TECHNICAL REPORT
1-68

X W B &8 #®

TENTATIVE 1965 RADIATION DOSE ESTIMATION
FOR ATOMIC BOMB SURVIVORS

FERBERBEFEOVSFEERE (TED) OHME

HIROSHIMA AND NAGASAKI
LR -EB

-

ROY C. MILTON, Ph.D.
TAKAO SHOHOJI, M.S. [EEFiH

ABHPCC

ATOMIC BOMB CASUALTY COMMISSION

EHY FHEEFER -ERBEIELERZ

JAPANESE NATIONAL INSTITUTE OF HEALTH OF THE MINISTRY OF HEALTH AND WELFARE



TECHNICAL REPORT SERIES
®E R 85 & " 5

The ABCC Technical Reports provide the official bilingual statements required to meet
the needs of Japanese and American staff members, consultants, advisory councils, and

affiliated government and private organizations. The Technical Report Series is in no way
intended to supplant regular journal publication.

ABCCEFEE &, ABCCOHXABIUFERAEMARA, MH, FR2, BN LS UVICR

MOMEEASROERIG L2 2P0 HEABLLSZBTHS. RHNSSRERLTEMD
EERERCR3boTIRZV.



TECHNICAL REPORT
1-68

¥ @8 ® F 2

TENTATIVE 1965 RADIATION DOSE ESTIMATION
FOR ATOMIC BOMB SURVIVORS

FREBEFEDOISEEEHRE (T65D) OHEE

HIROSHIMA AND NAGASAKI
LB -E§

ROY C. MILTON, Ph.D.
TAKAO SHOHOJI, M.S. E&EFiE

Department of Statistics
wirs

Approved K& 25 January 1968

Ajcc

ATOMIC BOMB CASUALTY COMMISSION
HIRDSHIMA AND NAGASAKL JAPAN

A Cooperstive Hesearch Agency of
1,5.A. NATIONAL ACADEMY OF SCIENCES - NATIONAL RESEARCH COUNCIL

JAPANESE NATIONAL INSTITUTE OF HEALTH OF THE MINISTRY OF HEALTH AND WELFARE

with funds provided by
11, 5.A. "ATOMIC ENERGY COMMISSION
JAPANESE NATIONAL INSTITUTE OF HEALTH
U.5.A. PUBLIC HEALTH SERVICE

R O#® # ® B T £ A =2

EREIUVEN

KoIEl % L - K M FEEEBYTH®EFRNF
o HAXHEEFEFERBN

EMHFHEAE, FEAHUTHMERER &L FRELRGTEROFRRIZLS



CONTENTS
B %

Infrodiction 3B Wi tRAnbla b e cpr s il ol T 0 S I T T s eel B 1
Air Dose ZEINRR, oo A i ahas 2
Epicenter i e e P T B B R e p ey A
ShisMing Configuration) EMEIKME .........ccmreossiissistoiommssnisivessmsmansssrssssssiitess sensessssisnssssspesasansginss 7
Attenuation by 'Shielding ERIEESZEFL...onvaminnasica s i i S 9
Reliability of Individual Dose Estimates &8BHEETEDETIE oo 10
Residual Radiation BREIOHBE .....cocooicniociins i 11
Use of T65D at ABCC ABCCIiz&11 5 T6D M fER 11
SUBRBEEY B W i e i e oo ot e e e i e S S S T A eSS s 3L 12
(1Dl = e R ey ae— 13
Appendix I §#
The “9-parameter Formulae™ for the evaluation of-Radiation Exposure in Japanese Dwelling
Houses
HEXRFENC I 2 MHEEEROFMICHO BT =5 A= o —FH] i 42
Table 1. Coefficients of air dose equations and epicenter coordinates
®  EZRERIRAOERSIUCBROER 2
2. Comparison of air dose curves
EZABRERO LR S <
3. T65D air dose values, Hiroshima
TEDZERMRE, E5 5
4. T65D air dose values, Nagasaki
TEED TR  To i i e S e AT s T e e e e 6
5. Average gamma dose, T57D and T65D, by distance —Hiroshima
FEH v (TSTD H LU TEED ), BRRER —IEI et s s mssssesssssssssssssasesnene 23
6. Average gamma dose, T5TD and T65D, by distance — Nagasaki
THH @R (TSTD H LU THSD ), HRES— B : 25
7. Average neutron dose, T37D and T65D, by distance — Hiroshima
FHPETRB(TTDHEUTED ), EEH—ES 27
8. Average neutron dose, T57D and T65D, by distance — Nagasaki
EFHPHETRR(TSTDHLEUTED), FEI—EE 29
9. Average total dose, T57D and T65D, by distance — Hiroshima
FHERR(TSTD L UTED), BRN—EE 31
10. Average total dose, T57D and T65D, by distance — Nagasaki
FHRMER (TS7D & L UFT6ED ), FRMERI—R& ... i oD

11. Distribution of transmission factors — Hiroshima

ERFREDOIN—ED i, ; 35




12.

13.

17.

Figure 1.

10.

12,

14.

Distribution of transmission factors — Nagasaki

BT B0 o A — d i

Status of T65D caleulation 15 August 1967
TESD A HNIKH, 19678 HISHE &

. Staws of T65D calculation for ME 200 and ST 100, 15 Angust 1967
ME 200 & ST 100 A TGED #HWOIKR, 1967 F 8 HISHRE

. Distribution of ME200 and ST 100 samples by T65D

TE5D (2460 { ME 200 5 X U 8T 100 @ 74

. Distribution of ME 200 sample, neutron and gamma, T65D

TEDOPHFESLEF =B ET{ME200 05

Distribution of ST 100 sample, neutron and gamma, T65D
TEDDh@EFEHLUF > vHIXTL ST IO OSH

Comparison of air dose curves, neutron, Hiroshima

wamhtdhRo ks, FETR, LS

. Comparison of air dose curves. neutron, Nagasaki

EaSRGROEER, PiEFE, BN

. Comparison of air dose curves, gamma, Hiroshima

ZamRm Mo, o, LE

Comparison of air dose curves, gamma, Nagasaki

ERERMROLE, VL@, K

Comparison of Air dose curves, total dose, Hiroshima
TEAaZBRMhBory, EER, 1B

Comparison of air dose curves, total dose, Nagasaki

aAAmBdh R oo e, MARNEL, R

Comparison, average neutron dose, Hiroshima

THPETFREOLNE, K&

Comparison, average neutron dose, Nagasaki
FiadFEEOENE, e

. Comparison, average gamma dose, Hiroshima

PR v RO AL, KR

Comparison, average gamma dose, Nagasaki
PHF rvHRBEOHRUE, BE

. Comparison, average total dose, Hiroshima

TFHESROKIE, L&

Comparison, average total dose, Nagasaki

TE AL ) PRI, R

. Density map, location of subjects, Hiroshima

HeEORBSEOLROFHAR, K8

Density map, location of subjects, Nagasaki
HREOHFBSFOMEO T HEE, R

36

37

37

38

40

41

15

15

16

16

17

17

18

18

19

19

20

20

21

22




TENTATIVE 1965 RADIATION DOSE ESTIMATION FOR ATOMIC BOMB SURVIVORS
HIROSHIMA AND NAGASAKI

FRABBEGEOIGSFTEERR (TESD) O #TE

KB -

INTRODUCTION

Studies on the late effects of instantaneous whole-body
irradiation in survivors of the atomic bombs of Hiroshima
and Nagasaki require the best possible estimates of the
radiation (gamma and neutron)dose* received by survivors.
Since 1956, the Health Physics Division, Oak Ridge
National Laboratory (ORNL), has conducted research
designed to provide the basis for estimating the doses
actually received by survivors individually, and since
1963 the Japanese National Institute of Radiological
Sciences (JNIRS) has also advised ABCC on dosimetry
and undertaken independent research in this area, The
principal objective of these efforts has been to estimate
the air dose at various distances from the hypocenter and
the transmission (or attenuation) factors resulting from
various shielding configurations.

Arakawa' has described the general approach to estimation
developed by the ORNL group, and also the shielding
histories obtained at ABCC in accordance with that
approach. Since the T57 D system there described was
instituted, important advances have been made which
have led to the new T 65D system of dose estimates:

The air dose curves of York, 2 which for the Hiroshima
and Nagasaki bombs were indirectly obtained, have
been replaced by estimates based on field experiments
plus a review of all pertinent data.?

The ORNL group has developed a more sophisticated
“9-parameter” procedure® for estimating the individual
transmission factors to be applied to the air dose for
persons exposed in typical Japanese houses.

A spherical coordinate projector (globe)® developed at
ORNL proved especially useful in evaluating the effects
of partial shielding afforded by features of terrain and
adjacent structures. This device was introduced at
ABCC in 1960 and by 1961 was being routinely
applied to the special shielding situations presented by
irregularities of terrain, and by adjacent walls,
buildings, etc.

= B

# &

etV EMD R BRETREREZBHEMC28 122
AR EGROREERRICM T o2#@E2TE I 104G,
BRSSO BSEE(YBBLIUVPETFR)BR ST &
EEVEMICHETILENS S, 1956EL%K, XEHO
Oak Ridge National Laboratory (ORNL ) R8s T
2, SEREFER RO LBREEET I EDORE
BAREROILBUIHEI RIS NTED, 1963FL1%E,
HEOEMBRIEFEGTHEN (KES) t SRBIEICML
TABCCLLMB2TT4aL b1z, MEOIBTZOS
HOWKL2iT4-oTwd,. CheoBEOEEHMITM
LA O ZMBEIZE T2 B AME (F 23 2dmit) &
ULl 4 OE R OTIR - Bz R AEME (F 02
WER)EHEETS L zh 1

Arakawa ! (3, ORNLOMZEE I L-THESL -2
BLaigEfid, 25T HEILZEITVTABCCTA
FLAEERECDLWTRSLA. ABESCEXShTY
5T5D FADFZELIR, ELLESFESHh, HiLuv
BREFELLTTED FRFBshl.

BB L UVESOERI I wWTHENICH#ETEXAL
York O SR BBHMBI IR boT, HibERLL U
EFNTOMBER S O ICR-T  HEEW AT
anTwa,

ORNL O ffR#E 514, RN BAREOFRANT
L ARERE AT AEABBROZESE 4 HEE
TARODOBRELTINFTA—r— | HFA EMB
L2

ORNLTHMESs W -HREEERER (7o0-7)% 11,
BECHEOBEWM I8 NERODTE + FE
TADIHIZIEATH-. ZOEBIZ1960F 12
ABCCIzt 725 &h, 1961FF £ TIZHE O MR
BOE, MG L CkoTELSHR 2 ERIREIC
MLUTHREFERE LTHEHERBIZES 2.

} * Radiation dose is the amount of energy absorbed per unit mass within a substance.
HEHROBRE: CE23MEP I F0MGURS AN EBNENEZFANLF-—TH S,



AIR DOSE

The air dose equation employed in the T65D calculations
is given by Ritchie and Hurst. * It was verified empirically
at weapons tests that both the gamma and neutron doses
decrease with distance according to the equation:

T65D HHE AV SR TS
FEUV HurstlZ k- THshALOTH S, ZOHR
A2 EN Y vERELUPETFHEEZBOM Y 50
HBEAE S 25T - TP T2, ZhiiBiESER
LEoTHER s T3,

ZESARE FFRRL, Ritchie

D(R) - Gy exp (—R/L)
R2

where D(R) is the dose in rad* at a slant distance of 2L, DIR)IZ, RIBROEEGH S OEBIEBER £ —
R mitte?s, L.is the ‘relaxatinn length in meters for the LD EZAIZEF5EE ( rad BIT)*, L [ijﬁ%a‘):j};
apprn?rmte air d?n51‘t}' and for th.e‘ type and' s_pectrum. of SEREL S VI RHB OIS LAY VI o+
radiation, and G, is a normalizing coefficient which

depends on the particular type of weapon, its yield, and AR (m ML) THY, Go BAMERAENT 520
the type of radiation. The constants of this equation and OFET, MO, WU, &5 CHETROTEE - G
the coordinates of the epicenter (burst point) used to MhAH. #1121, TOHDHEEEOME ZMeshiz
calculate the T65D estimates are given in Table 1, OFFEE O R (FEE ) O FERE. 2 518 York

together with values derived from York's curves for air
dose vs ground distance, the coordinates used in calculating
the T57D estimates, and values of the coefficients
derived at ABCC from the JNIRS data.f

-

i b TG LR g+ 2 G EE ol T57D
HEBEOMFICHV SN, & LU ABCC AR ER S
DEFICE TV TIEHLREETT.

TABLE 1 COEFFICIENTS OF THE AIR DOSE EQUATIONS AND EPICENTER COORDINATES USED TO CALCULATE
RADIATION DOSE FOR ATOMIC BOMB SURVIVORS

£1BSRISRAO R E S £ URFBRBIE LT 5 BRI OHE 0 5 12 RO
b N T65D ~ JNIRS HIEH T57D
arameter e L
(85 = Hiroshima Magasaki Hiroshima Nagasaki Hiroshima Nagasaki
{ra- ) £ i 7 7y ) e Ui [ =) e
Epicenter Height M & .m oo 577 507 590 500 580 490
e Abscicss MEW . s Td44.285 1293.656 T44.28 1293.63 T44.31 1293.61
Ordinate MEEEE. Lo ihbinth asin i 1261.697 11']55.96{3 1261.70 1065.95 1261.72 1065.92
Relaxation length (1) Neutrons — W88 ... 198 198 @ 193 225 218 218
iy AR B (L) Gammarays 7 ¥ 8 250 350 256 323 346 346
Extrapolated Gy at burst point Neutrons - Tﬁ& 870x10'"  130x10'"  862x10'" 1.06x10'" 8.64x10'" 1.25%1010
iﬁﬁgﬂﬁ&&ﬁ{”l’ Gamma rays # ¥ ¥ 345x101"  275x101  3.38x10'"  330%10""  2.16x10'"  2.68x1010
IR
{m? xrad) Reference &% L @L (3,11,12) (6,9, 13, 24) (3,9 13, 25)

THED epicenter estimates have been in effect at ABCC since April 1966,

TED FAD B SO EH I ABCC TI966H 4 HLIRMEHL T 4.
Reference maps:
B

IR T I 19459 8 H 17 R AMS L 9024, 1383535 ;

Unfortunately, the coordinate system of the maps used at
Therefore to obtain the
slant distance R, in meters, the procedure is as follows:

ABCC gives distances in yards.

Let the epicenter coordinates be X (East-West), Y, (North-
South), and the height of burst be Hg (in meters above
sea levell. Let the survivor’s location at the time of the
bomb (ATB) (i.e. the exact location) be given by X, Y,
and H (altitude above sea level in meters).

US AMS series L902, 138353, Hiroshima (August 1945); and US AMS series L9902, 138449, Nagasaki (September 1946).
FEEF T 19465 9 H -2 PR AMS L O02iE, B 1384408,

HLz g,
FHAE
A= FILHALT

ABCC T{ER L /=M o FEFE ¢ 12 IE8E L v —
ToTWnad, LEXFTEBRSCOEGNES
TSI, KOL S 2 HEREYEHGS.

MR EELY X (W) LU Y (BIL), T ERED
¥ Ho (4R, mMLr) & L, BESOBESOMNE
{ktb EEIZwAMNE)AX, Y, HLUH (R

mUfiL) TEbLT LT R,

*

159 FidMEoSics0 58
BHROBEUTH S.

ZHIMELgain,

1 rad is equivalent to energy absorption of 100 ergs per gram of material irradiated at the point of interest, i.e., the unit for energy absorption.
WoE v FmE b F—

BARIZE LG, Fabb, Ty FEBRIANE—Ln)
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Then the ground distance, d, in meters is given by:

M FFERE d(mMifT) 12

d = 09144 [(X —X)* +(Y —Y,)?

and the slant distance, R, in meters is:

ERY, FANRSSSOEMBER (mBH) 13

R = d* +(H—H,)?

It is apparent that, where the topography is uneven, care
should be taken that ground distance is not used as a
measure of air dose. The change in air dose corresponding
to a change in elevation of a subject is illustrated for
Nagasaki in the following table:

Elevation of subject above that of hypocenter
BLROBEZEERILEHBRTOLEOSE

Slant distance at ground distance 1000 m
i EEREI000m 2 &1 2 ERERE

Total air dose in rad

HERIME (rad )i

The present procedures apply strictly only to survivors

) within 2 or 3 meters of the ground, and at'slant distances
greater than about 2 relaxation lengths (2L) from the
epicenter (the latter category includes all survivors since
height of burst is about 2L.).

The air dose curves calculated from the parameters
given by Auxier et al ¥ and used in the T65D system
are shown graphically in Figures 1-12, and in abbreviated
form in Table 2, in comparison with the T57D (York)
curves, and those derived by fitting equations to the
JNIRS data points. The T65D (ORNL) curves for
Nagasaki are nearly the same as the T57D, and the
JNIRS points® for gamma ray dose fall quite close to the
T65D curves. The two JNIRS points for neutron air
dose are about 17% and 42 %, respectively, above the
T65D neutron dose curves, but the neutron dose is a
small component of the total in Nagasaki.

For Hiroshima, the T65D curves are lower than the
T57 D (York) curves by an amount varying from one to
three times “the probable error” stated for York's data.
The JNIRS points are within 20% of the new ORNL
curves, which is within the stated estimate of the range of
error for the ORNL determination.? Since the JNIRS
method depends on completely independent data, the
agreement is satisfying. Higashimura et al also made
) measurements on the thermoluminescence of roof titles in

LA, WEATETE WG, Hh RIS A
ORE: LTHERLZVWEIEFEETILEFHI LI
HATHAS. EMOBE, HRENNBEOSESHIEMRT
AILONTEZIZZRBEROE(LE, KOERIIFRT.

Om 50 100 150
12lm 1099 1080 1062
925 1025 1127 1228

ZOHER, MBEEOMEN EZ, 3mNTH,
BB LroOMBIEMOM2E(2L) LD K E
VEBSIBENERIL S (FRAOESZHZLTHS
o, BBREIL2HEREOEEIZ&EHS).

Auxier 53 HFBLNFA—F—-DfELET, TSDH
ARlCE->THEzhZ-ZABRMAL, TS7TD( York )
DZEAMRERS LCHEFORHIER L TH8h
EDOBE, FI7TCH]1I—-6IZRL, E2Ths %
M IzEEns EBOBE, T65D(ORNL)fh#HIE
TSTD ElEEAEFLETH D, ﬂ!ﬁéﬁﬁ@}’ﬁﬂfﬁﬁ [1'1:'651).
B A4 DV, KECE-> TROERE2DDH
Tt sz, TesDPEFHRBIMBELYV L ZHFAH
1T% s L UVR2%IE 5w, ETITETEREIER
BrodhiIbiH+2L0THs.

EeSOHE, TEDHER, York 0EHIZEATA®RET
BXLATVIEEARAZ|IO1I—-3ZORZIITSID
(York )@ LD &L {Ew. BHMENFTERKOH S -SIEHL
1* ORNL fhign20% LINTH D, ZhitgE=n/z ORNL
HMEMOMEREZNDEMATH S, BEFCHEHAL L
FHiklk, 2{MA0BHIRITboTHIP S, R
O—H e sl BT A, HHL IR - i
M ABBEOBRLIZA vy 2o TlEY



TABLE 2 COMPARISON OF AIR DOSE CURVES AT 500 m INTERVALS
#2 500m fifET 0% AR RO I

;.':mnrl Gamma rays # ¥ ¥ & (rad) Neutrons $i1E 7 (rad) Total &3t (rad)
*‘j:“;‘h‘; T57D : T65D T57Dt T57D T65D T57Dt T57D T65D T57D}
™ (Yo T6SD  50° JNIRS Tgzp— (York) T6SD  50° JINIRS fgrp— (York) T6SD  50° INIRS g
Hiroshima =8
0 12000 10300 i 9690 1.16 18000 14200 11700 1.27 40000 24500 21400 1.22
500 4030 2790 2760 1.44 4390 3160 2620 1.3 8420 5950 5380 1.42
1000 572 256 269 2.24 321 192 156 1.68 893 448 425 2.00
1500 80.0 216 240 371 209 101 78 2.08 100 317 318 3.19
2000 12.1 1.9 23 629 108 5 D5 0.4 259 135 24 27 547
Nagasaki S8
0 27000 25100 35700 28000 1.08 5500 3910 6190 4600 1.41 32500 29000 41900 32600 1.12
500 7230 7090 8650 7390 1.02 1030 703 926 915 1.46 8260 7790 a580 8310 1.06
1000 865 889 983 829 0.97 6.0 359 417 589 1.70 926 925 1030 888 1.00
1500 113 119 127 987 0.95 36 1.7 1.9 38 2.07 17 121 129 102 0.96
2000 165 17.8 186 131 093 0z 01 0.1 03 256 167 179 187 134 093

*Elevation of subject above that of hypocenter (m)
BLROBERCERCLANREDOEE(m).

fCalculated using numbers with more significant places than Bfoce shown.
FERARALNLE{OHBRTEROTRAL L.

the two cities.”+® Their results are also in agreement
with the new ORNL gamma ray curves, rather than
with those of York.

Tables 3 and 4 give the T 65D air dose values for each
city corresponding to ground distance from the hypocenter
at the elevation of the hypocenter.

In recent analyses at ABCC a distance cut at 1400m
has often been used, corresponding to about 178 rad (total
dose) on the York curves for Hiroshima, and to 186rad for
Nagasaki. The T65D curves suggest that the two cities
should not be divided in the same way and that 1200 m for
Hiroshima corresponds to about 1400m in Nagasaki. Of
course, distance alone, or even distance within shielding
category, provides only a rough approximation of the
dose received by the individual, and it is expected that
definitive analyses will in the future be based on the
T65D values.

EPICENTER

The estimated coordinates of the epicenter are also
tentative, despite considerable efforts at ORNL and
ABCC to provide “definitive” estimates. The measure-
ments of Nagaoka for both cities, previously utilized by
Woodbury and Mizuki, and Arakawa and Nagaoka;® and
by Hubbell, et al'® have been reworked at ABCC'!-'? by

Fhat.78 ZO&RE, York of#MHELIGLS
ORNLO#H L vy MitthiRe AT 3L 0TH 3.

#IBXUEAL, K- BBZAThoBLEOT
ZdnT, HOHeA SO REiEE e U TE(ET 5 TED
28 A R T

ABCC (21 A MGEO R Tl B A O &5 10 R 1400 m
DM EIEREAS L IE LMV ST WA, ZOBEOHE
HBtiE York dhi#tic R FIRSTIEA1T8 rad, RIET
(£186 rad (2% A, T65D HIRO #5615, Mm% FE L
BT AT T RETAVZ E, EREEOME
SAMELI200m (2 407 A L IS R T (EHD B BRBEAY1400m &
BERLCHY TR EaRS. b AA, HEDS,
HAVIIEM A ER AN LT, BB
BHEHROBEBOMFES N 5. PRI TED D
fil (z 365 W TG BT AT e bh s 2 LA NS,

B R

ORNL # £ U'ABCC CIx IS 2B hE -7 [EENE]
BhoMEMELEIELECL2PbLT, £XBE
OREEBEINMENL L OTH 5. Woodbury BEU
KA, Arakawa 3 & UM, ? % 5 UF12 Hubbell 5 #*
HurEFRo@EdicMy3RE#R, AHic2eTE
ﬁ@]&ﬁ&ﬁ&mt‘TﬁBCC‘(‘&ﬁfﬁ‘ﬁﬂi"Jfl'fir‘%."‘“



TABLE 3 T65D AIR DOSE VALUES, HIROSHIMA
#£3 TEDEAHRRWM. 8

Ground distance from groond zero Slant distance from epicenter
fresrsnELER BabonEEARE

Ground Slant Gamma  Neutron Tatal Sinnl. Ground Gamma  Neutron Tutal
distance distance  # L <4 htEEH S distance distance He=i TR BaR

ORI AR rad rad rad FHN b R ad rad e

m m m m

0.0 577.0 103066 14176.6 244832 600.0 1645 8693.8 116727 203665
100.0 585.6  9667.7 I3175.1 228458 700.0 396.3 42815  5175.3 9456.9
200.0 610.7 8041.5 10676.4 187179 800.0 554.1 2197.3 23912 45885
300.0 660.3 60508 7705.7 13756.5 900.0 690.7 11638 1140.2 23040
100.0 702.1 42207 5090.6 93113 1000.0 816.7 631.9  557.3  1180.2
500.0 7635 27917 31568 50483 1100.0 a36.5 350.1 2780 628.0
550.0 797.1 22386 24435 46821 1150.0 994 8 262.2 197.6 450.8
600.0 832.4 1782.6 18749  3657.6 1200.0 1052.2 197.2 141.0 338.1
850.0 8692 14117 [428.6 28403 1250.0 1108.9 1488 100.9 2497
700.0 907.2 11132 1082.4  2195.6 1300.0 1164.9 112.6 72.5 185.1
750.0 946.3 874.9 8165  1691.3 1350.0 12205 85.5 522 137.7
200.0 986.1 6859 6137 12005 1400.0 1275.6 65.1 313 102.8
850.0 1027.3 536.7 160.0 996.6 1450.0 1330.3 197 27.3 77.0
0.0 1069.1 119.4 344.0 763.4 1500.0 1384.6 380 19.8 57.8
950.0) 1115 327.4 256.9 584.3 15500 1438.6 20,1 14.4 43.6
1000.0 1154.5 255.5 191.6 47116000 1492.3 224 105 32.9
1050.0 1198.1 199.3 1428 3421 " 1650.0 1545.8 17.2 7.3 249
1100.0 1242.1 155.5 106.3 261.8 1700.0 1509.1 13.3 5.6 18.9
1150.0 1286.6 121.3 79.2 200.4 17500 1652.1 10.3 4.1 144
1200,0 1381.5 94.6 58.0 153.6 LA00.0 1705.0 7.9 3.0 1.0
1250.0 1376.7 73.9 43.9 117.7 1850.0 1757.7 6.2 2.2 8.4
1300.0 1422.3 57.7 32.6 90.3 1900.0 1810.3 4.8 16 6.4
1350.0 1468.1 5.1 243 69.4 1950.0 1862.7 a3 1.2 4.9
1400.0 1514.2 35.2 18.1 533 20000 1915.0 2.0 09 38
1450,0 1660.6 27.6 13.5 41.0 2050.0 1967.1 2.3 0.7 2.9
1500.0 1607.1 21.6 10.1 3.6 2100.0 2019.2 1.8 0.5 2.2
1550.0 1653.9 169 7.5 244 2150.0 2071.1 1.4 0.4 L7
1600.0 1700.9 13.2 5.6 18.8  2200.0 2123.0 1.1 0.3 1.3
1650.0 1748.0 104 1o 42 ¢ 14601432500 2174.8 0.8 02 1.0
1700.0 1795.3 &5 =331 >—1+:3—+—8300.0 2226.4 0.7 0.1 0.8
1750.0 1842.7 64 > 23 2 B1S 29500 2278.1 0.5 0.1 0.6
1800.0 1890.2 5.0 1.7 6.8 24000 23206 0.4 0.1 0.5
1850.0 1937.9 40 4 131 53 £24500 2381.1 0.3 0.1 0.4
1900.0 1985.7 31 1.0 41 _ 25000 24325 0.3 0.0 0.3
1950.0 2033.6 24 2 07 3213 2550.0 2483.9 0.2 0.0 0.2
2000.0 2081.6 19 0.5 2.5 2600.0 2635.2 0.2 0.0 0.2
2100.0 2177.8 12 | s e g 2700.0 2637.6 0.1 0.0 0.1
2200.0 2274.4 0.7 0.2 09  2800.0 2739.9 0.1 0.0 0.1
2300.0 2371.3 05 | 01 0 06 p) 29000 2842.0 0.0 0.0 0.0
2400,0 2468.4 0.3 0.1 0.3 3000.0 2944.0 0.0 0.0 0.0
2500.0 2565.7 0.2 0.0 0.2 3100.0 3045.8 0.0 0.0 0.0
2600.0 2663.3 0.1 0.0 0.1 3200.0 31476 0.0 0.0 0.0
2700.0 2761.0 0.1 0.0 0.1 3300.0 3249.2 0.0 0.0 0.0
2800.0 2858 8 0.0 0.0 0.1 3400.0 3350.7 0.0 0.0 0.0
2000.0 2956.8 0.0 0.0 0.0 35000 3452.1 0.0 0.0 0.0
3000.0 3055.0 0.0 0.0 0.0 3600.0 3553.5 0.0 0.0 0.0




TABLE 4 T65D AIR DOSE VALUES, NAGASAKI
T 65D 5 B, Jels

= 4

Ground distance from ground zero

B A 5 b L B R

Slant

Slant distance from epicenter

MR 5 o R B

Ground Gamma  Neutron Tn_tr Slant Ground Gamma  Neutren Total
distance  distance ¥ v w8 P TR 28R distance  Distance x5 w8 ditkv@m BEh
Mo |- FEAE A EERE - el - FOSREERE b L PRRE vt i vad

m m m m

0.0 507.0 251310 3907.2 200343 600.0 32009 137571 17442 L5E01.3
100.0 516.8 23524.2 3579.9 27104.1 T00.0 4826 Ta95.3 773.3 BA6H.T
200.0 545.0 19508.3 2790.4 222986 800.0 GI8.8 43700 3573 4727.3
300.0 589.1 14721.5 1911.6 166331 qo0.0 7438 2594.7 1704 27651
400.0 6458 10418.8 1194.7  11613.5 1000.0 861.9 1579.4 83.3 L6627
a00.0 Z12:1 70911 703.1 T794.2 oo 976.2 980.9 41.5 1224
550.0 T48.0 hT7098.4 531.3 65329.7 1150.0 1032.2 TTR. 29.5 BOT.5
G000 T85.5 4723.9 398.7 5122.6 1200.0 1087.6 619.4 211 644.4
LTI 824.3 3839.1 297.6 41367 1250.0 1142.6 494.8 15.1 509.9
T00.0 B64.3 31153 221.2 3336.5 1300.0 11971 396.6 18 407.4
a0 905.3 2526.0 163.9 2690.0 1350.0 1251.2 3L8.8 7.8 326.6
BO0L0 947.1 20478 E2 L3 21690 1400.0 13050 257.0 5.6 262.6
250.0 989.7 L6604 84,5 1750.0 1450.0 1358.5 207.7 4.1 211.8
G00.0 1033.0 1347.0 6.1 1413.1 1500.0 1411.7 168.2 3.0 171.2
95010 1076.8 10493.6 48.7 1142.4 155010 I 464.7 136.6 2.2 138.7

OO 1121.2 BERT 35.9 924.7 1600.0 16178 111.1 1.6 1127

LOR0,0 L1660 723.0 26.5 T49.5 1650.0 1570.2 90.6 i bl 91.7

1100.0 1211.2 HRE.E 19.5 GOE.3 1700.0 1622.6 74.0 0.8 74.8

1150.0 1256.8 b0l 14.4 494.5 E750.0 1674.9 GiLa 0.6 61.1

1200.0 1302.% 391.9 10.6 402.5 LROD.O 7271 49.6 (1.5 50.0

1250.0 13489 320.3 7.9 328.2 1850.0 1779.2 407 (3 1.0

L300.0 13495.4 2621 5.8 267.2 1moo.o 1831.1 33.4 0.2 337

1350.0 14421 214 8 4.3 219.1 1950.0 18829 275 0.2 27.7

Lo 1458490 176.2 32 179.4 2000.0 1934.7 22 0.1 22.8

L4&0.0 1536.1 144.7 2 147.1 2050.0 1986.3 18.7 01 18.8

150060 15834 119.0 1.7 120.7 2100.0 20379 55 1 155

1550.0 16308 97.9 143 99.2 2150.0 20894 1 12.8

16000 1678.4 B20.7 151 B1.7 2200.0 2140.8 0.0 1.6

1650.0 1726.1 66.6 0,7 673 2250.0 2192.1 2.8 0.0 8.8
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means of standard procedures for both cities. The
hypocenter is estimated by minimizing the weighted sum
of squares of perpendicular distances from average
thermal ray shadow angles to the assumed hypocenter,
where weights are the number of measurements made at
each location. Height is estimated from average elevation
shadows and the previously obtained hypocenter co-
ordinates. In Table 1 these revised estimates are compared
with those of Woodbury and Mizuki® for Hiroshima and
those for Nagasaki'" which were used at ABCC before
April 1966.

There exist several early Japanese reports on epicenter
estimates. '3 The ORNL group is including these in a
review of the entire subject, from which recommendations
for further changes may emanate. '*

SHIELDING CONFIGURATION

Shielding histories have been obtained at ABCC since
1951 in Nagasaki and 1954 in Hiroshima, with changes in
content being made from time to time in accordance with
the development of estimation procedures at ORNL. In
Nagasaki shielding histories have been sought for all
ST100, PE86, and HE39 subjects exposed within
2000 m, and for those in the major programs of earlier
vears (ME55, PE 18, etc.) exposed within 2200m. In
Hiroshima the inquiry has been similarly structured but
because the larger volume of cases led to a prolongation
of effort. in 1965 the critical boundary of 2000 m was
reduced to 1600 m, so that the 1600-2000m distance
group was never completely exhausted. Furthermore,
the total air dose in Hiroshima at 1600 m according to the
revised estimate (18.8rad), is almost equal to that in
Nagasaki at 2000m (17.9rad). A recent summary of
shielding histories available in both cities shows:
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Project Hiroshima
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ST 100 15462
ME 200 6225
MEY 9237
PE 86 428
Other £ @i 4381
Total & it 20271

These counts represent 91% and 83% of the ME200
subjects in Hiroshima and Nagasaki, respectively, and
72% and 87% of all ST 100 subjects within 2000 m.
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Not all individual shielding configurations fit the ORNL
models with equal nicety, and as a practical matter it was
decided, during the visit of the ORNL liaison representa-
tive in 1966 (J.S. Cheka), that estimates would be made
for as many individual subjects as possible on the basis
of existing technical information despite that adaptability
of the formula for transmission factors differs.'® In
relation to the three well-defined methods of estimating the
transmission factors the following classes were defined:

Class 1 Method applies as intended

Class 2 Method applies with minar exceptions for which
'\’-approximatc adjustments can be made

Class 3 No shielding history available but Master Sample
Questionnaire data ' may be used to give a rough estimate

Class 4 No present method applies
Priority was given to classes 1 and 2 in the dose calcu-

lation. By 15 August 1967 the calculation of T65D
estimates had progressed to the following point: I

ENREDERMOBK, KRS Z &L { ORNL#S
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IZORNL gkt ( J. S. Cheka ) # £ H LB, 208
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Shielding Histories Hiroshima Nagasaki Total
ERE 4= -2 it
Total available A FEhibtonE&.. 20271 8334 28605
Dose calculated BRFABF Tz bzt n .. 19575 6804 26469
Calculation p g and impossible AT ERET 2 LU FTREOELED 696 1440 2136
ST 100 <2000 m Lacking shielding histories
200m KMOSTIWOBEED T L&D rreraiens 5956 886 6842

Most of the 5956 Hiroshima cases lacking shielding
histories were exposed in light construction or in the
open and not shielded, fall into Class 3, and were included
in the calculations made by 15 August 1967 (Table 13).

Figures 13 and 14 are density maps of exact location
ATB for subjects whose T 65D estimates had been made
by 31 August 1966. Average whole body doses for fixed
distance are given in Tables 5-10 for the 83,998 subjects
with T65D estimates. Distributions of the transmission
factors used to estimate T650) are given in Tables 11 and 12.

For subjects designated as Class 3, estimates are made
as follows:

100% of the corresponding air dose is assigned to all
who were in the open and unshielded ATB:

For all subjects who were totally shielded by Japanese
houses, or by similar light structures, whose exact
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shielding configuration is unknown, and who were at
distances within 1600 m in Hiroshima or within 2000 m in
Nagasaki, average transmission values'® are used. These
have been derived from a representative sample for
whom the nine parameter method was applied. These
average values are

HRFEBEAYA B T1E1600m LI, Sl T2 2000m LLA T H -
EEFAI2LTIR, PHBARNOMB T EHAVA. &
RoOMBEEIR, 91994y —-HFREBAL LREN
BEix»o#ohb0THN, Zhs0THEIAD L
BNITHS.

Radiation
HH®R

Gamma rays ¥ » v &

Neutrons P F+8&

Hiroshima Nagasaki
BB B
0.904 0.813
0.316 0.351

Air dose is assigned to all who were beyond 1600 m in
Hiroshima or beyond 2000 m in Nagasaki.

ATTENUATION BY SHIELDING

Gamma rays and neutrons differ in their penetration, and
shielding materials in their penetrability. For individuals
in the open, unshielded on all sides, the best estimate of
the dose received is the air dose. But an individual
shielded on one side by a heavy wall will receive the full
air dose less some fraction screened out by the wall.
The subject in a house, itself shielded by other houses,
may receive only a small fraction of the air dose at that
distance, depending on numerous characteristics of his
shielding configuration.

A spherical coordinate projector(the “globe”) was developed
at ORNL to evaluate transmission values for these
shielding situations. It consists of a sphere of transparent
plastic, with latitude and longitude lines inscribed on the
surface at 107 intervals, and a small bulb approximating a
point source of light at the center. When placed in a
scale model of the shielding configuration so that its
center represents the subject, the axis is pointed in the
direction of the radiation source, and its projection on
portions of the model shows what part of the incoming
_radiation was intercepted by the shield. By the use of the
experimentally determined angular distribution function of
radiation from an exploding nuclear weapon, in conjunction
with the measurements made with the globe, the fraction
of intercepted radiation can be determined. When the
transmission factor of the shield is known, the fraction
of total radiation (air dose) reaching the subject can be
computed. For example, if y| is the fraction of radiation
intercepted, T is the smission factor of the shield,
and yg is the fraction of tota radiation which is not
blocked, then:
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where D is the attenuated dose at the point of interest
and Dy, is the air dose at that location. The application
of this technique at ABCC is described in a memo
by Okamoto. ®

Because the globe was impractical for the typical survivor
located in a Japanese dwelling ATB, methods of approxi-
mation were developed in conjunction with Operation
BREN (Bare Reactor Experiment Nevada) in 1962, and
checked against measurements made of weapons radiation
in 1957-58. Radiation within houses constructed to
simulate the penetrability of Japanese houses was monitored
by dosimeters systematically placed within and near these
houses, which were of different sizes and orientations
relative to one another. The resulting observations were
subjected to analysis by the method of multiple linear
regression. ' Of 23 factors chosen for study, 9 appeared
to carry the significant information when investigated by
means of a stepwise linear regression program that first
selects the variable most highly correlated with the
dependent variable, then the one that increases the
multiple correlation coefficient by the largest amount,
and so on, testing after the addition of each variable to
see whether the information added makes a significant
contribution. The nine factors which were selected by
this analysis. separately for neutrons and gamma rays
are as follows: floor number, slant penetration, internal
front walls, internal lateral walls, front shield, front
shield size, lateral shield, height above floor. and distance
from an unshielded window in the direction of the burst
point. There are separate equations for neutrons and
gamma rays (Appendiz), The result of the calculation is a
decimal fraction that may be applied directly to the air
dose at that distance to yield the individual estimate.
Cheka et al ! reports that 50% of such regression estimates
were within an error of 6% of the observed values, and
90 % within an error of 17% of the observed values.

RELIABILITY OF INDIVIDUAL DOSE ESTIMATES

When individual dose estimates are used, it should be
borne in mind that there may be an accumulation of
relatively small errors at cach stage in the collection of
shielding histories and the numerical estimation, and it is
not possible at present to give a quantitative evaluation of
either the accuracy or precision of the final estimates.

The accuracy of individual dose estimates has been a
matter of concern in recent vears, and the memorandum
of Milton and Archer'' should be consulted by those
interested in this aspect of the dosimetry for A-bomb
survivors. They list known or suspected sources of error
as:
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Coordinates of location ATB

Coordinates and height of epicenter

Functional form of air dose equations

Parameters of air dose equations

Shielding histories

Method of estimating transmission factor (9-parameter,
globe, use of air dose for unshielded exposure in the
open)

S U N e

and point out that little statistical information is available
with which these individual components of error may be
assessed. No overall estimation of the error of individual
dose estimates is possible without such knowledge.

RESIDUAL RADIATION

The problems of residual radiation have been dealt with
by the Japan Science Promotion Snciely.u Pace and
Smith,"” and Shono "% (The reports by
Shono should be read in conjunction with a memorandum

by Arakawa’ A report on an independent study by
Hashizume et al of JNIRS is scheduled to be published

soon. )

1,19
Arakawa

USE OF T65D AT ABCC

The T65D estimates, and related information utilized in
deriving them, will be stored on a master tape from which
information may be drawn by specifyving individuals of
interest. In addition, an extract of the information ( neutron,
gamma, and total dose, plus reliability information and
method of estimation) will be added to such major tape
files as those for ST 100 and MEZ200. Tables 13-15
providesT65D dose distributions for exposed members of
the MI 200 and ST 100 samples, and for all subjects for
whom dose estimates have been completed thus far.
Tables 16 and 17 show the distribution of the ME 200 and
ST 100 samples for neutrons and gamma rays by T65D.

Although the calculations are complete for the ST 100
sample, this is not true of the PE86, in utero mortality,
and F; samples.

In using the T65D estimates analysts are urged to consider
several factors:

The likelihood of obtaining a shielding history is a
function of survival in the period of interview, mortality
rates being especially high for those lacking histories.

11

IS o PR S D R

BhoMBHLUERE
ZABRFRARAOMENE
ZRBERFERD T —5—

=W
EBAEHOEFEE(9/5F2A—%5—, YU—-T7, B

froRERER T 3 EABBOHE)

(= I B U o B ]

ZE, phoRChe EBEDEUEET L FETCEIHGH
EMBEERAIZ LAYV LEERBLTVA. 23 LA
Mz LTk, MeomBiEs@oRE B0 125
BF2ZLI34DLEZAATETSHS.

RE AR

A A Mo BLL, OAERRAS,Y Pace LU
Smith ™ % & UF12 Arakawa 122 THIHAO MG 10
NN THED, FLAEF 2 ICLoTORENLE
NTWa. EHFOHEHIT Arakawa OB L HbHT
HENETHS. EVWIHIZ, HEZHRLZITL2-2TY
IREFOEE L IRNEFBEITETSHS.

ABCCICH 1123 Tes5DMER

THED#EMH LY, Thc2B5-0ICHEAERAM
HEEEIT, RRHLEZOBRT - TIINEL, H8F%
BETAIEILEY, ZhoicEi s Mtz s
FIRLTEHEL. &612, ASaBESIURARERE
EA(STI00H EUME200) CE+ 37— 70 L5102
EL#ETICR, BHELTEEZLOO L 85 (PR,
HrvRELURME, 2o EHOBHEMNES L UHE
Eik) BN S, #13—1512, ME2008 4 & & ST
00fArh o Wik # £ B, 45 ICBEE Tl siHEE A
HTLTVANREO LRI TOTED DHsFiT.
#1638 L1714, ME200#E A & L USTI00M A D # ~
e PE T MO TED DA E2TT.

STINE2WTIRRHEAFETLTWwS Y, PESS, KA
BENECH LURBEBRBESOTROEEXR >V TIE
*xETTH5.

Hif&i:, TOEDEEFALEHET 38R, X0&ZEA
FEBIANSLEDSSL+EATS. T2b5:

EFEFAFTE otz mRMMP I HRED
EFLTVECLEMEY S 3. EREOZVWED
FECHEIFFIZ @M.



With full realization of the above, use should be made of
the reliability ratings placed by shielding technicians
on their interviews.

Much of the value of the dose estimates will he lost
unless dose is handled as a quantitative variable rather
than as a means of establishing rough groupings of cases
of differing dose-levels, as was done with distance.

Although no one should expect RBE estimates to be
within easy reach, the neutron and gamma ray com-
ponents deserve separate scrutiny, especially when
relationships to total dose seem established. Further,
RBE may be a function of dose.

Because of the great change in the air dose curves for
Hiroshima, the dose-cuts formerly used, e.g, 1400m
in each city, are no longer serviceable. In principle,
one should not combine the data on the two cities prior
to examining the data for each city separately, because
differences in the spectrum of radiation argue for separate
study before data on the two cities are combined. *~

Some doses of doubtful validity have resulted from the
calculations, doubtful because they exceed reasonable
upper limits of human tolerance (over 1000 rad).

The Department of Statistics expects to develop computer
programs to facilitate the search for dose-specific
relationships and the evaluation of such relationships.
When grouping by dose it is necessary to make the
grouping in accordance to an appropriate criterion after
effecting some type of conversion.

No method is presently available for utilizing the
shielding history information for a fraction of the
proximally exposed survivors (e.g., in MEZ200 dose
estimates are not available for 27 % of Nagasaki and 9 %
of Hiroshima survivors exposed within 2000 m).

SUMMARY

TENTATIVE 1965 RADIATION DOSE ESTIMATION FOR
ATOMIC BOMB SURVIVORS, HIROSHIMA-NAGASAKI
(TR 1-68) Presented in this report is a comprehensive
description as of 15 August 1967 on the latest 1965 tentative
exposure dose (T 65D), considered to be the best dose
estimates to date, and also a comparison between this dose
and the 1957 tentative exposure dose(T57D). The location
of the burst point was tentatively determined by ABCC to
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make possible the estimations for T65D of the respective
survivors. The air dose estimate for both cities by type
of radiation are given in ground distances from 0-3000 m,
and tables presenting the average exposure dose esti-
mates (T57D and T65D) in 50m bands are provided.
Further, the distribution of ABCC samples by T65D
estimates are also shown.

A considerable amount of information is necessary to
estimate the individual exposure dose, but at present
Therefore, the T65D
estimates being used at ABCC are not final, and as oon
as new information becomes available, they must be re-
vised. Instructions on the actual application of T65D are

this information is incomplete.
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FIGURE 13 THE DENSITY MAP OF LLOCATION ATB FOR SUBJECTS WHOSE T65D ESTIMATE HAD BEEN

#13 1966% 8 H3lH

CALCULATED BY 31 AUGUST 1966
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FIGURE 14 THE DENSITY MAP OF LOCATION ATB FOR SUBJECTS WHOSE T65D ESTIMATE HAD BEEN
CALCULATED BY 31 AUGUST 1966
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TABLE 11 DISTRIBUTION OF TRANSMISSION FACTORS — HIROSHIMA, 15 AUGUST 1967

#1l ERFHOFAG—IES, 19678 HISHB#E

T o Gamma rays # > v® Neutrons ‘Pt @
hclo‘r values T57D 1 T&5D T570 + T&5D
BAER Total 9par  Globe  Other® Total  9-par Jlabe  Other®
Gt 9z s—% yo—7 E0& it 9-134—9 Yu—7 FONR
000 049
050- 099
J100- 149 1 3 1
150- 199 110 75 2 33
.200- 249 3 1 2810 2031 16 763
.250. 299 11 3193 4142 2973 39 1130
300 339 a7 2 1 i 157 6357 2825 a4 3438
.350. 399 148 2 2 1631 1857 1057 133 667
A400. 449 338 4286 ai5 407 184 324
A50- 199 766 1 1 .« © 2388 579 132 251 196
500- 549 1274 1 1 1334 534 82 263 189
550 599 2047 53 18 35 184 126 62 224 140
600- 649 3282 166 18 118 89 300 42 168 a0
650- 699 2578 460 270 190 49 309 44 155 110
700-.749 2035 702 7 503 192 29 224 28 17 79
750,799 1310 935 310 433 212 16 210 28 106 76
800- 848 i1 3582 2330 252 1000 3 220 29 98 93
LRA( L ROY 14 3182 2749 204 1229 213 18 a6 999
800 949 ] 5971 2243 204 3524 5 311 7 75 229
950- 999 2228 1281 127 818 110 1 10 69
1.000-1.049 45165 558 44607 44373 1 44372
1.050-1,099 152 106 16 ~
1,100-1,149 204 130 74
1.150-1,1949 i 4 21
1.200-1,249 86 64 22
1.260-1.299 29 20 9
1.300-1,349
1.350-1.399
1.400-1.449
1.450-1,499
1.500+
Total it 14265 64004 9842 2064 52098 14265 64004 9842 2064 52098
1BM 01824

*Otherwise estimated, chiefly eases lacking shieMing histories,

BobiTREShAN, EELTRARENS VLD

+T57D cases for whom % parameter transmission values could ako be calenlated for TH5D.
2hAEOTSTDWME, 9 -3 - sRBEROANLARTEN. FACENITHDIOBRLELD
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TABLE 12 DISTRIBUTION OF TRANSMISSION FACTORS — NAGASAKL 15 AUGUST 1967
F12 BAEROSH K, 1967 8 AISHRE

T o Gamma rays & >+ Neutrons ?—!_

facm.r values TSTD T65D TSI TasD
BN Tatal Spar  Globe  Other* Total 9par  Globe  Other”

AiF 9-r52—5 Fu—7 Fof & 913 A-% yu—7 EOM

A00- 048 235 235 235 235
5009 ] 1
LL00- 149 2 2 2 1 1
150,199 15 ] 1 5
200- 249 25 126 389 37
.250- 200 1 1 354 R10 718 11 83
300- 349 1 1 9 1308 1192 16 100
350- .399 641 1103 710 23 670
Aon. 419 24 B s 1067 394 326 16 22
_450- 199 327 1 725 188 12 65 11
500- 549 348 1 1 536 132 71 51 10
550 599 195 2 2 237 109 50 52 7
_600- 49 581 25 3 17 1 52 a9 41 " 4
650- 699 534 236 154 63 19 23 76 33 40 3
T00- 749 40 930 705 143 %2 25 7l 28 a3 1
J150- 799 528 1135 952 H8 95 20 77 18 50 9
B00- 849 215 1762 989 67 706 69 22 39 =
_850- 899 24 605 199 67 39 2 69 15 15 9
.900- 949 1169 206 72 8491 950 9 6t 875
950999 150 26 116 8 fifi 2 62 2
1.000-1.049 13506 12 13494 13494 13494
10501099 166 145 21

1.100-1.149 46 41 h

L150-1. 199 11 9 2

1.200-1.249 2 2

1.250-1.299

1.300-1,349

1.350-1.399

1.400-1.449

1.450-1.499

1.500+

Total 3t 3716 19994 3744 881 15360 3716 19994 3744 881 15369

IBM 01824

*Otherwise estmated, chiefly cases lacking shielding bistories

N EETEEEALM, ELLTRBENCWEO.

+T57D cases for whum 9 parameter transmission vaines rould siso be caleulated for TE5D.
SRSDTHDWME, -3y BREROHRLAWTHN, ThEENTESDOBShEED,
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TABLE 13 STATUS OF T65D CALCULATION, 15 AUGUST 1967
#£13 TESDEROMWE, 1967 8 A 15H M

Category Hiroshi: Nagasaki Total
[E8:3 g -] B St
Male B 26348 8597 34945
Female & 37656 11397 49053
Dose estimation Class 1 ® 18 12180 4204 16384
BRBEOFYW cpe2 w2 @ 7395 2690 10085
Class 3 B3 & 44429 13100 57529
Sample PE B8 .. 380 88 477
BETH STI00 .o 52889 17056 £9945
MR e 21877 7353 29230
Female &. .. 31012 a703 40715
ME200 ... = 9681 3839 13520
Male B.... 3685 1646 5331
Female & . 5996 2193 8189

Other ST 100 (ME Y)
FOM reiarrnrriane % 43208 13217 56425
Male H..... 18192 5707 23899
Female & .. 25016 7510 32526
Reserve FHE ....oovvverremeeeasanens 3526 1399 4925
Othey TOM i 7200 1451 8651
Total #t ©1004 19994 83998

TABLE 14 STATUS OF T65D CALCULATION FOR ME 200 AND ST 100, 15 AUGUST 1967
#14 ME200 & ST1008E A0 TESDFE O IKI, 19674 8 H15HME

Ground distance 1 FFRE Total
TE5D <1000 m 10001599 m 1600+ m &t
TEAD Total T6D Taotal T6ED Total T&5D Tutal

Yes %T Nok#d ¥ VesmTNoFm® M YesmTNokielt M Vs TNo e 1

Hiroshima 15 K
ME DY it 9T 274 71 3928 308 4231 1724 22 1746 6249 599 GH48
Male + i 260 104 364 1480 142 1622 635 3 638 2375 249 2624
Female % ... 337 170 507 2448 161 2609 1089 19 1108 3874 350 4224

633 291 924 9427 751 10178 42829 186 43016 52889 1228 54117
81 106 387 3725 364 4089 17871 53 17924 21877 523 22400
352 185 537 5702 387  60B9 24958 133 25091 31012 706 31717

Nagasaki EiS

ME 2D posisniaismsnsan 108 144 252 1605 623 2228 567 78 645 2280 845 3125
43 59 102 692 287 979 238 38 276 973 384 1357
65 85 150 913 336 1249 329 40 369 1307 461 1768

184 221 405 2625 963 3588 14247 446 14693 17056 1630 18686
68 93 161 1189 476 1665 6096 208 6304 7353 77T 8130
116 128 244 1436 487 1923 8151 238 8389 9703 853 10556

* Exposure group | and 2 oaly.
BlIEIUNR2EIBNATHE.



TABLE 15 DISTRIBUTION OF ME 200 AND ST 100 SAMPLES BY Té5D
#15 T65D XS (ME2005 XU ST1000 5 16

Total E8E Gamma # > & Newtron FEF&E
1::‘) ME200 ST100 Al ME200 ST1i00 All ME200 ST100 All
£HESH EHRE EHRE
Hiroshima &8
09 4440 39226 44549 4716 40734 46592 6900 48328 56806
10-19 1030 5062 6660 977 4345 5683 943 2013 2857
20-29 535 1803 2440 625 1856 2504 464 802 1251
30-39 439 1236 1670 475 1161 1598 289 431 665
4049 389 834 1181 363 797 1133 211 283 480
50-59 276 640 912 - 288 634 B77 159 203 327
60.69 251 556 750 i 233 444 675 118 147 255
70.79 199 393 578 187 409 614 a2 117 232
80-89 147 326 492 156 281 412 BO 90 177
90-99 140 286 417 138 252 409 [iE] 74 136
100-149 518 BRT 1394 484 768 1201 178 199 419
150-199 322 480 T48 320 411 722 (i3] 75 169
200-259 265 350 586 246 281 517 40 44 B8
260-299 128 144 263 BT 106 228 14 16 33
300-399 232 269 551 206 217 430 28 30 48
400-499 151 163 331 65 67 153 9 10 18
500-599 61 63 140 34 40 83 4 4 7
600-699 48 49 92 30 31 L1 4
700799 27 33 B0 17 19 38 | 3
BO0-599 20 21 42 (] fi 15 4 4 ]
(VRS 63 (k] 128 28 30 56 12 13 22
Sub total ¥ 9681 52889 64004 9681 52889 64004 9681 HZRED 64004
Unknown 451 5599 1228 1889 599 1228 1889 599 1228 18RY

Total it 10280 54117 65893 10280 54117 65893 10280 54117 65893

*Dises were calewlated for ST 100, master sample reserve <2500 m, and all ABCC subjects with shielding histories. Doses have
not yet been estimated for PE86, in utero mortality Fy, subjects without shielding histories, and subjects whose parents are not
in the ST 100 or Master Sample Reserve portion <2500 m.

WRIE2, STOOBFEDALLY, EFHETHETEOnNOE, MEC20OMaABCCRENSRETBE

BorseR:2VTLTSbns. BEDECZS, PESG (HMKS), P ECENEREL Y. EEEO2VE,
BEUVERAFSTIONFE: A B0n AN EFREFRBECLSIAT IR LT, RREEEZTTH
nTWwEW,



TABLE 15 F15F1 =

Te5D Total &3t Gamma # » v 8 Nevtron P78

rad ME200 ST100 Al ME200 ST100 Al ME200 ST1i00 Al

HEn ESTE K LHRY ESOF &

Nagasaki 1%

[IE!] 1645 10716 11420 1645 10718 11420 aTa 16900 19761
10-19 133 1RON 2339 133 1898 2339 71 85 118
20.29 123 552 763 123 554 765 26 32 44
30.39 92 344 464 92 343 467 9 10 18
40-49 71 31 418 71 311 418 ] 10 4
50-59 63 205 391 63 295 391 5 i1 6
60-69 57 269 348 a7 270 349 | 2 T
70.79 64 195 272 64 _ 194 271 1 2 5
R]0-89 52 161 217 53' 163 219 0 1 3
90.99 51 149 198 51 163 215 0 0 1

100-149 329 575 849 335 569 843 1 2 5
150-199 308 474 671 310 382 681 0 0 ]
200-259 316 437 626 318 433 620 | 2 2
260-299 144 179 266 146 178 270 1 1 4
300-399 169 218 310 164 214 300 1 2 2
400499 101 130 195 97 125 191 | | 1
500-599 28 41 62 28 1 60 L] L] 1
BO0-699 19 2] 38 18 20 38 0 ] 1
700-799 o ) 32 38 27 32 37 0 0 1
BO0-899 8 9 18 8 9 19 [} 0 [
800+ 39 50 86 36 47 81 0 0 0
Sub total @t 3839 17056 199494 3839 17056 19994 48398 17050 19994
Unknown 4 845 1630 1893 845 1630 1893 845 1630 18893

Total & & 4684 18686 21887 4684 1RBE6 21887 4684 18686 21887

IBM 18241
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TABLE 16 DISTRIBUTION OF ME200 SAMPLE, NEUTRON AND GAMMA, BY T65D
#16 TEDOHMEFHRELUY ¥ HIZEIT I MEQ000 5

Gamma Nm-.:trun FHEF#R rad
Hr Tatal Unknown
rad e ] L-4 5-9 10-39  40-69  70-119 120179 180239 240-339 340-449 450-649 650+ T8
Hiroshima [5 5
Tatal & 10277 3500 2094 1214 1695 488 327 136 53 35 17 29 599
[} 3462 3462
14 659 126 533
54 5495 2 593
1039 2075 968 874 233 Vid
40-69 884 340 h42 2
T0-119 717 604 104 9
120-179 445 295 40 55 5
[80-239 302 21 203 31 47
240-334 258 88 124 20 23
340449 136 T 92 15 6 19 3
450-649 a5 16 44 7 8 4
G50+ a0 o 18 6 (] 25
Unknown 0 594 5949
Nagasaki &I5
Total 3t 4684 2425 973 315 106 14 I 1 1 2 I 845
D 1640 1640
1-4 2 2
59 g 3
10-39 348 345 3
40-69 191 191
T0.119 276 186 90
120-179 406 58 348
180-239 345 324 21
240-339 335 154 180 1
340-449 135 53 63 13
450-649 79 1 48 30
6504 749 3 56 14 1 1 1 2 1
Unknown 98 845 245
IBM 01876
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TABLE 17 DISTRIBUTION OF ST 100 SAMPLE. NEUTRON AND GAMMA, BY T65D

®17 THEDOBRTFRSLIUH »~BIET(STI0DGH
G Neutron S T8 rad
#rv@  Towl 14 59 1039 4069 70119 120-179 180-230 240-330 840499 450.649 650+  Unknown
rad an A
Hiroshima L8
Total # 54115 32842 11981 3503 3245 633 885 150 58 10 17 33 1228
0 28174 28174
1.4 BT84 4664 4120
549 3777 A 3778
10-39 7359 4088 2927 544
4069 1877 776 1099 2
70-119 1332 1152 168 12
120-179 632 427 119 Bt * 5
120-239 362 23 245 38 56
\240-339 200 98 141 22 25 4
340.449 142 1 97 15 6 20 3
450649 a3 16 ¥ 7 10 8 5
G50~ 65 5 20 [ 6 28
Unknown 781228 1228
Nagasaki &8
Total #t 18686 14981 1521 308 127 18 3 2 1 1 1 1630
0 4687 4BRT
14 3960 3950
5.9 2060 2069
10-39 2791 2790 4
10.60 876 873 3
70-119 738 B3 224 1
120-179 541 B9 542
180.239 501 473 28
240-339 429 208 220 I
310449 172 66 80 26
450-649 103 1 65 37
630+ 96 4 63 18 3 2 1 1 1
Unknown 4~ 581630 1630
IBM MIE76
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APPENDIX

THE “9-PARAMETER FORMULAE"™ FOR THE
EVALUATION OF RADIATION EXPOSURE IN
JAPANESE DWELLING HOUSES

Measurements of radiation from an unshielded reactor
(BREN) and from exploding weapons were made in radi-
ation analogs of Japanese houses by means of syvstemati-
cally placed dosimeters. The results of these measure-
ments were analyzed by the method of multiple linear
regresion.' The analysis yielded formulae which evalu-
ated the neutron and gamma radiation reaching the
measured points in terms of air dose at the location. They
comprised terms including some or all of the following
nine parameters:

FN - Floor number
SP - Slant penetration in feet

IFW - Number of internal front walls

[LW - Number of internal lateral walls

FS - Presence of a shielding structure in front

FSS - Size of FS, if present

I.S - Presence of a lateral shielding structure

US - Distance from any unshielded window in the
direction of the epicenter, in 5ft zones

HF - Height above floor in yds.*

The formulae are as follows:

For neutrons in both cities:

i &

BARXFEEAL ST INHREBOFMEICBZT9 -
NG A—S—HK ]|

BEEEAOHML -2 roRA0FRFERNT, £
EmicRBRsn-8RiH-t-T, EEHE T (BREN)
BLUBREBBR-I Y RHEBOMESFTEDRL.
NoOPERLEMBBRB/E_L-TERET 2.0
FORFOBER, GHESCHFIIERERS L £ 1T,
FhooBMESIET IO RFEELTT  TBOAS
FEETALARANBshi. Fhelt, ko 9H>nsd
FA—F—DIED0 Dy, FLEINRNTE2EBAT

s,

FN — R

SP — HASBHEE(7 «— FE)
IFW— Py il sz #

TLW— Py #5106 8¢

FS —MAEEREHoHE

FSS— MR RMo ks s

LS — filAERREmo fE

Us — R Ohmzss8EshTuwiunEsrs0RE
(57 4—FE5)

HF — K EO#E (v— FEfH)*

BRBFRDEENTH B

[N S R NE R o ] R e

D/Dygip =0.333 +1.597¢ (USTHF) _ 0339 £S + 0.0266 LS + 0.675¢ ~SP + 0.0118 N — 0.0116 ILW

+0.0456e S — 0.00855 IFW

For gamma rays when subject is behind an open window:

Hiroshima

D/Dair =0.788 + 1.803e USH+HF) 4 ¢ 165 —SP 1 00241 US + 0.0615 FN — 0.0257 SP — 0.00347 FS

Nagasaki

D/Dair =0.684 + 2203 —'US +HF) 4§ 902.=SP | (0204 US + 0.0504 FN — 0.00210 SP — 0.00284 FS

(1)
g&?ﬁﬂ&éhtﬁmﬁ@una%%mﬂyvﬁ
BT
(2)
RT3

(3)

* Erroneously stated to be feet by Cheka et al. *

Cheka 5 " OWETR 71— FELTENSATLW S, ThlAITRENATLAHRY-FAETHS.
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For gamma rays when subject is not behind a window:

HREFBOAMIzwE - EBEOHN w812,

Hiroshima LETI
D/Dair =0.709 + 0.281e ~SP + 0.109¢ ~FS + 0.0498¢ "TFW 4 00615 N - 0.00257 SP — 0.00347 FS (4)
Nagasaki BEETI2
D/Dyir =0.587 +0.344¢ ~SF +0.133¢ ~FS + 0.0609e ~TFW 4 0.0504 FN —0.00210 SP —0.00284 FS (5)

The gamma-ray formulae differ in the two cities because of
spectral differences in the gamma radiation. When used
in the calculation of dose, the formulae are modified to
accomodate metric units. The permissible ranges of the
independent variables are defined where limits exist.

HewBOAERIE, FTOART FMCENELLYD, KB
ERBLTIHRLS. ThooARIE, REHICHY
ENAMAEE, mUMTCITL2Z3 LI BESRTL S,
ERA A A G, e OBEMOFFEWH AR L 2.



