Chapter 7 Appendix 2

AVAILABLE DATA FOR HOUSE SHIELDING
ESTIMATES OF JAPANESE
ATOMIC BOMB SURVIVORS

William A. Woolson
Science Applications International Corporation

To make intelligent decisions concemning the methods to update the dosimetry assign-
ments for the Japanese atomic bomb survivors, it is necessary to know the available shiclding
information that exists in uncoded form on paper and in coded form that can be directly ac-
cessed by the computer. The objective of this report is to provide a summary of the available
shielding data, both in uncoded and coded form, This report is the result of visits to RERF in
Hiroshima and Nagasaki in February and November 1983, The special assistance provided
by Mr. Hiroaki Yamada at Hireshima and Mr. Yoshio Okamoto at Nagasaki is acknowl-
edged. They were in charge of the ABCC shiclding sections at their respective locations and
have been long involved in the RERF shielding program. Their familiarity with the methods,
procedures, and data was of invaluable assistance in this work.

The following sections of this report will provide a description of the information that
i5 available in the shiclding history files in uncoded form; a brief description of the various
shielding methods that were used over the course of time from the T57D system to the
present day T65D; and a description of the current coded data bases that can be accessed by
computer.

Information Available in the Shielding History Files

A typical shiclding history file contains about 5 to 10 pages of information stored in
manila [olders that can be accessed by the survivor's master file (MF) number, The MF
number, a six-digit number, 18 unique for ¢ach survivor in the data base and is the primary

This report was writlen carly in the work on the reassessment, and some of the work described has boen
superceded by more recent analysis.  This report contained a final section about plans on how 1o use the
information deseribed here in the final dosimetry system. That section has been omitted bocause these topics
are covered in Velome 1, Chapter 9,
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reference point linking the shielding and health data. Location-dependent data are also refer-
encad by MF number. For example, the [iles for survivors located in a given neighboarhood,
at the time of the bomb (ATR), can be found through their MF number. The shiclding files
for the subjects at Hiroshima and at Nagasaki are stored at the RERF [acilities at Hiroshima
and Nagasaki, respectively. Microfiles of all the shielding history files have been made and
are available at the Oak Ridge National Laboratory.

The shielding histories do not all contain the same information. The explicit data available
in the shielding histories varies according to the date at which the original interview was
conducted, the location of the survivor (Hiroshima or Nagasaki), and the particular situation
or configuration existing for the survivor ATB. The sample history file is fairly typical for
survivors inside Japanese houses ATB (see Appendix 7-2a),

All the shielding histories examined have a form called "Radiation Shielding Summary”
which contains the information required for the T57D system. The house penetration distance
was used to caleulate the attenuation [actor [or survivors in Japancse houses in the TS7D
syslem,

In some cases, an carlier version of the radiation shiclding summary is also included
in the shiclding history. The carlicr version is usually written in Japanese and contains
information concerning the experiences of the survivor during and after the bombing. Most
often this part (the experience) has been translated into English and exists as one or two
separate typewrillen pages. Another form, the master sample questionnaire (MSQ), usually
accompanics the shielding history. The MSQ was used 10 obtain the information required
during the interview of the subject. Ofen, the MSQ was writlen in Japanese, and in some
instances, an English translation is also provided. This form requests information such as the
location of the subject, the type of clothing the subject was wearing, and what is remembered
of the flash, heat, blast, sound, and the rain following the bomb. A narrative account then
lollows describing the experience following the bombing and what actions the survivor 1ook
Lo survive.

The information of most interest for the shiclding analysis is on three sheets of vellum
paper that contain superb drawings of the survivor location, orientation, and 5:urrn11n&ijng
features. Considering the number of shielding historics, the craftismanship displayed in these
detailed drawings is truly remarkable. The first sheet consists of a plan view of the subject’s
house in the neighborhood housing cluster that shows four or five of the nearest streets and
the locauon of 10 to 20 houses nearest the subject. The type of construction (one-story
or two-story houses, factories, etc.) and the location of open spaces (fields, vacant lots,
gardens, rivers, etc.) are identified on this sheet. The subject is located in the house and an
arrow from the subject points in the dircction of the hypocenter. The housing clusters were
drawn from information obtained from the survivor and nearby survivors, plus the pre-shol
acrial survey photographs, The location of houses containing survivors is identifiable on
enlargements of these pre-shot aerial photographs, and plan views in the history file appear
to be very accurate renditions of the house elusters.

The second sheel of shielding information contains a detailed plan of the construction
immediately surrounding the subject. The scale is usually 1/100 but may be 1/200 for larger
houses. This sheet provides the floor plan of the house containing the survivor and the
immediate neighboring houses. The floor plan typically lays out the size of the room, in
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terms of the number of tatami mats, and identifies kilchens, gardens, bathrooms, ete. Second-
story plans of importance are included. This sheet gives the orientation of the person by the
use of a circle, half of which is shaded. The light portion of the circle indicates the front
of the person ATB. The location and orientation of other nearby survivors are also given on
this sheet. A line 15 drawn from the person in the direction of the bomb.

The last sheet in this series is an elevation view of the shielding situation for the survivor
that shows all the structure penetrated by the ray from the person to the bomb. The scale is
the same as the detailed plan view. It typically shows the location and slope of the roofs and
the location of windows and provides a detailed sketch of the orientation of the person from
which one can ascertain whether the person was sitting, standing, or prone. The elevation
view is constructed in the plane normal to the ground containing the line of sight (o the bomb.
The heights of second story floors, roof peaks, and roof and veranda slopes are determined
[rom a standard template.

Additional sheets of information may be attached o the shielding history. In some cases,
the shielding histories at Nagasaki contain a scale drawing of the material penetrated by
the line-of-sight ray from the subject to the bomb on a sheet of graph paper. This was
a convenient method to estimate the mass penetration for the early shiclding calculations.
Various code sheets are in the file for coding various shielding methods into the data base
for computer analysis. Examples of these are "code sheet for shielding parameters" for a
nine-parameter formula application, "code sheet for the globe operation”, and "code sheet for
provision of transmission factors (TF) by globe work or by application of air dose." These
are discussed in some detail in the next section.

On the assumption that the Japanese houses were constructed with standard materials
and to uniform sizes (which, from what can be learned, is a very good assumption), the
shielding history contains all of the information required to do state-of-the-art shielding
calculations. Additional information, not available in the shiclding history, probably could
not improve the accuracy of the calculation because the improvement would be less than the
inherent uncertainties involved in the calculational procedure. There is sufficient data for
the shielding estimates and the guestion is deciding the most sensitive information and how
can it be economically extracted from the shielding history files of the survivors.

Various Shiclding Methods in the Shielding History File

There were three distinct methods for calculating the radiation attenuation of Japanese
houses for the survivors at Hiroshima and Nagasaki. These three methods are referred to as
the mass penetration technique, the house penetration method, and the globe/nine-parameter
formula procedure. Some of the shielding histories contain a calculation of the attenuation
by all three methods, Those histonces compiled at a later date may only have one or two,

The mass penetration method was the first technique employed to estimate the house
shielding. It appears to have been used exclusively at Nagasaki. This method calculates the
mass penetrated along the line of sight from the survivor to the bomb, and an altenuation
factor is provided as a function of this mass penectration. From the shiclding history, the
thicknesses of the penetration track through materials along the lines of sight are calculated.
This calculation 15 performed with a graphical technique using a scale drawing of the location,
materials, walls, roofs, partitions, etc., penetrated by the line-of-sight ray to the bomb, The
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Table 1. Shielding Data for Various Materials

Mateshl E‘-:;;]‘r nsﬂm glem? LEEJW;; |L':q.r=1
Concrefe, light 2,027 Measuromonts of
Magasaki speelmens
Concreds, hoavy 22604 Az abave
Tspanese Houss
Rool 13.68 Meagarements on
Magamki bouses
Warehouwse mud roaf 9 10.386
Walls
Warehouss mad wall & mud fepes 1.154 21 24.2
Standand msd wall 1.154 7.37 8.5 Construetion
Handboak
One side i stucen 15 Az above
Une side meial bih & cemend .5 s nbove
Chphoard 1.0 As above
Flogrs
Toiomj 1.150 Mesgusemenls an
hagasakl houses
Sugl boards 045 Constractian
landbook
Fir {hincki (Desk tog) .50 1.0 Agnbove
Pine, Flum  {Znd floor) .55 L. 0.77 Asobove
Agiesos cemend
Carrugated tila 152 Measurcments an
Hapasaki speclmens
Gluss w'indoy P14
Mirrow (L4 %4d) 5.5
Iron slicet T.48 0.05 0374
Machine 1.5 13 o915
Wooden wall 10-20 0.6
{wonden room, cabinet,
shelf, wooden scpesn)
Ceiling thickness (sepi) (.45 0.3mm 0,135
Wall giding B.635
Wooden plapk 1.9 0.717
fzick
Wootden doar 027
Street car ceiling (weneces) 0.5 0.5 0,375
Street car roofl (lron) 1.5 016 1.2
Sirect car body (lrom) T.5 0,23 1.723
Sxpeet ear piltar (keyaki) 0.75 2 1.5
LEarth 1.6
Granite 2637

mass penetration is specified in standard thicknesses of the various house features. Table 1
lists the standard thicknesses [or roofs, walls, concrele, ele., that were used in the mass
penetration procedure.  Thus, for example, if the line of sight penetrated two mud wall
thicknesses (elevation angle of 60°) then 17 gfem® was penetrated.

This procedure may have merit for situations involving bulk shielding. That is, a shielding
situation in which the mass penetrated along any line near the line of sight is reasonably
uniform. In this particular situation, however, the presence of streaming paths through
windows and less shielding in other directions makes the procedure questionable. A statistical
analysis of the calculated mass penetrated, however, would be very useflul for checking the
adequacy of the house cluster models developed for the dosimetry revision.
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Figure 1. Attenuation factors versus house penetration distance from
shielding history files

The next shiclding method devised was the houwse penetration method, This method was
developed from Operation Plumbbob measurements of the house TF for a typical Japancse
house. An experiment was performed during the Plumbbob test in which a Japanese house
was built at the Nevada test site and exposed during the test. An analysis of the TF for the
various detectors placed throughout the house was performed by Ritchie and Hurst.! Their
analysis indicated that the house penciration distance, that is, the distance of the projection
on the horizontal of the line of sight from the wall of the house to the survivor was a
parameter that could reproduce the test results. Thus, a single parameter casily calculated
from the shielding history provided a relationship for the calculation of the house attenuation.
This method was used in the T57D dosimetry system and the Radiation Shiclding Summary
{described later) contains a space for the house penetration distance in feet calculated from
examination of the shiclding history, and this house penctration distance was then used to
derive the attenuation factors that were then recorded on the Radiation Shielding Summary
(sec Appendix 7-2a). My reconstruction of the relationship between attenuation and house
penetration distance that was used is summarized in Figure 1. Most of the shiclding histories
for survivors in Japanese houses at Hiroshima and Nagasaki contain a calculation of the
attenuation based on this house penetration method, The problem with this technique is that
it does not embody sufficient information about the shielding afforded the survivor, The
Plumbbob test consisted of a single, small isolated house and it is not oo surprising that in
that situation a house penetration parameter could be used o reproduce the TF measurements.
In realistic situations, though, where there are one- and two-story houses in closely clusiered
arrangements, this technigque would have little validity.

The third shielding method used was a combination of the globe and ning-parameter
methods. The globe procedure was used primarily for survivors who were in the open but
shiclded by Japanese-type houses. That is, survivors who were in the streets but whose
line of sight to the bomb was intercepted by a building. The globe technique was also
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DOSE MASTER TAPE
TOWOSE

FINE PARTAMETER GLOEE, PARTIALLY CLOBE, CONCRETE COMETANT
METHOD SHIELDED IN OFEN BUILDING THRAMNGMISSION
COEGS Lo Cown CRans

CASES 0N DIDEE MASTER TAPE WITHOUT SHIELDMNG DATA HACELUP

Torrvivaes byond §000 moat Hiro®eme and 3000 ms at Magasaki
Eurvivoe s pgigned ereer iy 1FEmilios lIc1ess
Qb with no history, or no mathosd, o unknesys caonfiguration

Figure 2. Shielding data bases

uscd [or survivors in the thick, heavily shiclded concrete buildings. The nine-parameler
formula developed from the BREN house transmission measurements was used for survivors
in single-family Japanese houses. Most of the shielding histories that have an assigned
attenuation factor have code sheets attached to the history file that contain the data for the
ning parameters or for the globe operation. There is another code sheet for TF for those
situations for which neither the globe technique or the nine-parameter formula was applied.
For example, a survivor in a Nagasaki factory building is normally assigned a TF of around
0.85 without any calculation of his shiclding,

This completes the description of the noncoded data available in the shielding history.
Next, the information available in the computerized data bases is described.

Available Computer Data Bases for Survivor Shielding

This section describes the data that can be accessed by the computer on the shielding
configuration of a survivor. A file called the dose master tape, to be described shortly,
summarizes the shiclding data and points 10 the method used for the shiclding calculation (if
any was performed). Four other files give the detailed information required 1o reconstruct
this shiclding calculation. Figure 2 provides the [low diagram [or accessing the various Lypes
of computer coded shiclding mformation.

The dose masler tape summarizes dose and TF data for each survivor, It provides
the location; the free-in-air (FIA) gamma-ray and neutron kermas computed by the T65D
system; the TF for both gamma rays and neutrons; and the calculated gamma-ray, neutron,
and total kerma at the survivor's location, Additional information includes the shielding
method applied and the method for analyzing the dose. An example printout of this dose
master tape is given in Figure 3. At the top of the list are the columns containing the data
on the dose master tape file. A description of the parameters associated with these various
columns is given in Figure 4. Important columns 1o examing are column 57, which gives
the method of estimating the dose, and columns 63 1o 65, which point 1o the data file, if
available, that contains the detailed shiclding information.

The listing in Figure 3 contains a few especially interesting cases in Hiroshima. The firsi
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Figure 3. Sample listing of the dose master tape

one of interest is MF238004 (the MF number is given in the right-hand column). For this
particular case, the method is classified as zero, which indicates that no method was available
to do the shiclding calculation, and hence the gamma-ray dose, neotron dose, and the 1otal
dose columns are filled with nines. The next interesting case is MF238022. For this case a
shiclding survey was taken and the nine-parameter TF, both gamma-ray and neutron, were
calculated (refer to columns 36 to 43). However, because this person was beyond 1600 m
at Hiroshima, he was assigned the FIA kerma at that ground range, which for To5D was 11
rad in total. If, in fact, the TF had been applied, his T65D dose would have been reduced to
7 rad. Complementing this particular instance, MF238034 had no shiclding history available
and was assigned a T65D FIA dose of 17 rad because his ground range was 1604 m. Another
interesting case is MF238041. This particular person was assigned the average TF. He was
at 984 m ground range from the bomb, and the average TF applicd to the FIA dose of 300
rad reduced it 1o 315 rad.

Shielding Categories. There are 10 separate shiclding categories that were applied o the
Hiroshima and Nagasaki survivors. Table 2 lists the shielding categories and the number
of subjects in each category as a function of their dose estimation method as outlined in
Figure 2. This table is for the high-dose cases called the proximally exposed group, that
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Figure 4. Data Format for Dose Masrer Tape

0 #1041
Doge Mastar Tape (T=£5 Dose)

Item Ho. Description of Field and Fositions Colu=ng
1 Haster File number 1-6
2 Sex and elty of exposure 7

Code
1 Male, Hiroghi=a
2 Female, Hiroshima
3 Hale, Hagasaki
& Female, Hagasakl
3 Coordinaces of leecarisn ATD 5-15
Abeissa B=11
Crdinace 12=15
94959 Unknswm
Hote: 1) Maps used to measure the coordinaces ace:
Army Map Service U.5. Ammy, Washingten, DC
Hiroshiza = 138449 9-46 1946 and
Hagasakl - 138353 B-45 1945
2) There ecxigt the coordinates over 100
in Nagasski. In thie case, ignore hundredth
positien and code tenth pesition. For
cxample, 102,54 will be coded as 0254,
4 Height above sea lavel of location 1p-17
Coda
00 Less than 10 meters
09 90-99 meters
20 200-209 maters
959 Unknown ]
5 Exposure distance 16=25
Grouwnd distance 18-21
Slant discance 22=15

Go98 9288 macers and over
G999 Unknowmn

Tago 1 ef 5 pagoo
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Flgpure 4, santinued

Th 81041
Icem Mo, Deseripeion of Field and Positions Calumns
3 Exposure distance (econtinued)
Diseance is calculated by maching using Ehe
following hypocenter and helght of burst;
Hiroshims  Hagasaki
¥~Coor., b, 295 23.636
Y-Coor. 61.697 B5.560
Height (m) 5 507
Hote: When the sbove estimates concerning the
eplecenter changes, 1t ghould bo revisad
8o that the dose estimation derived
according to these escimates ties in wich
Item 12, moath and year of dose cstimation.
Therefora, 1f the escimaces of epicenter
may change, the date &f revision should ba
staced.
b Alr dese at this location 26-35
Gamma 26=30
Heutron 31-35
59993 99998 rads and owver
59599 Unknowm
According to slant distance and by the alr dose
formula, ailr dose at & given locarion of Interesc
18 caleulated as a 5 digic Integer with round off
by machina,
7 Transmission factors as decimal fracklen Je=43
Gasma J6=-35
Heutzon 40=43

Code in & digit pumber to three decimals by
round off.

9959 Transmission factor unknown
Hoke: 1) Caleulated regults from DC Hos. 463 and

708 for 9-paracoeter code and globe
operation are machine cransferred.

2) Coded transmissicn factora by CD #499
is machine transferred.

Pogos 2 of 5 pogeo
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Fipure 4, ocontinaed

T 1041

Item Mo, Degcripeion of Field and Foslcions Colu=ns

7 Transsission faceoers as deeimal fraction (conEinued) JE=53

Hoce: 3) 100X air dose cransmission 1s gang punched
for cases who are in open and shielding
histories are not cbtainable. Hecessary
informatien to make this decision is
derdived from S5T=100 Master Tape.

4) Average transmisslon faceors has been
derived from the 9-paraneter code as
followa, and is marhine etransferred for
cases exposed inslde Japanese type houses
ot light conetructlions for subjects which
have no shielding history. Macessary in-
formation to make ethis decision is derived
from the 5T=100 Haster Tape and CD £411 for
ST-100 subjeccta.

Hiroshima Hagnsaki
Average Values Garma 0.504 0.813

T # Heueron 0.316 D.351

a Estimaced cencacive 19585 dose 44=51
Gamma & =47
Heutron 4E=51

Caleulated im & digit numbers by multiplicacion of
alr dose at cthis location (Itém &) and transmission
factors as decimal fraetion (Ice= T},

Code
0000 Less than 1 rad

G998 9998 rads and over
9965 Ho inforcacion

g Total dose 52-55

This 15 the sum of gamma and neutron dose, and
coded the same as mwentioned in Item 8.

10 Claga of doge estization 36

{For additional explanation, soe memo of
21 Mareh 1946 by J.5. Chaks and R.C. Milcoa)

Fogo 3 of 5 pngen
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Pigeza 4, sontinued

TD #1041
Item Ko. Deseription of Flold and Posiedan Columns
10 Cless of dose estimation (continuad) 56
Code
1 Good estimate
2 Fair estimate
3 Reough estimate, no shialding history
ﬁ Mo estimate, for example, includes sooe cases
exposed ingslde concrete building, when method
of escimaring transmiseion facter is not vet
available. In general, heavily shielded cases
without methad of cetimation will remain im
this catepory.
11 Method pf escimating dosc 57
Coda
1 By alr dose alone
£ By S-parameter formula
3 By globe application
& Applied average tranamiseion facter derived from
G-parameter code Eor cases exposed ingide
Japonese eype house or building of lipght con-
struction for subjects which hove mo shieiding
history
5 By 100X air dose; subjects exposed beyond 1600 m
in Hireshiza and beyond 2000 m in Hagasaki whe
have shielding histery and for any type of
shielding conditions
¢  ¥o method availsble
13 Sample Clessificacion I Gl
Code
1 FE-BA
2 ME-200
3 ME=Y
&4 Othara
a Master sample resorve under 2500 m
] ME=200=1
7 F1 Mortaliey Extemsfon
14 Sample Classificatlien II (HE-39 only) B2
Coda
1  HE-3%
Fnga 4 of §& pogos
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Figares 4, conbinued

TD 8041
Ieem Mo, Degerdpeion of Fleld and Pomicions Columns
15 Sourca Card designs G3=65
Code
455 CD f485
495 €D #4959
70B  CD #7038
Ch #5375
bbb  Derived from 5T-100 Master Tape
16 Surrounding shielding conditien &6
Information derived frem CD #708 Card 2, Col. T4
Code
1 Hainly shialded by Japanese type house
3 Solid shield, shielded by cerrain
4 Solid shield, ether than above
b Hot applicabla, source data is CD #465 and
Ch #4399
17 Raserved colusns &7-T0
18 Year and month of doge estimation 11-74
Tear 71=T2
Coda
66 1566
&7 1967
1 4
75 1975
Th 1374
1 i
Honth 13-74
Code
o1 January
02 Fabruary
1.2 De:r_.mhnr
19 Original card design number of this tape 15=77
Code 500
20 Reserved Coliumns 76-88
Fogo 5 of & pogom
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Table 2. MNumber of Life Span Study Survivors by Dose Estimation Method,
Shielding Category, and City. Survivors in the Distal Group and Survivors
Without Data on Acute Sympioms are not Included

Daze Estimate bMethod

Shielding Category Sy

QPammeter  Average  Globe  Total
Hirgshima
L<In apenanihielded a4 s 1] 434 1002
2<In open-partially shiclded 5 155 a T 287
%:In apen-shielded by termin 1 1 i} 13 14
4-In open-shiclded by building 19 it 1 1344 1274
S-Shlelded totally by concrete buailding 3 L1} 1 189 193
&-Shialded totally by Japanese-type houss 82 7077 7 53 7219
‘F-Shielded {otally by factery budding 13 3 0 o 14
B-1n air rald ghelier ] L] ] 23 23
9-Miscellntous 12 a 1 14 7
Unkpawn? & 1 2003 0 230
Tatal 1005 7349 013 2008 12375
Mapgamki
1-In open-unshizlded 208 { a 151 359
2:In open-parially shizkled 140 201 o 59 410
3-In opercahizided by terrain 101 120 o 502 E13
4In opereshielded by building 18 Q i} 252 270
S-Zhiclded totally by concrete bullding | i i 457 460
G-Shizlded totally by Japanesdipe house o4 2185 b L 2510
7-Shislded totally by aclary building 742 1 i} 54 7598
8-In air raid chelter 0 a 0o 148 148
A-Miseellaneous 7 i i 14 28
Usnknown? L 0 416 i 479
Tatal 1392 2815 420 1768 6395

AThes survhvors have no shieldlsg histeries Information obtaiped from mzl questionnaies was uzed
1o determine thelr dose estimation method.,

15, survivors at ground ranges less than 1600 m at Hiroshima and 2000 m at Nagasaki. As
mentioned, the nine-parameter technique (CD465) was used primarily for survivors totally
shielded by Japanese-type houses. The globe technigue (both CD708 and CD575) was used
primarily for subjects in the open who had some shielding along the line of sight and' for
subjects in the concrete and factory buildings. The FIA dose was applicd to a surprisingly
large number of subjects at Nagasaki, over half of whom were in factory buildings.

Applications of the Nine Parameter Formula. The nine-parameter formula (CD465)
was applied to over hall of the subjects in the Life Span Study in the proximally exposed
oroup. As discussed in Chapter 7 Appendix 1, the nine-parameter formula modeled the
measured radiation TF from the BREN reactor and ®“Co experiments. A regression analysis
determined which physical parameters of the given delector location influenced the measured
TF for three types of radiation: ncutrons from the BREN reactor, gamma rays during the
BREN reactor operation, and the "°Co gamma rays. It was determined that nine of these
parameters could reproduce the measured data with suitable accuracy. The neutron formula
from the BREN reactor data was applied directly at both Hiroshima and Nagasaki. Dilferent
combinations of the formulas for reactor gamma rays and °“°Co gamma rays were used at
Hiroshima and Nagasaki on the basis of the results from the HARDTACK series of weapon
test experiments, Assuming the house models used at BREN were reasonable radiation
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Tahle 3. Data Format for CD465, the Nine-parameter File

ftem Dieaczipiion HE‘.;';:::::F ED-,'_;-J:;’
Pagt 13 Identilicstion
1 Master file number i 16
1L Box and eily of axposuse 1 1
3 Coonfinates 35 1o exact locatlon ATD 8 §-15
Fart It Mina Pammioters and Cerainty af Coding
4 FS (Fropt Skleling) 1 14
5 55 (Front Shielding Size) 1 17
3 US (Unshield ed)y 3 1820
T L3 (Latesal Shiziding) P 21
E IFW (Infernal Fronial Walls) i 22
g9 ILW (Infesnal Lateeal Walls) 1 23
0 HF (Height above Floor) i 2425
11 FH (Floor Humber) 1 a6
12 5P {Slant Penctrotion) 4 27-30
13 Ceriainty of coding nine parameders 9 31-39
Part 111: Oiker Perilneat Data
14 Completeness af shieling drywings priar to eoding 1 40
15 Atteruation factor (TS7D) [ 4146
16 Deszription of Japinees-type houss 1 47
17 Treatment of howsa 1 48
5 Treatment of projestion 2 48-50
L} Elevmtinn 1 51
20 Grove | 51
21 Tresent eoding disposition | 59
22 Rea level b 54-55
23 Chiss of estimating doge 1 b
24 Methed of egimating dose 1 51
15 Fesepre columng 17 5874
] Card design number 3 1537
27 Reseeve columns 3 TE-80

analogues of typical Japancse houses, it was concluded previously (Chapter 7 Appendix 1)
that these gamma-ray TF are oo high by a factor in the range 1.5 o 2. The composition
of the materials in the BREN houses was not exactly the same as thatl in Japanese houscs
{Chapter 7). Another problem with these formulas is the lack of dependence of the TF on
the distance from the bomb, The calculations show significatnt range dependence for houses
between 900 and 1600 m ground range. It is cansed primarily by the changing proporiion
of the radiation that goes through the roof and the walls (Chapter 7).

The data that can be computer accessed for the nine-parameter cases is given in Table 3.
The nine parameters are the ning variables listed in columns 16 to 30. The code for shiclding
parameters (see Appendix 7-2b) provides a briel description of how the parameters are coded
for a given shiclding situation. The shielding analyst examined the shielding history file
described above, derived the nine parameters, and placed them on the code sheet. The official
procedure for coding the nine parameters was revised several times when it became apparent
that many of the shielding sitwations would not it neatly into the described procedure.

Several points should be noted about the application of the nine-parameter formula. The
frontal shielding (FS) parameter was only coded as present if the distance from the subject
to the shielding (i.c., an adjacent house) was less than twice the height of the building. This
corresponds to the elevation angle of the BREN house transmission measurements. Thus,
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Table 4. Sample of Nine-parameter Data from 21 Cases at Hiroshima
(and Some Globe-cases for Comparison)

Valae  Frequosey Value Frequensy  Waloe Frequency Walus  Fregquency

Frant Shi=ling Front Shislding Size Unshiellsd Lateral Shielding
i} f (] B 4 1 (1] 4
1 ] 1 B § l 2 q
1 4 ) 5 ] 1 3 13
5 i 2 1
1on 17
Internal Fromlal Walls  Internal Lageral Walls  Height Abave Floes Fhaet Humber
] 2 1] 12 <3 o 1 14
1 B 03=V<0T 3 i k]
r 3 =07 9 E] 2

Avesape Valas Standard Deviation Average Used in LS5

Slapt penetmation a7 273
Mags penetration (glem®) 337 15.7
(12 cases availahle)
T57D Gamma ray transmission 0.43 0073
THTD Meutran transmission 0.38 0.0%
9P attenumation {7 cages avalahle)
Gamia ray 0915 0.03 0.5904
Meatzan 0315 0.04 0316
Globe (16 different casss) partially shizlded in open
Gamna ray 0.84 0.11
Mentpan 0.69 0.21

for practical purposes, if a line of sight from the subject to the bomb did not intercept the
wall, it was not incloded in the shiclding description in the ning-parameter formula. Another
example is the height above the floor (HF) parameter. Because of the many situations
involved in determining this parameter, it cannot be uwsed 1o determine if the person was
prone, sitting, or standing.

Other information, however, can be inferred from examination of the data in CD465. For
example, since the TS7D gamma-ray and neutron attenuation factors are given, the housc
penetration distance can apparently be calculated. Other useful information includes the
description of the Japanese-type house, column 47, and the treatment of the house, column
48. One of the options was to code the house as a tenement house. There were many
survivors at Hiroshima in these tenements, which were of very uniform construction. Their
TF may be more precise than for other situations,

During the visil to RERF, Hiroshima, code sheets in the history file for the data associated
with CD465 were examinced and the information for 21 individual cases in a residential district
northwest from the hypocenter was copied oul. The daia obtained from this small sample
are in Table 4. Most of the information is stored as integral data with the exception of the
parameter HE and slant penetration (SP). The code sheets did not provide the calculated
attenuation factors for the gamma rays and the neutrons from the nine parameters. However,
the actual attenuation factors calculated from the nine parameters were obtained for 7 of
the 21 cases by examining printouts from the master dose tape. This data for the seven
cases is also provided in the table. From the shiclding files the mass penctration thicknesses
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were obtained for 12 of the 21 cases and the resulis of that analysis are also listed. For
completeness of the table, the resulls of analyzing 26 dilTerent cases that had their shielding
calculated by the globe technique are also listed (discussed below), All of the 26 cases were
for survivors in the open but partially shielded by Japanese houses. It would be a mistake
to draw firm conclusions from these limited data; however, the information provided here is
réasonably indicative of the general situation. It is interesting to note the disparity between
the three sets of radiation TF (the T57D, the T65D nine-parameter, and the T65D globe).
Note, for example, the small standard deviation with just seven cases of the nine-parameter
data. Also lisied in separate columns are the average TF used when the averages are applied
1o the survivor history without a detailed calculation,

Although the nine-parameler formula is reasonably complex, in practice the attenuation
factors calculated with this formula do not differ a great deal. The actual atienuation is
dominated by the constant factors in the fonmula. This is the reason that seven cases of our
limited sample came so close 1o the average over many thousands of cases.

In comparing the nine-parameter formula with the globe data for people panially shiclded
in the open, the neutron TF is greater than for the globe, but the gamma-ray TF is less. In
application of these methods, many people in the open were assigned less gamma-ray dose
than people that were totally shielded by a house. There have been noticeable inconsistencics
in the radiobiological analysis of health effects for people whose shiclding was calculated
by the nine-parameter formula compared to those calculated by the globe method that may
be due to this disparity.

Shielding Method for Subjects Exposed Inside Concrete Buildings, The globe tech-
nique was used to provide the shielding for subjects exposed inside concrete buildings, The
application of the globe technique for these people was identified at CD575. About 11% of
the subjects at Nagasaki had their aticnuation computed by this technique.

In the globe procedure, 47 angular space 1§ divided into small intervals and the shielding
present in ecach of these intervals is calculated for the incident angular distribution. The
resulting dose is then the sum over 4x space of the individually attenuated incident radiation
in each interval. The line of sight from the exposure location to the bomb defines the polar
axis reference. There are a total of 18 polar intervals {or zones) of 10° width. Each polar
interval is then divided into 36 azimuthal intervals, called scctions in the globe terminology.
Each section corresponds to equally spaced azimuthal intervals of 10°.

The basic input data o the globe technigue is the normalized polar angular distribution
of the neutron radiation with respect to the ling of sight from the bomb to the survivor, This
distribution was assumed to vary with ground range. Let

D) = dose per steradian, 2 azimuthally symmetric, in solid angle df]
= 2wdp, where g = cos S and § is the polar angle of the solid
angle with respect 1o the line of sight.

The total dose is then given by

1
Dr = Efrf D(p)du (1)
—1
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and the dose [raction per steradian by

1) = 22 @

The solid angle of the polar zones (or latitudes) of the globe is given by

AL = 2r {_::::'aﬁ.- — cos fi—1) = 2; (i — pi-1) = 2w Ap; (3)

where §; is the polar angle boundary of the zones (every 10°). The percentage of dosc
received in each zone per steradian is then given by

M flp) du
F: = 100 % Eﬂ'j (4)
ek 4 2o A

This 15 the value given in the [irst column of Table 5. Likewise, the percentage of dose
received in each zone (sccond column of Table 5) is

Fi = Fi2x A (5)

Each zone is divided into 36 equally space azimuthal sectors. A portion of these are
above and a portion below the horizon, and a few have parts in both. Applying the globe
to house models, Ritchic and Hurst! found that if they depressed the horizon by 4° and
if they assumed the incident radiation per steradian for sectors below the horizon was hall
of that above the horizon, they got reasonable agreement with Nevada house shiclding
measurements. It scems the factor of one-half was assumed and the 4° depression found to
give the best agreement.

Let N* and Ni be the numbers of the 36 zoncs above (A) and below (B) the depressed
horizon for zone 1 such that

Ny + Nj = 38 (6)

MNote that Ny and Ng are not required to be integers. The values of N4 and Ny for several
elevation angles (o) are given in Table 6.

Because of the assumptions above, the incident radiation was redistributed so that more
arrives per steradian from above. Note that the redistribution for any given polar angle
i5 a function of the angle of elevation or ground range. (Current models for synthesizing
two-dimensional angular distributions from one-dimensional calculations that are only polar
angle dependent do not redistribute but rather only subtract from near and below horizon
incidence.) A factor C% is defined as

R = C} (N} + 3 Nb) ©

Values of C¥ are given in Table 5. The value listed as Cpg is C4/2 if N = 0. Thus C% N¥,
is the percentage of radiation arriving in zone + above the depressed horizon and Cj;lej,.fE
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Table 5. Angular Distribution of Neutron Dose Received at a Point 1 m Above the Ground
for Horizon Depression & =47

Angular Distribotion Function C in 36ths of Percent Per Zons

Dage Becd o=]4" HCD=2km &=184% HCD=15km a=26.5" HCD=lkm e&=45" HCDe=0.Skm
Latitisde Doz Rec'd et

ZoneZ per Zome P Above Delow Abave Helew Abeve  Belaw  Above Delow

Degrees Steadian B - Hocizon Horizen  Hoslzen  Haglzon Horizaon Herion Hesbom o Hosizon
cH Cj Ca Ci Ch Ch Ca =
0-10 103751 9903 02751 ] 02751 1] 02751 1] 027151 ]
10-2d 34340 8738 02708 a a.2703 ] 02703 a 02705 ]
2030 20593 951 0.2028  0.13514 02874  0.01437 0.2647 0 02647 0
=41 15. 764 9.904 03315 L1657 03225 0.1613 03030 01510 02751 1]
40501 1294% 10025 03483 01741 03387  0.1653 0.3260 01630 02785 0

S{-E0 10663 Q567 03354 01677 0.3313  0.1657 03228 0614 02042 0.1471
6070 B.725 B.661 03078 01539 03054  0.1327 02250 0.1475 02836 O.1418
To-R0 7.126 7539 0211 01353 0.2637 0.1343 02670 00335 0.2583 0.1293
B0 5813 G342 02303 0.1151 0.229% 0.114% 02290 0LE45  0.2259 0.112%
50-100 4.760 5.194 0A%03 00551 019085 00953 01910 00955  0.15919 00950
100110 3904 4130 DESET 00763 0.1534  0.0767 0.1547 0.0773 01586 00793
110-120 3zm 3177 0186 0.0593 0.1195 003597 0.1214 00607 00276 00638
13130 2630 IIGE 0O 00337 00205 00453 DO092E 00464 00003 0.0505
1 30-140 2.178 1.687 00645 0.0323 00657 00323 00682 00341 00801 LLEECTE

140150 1.BOT 1.13% 0,044  D,0221 00455 00227 00483 0.0Z41 (1] LREED B

150-160 1.461 0676 0027 0.0136 00285 00143 00323 00163 ] L0188

160170 1.160 0.3328 nok43 0007l 00167 00083 0 0.00%1 ) 000321

ivo-180 10046 .04 0 0.0027 o 00427 a 0.0027 o O.DET
Total 10000

P=2zF (eos & — ez ). HCD=Dislares fcom hypeeenter far 500 m buest beight.

a P !'E‘t
Eﬂ. '—H‘I."‘ H.:"Fﬂ £l EE ,2

Table 6. Number of Ten<degree Sections Above, N, and Below, Ng, the Apparent
Horizon for Various Hypocenter Distances. Horizon Depression 4°.
Burst Height 500m

Latitude  4=14® HCD=2km a=18.4* HCD=1.5km &=265° [CDelkm o=d5® [CDs0.S5km

Long
br-oostioh L TR Ka Kp Ha Ka Na Ny

5 ] 1] I o 36 1] 34 [i]

15 35 0 36 (1] 36 1] 15 i

15 26.96 2.04 30.51 540 36 1] 36 1]

335 23.75 11.25 2342 1058 25,60 6.40 36 ]

45 2156 1444 213,18 1252 1550 1050 36 ]

55 2104 1498 21.76 14.24 23.28 1232 1903 6497

LR 226 1574 20.T3 1527 21.71 1429 1508 1091
15 19.62 1638 19.90 16.10 2047 1553 134  13.64
8BS 19.07 1693 1%.18 16.82 12.40 1650 20,15 1585
93 1858  17.42 1851 17.49 15.40 1760 1813 17.87
105 18.0% 1791 17.85 18.1% 17.39 1861 16.09 1391
113 1758 1842 17.13 1885 16.32 1968 1381 1219
113 1vono 1200 16.33 19.65 1506 20.94 g1 3509
135 1630  19.70 15.36 20.64 13.43 1157 613 1987

145 15,33 2047 13.94 2104 10.96 25.04 0 36
155 137 2228 11.47 14.53 556 30.44 1] ]
165 §.85 2615 .36 3164 0 36 1] 1]
175 o T 0 36 i} k] 0 3n
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is the percentage arriving below il

The globe procedures determine the quantities 4% and 4%, which are number sectors in
zone ¢ that intercept the shicld above and below the depressed horizon. If the shield has
a TF (f), it produces a dose 1-f of that without the shicld present. With this, the globe
procedure calculates the dose as

1 : : T
D= Dr [1 - 2L 5 Gt + 39h) ®)

The calculation of the radiation attenuation for subjects exposed inside the concretle
buildings used the globe technique in a manner that will be described using an example
history. This particular history was for a person in the University Hospital medical ward
at Nagasaki located about 700 m [rom the hypocenter on a hill o the southeast of the
hypocenter. Figures 5 and 6 give the physical information obtained during the interview of
the subject. This particular subject was located in a hallway of the hospital on the top story
ATB. The ling-of-sight attenuation calculation, discussed previously, is provided in Figure 7.
To calculate the attenvation using the globe technique, a simplified layout of the shiclding
situation was made as illustrated in Figure 8. The subject was in a long hallway surrounded
by rooms (o the north and south. The north and east walls of the hallway were considered 1o
be "solid,” that is, blocking the incident radiation. To the west of the subject, at a distance of
8.5 m, was another wall and a window. Figure 9 provides additional information required by
the shielding analyst. This figure indicates, among other things, that the north and east walls
were treated as solid. It indicates that the west wall was 33 cm thick, the south wall was
67 cm thick, and the ceiling was 35 cm thick. This particular subject was located at 700 m
from the hypocenter and, thus, the elevation angle to the bomb was 35°. From this model,
the globe operation could be performed, The analyst recorded the information obtained
from the globe setup on the CD575 working card provided for this subject and shown in
Figure 10.

The data that goes on the working cards is reasonably self-explanatory. The notable
exception is the eatment of windows. The windows were reduced in size corresponding
to the opening, as viewed by the subject, if the thickness of the wall exceeded a certain
amount. The thickness criterion was different for gamma rays and ncutrons. It is believed
that the thickness was 50 cm for gamma rays and 15 cm for neutrons. Thus, the size of
the window and the corresponding solid angle for radiation streaming to the subject in the
globe calculation may be different for gamma rays and neutrons. This cansed a separate
specification for neutron and gamma rays for the radiation incident through the windows.
The example was in this situation, The first four boxes o the Ieft of the column punched
data of the working card (Figure 10) indicates that this describes the globe blockage for the
west wall for gamma rays and neutrons. The second group of numbers is for the west wall
for window and gamma rays. The next set provides the west wall window neutron data.
Following these three cards, the next two cards describe the south wall for gamma rays
and neutrons; then, the ceiling for gamma-ray and neutron blockage. The zone number data,
starting in column 16 and ending in column 6%, are three-digit nombers, which, when divided
by 360, provide the fraction of sectors in that particular zone that are blocked. Following this
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Figure 5. Sample floor plan of a surviver configuration.  Survivar
located ina medical ward of the University Hospital, Nogasaki
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Figure 6. Elevation for the floor plan of the survivor shown in Figure 5
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Figure 7. Sample line-of-sight attenuvation computation sheel for the

survivar shown in Figure 5
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Figure 8. Sample simplified floor plan for application of the globe
technique - for the survivor shown in Figure 5
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Figure 9. Sample data sheet for the globe study - for the survivor
shown in Fieure 5
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Figure 10, Sample working card sheet for CD575 analysis - for the
survivor shown in Figure 5
CD¥ 575 WORKING CARD FER 19
ME ¥ S5A ET ¥WC CH KC 10 el
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HOUSE SHIELDMNG ESTIMATES

figure 11, Sample master card sheet of CD375 analysis - for the
survivar shown in Figure 5

Date Coded:

CODE SHDET FOR SUDJECT OXPOSED INSIDE COMCRETE

BUTLDING, OGLOBE OPERATION (CD# 575)
Hazter Card
Sax Sea
H.F. # City Exp. Coordinates Level
géﬂgﬁjf?ﬁf&’ﬁu‘}{.éﬁdd']é.ﬁ
1 F 3 4 5 7a 7 8 g 10 11 12 13 14 15 & L7
F.wWall D.W. 1 rad Q-Blﬂlﬂ- E!E‘ni HIEFD-l- Mo, W, cards
AL LB B L&
18 1% 20 21 22 23 24 25 2
Ch# C.I.#&
75 76 I7 T &0
Distamce {H.C.} Diztance (B.C.J :
G
Gamna Heutron Remmrks

Air Dope

Transmission Factor

Recelved Dase

Rotes: H_.___,)";_ At

\% ,TE_;L“:I }r}r ,ﬂ ri.--'. I'{

Date formed: 1 Oet.*'6&9 STAT.DEFT. F.0.5.
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CHAPTER 7 APPENDIX 2

Figure 12, Data Format for CO708, the Globe-data File

C.DL#T0E 17 Jaly 1951
Rev. 21 Jans 1966
Fiekl Dperations Div.

Statlstics
Cade for Globe Opamition on Shicking Work
{C.D, aT08)
Item No. Description of field and podtens Card #1 Calumns
1. Master l3e number 1- &
r Reserved galumn 7
3. Number of shiekled sectians in each spheriel zong BT

Crde number of shislded sections In 18 spherlcal zoae each divided
into parfions above and below horizon, 0°90% b the front angle and
90°-LR0" i the back argle.

Code
Mumker of seciian 0% 10® above the harizon B- 9
B "™ belaw 7 1011
# 107- 20 abowe the harizen 12-1%
i "™ below = 14.15
! 20"- 307 above the horizon 1617
A " below .4 18-1%
47 30"= 410" above the horizon 2021
- " below g 2113
b 40" 20" above the horizon 24:25
o " o A 2627
= 50°- &0 sbave the homzon 28-29
o " klow i o3l
a &0°- T0° abave the horzon 32-13
o " below It 34.35
“ T0%= 80" abave (ke harizon 3637
— " elow M 38-39
n BO®- 207 above the horizon 4041
- " below M 4243
i 9071007 above o 4445
i LE] h:w - 45_41
r 100°-110° sbove the hatiran 4049
' *  below K 551
y 1107-120" above the harizan £31-53
i 7 below = 54-55
o 120%-1 30" ahove the hosizan 5657
2 " below i 58-59
] 130°-140" shove the hosizon -1
” Y below i 5263
- 140°-150° abave the horfzon G5
- " below i G667
1 150°%-1 60" shove the hosizon G539
' B below -+ T-71
a 160°=1 70" above the harfran 72-73
2 " halow i T4-75
= 170°-180° abave ibe hodizon 677
= ¥ hablow " TR-79
4, [ndbzailon af a cand niamber B0
Codla
| Far card mumber

Foge 1 of 5 poges
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Flgire 12, eontinusd

HOUSE SHIELDING ESTIMATES

C.D 708 17 July 1961
Rev. 21 June 1966
Field Operaifont Diiv.
Sintislics
Code for Glohe Operation on Shiclding Work
[C.D.#T08)

Liem Ma, [I-l'::cri!:lliurl of (el ond peaitions  Cand#2 Coalumns
1. Mnstar file number 1= &
w1 Remeved columns T4Z
i Eew ond city of cxposure 43

1 Mals, Hiroalitma expodzd
2 Femalo, Hiroshims expesed
k| Mabe, Maprrak] expossd
4 Female, Nagasaki expased
&, Coordinates of lecatbon ATH 4451
Abscizz 4447
Drdinste 48-51
Mote:  Mops wed to measure the coondinatos ar;
Army Map Service U5 Army Washington DU,
Hiroshima = 130440 9-96 1946 and
Magzsaki =  13H353 H-85 1945
~F; Height above sea level of leation ATH £1.53
Code height in 10's of meters,
il ] Less than 10m
al 10-1%m
02 20=1% m
09 D059 m
20 200-209 m
il-tl Unknown
('8 Crunlity of shizld £
1 Tonsmiszlon (Japanese«ype houss)
i Solid (Zero transmizsion anly)
1. Front and back distances for gamma build-up Factor 55480
Front disiane: 55-57
Back distance SB-G0
Code digtance from sublect to nearest object in meters
to one decimal
bbb Mo shield o dizlanes ks larger than 2H i front
andor H in batk, or exposed beyond 1500 m kn
Hirashima and 2000 m [n Nagamkl aceording to
the distance recarded am (he thielding histary,
095 Mot applicalibe because quality of shizld ks solid,
Fngo 2 of 5 pogen
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Figure 12, continued

CHAPTER 7 APPENDIX 2

lem Mo,

i,

18
k.

13
ia.

Deeseription of Told ond positions Cand a2

Closs of eztimating doss

1

2
3
4

Good oslimate

Falr estimnte

Rough estimale; No shielding history

Mo estimate; for example, includes some cases exposcd
ingide comerete bullding, where method of estimating
tranzmitsion fzclor is not yet available,

In gumeral, heavily shielded cases withoat metked of
extimation will remaln kn (his eategary.

Methed of estimating dose

I

i
3
4

L1}

by akr doss alone

By 9-parameter formuala

By plobe applicaiien

Applied svezage transmizsion factor derived fram
the -parameter code for cases exposed Inalds of

Japaness type of houss or light constructions for
subjects which have no shielding history.,

Mo i hod availablo

Reseved columns
Card design number

04

Far card design nomber

Reswerved column
Surrounding shiwlding condition

1
3
4

Maknly shielled by Japansse-type house
Solkd shield, allelded by termain
Sali] shisk, other than above

Indication of 3 card number

1

For cand number

Cislumnz

Gl

i 3-7d
T81T

T8
3

i

Paga 3 of % pagoo
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HOWUSE SHIELDING ESTIMATES

working card i3 the master card for the CD575 calculation, which is provided in Figure 11.

Because the globe operation [or subjects in concrete buildings separated the fraction of the
incident radiation streaming through windows, a better model may be developed to calculate
the radiation attenuation to these survivors. This model would consist of a nominal concrete
building radiation transport analogue. The calculation of the dose to the survivor would then
consist of two separate doses, one from the bulk shielding of the concrete building itself and
the other from the radiation streaming through the windows. The actual angular distributions
calculated in the FIA transport could be used as source terms for both of these calculations.
The data on the window sizes would be obtained from the data contained on the CDS75
working card.

Method for Survivors in the Open Shielded by Buildings or Terrain.  The plobe
technique was also used to provide TF for survivors who were in the open but shielded
by surrounding buildings or terrain (CD708). The shiclding by Japanese houscs or other
configurations had to be substantial (about 60%) for the application of the globe in this
category. Only two types of conditions were considered insofar as calculating the TF through
the shielded portion of the hemisphere around the survivor., These conditions were either
shiclded by a Japanese-type house or by "solid” shiclding, such as concrete buildings or a
terrace. For the solid shielded cases, the incident radiation in the globe zones and sectors was
considered 1o be entirely blocked. There were approximately 3,000 subjects at Hiroshima
and 400 at Nagasaki thal were in the open but shiclded by Japanese-type buildings.

Figure 12 provides the information coded for subjects in CD708. The complete descrip-
tion required two cards. The first card contains mainly the number of sectors in each zone
that were shielded. The second card provides additional information such as sex, city of
exposure, coordinates of location ATB, height above sea level, whether the shield is solid
or of the typical Japanese house, and class and method of estimating dose. One interesting
column is the front and back distances for gamma-ray buildup factors. These columns (55
to 60 of card 2) give the distance from the subject to the nearest object in the front and back.
This was coded as zero if the distance was larger than twice the height of the shield for front
or equal to the height for the back. (On the visit 10 Nagasaki in June 1984, Mr. Okamoto
and Mr. Yamada of RERF reported that zero was coded if nothing was in a radius of 20 m
in front or 10 m in back of the subject.)
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