while Oxford remains low.

NIRS 1967. The NIRS 1967 calculation-measurement comparison (Table 28) provides
results that are remarkably consistent with those from comparisons with more recent mea-
surements, considering the limitations in technique that existed at that time. The comparisons
for NUE, NIRS, and NIRS 1967 arc all essentially the same, within uncertaintics, for' dis-
tances less than 1000 m.,

Comparison Summary and Conclusions

A summary ol measurement-calculation comparisons for all laboratories is presented in
Table 29 for Hiroshima and in Table 30 for Nagasaki. These tables have been prepared
under the assumption that data at new city map distances, subject to calibration adjustment,
are the best that can currently be produced. The data in Tables 29 and 30 provide several
points of view pertaining 1o the comparison ol measurements and calculations. First, the
mean comparison for all data at cach city, less outliers as discussed previously, are presented
lor each laboratory. Next, for Hiroshima (Table 29) comparisons are provided for disiances
less than and greater than 1000 m, and for location 3-35, the only location at Hiroshima
treated by all five laboratories, For MNagasaki (Table 30) mean comparisons are provided
for shallow sample depths at all ranges and [or locations at distances greater than 1000 m.,
Comparisons are also provided for the Ieno-cho wall for samples throughout the thickness of
the wall and for shallow depths only. Finally, mean results for the laboratories as a whole
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are presented with and without the contribution of the NIRS 1967 data.

One important conclusion that may be drawn [rom the tables is that there is general
agreement between calculations and measurements at Nagasaki at least within the experi-
mental uncertainty limits, which are estimated to be 10 to 15%. This is not surprising since
similar levels of agreement have been achieved between calculations and measurcments of
gamma radiation dose at tests of weapons having the same design as that of the Nagasaki
weapon. Not all locations were subject (o measurement at other than shallow depths. Thus,
comparisons are provided [or such depths alone. Those comparisons demonstrate very good
and consistent agrecment between calculations and measurements. At the Ieno-cho wall,
measurements were made throughout the 10cm thick brick. Comparisons with the calcula-
tions for all depths (Table 27) indicate that, while results for some laboratories show trends
with depth, on the whole the agreement throughout the brick thickness is also good, as sug-
gested by the mean values provided in Table 30. That indicates that the characterizations of
the brick sample and the incident gamma-ray spectra are quite good.

The measurements made at distances less than 1000 m at Nagasaki consist almost wholly
of the NIRS 1967 data. Only one other measurement was made in that region, a modemn
NIRS measurement for which the comparison value is 0.356. However, the NIRS 1967
measurements are quite consistent with the modern results at ranges greater than 1000m,
when compared to the calculations. At Hiroshima, the modem and 1967 measurements arc
very consistent with respect to the calculations at distances less than 1000 m, The consistency
of the old with the new measured data is remarkable, given the 20-year lapse between the
W0 measurements.

The comparisons of measurements and calculations at Hiroshima for distances beyond
1000m are not consistent from laboratory o laboratory and provide a real dilemma for the
assessment of the quality of D586. It was intended that interlaboratory differences were (o
have been resolved based on measurements at a common location. The location chosen was
the roof of the University of Hiroshima, Faculty of Science Building (location 3-35). As can
be seen from Table 29, such resolution has not been entirely achieved. However, withoul
the NIRS value, the comparisons of the four remaining laboratories are relatively consistent.
The NUE wvalue is actually the mean of results for five tiles, one at location 3-35 and four
at location 3-15, an adjacent location with identical tile types. The comparisons for the five
tiles range from —0.012 to —0.394 and are, therclore, inclusive of the UU and Durham data.

Even if the NIRS value is discounted as an outlier, the mean dose to quartz measured
at the 3-35 (and 3-15) location is 68.7 4 5.1rad, where 5.1 is the standard error of the
distribution. That level of precision is well within the 10 1o 15% uncertainty claimed for the
measurcments. However, the mean measured dose is considerably higher than the calculated
value of 50 rad; it is even larger than the caleulated free field at the same height and location,
which is approximately 57 rad.

The mean comparison of measurement and calculation for all five laboratories for all
locations beyond 1000 m at Hiroshima shows a large disagreement between the calculated
and measured values similar 1o that at location 3-35. However, comparisons made for
individual laboratories differ as to the degree of the disagreement. Three laboratorics, NUE,
NIRS, and UU, have made measurements at Hiroshima locations other than 3-35. The mean
comparisons for those laboratorics range from —(0.111 to —0.366, a large range.
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The data from NUE stand oul as being in consistently good agreement with the calcu-
lations, That consistency 15 exemplilicd in the comparison made Tor horzontal Noorrool
tiles on top of the Hiroshima University Faculty of Sciences Building. Both the calculations
and measurements decrease monotonically with increasing distance from the hypocenter as
should be expected for similarly oriented, largely unshielded tiles. The only exception to this
is the measurement at location 3-15, which is sigificantly higher than other nearby measured
points, both on an absolute scale and relative to the calculations.

The mean comparison for all NUE data and matching calculations beyond 1000m at
Hiroshima is —0.111 with a standard error of the distribuion of 0.133. Given the large number
of sample locations represented (17), the standard error of the mean is very small indeed,
0.032. Thus, the NUE measurement-calculation comparison has been reliably determined (o
be within the 10 to 15% accuracy which is estimated to be that of the measurements and
which is also attributable to the DS86 free field gamma-ray fluence.

The NIRS measurement locations beyond 1000 m at Hiroshima are many fewer in number
(7) than those of NUE. Further, one of these locations, 3-35, must be regarded as an outlier
and is, in fact, not included in the mean measurement-calculation comparison value (—0.275)
given in Table 29. The standard error of the distribution associated with that comparison
value is 0.204, which is much larger than that associated with the NUE data as a whole.
However, it 15 consistent with the standard error associated with the NUE data obtained by
the pre-dose method alone (0.18), which is also the method used by NIRS.

The cause of the large variation in the NIRS data-calculation comparison is apparent if
the measured values at each location are viewed independently (Table 17). Three locations
on the Faculty of Sciences Building (3-07, 3-10, 3-29) are similarly oriented toward the
burst and are unshielded. However, the measured dose values generally increase rather than
decrease with increasing distance. It should be noted that NUE has a similar problem with its
measurements at adjocent locations (3-08, 3-11), also made using the pre-dose technigque.

The UU mean measurement-calculation comparison lor Hiroshima exhibits a standard
error (. 18) which 15 consistent with those of other laboratories using the pre-dose technique.
A possible reason for the relatively large standard error for pre-dose measurement values
compared to those obtained using the high temperature technique is the difference in sample
quantity used in the two methods. The pre-dose technique required as littlle as 10mg per
location, where the high temperature measurements of NUE require as much as 200 mg per
location. The large sample is not nearly as susceptible o sample-sample differences as the
small sample.

The good agreement between calculation and measurement at Magasaki and the variable,
if not poor, agreement at Hiroshima make difficult any overall assessment of the quality
of D586 gamma radiation dose based on such comparisons. It is, therefore, of interest (o
examine the measuremenis for possible irregularities and to look for independent evidence
which either supports or refutes the calculations.

The comparisons of results obtained by high temperature and pre-dose measurements
as performed by NUE, Oxford, and Durham seem to mle out differences in the basic TL
approach as a source of the interlaboratory discrepancies, excepting sample-sample variation,
However, other issues involving source calibration and sample irradiation technigues remain
in question. The Anglo-American laboratories require source calibration corrections of 6
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lo 11%, a correction which improves calculation-measurement agreement at Nagasaki at
the expense of that at Hiroshima. The need for such corrections to what are supposedly
well-calibrated sources is disturbing and raises questions conceming the differences between
gource calibration and sample irradiation practices among the laboratorics. The Anglo-
American laboratories all irradiate their samples vsing beta radiation sources, calibrated 10
gamma rays from Cs'?7 sources which have been calibrated to a standard. The Japanese
laboratories irradiate their samples using standard-calibrated Co®® sources. The method
used by the Anglo-American laboratorics is more complex and, therefore, more subject Lo
uncertainty that is that of the Japanese laboratorics.

The good agreement between calculations and measurements at Nagasaki and at tests of
similar weapons and the reasonable limits on valugs of parameters, which might be varied
mndependently at the two cities, provide bounds on uncertaintics which can be associated
with the calculated gamma-ray fluence distribution at Hiroshima. Comparisons of calculated
gamma-ray dose with test results for weapons very similar 1o the Nagasaki weapon indicate
that current radiation models are in good agreement with the measured data, generally under-
estimating the measurements by 5 to 15%. Thus, it appears that the good agreement between
calculated and measured dose at Nagasaki might reasonably be expected. However, there
are few aspects of the calculation model which can be varied independently between the two
citics in order to selectively improve the comparison at Hiroshima. For example, the delayed
gamma-ray component accounts for approximately 50% of the kerma beyond 1000 m at each
city., It is also the component which is associated with the greatest uncerlainly. However,
any reasonable modification of the delayed gamma-ray model would affect Hiroshima and
Nagasaki nearly equally. Thus, it is unlikely that the reason for the measurement-calculation
discrepancy al Hiroshima can be found in the delayed gamma rays. Similarly, radiation
transport uncertainties would affect the two cities 1o approximately the same degree. That
leaves weapon yicld and radiation output as possible sources of a selective increase in the
Hiroshima gamma rays. A yicld increase of as much as 10% is possible, given the findings
of Kennedy ct al.® However, other yicld estimates militate equally strongly for a value lower
than 15kt A change in the output spectrum of the Hiroshima weapon to produce more ener-
getic neutrons would result in the same or somewhat lower gamma-ray kerma inside 1000 m
and higher kerma outside 1000 m. The most that could reasonably be expected from such a
change would be a 20% increase in air secondary gamma rays and, hence, a 109% increase
in total gamma rays beyond 1000 m. While cross section error could account for the neatron
output spectra variation, the increase in yield could lead by itselfl to a more energetic neutron
leakage. Thus, a plausible upper bound for an increase in Hiroshima kerma beyond 1000 m
based on a combination of yicld and neutron leakage energy perturbations, is approximately
20%, much less than that required by the Anglo-American laboratory measurement resulls.

In summary, the TL data provide generally uniform support for the DSE6 gamma-ray
fluence data at Nagasaki and for those less than 1000 m from the hypocenter at Hiroshima.
Beyond 1000 m at Hiroshima, major discrepancies exist between measurements and calcula-
tions and among the measurements themselves. However, the majority of the TL data from
that region, as produced by NUE, support the D586 gamma-ray fluence data within the esti-
mated experimental uncertainties of 10 o 15% standard error. For reasons given above, this
level of measurement-calculation agreement is deemed sufficient to support D586 gamma-ray
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data and its associated uncertainty of 10 to 15% at the present time. However, dependence on
the results of a single Iaboratory to confirm DSE6 in the important Hiroshima region beyond
1000 m is not very satisfactory particularly considering the existence of contradictory data
from other laboratories. It is hoped, therefore, that further measurement-calculation efforts,
particularly those for samples from the Postal Savings Building, approximately 1500 m from
the Hiroshima hypocenter, will resolve the existing discrepancies. -

It i5 also of interest to examing the measured TL dose in relationship both to DS86 and
T65D, the system it replaces. Figures 20 o 29 depict D586 and T65D free-field kerma in
tissue versus distance from the hypocenter for Hiroshima and Nagasaki, superimposed on
free-field kerma in tissue determined from the measured values of the dose in quartz. The
conversion from measured dose in quartz to free-field kerma in tissue was accomplished
using the calculations described above. Figure 20 shows all measurements as well as kerma
from the two systems for Hiroshima. The measurement 1o calculation ratios are shown in the
box below the main portion of the figure. Subsequent figures show the results for individual
laboratories. It can be seen from these figures that the majority of the TL data strongly
support D586 over T65D. That is particularly true of the recent measurements, whercas the
1967 NIRS measurements tend to support the data from the T65D system. Further, any
modification of DS86 to bring it more into line with the measured data would cause the
discrepancy between DS86 and T65D to become larger, particularly beyond 1000 m from
the hypocenter.

Figure 25 shows all measurements as well as kerma from DS86 and T65D, together with
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the measurement to calculation ratios for Nagasaki. Subsequent figures provide correspond-
ing results for individual laboratories. As in the case of Hiroshima, the recent measurcments
strongly support DS86 over T65D, though the NIRS 1967 values support the two sysiems
to approximately the same degree. Any change 1o improve agreement would increase the
discrepancy between the two system, especially beyond 1000 m.

In conclusion, the agreement between calculated gamma-ray dose and that measured by
TL dosimetry methods is good at Nagasaki, where caleulations exceed measurements by only
10% on the average. Also, a comparison of calculated and measured shielding provided by a
residential structure at Nagasaki supports shielding models used in DS86. Agreement is not
as good at Hiroshima, where measurements exceed calculations by 10 to 50%. However,
the largest population of experimental results and the most consistent results relative o the
calculations provide the 10% comparison. Whereas, the poorer agreement is associated with
less consistent data or data obtained by experimental methods still open o question or is
outside the range which is considered reasonably obtainable given the requirement for inter-
city consistency and consistency with weapon test data, Thus, though some discrepancics
remain unexplained, particularly at Hiroshima, it is reasonable to conclude that the thermo-
luminescence dose measurcments support the DS86 gamma-ray fluence data to the exclusion
of those of T65D, and that no further adjustment of the DS86 data are warranted based on
TL calculation-measurement comparison within uncertaintics.
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