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NOTE

This report consists of six volures, the first
five of which are declassified. Distribution
for both classified arid decl s7ified volumes has
been made as indicated on pa'e 2.
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Section 1OH

POPULATION AND CASUALTIES, HIROSHIMA

Prepared by Averill A. Liebow, Lt. Col., MC

Data Concerning General Population and Casualties Collected byMarvin E. Habel, Capt., F.A., and Dr. Motosaburo Masuyama.

Data Concerning Special Groups Collected by Averill A. Liebow,
Lt. Col.,, MC, and Jack D. Rosenbaum, Capt., MC.

Data Concerning Hiroshima School Children Collected by Majors
Motohashi, Misono, Hongo, Hata, and Nakatomi

The Objectives of the study were the achievement of:
1. The best estimate of the population on the day of the bombing.
2. An accurate estimate of the total casualties.
3. The construction of a curve indicating the percentages of casual-

ties in relation to distance.
4. An estimate of the "Standardized Killed, and Casualty Rates" sothat the atomic weapon could be compared with others.
5. A comparison of casualty data shown in the ultimate general mor-tality curve, with that of groups under known conditions of

exposure and shielding.
6. A classification of the causes of fatalities and of the types of

casualties produced by the atomic bomb.

1. ESTIMATE OF THE POPULATION

A. Estimate from Rice Rationing Figures and Evacuation Data.

Preliminary investigation revealed that the best estimate of the popu-

lation before the bombing was from the rice rationing figures. These,

according to Japanese procedure, were reported by the precinct or block-

association leaders (Chonaikai) to the Ration Bureau (Busshika), which
in turn reported to the Bureau of Ward-(Machi-) Administration (Choseika).
The figures as of the last of July were lost by fire which resulted from

the bombing, but those of 30 June 1945 are available (table 1) together with

those of 30 October. The latter are given merely as an index of those who

had come back to the city, and do not give a true idea of casualties. These

figures are grouped under "Rengo-Chonaikain or wards which are named and

-1- (lOH)

R E S TR I C T*ED



RESTRICTED

Page 6

and illustrated in the accompanying map (figure 1). The boundaries of

individual precincts are more difficult to outline exactly. It is to be
noted that this figure (table 1) must be increased by approximately 20,000

since quasi-families, made up of groups of associated workers, were not

* included.

Certain other factors must be considered in adjusting this figure to

a probably correct value. It was planned to create firebreaks in the city

by destroying a certain number of homes and evacuating the displaced per-

sons into the country. In July, 3400 families were evacuated. Each of

these numbered, on the average, 3.63 individuals. Thus, 12,350 must be

subtracted from the total. The final distribution is shown in table 2c.

The total population of Hiroshima on 6 August 1945 is estimated at 255,200.

At the time of the bombing, there was an influx of workers from distant

villages to help in clearing firebreaks. These were in patriotic work-

parties (Giyutai). According to the records, they comprised 1,768 men and

women on 6 August 1945. This number is not nearly as great as was reported

by some.

An estimate of incoming and outgoing passengers at the railroad sta-

tions was also made, but was ignored in the final tabulation.

B. Estimate from Newspaper Circulation.

An independent estimate was made according to newspaper circulation.

At the time there was permitted to circulate only one paper, The Chugoku

News. Almost every family group took a paper and only one was permitted to

each family. Thus a minimal population estimate of 230,700 is afforded.

The larger estimate is considered closer to the actual figures and is used

-2- (10H)
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HIROS'SIivA

Table 1

RICE RATIONING FIGURES OF RENGO-CHONAIXAI (1945)

District No. l/VII 1A, District No. 1/VII 1/XI

1. Usida 7019 7235 18. Fukuromati 6036 63

2. Onaga 8034 8263 19. Ote 6076 247

3. Yaga 1887 2237 20. Nakashima 9196 2387

4. Aozaki 6187 7479 21. Hirose 4980 221

5. Kozin 5508 3134 22. Honkawa 5237 164

6. Danbara 10342 3977 23. Kanzaki 9637 375

7. Hijiyam. 10440 11075 24. Funairi 5983 3207

8. Niho 4074 5332 25. Eba 6000 5844

9. Kusuna 2178 2517 26. Osiba 10057 6309

10. Oko 4793 5603 27. Misasa 12393 5517

11. Ninami 10187 8029 28. Tema 7389 1566

12. Ujina 12110 12835 29. Kannon 18429 10392

13. Ninoshima 1765 1800 30. Fukushima 4065 2889

14. Hakushima 7104 1739 31. Koi 7730 9283

15. Noboricho 8082 164 32.. Furuta 3830 5431

16. Takeya 12353 895 33. Kusatsu 7107 9158

17. Sonda 9165 31S4 Total* 245423 148551

* N. B. 1. Zyunsyotai (quasifamilies) and Sizisyotai '(designated
families) are excluded. Their population estimated by Hr. Y'aane
is ca. 20000.

2. Military personnel and a few farmers are a~so excluded.

-3- (1OH)
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Table 2a. Population Sampling Study

Sampled Districts and ,uestionnaires

Number of

* Rengo Total Census Number of Number of
Chonaikai Census Districts Questionnaires Questionna-'ires
Districts Districts Sampled Sent Answered

1. Usida 25 14 240 195
2. Onaga 20 13 2/+0 212
3. Yaga 9 5 80 61
4. Aosaki 17 13 260 226
5. Kozin 13 4 80 57
6. Danbra 20 10 160 122
7. Hijiyama 31 20 400 301
8. Niho 13 10 200 177
9. Kusuna 8 4 80 69

10' Oko 15 9 180 149
11. iMinami 28 13 240 190
12. Ujina 54 26 500 432
13. Ninoshima
14, Hakushima 8 3 60 47
15. Noboricho 3 0 0 0
16. Takeya 6 1 20 14
17. Senda 12 6 120 89
18. Fukuromati 2 1 20 4
19. O0 2 0 0 0
20. Nakashiwi 13 4 80 73
21. Hirose 4 2 2 0-
22. Honkawa 1 0 0 0
23. Kansaki 2 0 0 0
24. Funairi 23 7 100 64
25. Eba 8 8 160 110
26. Osiba 34 16 187 171
27. Misasa 20 8 113 88
28. Temma 14 3 58 44
29. Kannon 26 18 300 202
30. Fukushima 15 5 60 48
31. Koi 36 16 266 197
32. Furuta 22 15 280 223
33. Kusatsu 19 11 220 174

Grand Total 523 265 4706 3739

-4- (10)
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Table h. Population Saajpling S~trt
0Dead and Injured in San.Pled Poplation

Number Number ofof Persons DFAD UDU UNHUTDistrict epoiked on Number Percent !,Urnb e. Percent N e Pe nt

1. 452 21 4.6 148 32.7 283 62.72. 584 18 3.1 147 25.2 419 7173, 202 11. 2.0 29 14,14 169 a.364. 421 11 2.6 27 6,4 383 91.0
5. 773* 9M 10:4 3316 43.5 356 46.16. 916 190 20.7 34 37.6 382 41.77. 781 18 2.3 Z38 30.5 525 67.2a. 1063 10 1.0 85 8.0 968 91.09. 7 0 0.0 1 14.3 .6 857.10. 279 1.1 68 24.4 208 74.5lie 7 41 5.5 317 42.4 389 52.112, 1018 21 2.1 U8 34.5 849 o413. 188 1 0.5 0 0.0 187 9.534. 422 108 25,,6 .49 35.3 165 39,i15. 718 445 62.0 197 27.4 76 10.616. 748 345 46o1 284 38.0 119 15.917. 759 137 18.1 319 42.0 303 39.918. 523 429 82.0 51 9.8 43 8°219o 677 511 75.5 133 19.6 33 4.020. 918 530 57.7 236 25.7 152 16.621 344 262 76.2 66 19.2 16 4.622. 476 445 93.5 20 4.2 11 2.323. 914 666 72.9 159 17.4 89 9.724. 335 37 11.1 U28 35.2 180 53.725. 529 18 3.4 104 19.7 407 76.926. 840 99 11,8 340 40.5 401 47.727. 1001 228 22,8 465 46.5 308 30o728. 564 277 49.1 182 32.3 105 1L8.629. 1153 -!97 17.1 446 38.7 510 44.230. 288 31 10,8 106 36.8 151 52.431. 8D7 29 3.6 186 23.0 592 73-432. 374 1.6 37 9,9 331 88.533. 720 21 2.9 54 7°5 6e. 89.6

Grand Total 20^1 5,240 25.5 53540 27.0 9,761 47.5

RES TR I C TED
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Table '1. Population Samplir4g Study

Dead and Injured in Tobal Population

District Frtizated F. imatad Estimated Estmatd
Number Popcuatioll Dead Injured Unhurt

1. 7,900 364 2,583 4,953
2. 9,000 279 2,268 6,453
3. 1,900 38 274 1,588
4. 6,200 '161 •397 5,642
5. 5,600 582 2,436 2,582
6. -0,4"00 2,153 3,910 4,337
7. 11,00 262 3,477 7,661
8. 4,100 41 328 3,731
9. 2,200 0 315 1,885

10;o 4,800 53 1,171 3,576
11. 11,100 611 4,706 5,783
12. 12,,100 25447 019
13.. 1,800 1,71
14. 7>200 1,843 2,542 2,815
15. 8,200 5,084 2.247 86916, 12,500 5,763 4,750 1,9
17. 9,300 1,683 3,906 3,711
18. 5,100 4,182 500 418
19. 5,500 5,352 1,078 270
20. 9,300 5,366 2,390 1,544
21. 6,200 4,724 1,191 285
22. 6,500 6,077 Z73 150
23. 10,900 7,946 1,897 1,057
24. 6,900 766 2,429 3,705
25, 6,900 235 1,359 5,306
26. 11,000 1,296 4,455 5,247
27. 12,500 2,850 5,812 3,838
28. 7,500 3,682 2,423 1,395
29. 18,500 3,164 7,159 8,177
30. 4,000 432 1,472 2,096
31. 7,800 281 1,794 5,725
32, 3,800 61 376 3,363
33. 7,100 206 532 6;362

Grand Total 255,200 64,602 72,205 118,393

RESTRICTED
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C. Distribution of Population in Relation to Distance from the Center.

The Census Bureau of Hiroshima, under the direction of the Vice-Mayor,

0Mr. Morishita, was requested to make an estimate of the distribution of the

population, according to the ring segments of the Joint Commission ip.

This was made on the basis of the rice rationing figu'es as of April, 1945.

The ratios were then applied to the final estimate as of August 6. The

distribution of population thus obtained is shown in table 3. The inhabited

area in each of these zonea was determined by planimetry and from this the

population densities were calculated. Variation in population densities by

ring zones is given in table 3. Population densities for the totaI and in-

habited areas are of the same order of magnitude as in London county.

2. ESTIMATE OF TOTAL CASUALTIES

The method selected was that of the analysis of questionnaires concern-

ing the location and fate of the individual and of members of his family

and friends of whom he had certain knwledge at the time of the bombing. A

random sample was selected as follows:

A designation number 270, was chosen on the basis of selecting a total

of approximately 5000 people from half of the districts. The populations

of the individual precincts were then added one by one and the first precinct

selected was the one in whilch the cumulated population fell closest to 270.

Two hundred and seventy was then added to this new total and the populations

of the precincts were further cumulated, the one chosen being that which fell

closest to the new total, and so on. In all, 265 precincts of 523 available

were chosen for distribution of the questionnaires. The persons for question-

-7- (1OH)
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TABUZ 3

lIR0SHIMI

Distribution of Population (Excluding the litary)

Zone Total Arep. Inhabited Population Populatio . Density
(sq. miles) Area (In Round per acre

Numbers) (Inhabited Areas)

0-500 .31 0.17 6,230 57.2

501-1000 .90 0.67 24,950 58,2

1001-1500 1.52 1.26 45,270 56.1

1501-2000 2.12 1.92 67,900 53.1

2001-2500 2.73 1.94 30,600 24.6

2500-3000 3.34 1.81 30,600 26.4

3001-4000 8.49 2.43 29,00 18.9

4001-5000 10.91 1.00 20,310 31.7

"3 8 T B I C T eD
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SAMPLE QUESTIONWAIRE

(Translated)

Be sure to answer each question. (Answers to these questions arc for the
purpose of helping the American and Japanese governments to determine the
effects of the Atomic bomb on Hiroshima.)

1. Questions about yourself.

a. What is your name? (Family name first)

b. How old are you? (In years)

c. Where are you living now? (Give address)

d. Were you in Hiroshima-Shi when the Atomic Bomb fell? (Yes or No)

e. If you were, give address in Hiroshima-Shi

f. If you were not, where were you?

(Ken or Shi or Machi or Iviura)
g. Were you inside a buildin ? (Yes or No)

h. Were.ivouiine red?_
2. Qi'Jcm hos abolit X21ir_ f2:L -Zi.L.

H---- a f , >w+, rnfamation for each mcmber of your family Use
one lfLne for each per on:

Give the name Wat is his How old Where was he What happeend to
of each person relatonship is he? when the bomb him? Was he kill-
in your family, to you? fell? (Give ed, i njurod, o'

address if -pos- uninjured?.si, lo.

3. Questions about your other relatives and friends who wore in Hiroshma
Shi o August at the time of the bomb, and who were killed or injured
(Same table, as Par 2, with addition of another coltun: Were you told
about what happened by someone else or did you see this otson yo self?)_

-9- (1OH)
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Ing were selected on a sampling ratio of' 1 to 20. Fortunately, the 10-year

census of the Japanese Government had been made in November, 1945p and the

census cards were available at City Hall. The cards of persons between the

ages 13 and 60 from the designated precincts were arranged in a random

order. The sampling ratio was applied without exception to these cards by

girls of the 2nd Hiroshima Girls' High School. The names and addresses of

the persons thus designated were then copied on the questionnaires (figure 2)

and the forms were issued to the precinct leaders. The completed forms were

collected by the students.

It was obvious that many people had been evacuated to adjacent villages,

and some even to such distant places as Osaka and Tokyo. Such towns as

showed significant changes in population between 1944 and 1945 were discussed

with the census officials at the Prefectural Office in an effort to determine

whether the changes were due to increments in the population following the

bombing. Where this was the case, questionnaires were also issued by the

random mothod, In a sampling ratio of 1 to 51. Only questionnaires returned

by individuals who had been in the city or who had had relatives or friends

there were subjected to analysis.

The names of individuals and members of their families were then arranged

in a card index, duplications were excluded, and a tabulation was made accord-

Ing to the location of the persons reported (Appendix table 1 (10H1) ) This

* tabulation then summarized the fate of the indexed population in relation to

their position at the time of the bombing. This information is condensed,

according to wards rather than precincts in tables 2a, b, and c. In all

4706 questionnaires were issued and 3739 were returned, as recorded in

table 2a. In these, information concerning 20,586 people was made available

-10- (10H1)
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The results upon analysis showed that 25.5% of the population had been

killed, 27.0% had been injured and 47.5% had esoaped apperently unscathed.

These percentages may be applied to the population data contained in table 2c.

The percentage of deaths calculated from table 2b on the basis of the total

sampled population differs only slightly from that calculated in table 2c.

This indicates that the sample is representative of the population as a whole.

The number of dead, then,is estimated at 64,602, the injured at 72,205 and

the uninjured at 118,393. This does not include the military population.

Sources of Error:

1. Inevitable inaccuracies resulted from lack of certainty concerning

the exact position of some of the individuals indexed but these probably

are not large.

2. In some instances, entire families may have been wiped out and no

friends may have survived for questioning. That this is a small factor,

however, is indicated by the high percentage of casualties in the central

500 meter ring, as found in the ultimate tabulation.

3. CONSTRUCTION OF THE DISTANCE-CASUALTY CURVE

The percentages of individuals killed or injured in each of the Rengo-

Chonaikai districts are recorded in table 2b. A glance at the map (figure 1)

will reveal that these districts which represent wards, in many instances

overlap several rings. Individual precincts for which casualty data were

available, however, (Appendix table 1 (10H) ) were sometimes entirely contain-

ed within one or another ring. This allowed of a summation of casualty data

for all such precincts according to distance. The only criterion in select-

ing the precincts was that they did not overlap the rings. This selection

-11- (10H)
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TABLE 4

Hiroshima

Casualties, By Zones

ZONE Percentages Number of
-____ . ........ ____.... . . .......... ___ Individuals in
- Killed Injured Uninjured Sample

0- 500 96.5 2.7 0.8 423

501-1000 83.0 11. 3 5.7 1162

1001-1500 51.6 32.9 15.5 1872

1501-2000 21.9 41.2 36.9 1378

2001-2500 4.9 34.0 61.1 857

2501-3000 2.7 38.4 58.9 263

3001-4000 2.5 22.7 74.8 1601

4001-5000 1.1 8.2 90.7 1422

*-12- (ioH)
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does not disturb the random sampling. The data for killed and injured,

by distance, are recorded in table 4s where also is indicated the number

of individuals in the sample, and are shown graphically in the curve,.

figure 3. This curve then represents the general mortality in the city,

* without regard to shielding.

The distance at which the chances of survival are 50% as determined

frorm this curve is 1250 meters. The 50% point for death or injury of

any sort is approximately 2100 meters. These figures apply, of course,

only to Hiroshima, as they depend on factors of shielding that differ with

the city,

4. STANDARDIZE2D KILLED AND CASUALTY RATES

By definition, the Standardized Killed or Standard Casualty Rate re-

presents the number of individuals killed or total casualties respectively,

assuming a population density of 1 per 1000 square feet. The values for the

Standardized Killed Rate are obtained by calculating the "vulnerable area,"

which is the sum of the products of the fraction of killed by the areas of

the respective ring zones. A similar procedure is employed in finding the

Standardized Casualty Rate. The "vulnerable area" for the killed is 2.85

square miles and for all casualties 9.36 square miles. This gives a Stand-

ard Killed Rate of 79,452 and a Standard Casualty Rate of 260,938. These

are minimal figures, as even in the ring zone farthest from center that was

considered, the killed still were estimated at 1.115 and the casualties at

9.3%.

The Standard Casualty Rates for high explosive bombs for a population

half in the open and half in British houses is (according to the report of

the British Mission to Japan) between 35 and 40. Assuming for a moment that

_13- (loll)
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Hiroshima

Data For Calculatin Standardized Killed and Casualt Rates

1 2 3 4

Zone Area Fraction Fraction(sq. miles) Killed Casualties

(Killed and Injured)

0- 500 .31 .965 .992

501-1000 .90 .829 .942

1001-1500 1.52 .516 .845

1501-2000 2.12 .219 .631

2001-2500 2.73 .049 .388

2501-3000 3.34 .027 .410

3001-4000 8.49 .025 .252

4001-5000 10.91 .011 .093

Vulnerable Area* 2.85 9.36

(square miles)

Standardized Rates 79,452 260,938
(sKR) (SOR)

*"lVulnerable Area" Sum of products of Columns 2 and 3 for the
killed, and Columns 2 and 4 for the total casualties.

0-14- (1OH)

RESTR IC TED



RBSTRICTRD
Page 19

such a population is comparable to the Japanese in Hiroshima, the nuner

of tons of high explosive necessary for the sam effect in poducing casual-

ties would be approxately - 0 9 0 0  = 6525.
40

5. CPA1=S0I C CASUA TY, RATE~S flj SPEIL GRUS JMTHE

994 RTLCM

In this section the casualty rates of groups under known conditiona

of exposure are compared with points on the casualty curve of the population

at large. This Information is helpful in revealing the various factors that

contributed to, or detracted from the general mortality,

AG The Otake District i;orlmen s Groups: These groups yield data concern-

ing 1. The fate of individuals at 1000 meters shielded by wooden buildings.

2. The fate of individuals in the open and unshielded at i000 meters. 3. The

fate of individuals in the open and unshielded at P.400 meters.

The Otake District WJorkmen.s Groups had been designated by the Prefec-t

ural Goverment to take part in the activities of destroying buildings in

Hiroshima to provide firebreaks. Each :7oup of work parties dispat chad from

Otake and suZrounding villages was in charge of a foreman. The medical and

civil authorities of the torm had kept careful records of the fate of the

citizens mho had been sent some 25 Ia. into the city of Hiroshima. Arrange-

ments were made with the mayor and with Dr. Nagaoka, a prominent physician

of the city, to interview the surviving foremen and to examine the patients

A still in the towm. The group was all assenbled at the sdool on 9 November

1945. The foramen and patients were interviewed and examined by menbors

of the Commission,

The events of August 6th are reconstructed as follows for various groups:

RBS TR I CTED
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1. Individuals shielded by Japanese buildings at 1000 meters,

a. Mr. Nagato's group was arranged in 5 subgroups in the vicinity
of the Temma Bridge, in the position shown in the accompanying map (figure 4).
Each subgroup consisted of between 24 and 30 men, a total of 135. In the re-
construction sketch of the scene* (figure 5) all of the groups were standing

in the shadow of the two-story buildings to the left of the large road. One
group was at the far left where there was an alley-way and where the buildings
were one-, rather than two-storied. Immediate burns appeared only in this
group and 3 of the 10 men Involved subsequently died of burns. Two others
died immediately when a building collapsed, and one sustained severe contu-
sions. All of the other men returned to Otake on foot. All subsequently showed
evidence of radiation effect, manifested by loss of hair, and all but ten had
petechiae. Seventy-two of one hundred thirty died of radiation effect, the
first of these on 26 August and almost all by 13 September. None of these
had more than trifling injuries. The incidence of radiation deaths in the
various groups was as follows: Group I, 14 of 27; Group II, 15 of 27;
Group III, 13 of 27; Group IV, 11 of 24; Group IX, 19 of 25.

b. Mr. Morimoto's group was situated a short distance down the
street from the Nagato group. The group comprised 33 men. All were shield-
ed by two-story buildings. None of them was burned but four men died at
once when a building collapsed. Twenty-one subsequently died apparently of

4radiation effect, the first man on 25 August, and the others by the end of
the first week in September. Four of the survivors also had epilation at

*Reconstruction by Maj. A. L. Ganung, A.C. Photographic Branch of Air In-
formation Division, AC/AS-2.

-16- (10H)
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the time they vere xamined by tho Cornuission. Th forc-an of this group

had been killed and the information was obtained frcm Mr. Nagato, :In this

group twventy-one of twenty-nine died of radiation effect.

c. Swmiry: Thus at 1000 meters3, under conditions of cLielding

by buildings of Japanese type, the frtaities from radiation effect were

93 deaths in a total of 159 man (58.5%). The incidence in the various

subgroups was remarkably constant, varying from apprcximatel.y 46 to 76%.

2. The results of cxposure without shielding, at 1000 reters.

a. A group of 106 individuals frm Kuba village who wore engaged

in leading stone on the east bank of the Te-na Rivcr near the Tema Bridge

in the situation pictured in figare 6 all sustained severe burns. Forty-

eight died on the spot or -Athin 2 days, apparently as the remult of burns,

Uost of forty-eight others died by 10 Augusb, also apparently on account of

buns but some lived until the 20th of August and 2 or 3 had evidence of

radiation off ect in addition to burns. Of the 10 .fo survived and in vh'om

the burns healed, all had evidence of radiation eff ect and at the time of

writing (20 November 1945) vere still too weak to wiork. it may be assumed

that those owho died earlier also had radiation effects but these did not

become manifeat as sufficient time had not elapsed.

b. Groups from Ogata District: All of these individuals w.ere in

the open, unprotected by houses and were sommbat east of the Kuba group

that has just been described, There were 27 men from laitsubishi village,

all of vica died on the spot.

OC 60 men frm Tac hido village, close to those just mentioned, 53

died on the 4ot; 7 lived for some time. Of these, 3 died as the result of

RESTRICTED



RESTRICTED

Page 22

burns within 3 days. Four others ftad relatively slight burns but afl! died

about two weks after the bombing, with evidence of radiation.

c. In these similar, exposed groups there were only 10 survivors

out of a total of 193 men.

3. The results of exposure, vitho- shi'eding, at 240 meters.

The g-oup, of dhici Ur, Hino was foraeman, was on Koi Bridge, the

location of which is chown in the accompanying map (figufr 4) and a photo-

gra-h of which is available (figure 7). Those 580 individuals were on the

march to Hiroshima. Only 1 of 10 subgroups vas stA on the bridge; the

others were on the Hiroshima side. The buildings at this point on the shore

were scattered and small. To mn were killed at once, the result of svere,

injury caused by a falling building. JAU of the other people sustained

severe burns except three who happened to be beneath the eaves of a building.

Seven iomen died within a week as the result of burns. All of the others

survived and most of them were exa mined by the Joint Coumission. There was

no evidence of radiation effect in any of these people,

SLULY

The general conclusion that can be draim is that at 1000 meters, ap-

proximately 58.5% of persons shielded merely by Japanese buildings, but

not by concrete, will die of radiatuion effect. In contrast with this, as

w111 be brought out in the later sections, is that deaths from radiation

effect in concrete buildings at that distance are rare. Comparison with

the general mortality curve figure 3 (10H) show that at 1000 meters the

general mortality is 7CYo Thus, ignoring the few who were in concrete

shelters or buildings, only 11.5 more people died of other causes at this
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distance who would not have. died of radiation afeat.

At 1000 meters, in the open, the mortality from instantencous burns

is approximately 95. The two points, shielded and vnshiedcd, aro

plotted against the general mortality curve in figure 3.

At 2400 metors, even in totally unshielded indinviduals the death rate

from burns falls to very low levels and there is no clinical evidence of

gamma radiation effect.
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B. Casualties Among School Children at Hiroshima: An analysis of the

casualty data of the school children yields a comparison of largely

"shielded" with largely "exposed" groups at various distances.

It was thought by the Commission, before the sampling method pro-

viously described had been considered, that an analysis of the effects

on sizable groups distributed in known circumstances throughout the

city would yield an approach to casualty-distance curve. These data

within their limitations are presented for comparison with those in the

preceding section, and to bring out certain information concerning pri-

mary casualties that are not otherwise available.

The schools seemed most useful for this type of amalysis since it

was expected that records were probably kept of the fate of the children.

Accordingly, the principals or surviving headmasters of schools were con-

tacted through the agency of the most trustworthy Japanese physicians.

Among them were the following: Drs. Misono, Motohashi, Miyazaki, and

Nakatomi. They obtained the report of casualty figures as of approximate-

ly 28 October 1945. It was found not only that good records had been

kept but that the headmasters in many instances had made earnest efforts

to trace families by letter, messenger or personal contact. Furthermore,

it was discovered that the children wore not only in schools but also in

patriotic work parties (Gakuto Giyutai) throughout the city, either in

factories or engaged in the clearing of firebreaks. The distribution of

iembers of one private school, whose casualties are not included in the

general tabulation, are summarized in the case of the Yasuda Private

School by the principal, Rio Yasuda (Appendix 2 (10H)).

-20- (lo)
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Table 6

CASUALTIES AI[)N SOHDCfl GIDRJ

(Av a 20 Octobe 1945)

PBXS1 GROP (vnMMN APP IMTW I WAMc i)

yTota Knom UD: hm-
NO. itd Distance SJU.tIAtM~c Rmdew Dead Moing traccd jured ?el

1 motokam 0.5 PUPls inoide or 192 192 tw
CO ?hxta mbide of the CO
1-3 school school or' at home

H 2 0temhi 100 430 35 16 166 213 H

Na-3 school

3 Dlcbashi 0.9 matoku HIgh, g0 80

pupia Olewhwas
firebreaks

0*9 3rd leax Claw. of 54 5
FITA Preectuml
mITleo Sohoa l
OleuvSng fi~reaks

Nommicho 0.&-1.3 3rd Year Clas of 150 50 too
59toku Middle
school: ClOadag



am~Q~U (vnimIN APPR0XWMATX KcuIOTh)

Rey Total Knemm u- In
NO, Diatrict Ditanoe Situation Niview Dead eslzg traced jured Well

0.8-1.1 lob Year Class of 230 230
First Prefecuwa].

Clearin ffrcbreaka
W W
CO lub and 2nd Year 600 5 0 20
1Clases of Mm .c-
w Ipal MAO~e School:
HClearIg frebwrke

- men0.8 lot Year Class of 360 360
N approach of Seamd Pratecotural.

tfthe~ MMddO school:d
Sinchashi UO~wing firebreaelv

6 Norbilern 0.7-1.0 let aI d 2mn Year 500 500
Sexlion ef mXasses of aiwim~

fl~o~ori de -Schol:
Cleazrin fifebrWo

7 First Pro- 1,0 Inside the wood n 165 1
feotur3. School bu:Udiag
Middle or on the campus
School



Key '570til 4MMC Un- I*-
NO* DJ.sti DiAI~rce SitAUtion Xv~ber Dead Hiswlg traced juared ?ic

1) First pro- 0. InnideA oar outaido 3.4 7h
fectmc3 itha wooden scool.

W MA~irO~ Sehodl udgW

CO C
H 9 Pow~er 0.1 va1ori Of 2nid yam. 5 H
WDistribution Classo of Third b
HOffic P4.1.4irly Ir

Q Operatin plant

tj 10 Koazmicho 0119-.1L an ~d 2iid Year 497 159 17 FO 35 131.W
Mamase of 7&mic..

iph1 I Cdleain
firebreaka

Total WAO 2"9 289 35 166 31



Tabae 6

OJALTIES AM= SM0 CRUMD

(AS of 28 October 1945)

mWD Owi (WIHN PR(DATL 1.1-1..5 male=a)

Key Total Knom Un- la,-
w No. District Distance Sitw tios Nuber Dead NHiel_, traced Pred WUe w

9 U Nakmam1. InsiAo m o tuido 608 1 230 305 72 *
w Prlm7 ot the school
School buidng or at H

hoe C)

b 12 Terimcho 1,3 764 232 10 305 217 w
PriumaSchoel

13 Ha im .3 603 43. 49 71
Prka~uy
School

14 Hirose 1.2 318 32 39 79
PrIMawy
School

15 Takea 13 308 76 80 104

PrI..I
SchooL



,COED GROUP (IM2 APPUOUMAT= 1.1-1.5 =NM-.M )

Total Kov un- In-
No. DIAtric Distance SiUVAtift Nud#w Dc~zd Missing traced Px-ed Wel

16 Zakobane&ci l,",I5 Scond, pr " 13 36 241
ural Girls! Schol
Cloaig fiebreak

1.l0,-1o5 lot and 2nd Year 155 36 2? 53 39

Ca GMrls of Thi d
F Higher Prmnrryq
t School t CloaiiaI
H firbroaks
0

ta ? Fufludb&bI 1,3 Bo of Third 132 50 32 19 31
w Higher ftiu&vr

choo l, Clering
firsbreaks

is Itokoaohi 193 second ?1imiipal1 50 13' 2 5 30
Girls! School
lusile Svmori Factoz7

19 KOWuawmach 1.1 lt Year Clas 50
of First Pr.-
fectural IIdde
SchoolI Cleow.
lag firebreaks



BWCONDo'GoM (wXTE APPRQIJAT&I 1.1.5 KzLMd17E)

Total I==m Uff- 1-
fo. Diut rict Ditance Situation RN er Dead Missing traced Jared Well

20 Senbei 1.1-1.3 Prefeotw1 Girla .  SO S
Sohooll Clearing
firebreaks

co 1 Attached Mid- 1 5 Inidoe or outside 40 7 33 ca
i-e School of of the femr ro-

the Higher concrete building
Normal School

22 Prefectural 1.1 Seoond Higher U 9 2
w Printing Primr School 0
U Office Operating IPlut

23 1.3 InUdW or outside 1 8 9 860
of the school
building or at
hoe

Tota 463 693 &8 '2i. 160 16 M
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CASUALTIES A= WCL CHILDRM

(An of 28 October 1945)

V= GOUP (VJ1Hn APP LMTL 1,".-.9 LU VI)

Iry Tobal K'no nn n-
NO, Ditrict Distance Sitwntion Nvmber Doad Hicang traowd Surd Well t

c 24 Kamaki 16 Iidido orO at 211 63 77 71c
1of the school

bbiiuilding or at

a25 senmachi 1.9 :w2t 31 22 75 Ul9 1-

tf school

26 Df mla 1.9 441 20 191 -30

27 Western 17 3 Year Clao of 78 70
appvozh of First prefeetuml
18 5Wiram.- ia d .ahool7
BamIi Cleit A'iz rebreak

28 HS45yama- 1.7 L* Year Classof 27 .5 22
Bashi First Prluaz7

SabooLs t Moring
firebreaks



THIRD GROUP (WITHIN APPROXIMATELY 1.6-1.9 KILOMETER)

Key Total Known
No. District Distance Situation Number Dead Missing Untraced Injured Well

29 Tsurtuai-Bashi 1.7 Attached Middle 175 108 67
near Senda School of the
Primar- Higher Normal
School School: Walking

on the road
0D I

3 30 Yokogawa 1.5 Municipal Girls' 50 6 44
School: Inside
of Sumino Factory

31 In front of 1.8 1st Higher Pri- 39 25 14

W the Hiroshima mary School:
R. R. Station Working inside

Post Office

Total 1260 227 22 168 343 500

CD



HIROSHIMA

Table 6

CASUALTIES AMONG SCHOOL CHILDREN

FOURTH GROUP (WITHIN APPROXIMATELY 2.0-2.9 KILOMETER)

Key Total Known
No. District Distance Situation Number Dead Missing Untraced Injured Well

32 Misasa Pri- 2.1 Inside or outside 817 15 5 448 349
mary School of school building

or at home

0 33 Funairi Pri- 2.2 184 3 35 146 0
mary School

34 Kojin Pri- 2.2 148 7 5 73 63
mary School

35 Ushida Pri- 2.3 393 21 372
mary School

36 Ushiba Pri- 2.5 703 13 2 55 333
mary School

37 Minamicho Fri- 2.8 339 14 1 98 226
mary School

(D

38 Hijiyama Pri- 2.9 -142 3 1 128 100
mary School



FOURTH GROUP (WITHIN APPROXI1,MATELY 2.0-2.9 KILOMETER)

Key Total Known
No. District Distance Situation Number Dead Missing Untraced Injured Well

39 Second Pre- 2.1 Inside or outside 10 2 8
fectural M!id- of the school
dle School building

40 East Drill 2.0-2.5 2nd Year Class of 360 10 350
Fiald Second Prefect-

ural Middle School
Clearing firebreak
1st Year Class of 130 1 64 65 "

Co Second Prefect-
, l ural Girls' School

Clearing firebreak

10 41 Monopoly 2.6 1st Year Class of 103 1 5 97
Bureau Second Prefect-

zural Girls' School
Operating Plant

42 Hiroshima 2.1 2nd and 3rd Year 230 230
Printing Co. Classes of First
Ltd. Prefectural Girls'
(Kannoncho) School: Operating

Plant

43 Asahi Weapons 2.5 4th Year Class of 200 200
Factory (Ninami First Prefectural
Kannon) Middle School:

Operating Plant



FOURTH GROUP (WTHni APPROX,5TMLY 2.0-2o9 KUM =)

Ke Toal Knove Un- In-
14o. District Ditoncm Situation Number Dead Hissing traced jured WcU

44 Daiwa Heavy 2.5 Pupils of Second 85 3
IndutriAl Co. Prim7 School t
(Kannon Operating aunt

h5 Printiro Do- 2,6 Pup1ls of Firat !1# 15 26
par mnt of PrimaWy School
R R, O2fice Operating alant
(OsugWobi)

Ca 4 St.o1!rage Depti 2,6 44 5 39 w
3of R.R, Offieo

(Osuguchi)
H4 H

1 -7 Sansai Phama- 2,6 65 65

(Nishikawriyacho)

Gav PifCin 2,2 Third PeAmry 15 5 10
School: Oper-
atins Plaut

49 Hiroce Factory 2,8 First Primar 4P2 3 15 21
(Daahio-nachi) School: Opor-

ating FuAnt
50 Hiroshima 2,8 Inside or outside 70 3.0 60

Higher School. of the echool
b-ldig

Totl2a 96 14 1123 832 3056
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Table 6

CASUALTIES AM=NG SMOC CHILDEZ

(As of 28 October .945)

-F1F"H GOUP (WITHIN APPRMIATIY 3,O-,04O0 IJWTIR)
0

Total 4nJm
B.o Dibrict D!-&nmr Situation iumbor Dead Hisaing traced JUrcd bII

]52 UjVma Primmmy 3,1 Inslde or outsido 40
"I of the echool

building or at home

.. 3. 696 9

Y3 Yaga PrIsw'- 3.9 200 2 O

54 F -W,; Highor
Fir3=7 school 3,0 2 1 1

55 Second lnic- 3.3 130 3 1M7
ips-. Ceirls!.

S16hoo.
56 Third Higher 3.3 14  13

Pr~L'7 School



FWH IWJP(WITIN APPR0U!LTLY 3,0-4.0 KM'=~)
Total nom u- In-

KIq No. DstrIt Distance Niutio br Dead Msing tmced jm.ed Well

57 adnko Meal 3.0-4.0 Third Hiher 15 15
Co. PixwrJ" School
(OcUwchi Opewaftn Plunt

56I sxow fgin- 3.0-4,0 First Higher 43 -
oernin Co. Priz -- Scheoo:

Opmret ins Plant
.O

= 59 EmoIo 42 tP

H H

60 Kachira Third Hishe 16 15
Faetr07 Pwrima SChool:I

61 Hiroshim 31 2d Ywex Ca m of 150 150
plying First Prefe ctural
mac~hine coo Ridle School:
( i) Opeating Funt

2nd and 3rd Yc I
Clasoo of First
Pr~fcur ul Girle0
School: Opoeba-

ig Plaza -



FIFTR OMPu (IirX AP WIATELY 3.0-4.0 KMxWi)

Key Total Rom Urn-
No* Dietriat Diatanco situatiomt Niuber Dead Hissitg traoed 3ured Well

62 5. - 3,2 3r'd Yca Cles cf 50 1 49
ooing Works 1.s'&t Hiaoh'im -
(Foa) iddlo Sobcoi.

CO Co

63 Hitblshi 3.0-3,5 2nd Year Class of 200 200 -3
td~z~i GO. Sotoacu iddle

H (I~z~mSchadl 0"Cloat~-H
I±Mi Plant

6. 30 Attached Middle 80 10 70
Branch of the School of the

AzW Clothing Hwolehima Nor-
Depot ml Sobool:

Operating mwfotr

Totl 21437 2266
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The position relative to the center of the explosion and the acti-

vities in which the students were engage.d are recorded in table 6 and in

the accompanying map (figure 8) where the numbers refer to the marginal

numbers in the table which identify the groups. In this tabulation

"missing" refers to those who could not be accounted for after the explo-

sion and for whom a definite search had been made by families or friends.

These must then be presumed to be dead. "Untraced" refers to those con-

cerning whom no information was received after letters had been sent or

other attempts had been made to trace the family. It is considered fair

to exclude them from the calculations on the basis that they fared the

same as the rest of the group.

The data are imperfect in the following respects:

1. The exact number present at any one place is not known.

The figures given under "total" in the chart represent the number

assigned and not the numbc;r actually present. In some instances

the rolls had not as yet been called. "Total number", therefore,

is over-estimated by between 10-20%. This percentage is based on

comparison of the "assigned" and "estimated present" of the Yasuda

School Group, Appendix 2, table 1.

2. The school population is not representative of the popu-

lation as a who.e, not only on account of the age group that is con-

corned, but on account of the distribution of the indoor and outdoor

groups. It will be seen from table 6 that the activities of the

children can be rather sharply defined as "outdoor" and "indoor"

duties. The outdoor group comprises those engaged in clearing fire-

-35- (10H)
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breaks; these mnay be assumed to be completely unshielded* .Z

indoor group comprises those largely in school or in the factories;

most of' these wero doubtless indoors end tho group in general can

be regarded as protected.

The percentages of l"unshieldedt and of "shielded"' individuals in
the various zones is indicated in table 7. It is obvious that ther6 is

a striking disproportion in the first ring zone as compared with the

others. This is merely an accidental result of the particular assign-

ment of th- students and bears no relation to the population of the city

as a whole.

Valuable information, however, is obtained by plotting in the form

of histograms, the casualties in the two groups under the assumptions

concerning the "minssing and "untraced" that have been previously out-

lined (figures 9 and 10). The data are also recorded in tables 8. 9,

and 10.

"Unhidd Gou.1 In th;) unshie~lded rroup, the high mortality of

those in the 1st zone is again apparent and is compatible with the figure

obtained from the Otake group. It must be remembered, however, that since

the "totals"' presumed present were probably underestimated, the percentages

of casualties were probably higher than are recorded. Another romarkable

finding is the sudden fall in mortality in the 2.0 - 3.0 km. zone as comn-

pared with those closer to the conter. This may well be associated with

the rapid falling off of the intensity of gamnea rays, as well as of the

forms of radiation responsible for the burns of the skin. The presumption

is that the incidence of leukopenia, in the group beyond 2.0 km. would be

-36- (10H)

R E S T Rl I C T E D



RESTRICTED

Page 41

PENTEAGE OF M1 NH1YJE~A4 ~S~J~X.~D CIGi GIM.DHII.- Il, EltCH 41ZOli

irtmnoe Unshielded 5hieled

Number Traced Percent -Ntmbor Traced Pccoent

0-1000 2436 70.9 969 29.1

1M0-1500 484 20.9 3959 89.1

1501-2000 135 22.4 957 87.6

2001-3000 76 1.9 3922 98.1

3001-4000 0 0.0 2077 100k

RESTRICTED
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T."ILE 8

COAStJTIES OF SMih~ COOL C]]L~LDQ Ig

Total Knom
Distoanco ftmber Dead Mlissing Untraced Injured wel

0-1000 21,71. 2012 270 35' 154

1001-1500 560 272 I1" 76 71

1501-2000 272 U13 - -37 22

301-4-C00 -g 1-- 6

RESTRICTED



RISTRICTED
Page 43

0~iSUALTIjS OF "WII MrD" SCHOOL CE."

Total I(r yn,
Distance r Dead .issin Untraced Injured

0-1000 969 567 19 - - 166 217

1001-1500 4123 421 340 164. 1643 1555

1501-2000 9w8 14 22 31 3$3 1178

2001-3000 4631 05 14 709 832 2991

3001-4000 2314. 1 - 37 2266
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TALE 10

HIR0SifL'S SCHOOL CHILDR...,

FATALITIE S XID TOTAL CASUJ 4TIES !4 "UNSHIL.D D'1 AM]) ").JJ)WED" MOUPS

Total Number Percent Percent Total Total Number Percent Percent Tot.

Distance Number Traced Dead * Casuaties Number Traced Dead Camualties

0-1000 2471 2436 93.7 93.7 969 969 60.5 77.6

1001-1500 560 484 85.3 85.3 4123 3959 19.2 60.7

1501-2000 272 135 83.7 83.7 988 957 14.2 50.1

2001-3000 490 76 14.5 14.5 4631 3922 2.5 23.7

3001-4000 - - - - 2314 2077 0.5 0.5

*Assumes missing persons are dead and omits untraced persons frcm total 
number

in computing percatages.
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lese, and the prognons in the taoe oX thu in-table tinfections loe.

C. Total Cagutegs in Bu:dja: 7h this aegion are coll.ected com-

parative caeualty duta of poeeon in concrete and in voodon buildings.

SComparisons with the general aort.Uity curve mv , also be radeo, in the

case of the concrete structures beyond 1000 m~tcrs und of the v ,nden

buildings beyond 1400 meters.

The data concerning the tota2 atuamltiov in buildingo wTro calleot

ed from various sources for comparisaa v'ith tho goneral moitalW. curve.

No pertinent data, wihether or not 1b is compatible iith the eorer.1I

trend, is omitted. Only concrete buildings which more or loes retained

their axternal intejrity are under concideration. For comparlson the

casualties in buildings of Jaopanese type are plotted to the same scale;

all of theso structures, howver, collapsed shortly after the bl st.

Buildings in vhich the fate of considerable nubors of individuals is

known were chosen.

The sources of data were as follows:

I. The Coamunications Bureau report by Dr. Hachiya, Director

of the Cozmunicatione Bureau or Post-Office Hospital (Teishin

Byon), Hiroshima, (as of late August 1945). Buildings 1, 2 3,

5, 6, 7, I, and IV.

2. Survey by the Joint Conmission of all surviving employees of

the City Hall, Building 4, as of November, 1945. Approx:imtely 35%

f the people in the building at the time of the explosion were

still employed there.

3. Buildings II, II, and V from the Yasuda School roport (see

R B TR I CTRD
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Appendix 2 (10H) ). In each of these reports the injuries of the

visitors were ignored and the fate only of personnel actually

employed in the building is considered.

The buildings are represented by columns in the chart (figure 11,

and tables 11, and 12. Their distance from zero is proportional to the

actual distance from the point above which the bomb exploded. The mor-

tality in each is indicated by the black section in the column. qore

the injury rates are known, they are also indicated. The mortality

figures have greater comparative value since the definition of "injury"

is vague. Using the same ordinates and abscissa, the general mortality

curve as obtained in Section lOH is also plotted. This shows at a

glance that, despite the diversity of sources, a remarkable curve is ob-

tained for the mortality rate in the concrete buildings which is at a

much lower level t':an the general curve. The immediate death rate of

individuals in buildings of Japanese type is much higher than of those in

concrete buildings but it must be remembered that the former collapsed.

In preparing t casualty tables the date upon which the inventory

of the casualties was mr.de must be considered, In the concrete buildings

beyond 10 0 meters and in the wooden buildings beyond the 1400 meter

ring, the immediate casualties represent practically all of the ultimate

casualties. Deaths from radiition become increasingly significant as the

center is approached from these limits. The information in the case of

wooden buildings I and V comes from the Communications Bureau report,

as does that for most of the concrete buildings. Therefore, this is

an entirely comparable series. In the case of wooden building I, the

-42- (lO)
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mortality figures are incomplete since many of' the radiation deaths

doubtless occurred later than 1 September 1945. Comparing the mortality

in Building I,. with the 1000 meter shielded group in the Otake study,

W perhaps 20% more deaths are to be expected in this building than are in-

dicated. In the concrete buildings, 1, 2, and 3. the mortality figures

must also be regarded as incomplete.

$ SUMMARY

Up to approximately 2000 meters, the immediate mortality in concrete

buildings is at a much lower level than the general mortality and decreases

with distance. In collapsing wooden buildings, the mortality rate is more

variable Vat lies intermediat e between the general rate and the rate 
among

those protected by concrete. In both groups of buildings, the total

casualty rate is much more variable than the mortality rate, as is 
to be

expected.

0 -43- (10H)
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HIR0SHIMf

MORTALITY AMTD CASUALTY R, TES IN CGIRThIH -OODEN BUILDIIlGS

BviMding Distance Total Dead Injured Total
(meters) SO. Ssvero Sii-jit Casualties Uninjuxe6

34 70
i Pub"i1c 3.10 o 180 61 (33.9%) (18.9%) (38.9%) 165 (91.7%) 15 (8.3%)~Office

01 IKoa 8cinmg 3400 55 9 (16.41%) -9$ 37 0
NMach:Lne

TI Homare Avia- 1600 210 15 (7-1!%) 13n (5.2%) 26 f 194
tion Factory

IV Railroad 1800 221 8 (3.6%) 23 (10%) 19 (09%) 50 (23%) 171 (77%)
Post Office

V Ohashi Shoe 1900- 18. 3A. (7.6%) 19 (10.%) M33 $ 35 -
Factory 2000



1$71~

L . ... \.-L;;'ACC
1, 0' S

Ca 5.y Hr12 -o

0 C

3-T e- 60 " ":': "f ' r:,'y"(4) 69 "(3

5 ophneO2.200 17
Office :W 3 (40 349 (5Z-.)

6. oe F O irn" 0 .. .. aw "0 2 .... 'r% 59, r.,,

7. Postal avings 18,00 750 31 ". '75 15 (25%) 39. (52%) 359 (48%)

Offcfice 6

Be. ci- -' - as 6:? 10 1ovedo 1945io
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6. CASUALTIES CLASSIFIED BY CAUSE:

A partition of injuries and fatalities by cause is possible to a

limited extent, and only for the group in the Joint Commission records.

In that group, which represents 6663 survivors of at least 20 days, the

distribution of the various diagnoses is as follows:

Burns 34.8% (2315)

Mechanical Injuries 45.3% (3016)

Radiation Effect* 20.5% (1363)

Of the 6663 persons in the group 1487 (22.3%) were uninjured. If then

only the injured are considered the diagnoses are distributed as follows:

Burns 44.2%

Mechanical Injuries 57.6%

Radiation Effect 26.0%

Multiple injuries were common.

Obviously this partition does not apply to the cause of death.

Probably close to two-thirds, of the deaths occurred on the first day,

chiefly on account of burns. Those who were severely injured and could

not move under their own power, either on account of flash burns or tratuma

were consumed in the flames that razed the inner parts of the city outlined

by a circle with a radiup of 2.4 kilometers. Review of hospital statistics

is not reliable since the casualty rate depends upon the districts from

*As manifested in epilation or purpura or both.

-46- (loff)
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which the hospital population was drawn and this varied widely. Between

70 and 90 per cent of' the patients hospitalized within the first two weeks

had burns (Section 3H, page 15). These figures, and the descriptions of

eyewitnesses indicated that most of the deaths within tID first week were

associated with flash burns.

There is not doubt that radiation effect contributed considerably to

the mortality from burns and infected traumatic lesions, but no quantita-

tive estimate can be made. The expected mortality under specified

conditions at certain distances, however, is available from data presented

in pp. 15-18 of this section.

Had there been no other injury and assuming all persons to have been

indoors in Japanese buildings, the deaths that would have occurred from

radiation may be estimated. Thus, in the first ring zone (0 to 1000

meters) the population is approximately 32,000 (table 3) anid the expected

mortality from radiation alone is 58.5% (Section 10H, page 17). In the

second ring zone (1l1 to 1.5 kilometers) the population is approximately

45,000. No accurate percentage for the expected mortality from radiation

is available for that set of conditions but a conservative estimate would

be 10%. Thus, 4500 persons would have died in that zone under the assump-

tions made. A total of at least 23,500 deaths would then have resulted

from radiation alone (ignoring those in which minor injuries or burns

were fatally complicated by the effects of the radiation). Thus, 35% of

the total number of 64,500 deaths that were actually estimated to have

-,47- (10H)

R ES TBR I C TE D



R E S T R I C T E D

Page 52

occurred in the city, could be ascribed to radiation effects, if, within

the inner 1.5 kilometes, there had been no other causes of death.

7. GENERAL SU1fl4ARY OF SECTION 10H

1. The best estimate of the civilian population of Hiroshima at

the time of the bombing on 6 August 1945 is 255,200. Of these apprazi-

mately 64,500 (25.5%) had died by the middle of November, 1945, and there

were in addition approximately 72,000 (27%) injured.

2. The standardized killed rate (that represehting the number that

would have died had the population density been 1 per 1000 square feut) is

in the neighborhood of 79,500; the standard casualty rate is 261,000. This

indicates an unprecedented casualty producing effect.

3. Inspection of the casualty-distance curve reveals that the point

at which the chances of death were 50 per cent lies at 1250 meters. The

50 per cent point for injury or death is at 2100 meters.

4. The mortality rate of individuals in concrete buildings is much

lower than'that of individuals in wooden buildings, and in both it is less

than that of the general population at comparable distances.

5. The mortality in a completely unshielded group at 1000 meters is

in the neighborhood of 95 per cent; in a similar group at 2400 meters, the

mortality is less than 10 per cent.

6. In completely exposed groups, as determined from the study of

school children engaged in repairing firebreaks, the mortality falls pre-

cipitously beyond 2000 meters.

7. The mortality from radiation effect in a group at 1000 meters

-4- (1OH)
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shielded by wooden buildings anC suffering no other injuries is 58. 5 .

When this point is related to the generl mortality curve it is evieent

that only 11.5% more individuals at this distance died of other factors

who would not have died of radiation alone.

7. Applying data in the preceding paragraph to the city as a whole,

at least 35% of the deaths would have been caused by radiation effects,

had there been no other injuries within the innermost 1.5 kilometers.

8. The causes of injury among the 5236 injured of the group of

6663 20-day survivors studied at Hiroshima by the Joint Comission are

classified as follows:

Burns 44.2%

Mechanical Injuries 57.60%

Radiation Effects 26.0%

These data do not apply to causes of adeath.

-10-- (1IH)

REBS T BI C TID



R E S T R I C T E D,

Page 54

Appendix 1 (1OH) Hiroshima Population Sampling Study (Primary Data)

HIROSHIMA

Table 1 . Population Sampling Study

Casualties by Ward Districts and Precincts

Ward and Precinct Dead Injured Uninjured Total For District

1. USIDA 21 148 283 452

a. Shinnachi 0 1 18
b. Kanda 0 0 7
c. Honmachi 0 9 26
d. Asahamichi 0 7 3
e. Minamimachi 1 15 37
f. Uncertain 20 116 192

2. ODIAGA 18 147 419 584

a. Katako 0 1 1
b. Akebonocho 2 2 23
c. Higashikaniyamachi 2 20 25
d. Atagomachi 5 35 44
e. Wakakusa 0 1 3
f. Uncertain 9 88 323

3. YAGA 4 29 169 202

4. AOSAKI 11 27 383 421

a. Higashiaosaki 0 2 35
b. Horikoshi 4 3 18
c. Aosaki 3 10 68
d. Mukainadahonmachi 0 0 24
e. Koiso 0 0 3
f. Uncertain 4 12 235

5. KOZIN 81 336 356 773

a. Osugamachi 14 50 44
b. Matsubaramachi 38 179 120

A c. Enkobashimachi 9 7 7

d. Kozinmachi 6 33 57
e. Nishilraniyamachi 9 60 110
f. Futabanosacho 5 7 18

-50- (10H)
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HIROSHIMA

Table 1. Population Sampling Study

Casualties by Ward Districts and Precincts

* Total for
Ward and Precinct Dead Injured Uninjured District

6. DANBARA 190 344 382 916

a. Daiyamachi 6 13 6
b. Kyobashimachi 20 18 22
c. Matobamachi 24 53 33
d, Danbaraohatamachi 10 21 62
e, Danbarasuehiromachi 3 14 47
f. Danbarashinmachi, Kami 4 15 39
g. Danbarahigashiurnechi 2 5 20
h Kanayamachi 14 11 25
i. Kirinokimachi 6 5 7

J. Hijiymachi 64 137 53
k. Matsukawam.chi 4 15 9
1. Danbaramachi 12 19 44
m. Inarimachi 4 4 7
n. Dotemachi 17 13 7
o. Danbarahigashi 0 1 1

7. HIJIYAMA 18 238 525 781

a. Osumachi 2 46 174
b. Minarikaniyamachi 2 26 58
c. Dambarrhigashiuramachi 0 4 9
d. Dambarashinmachi, Shimo 3 12 29
e. Danbarayanazakimachi 2 23 18
f. Danbarahinodemachi 5 52 83
g. Minamidanbara 1 32 51
h. Shinonomemachi 3 43 102
i. Danbaraminamimachi 0 0 1

-51- (1OH)

R ES TR IC TED



R ESTR I CTED

Page 56

Appendix 1 (10H)

HIROSHIMA

Table 1. Population Sampling Study

Casualties by Ward Districts and Precincts

TotJal f or
Ward and Precinct Dead Injured Uninjured District

8. NIHO 10 85 968 1063

9. KUSUNA 0 1 6 7

a. Nihomachi
b° Tanna 0 1 5
c. Uncertain 0 0 1

10. OKO 3 68 208 279

a. Kastunimachi 1 13 26
b. Deshiomachi 0 26 54
c. Okomachi 0 0 17
d. Asahimachi 2 29 ll

Ia. MINA4I 41 317 389 747

a. Hijiyamahonmachi 6 30 8
b. Minnmirachi 33 246 287
c. Midorimachi 2 41 94

12. UJINA 21 14 849 1018

13. NINOSHI M 1 0 187 188

14. HAKUSHIMA 108 149 165 422

a. Higashihakushimamachi 13 14 19
b. Hakushimakyukencho 8 24 39
c. Hakushimahigashinakamachi 2 5 2
d. Hakushimanaknmachi 5 24 35
e. Hakushimanishinakamachi 7 7 16
f. Hakushiinkitadori 2 4 3
g. Nishihakushimamachi 26 17 31
h. Uncertain 45 44 20

-52- (1OH)
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Appendix 1 (1011)

HIROSHIMA

Table 1. Population Sampling Study

Casualties by Ward Districts and Precincts

h

Total for
Ward and Precinct Dead Injured Uninjured District

15. NOBORICHO 445 197 76 718I

a. Kamiyanagicho 10 19 17
b. Sh1moyanagicho 28 15 7
c. Hashhiotocho 1 1 1
d. Ishimiyacho 2 2 3
e. Yvmagchiimachi 7 9 0
f. Yayoimafhi 1 4 1
g. Noboricho 72 50 13
h. Hariyacho 6 2 1
i. Teppocho 70 16 3
j. Hachobori 126 26 9
k. Komachi 22 12 1
1. Horikawamachi 22 4 0
m. Kaminagarekawamachi 77 33 18
n. Ginzanmachi 1 4 2

16. TAKEYA 345 284 119 748

a, Kitnhiratsukamachi 3 4 10,
b. Hiratsukainotomachi 2 3 1
c . Higashihiratsukamnchi 10 8 12
d, Nishihiratsukamachi 5 5 1
e. Tsurunimachi 76 103 19
f. Takari, achi 20 31 15
g. Showanachi 11 32 18
h. Yakenbori 19 10 0
i. Shimonagarekawamachi 24 8 3
j. Tanakamachi 13 8 1
k. Mikawamachi 26 1 1
1. Takeyvamachi 40 19 7
m. Fugi-mimachi 58 26 14
n. Hiratsukamichi 37 26 17
o. Yokomachi 1 0 0

-53- (1OH)
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Appendix (10H)

HIROSHIMA

Table 1. Population Sampling Study

Casualties by Ward Districts and Precincts

Total for

Ward and Precinct Dead Injured Uninjured District

17. SENDA 137 319 303 759

a. Hiranomachi 12 21 46

b. Minanitakeyaachi 21 22 10

c. Sendmrachi 104 276 247

18. FUKURIATI 429 51 43 523

a. Shinkawab -chi 32 2 3

b. Nakmachi 33 9 11

c. T'tenachi 24 0 0

d. Harimaymachi 21 0 1

e. Togiyamachi 26 0 0

f. Kariy m mhi 74 6 3

g. Nishisakanayamachi 2l1 0 1

h. Fukuroiachi 
0

i. Komchi 49 17 21

j. Shionoyacho 28 0 1

k. Onomichimachi 11 0 0

1. Sarugakucho 3 0

m. Sailumachi 52 2 2

19. OTE 511 133 33 677

a, ZaobmJUchi 171 31 8

b. Kokutaijimachi 139 54 12

c. Otemachi 201 /+8 13

20. NAKASHI A 530 236 152 918

a. Nasashimahormachi 93 4 0

b. Zaimokucho 55 1 0

c. Tenjinmachi 100 3 1

d. Kobikigumi 3 0 0

e. Motoyanagigumi 10 0 1

f. Nikashimashimchi 29 0 0

g. Nakrikakomachi 3 0 0

h. Shimokakomachi 0 2 0

i. Kakomachi 202 70 10

j. Yoshizimahagoromomachi 4 36 28

k. Yoshizimamachi 7 34 13

1. Yoshizimahonmlachi 24 86 99

-54- (1OH)
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Appendix 1 (10H)

HIPOSTIAA

Table 1. Po pulation Sampling Study

Casualties by 1,ard Districts and Precincts

Total for
Ward and Precinct Dead Injured Uninjvured Distict

21, HIROSE 262 66 3.6 344

a. Terniiachi 48 ii 5
b. Nishibikimido 48 1 0
c. Nishixyukencho 13 0 0
d. Nishikimachi 12 6 0
e. Hirosekitamuchi 45 13 5
f. Hirosoaotomachi 19 S 0
g. Hirosoemnchi 77 27 6

22. HONKAWA 445 20 11 476

a. Takashomachi 99 1 1
b. Kajiyomachi 19 0 0
c. Tsukamotor~mchi 18 0 0
d. Sakwantmachi 72 3 1
e. Aburayamn]chi 20 0 0
f. Nekoyamachi 39 8 0
g. Karasaymachi 53 2 0
h. Tokaichimachi 116 6 9
i. Tatamiyamachi 4 0 0

23. KANSIai 666 159 89 914

a. Nishichihomachi 32 0 1
b. Nishishinmachi 49 2 1
c, Kuwara mchi 89 10 7
d. Komimachi 365 39 9
e. Funairinlaoachi 131 108 71

24,. FUNAIRI 37 118 180 335

-55- (lo)
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Appendix 1 (10H)

HIROSHIMA

Table 1. Population &".mpling Study

Casualties by Ward Districts and Precincts

Total for

Ward and Precinct De*d Injured Uninjured District

25. EBA 18 104 407 529

a. Ebaminatomachi 2 7 37
b. Ebahigashimachl 1 11 42
c. Ebcmotomachi 0 16 61
d. Ebmin imachi 8 15 85
e. Uncertain 7 55 182

26. OSI3A 99 340 401 840

v. Kusunokimachi I 24 57 86
b. Misas -motomachi I 49 182 166
c. Mitakim chi 14 55 55
d. Osibamachi 7 41 59
e. Shinjonachi 5 5 35

27. MISASA 228 465 308 1001

a. Kusunokimachi II 11 25 37
b. Misasumotomachi II 14 5. 47
c. Yokokawamachi 84 159 83
d. Uchikoshimachi 10 37 31
e. Nakahiromachi 72 132 49
f. Minamimisasn'machi 31 51 35
g. Yamatemachi 6 10 26

-56- (1OH)
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Appendix 1 (IO1)

HIROSHIQ.

Table 1. Population Smpling Study

Casualties by Ward Districts and Precincts

Total for
Ward and Precinct Dead Injured Uninjured District

28. TEI[ 277 182 105 564

a. Shinichnmachi 26 4 0
b. Nishidaikumachi 13 1 0
c. Yokobori, ho 42 5 1
d. Enokimachi 70 22 3
e. Sakaiiuchi 0 1 13
f. Teumnamachi 126 149 88

29. KANNON 197 44.6 510 1153

30. FUKUSHITMA 31 106 151 288

31. KOI 29 186 592 807

32. FJRUTA 6 37 331 374

a. Thkasu 1 5 9
b. Furue 5 32 322

33. KUSATSU 21 54 645 720

a, Kogomcnchi 2 22 132
b. Kusatsumachi 18 25 498

* c. Minamimachi 1 7 15

£

-57- (lOH)
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APPEnDIX 2 (1O)

CASUALTY STUDY OF YASUDA GIRLS' HIGH SCHOOL

Certain factors concerning protection from atomic bomb injury are

brought out by a study made of casualties among the personnel connected

with the Yasuda Girls' High School. Information concerning these casual-

ties was obtained from the following sources:

1. A survey made of all the teachers and pupils present at the

school on 1 nnd 2 November 1945. Personnel present on these dates were

questioned in detail concerning symptoms and injuries. Physical exarmi-

ntion and sample hematological examinations were made as in the general

survey group at Hiroshima. The 98 individuals examined represented

11.1 percent of the total school population estimated to be present at

their assignments at the time of the bombing.

2, Interviews with teachers and pupils concerning the sequence of

events on the morning of 6 August, the activities and location of person-

nel, and the f-te of members of the school population.

3. The official report made by the principal of the schol.

Personnel of the school totalled 1146 on 6 August 1945. On that

morning attendance was taken, but the attendance records were burned

and subsequent estimates were made by the teachers from mamory. Except

for a small group present at the school and a few individuals at the

school dormitory, the school population was engaged in work service at

4 factories in Hiroshima or in making firebreaks in the violnity of the

Hiroshima Prefectural Office. The distribution of the school population

and the casualty figures furnished by the school principal are presented

-58- (10H)
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in table 1. The locations referred to in this text and table are shown

on the map (figure I).

No significant additional information was obtained concerning the

groups at the school building, the dormitory, and in the. vicinity of the

prefectural office. It is probable that most of the missing in the

last group represent fatalities whose bodies were not reoovered. This

assumption seems warranted on the basis of knowledge concerning the fAte

of other groups exposed outdoors at comparable distances from the center.

Moreover, the failure of the school authorities to trace their victims

by \ovember 1945 is presumptive evidence that they had been killed.

The percentage of deaths in the group, assuming the "missing" to have

been killed is 97.3% and the total casualties are 99%. These figures

confirr those of the Otake group discussed in Section 10H.

More iror'1-tion was available concerning the groups at the four

factories.

The Homire Aviation factory was made up of a group of one-story

Japanese-style buildings with metal roofing. Of the 210 girls working

there, most were in one building which faced the center of the explo-

sion, but which was partially shin]-dod by an intervening building of

the same type. Most of the girls were able to escape from the builing

before it collapsed and caught fire after the explosion, bW spread fron

an adjacent warehouse. The fire is said to have started some five min-

utes after the explosion. Flash burns occurred only nzong the small

group of girls working at open windows in th: southeast corner of the

building. Girls in. the southwest corner of the building wore not

-59- (!OF)
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flash-burned, because although windows were open they were shielded

by the intervening building. Fatalities and serious injuries occurred

among those who were trapped in the collapsing building and sustained

mechanical trauma, secondary flame burns or both. Minor secondary

injuries from flying glass and debris before the building collapsed were

very frequent, These data are summarized in tables 1 and 2. It will be

noted that table 2 records minor injuries as well as the major injuries

that are alone recorded in table 1.

The Ohashi factory comprised a group of two-stOry Japanese style

buildings with slate roofs. Of the 184 school girls estimated to be

present almost all were in one building which faced south towards the

explosion, About one-third of the girls were on the second floor but

with fuw exceptions, they were rble to escape from the building before

it collapsed and burned when fire spread from nearby straw roofed houses.

The collapse of the building is said to have occurred several minutes

after the flash. However, 6 girls at the east end of the building on

the second floor, farthest from the staircase, were unable to escape and

died of crush injuries and flame burns. Many girls working at open

windows on the south side of the building sustained flash burns. The

X data are sunmarized in tables 1 and 2.

At the Komitsu factory the 51 persons present indoors were distribut-

ed among 6 one- and two-story Japanese-style buildings. Windows had been

removed or were open. All buildings collapsed almost at onoe following

the explosion but did not catch fire until some 20 minutes had elapsed.

All personnel escaped except one pupil who was pinned under a fallen

-60- (l0H)
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Appendix 2. Table 1

TOTAL CASUALTIES AT YASUDA SCHOOL

Severe
Estinated i'ssing Secondary

Building and Location Assigned Present Dead (probably dead) Alive Iniury

School (1200 meters) 124 75 6 39 30 14

Dormitory (1600 meters) 2 9 0 0 92

co 0 Outdoors (clearing firebreaks) 334 300 21 271 8 5
. ' Prefectural Office (900 meters)

0 Homare Aviation (1600 meters) 251 210 15 0 195 11

Ohashi Shoe Factory 214 184 9 5 170 19
(1900-2000 meters)

Komitsu Sewing Yachine 127 5]* 1 0 50* 0
(1900 meters) 55** (9 Sept) 54?*

Koa Sewing Yachine (1400 meters) 94 55** 9 0 46# 0

*Indoors
**At factory indoors and outdoors
#4 Cases of "radiation sickness" developed in this group.

(D
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HIROSHIMA

Appendix 2 - Table 2

Yasuda School - Joint Commission Survey of Survivors

Unhurt Secondary Flash Total Percent of
Injury* burns estimated present

surveyed

Fomare 13 28 2 43 20.5

Ohashi 12 20 9 41 22.3

Komitsu 2 6 0 8 15.7

Koa 1 5 0 6 10.9

Total 28 59 11 98 19.6

*All minor injuries usually from flying debris and glass

-62- (lOH)
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ceiling and died 9 September 1945 (cause of death unknown). No flash

burns occurred within the buildings although they were frequent among

personnel unprotected on the factory grounds, Data are summarized in

tables 1 and 2. The buildings are said to have fallen towards the

blast.

The Koa factory oonsisted of a group of one-story Japanese buildings

*with galvanized metal roofs. The buildings collapsed immediatoly follow-

ing the explosion and 9 of the 55 school personnel in the buildings

were killed instantly by falling ceilings and timbe s. The collapse is

said to have occurred towards the center. Four cases of "radiation

sickness" subsequently developed among the survivors. These are the

only cases known to have occurred among the entire school populations

and it may be significant that this was the factory closest to the

hypocenter. Two indoor flash burns occurred in the Koa group, but the

exact location of the patients in relation to windows could not be ascer-

tained.

SUMMARY

All the data accruing from this review once more indicate the tre-

mendous casualties to be expected among those Outdoors within one km.

of the center. These figures are compatible with those of the Otake

group (Section 10H). Casualties among those inside the buildings have

been plotted according to incidence and distance for comparison with

those in concrete buildings in Section lOH.

Other information of interest is that the collapse of some build-

ings was a slow process, not occurring at once and occupying minutes

-63- (OH)
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for its completion. (Ohashi Factory, 1950 meters, and part of Koa

Factory, 1400 meters). The collapse occurred toward the center of the

blast in some instances as at Komitsu (1900 meters) and Koa (1400 meters)

factories. The time of onset of fires varied from 5 to 20 minutes.

-64- (1OH)
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LOCATION AND POPULATION
OF WARD DISTRICTS.

41
. .8
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~~ONACIA- 2 90
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NIHO-S AOSAKI-4

/ / ASoo KUSU- -S
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Figure 1--(lOR). (Photo File # RI' 159. )
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HIROSHIMA
RELATION OF MORTALITY AND

TOTAL CASUALTY RATES 10 DISTANCE
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Figure 3--(1o). (Photo File # HP 157.)
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~WORKMENS GROUP

IUP

HINO'S G O M T '

Figure 4--(1OH). (Photo File # HP 158.)
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Figure 5--(OH). A reconstruction of the scene near the Temma Bridge. The
street appears in perspective with the shadows cast by the buildings at the
time of explosion of the bomb roughly indicated. The lower sketch shows the
relation of the scene to the bridge. The arrow points to the center of the
explosion. (Photo File # tB 324.)
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Figure 6--(10H). Bank of Temma River. Temna Bridge in background. Site
under clearance for fire-break at the time of bombing by groups of men from
Kuba and Ogata (Tachido and Mitsuishi Villages). Almost all of these died of
burns. (Photo File + HG 270.)

R
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Figure 7--(1OH). Koi Bridge, 2400 meters from hypocenter. The site where
Foreman Hino's group from Otake village was exposed at the time of the bombing.
The hills are on the Koi side. None is found on the Hiroshima side between the
bomb and the people. These people were all burned, but they survived, with few
exceptions. (Photo File # BB 323.)
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HIROSHIMA

SCHOOL CHILDREN

DISTRIBUTION OF WORK PARTIES

&

Figue 8--(J.OH. (P'hoto File # HP 154.)
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MORTALITY RATE OF "UNSHIELDED" SCHOOL CHILDREN

RELATIVE TO DISTANCE
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Figure 9--(1oH). (Photo File # HP 156.)
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MORTALITY AND CASUALTY RATES OF 'SHIELDED" SCHOOL CHILDREN
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MORTALITY AND CASUALTY RATES

WOODEN AND CONCRETE BUILDINGS COMPARED

( AS OF LATE AUG 1945)
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Figure 11--(10H). Comparison of Mortality and Casualty Rates (first 2 - 3 weeks) in Wooden and
Concrete Buildings. The height of each column = 100%. The number of people in each building is
indicated at the top of each column. Each column is placed in its proper relation to the point

above which the bomb exploded.
The curve of the ultimate general mortality is superimposed (see figure 3(10H)). The indi-

cated mortality figures in buildings 1, 2, 3, and I are incomplete for reasons stated in the text.
(Photo File # HP 153.)
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MAP of HIROSHIMA SHOWING LOCATION
of

YASUDA GIRLS' SCHOOL CASUALTIES

SCOFIC

Appendix Figure 1--(1OH). (Photo File #HP 160.)
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Section ION

POPULATION AND CASUALTIES, NAGASAKI

Prepared by George V. LeRoy, Lt. Col., MC
Data Collected by Marvin E. Habel, Capt., F. A., and Dr. Motosaburo Masuyama

General.

The primary objective of the medical mission was to conduct a casualty

study in the cities attacked by the atomic bombs. It was necessary, there-

fore, to attempt to obtain as exact information as possible on the number

of people exposed to the effects of the bomb and on the number and types

of casualties. Because the effects of the blast extended to virtually

every part of the city, it was desirable to consider that the entire popula-

tion was at risk and to proceed accordingly. There is a census department

in the Nagasaki Municipal Government, but it was learned there that the most

reliable data on population was kept by the rice rationing authorities. To

regulate the distribution of this staple the city was divided into 24 dis-

tricts called "rengo chonaikai". Each of these rationing districts was

further subdivided into block associations. The block associations, of

which tiere were approximately 300 before the bombing, were composed of

groups of city blocks which were related to a "main" thoroughfare. The

names of the block association and of the principal thoroughfare were similar,

and were used interchangeably. The block associations may be considered as

equivalent to precincts,, and the rationing districts (rengo chonaikai) to

wards in an American City. Each of these small units had a "loader" who

kept the records of the persons entitled to a rice ration. In practice most

leaders knew the heads of all the families in his block associatioin. He

*submitted a monthly report of the number of households and quasi-households

(workers' dormitories), and the total number of inhabitants in his block.

When the rice was ready fcr delivery, he received it and distributed it to

his constituents. When the government required a census, as it did in No-

vember 1945, the census cards were distributed and the count was made by
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the rice rationing authorities. In addition to the normal residents of each

ration district, there were the transiunts who worked in the factories and

who were registered for ration purposes in other districts, or in the nearby

O villages and rural communities. Information oh this group was obtained

from the police officials, the factory managers, and indirectly by a study

of the railroad commuters. In the vicinity of Nagasaki the number of mili-

tary personnel was negligible. Furthermore, there were no organized groups

of temporary workers engaged in various activities as was the case ini Hiro-

shima. It is apparent then that the numbor of people at risk on 9 August

was at least the registered population and the transient labor force.

Before accepting any estimates of the size of the population on the

day the atomic bomb was dropped, it is necessary to consider some of the

sources of error.

(a) Movement of the Population away from the Cities: It was known

that after the B-29 raids started in December 194+, there was a steady drift

of population from the target cities into the comparative safety of the vil-

lages and the countryside. An unsuccessful effort was made to determine the

magnitude of this emigration in Nagasaki. An estimate, only,can be obtained

from the count of the rationed population which was 207,000 in May, and

195,000 in July 1945. The small number of evacuees was doubtless attribut-

able to the fact that the city had experienced only 5 small-scale air raids

before 9 August.

(b) Loss of Records: This factor had little effect on the problems of

obtaining records in Nagasaki, Early investigators were told by the Japanese

that records had been destroyed, but "research" often disclosed the requirod

information,

2 (10 N)
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(c) Peculiarities of Japanese Administretive Methods: This factor is

difficult to assess but caused real concern to all the student of population.

The average Japanese official has no passion for accuracy, and remains un-

0 perturbed when figures do not balance and totals fail to agree. The normal

V sources of information on the trend of populations - statistics of births

and deaths - were of no value, because in Japan these vital data are not

legally rogisterable. The police records of the movement of people into and

away from their districts were generally admitted to be inaccurate, and in

the case of Nagasaki were said to have been largely destroyed. The percent-

age of the population who were not registered for any of a variety of reasons

was not known. Vaxious officials estimated tha.t as few as 80% of the residents

of the city were on the rice ration lists. Other officials intimated that the

lists were occasionally padded, or at lea st that the names of departed citi-

zens were frequently not deleted. In addition to these qualifying factors,

there is a final one - the nature of the records thomselves. All the tables

that were available were reproduced by hand from origihal sources, and a

careful scrutiny invariably disclosed obvious errors in copying, as well as

mistakes in arithmetic.

The-Po ation of Nagasaki Before9August 1945.

Estimates of the Population:

Five reasonable estimates of the pre-raid population are available:

(Z) 27000: This value was cited by Mr. Hisakichi OKADA, Mayor

of Nagasaki City, in the course of an interrogation by representatives of the

Manhattan District, Corps of Engineers, USA, in September 1945. He did not

give the source of his estimat.

(b) 260,_00: This value was estimated by Prof. J. Bronowsky, a

member of the British Mission to Japan, which was affiliated with the U.S.
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Strategic Bombing Survey. It was based on the rice rationing figures for

May 1945, corrected fc' the estimated non-registered fraction of the popula-

tion.

(c) 2o7,o86: This value is the total number of registered per-

sons in May 1945, according to the Municipal Section of Food Distribution

(Busshika).

(d) 195,290: This value is the total number of registered per-

sons in July 1945, according to the Prefectural Branch of the Provincial

Food Stuff Agency (Shokuryo Eidan). It was obtained and verified by Captain

Marvin E. Habel, FA, AUS, who was officer-in-charge of a special group de-

tailed by the Joint Commission to re-study population and casualties.

(e) 211,30A: This value was calculated by Captain Habel on the

basis of research in Nagasaki in January 1946. It is based on the previous

figure (d), plus the estimated transient population. The data for this es-

timate was collected by Dr. Hotosaburo MASYI AM, Tok-yo Imperial University,

a statistician, and a serious student of the problem of population and cas-

ualty rates.

The members of the Commission responsible for this report have chosen to

accept the opinion of Capt. Habel, contained in his report dated 19 March

1946.

"It is the considered opinion of the study group that the minimum fig-

ures for population are the more reliable (i.e. 195,290). It is very likely

that in the maximum estimate the labor group includes people whose homes were

in other districts of Nagasaki but who worked in the factory districts. Thus

they may have been counted as members of their residential district and also

as part of the factory district population in the maximum estimate. No doubt

the large proportion of the labor group was at work when the bomb fell; but
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it was impossible to determine how large a number came from each residential

district. Since the factory district suffered the more severly, counting

these as a part of the residential district would tend to overestimate rather

than underestimate casualties. For this additional reason, the minimum

figures are more accurate-.

"The minimum population...was estimated to have been 195,290 and the

maximum 211,304 on 9 August 1945."

The Distribution of the Population.

The population of each of the 24 ration districts according to the re-

port of July, 1945, is presented in Table 1. The boundaries of the 20 dis-

tricts which were located within the seven ring zones of the polar coordinate

system are shown on the map (Figure 1). The outer ring of these coordinates

is 5.0 Km. from the center and in the area comprising these zones lived 88.9

of the population. For all practical purposes, it is quite valid to omit from

the analysis the four districts which were situated more than 5.0 km. distant

for the total casualty rates in them were:3.6%, 2.4$, 1.2 and 0.8$ respec-

tively.

Since distance was an important factor in determining casualty rates,

it was desirable to estimate the population of as many ring zones as possible.

This was accomplished by finding the location of each block association on

a large~scale city map marked with the polar coordinates. Suitable adjustments

were ma'e for the units which overlapped the ring boundaries. It was possible

in this way to obtain very good estimates for the five inner zones. Satis-

factory approximations were made for the remainder of the city. The inhabit-

ed portion of each ring zone was marked out on a map and measured with a

planimeter. The estimated area, population and population density of the

ring zones are presented in Table 2 and shown graphically on the map, (Figure 2)
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TABLE 1

POPULATION OF PATION DISTRICTS, JULY 19A5

NAIIE POPULATION NAME POPULATION

Shiroyama 8984 Irabayashi 14083

Yamazato 1U./2 Katsuyama 8887

Zenza 9228 Togiya 8660

Inasa 14116 Minamioura 6323

Nishiurakami 4324 Nita 7899

Nishizaka 6551 Sake 8495

Ncninohira 3610 Kaiminagasaki 8937

Koshima 8421 Tomachi 9153*

Shinkozen 8707 Tategami 6239

Aqahi 9598 Kosakaki 5651*

Akunoura 8382 Kogakura 2093*

Kitaoura 7933 Doinkubi 4574*

TOTAL: 290

*Located outside the polar coordinates on the map; or more than 5.0 km.

from the center.

* 6(10 N)
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TABLE 2

AREA AND POPUIZ,.TION OF THE RING ZONES7

RING ZOTE AREA SQ. MIES POPULATION POAIONDEITY

Per Acre

1 1.15 30,999 /42

2 0.62 14,363 37

3 0.44 60568 24

40.30 62822 35

5 0.66 21,t222 50

6, 7, plus 2.33 115,316 77

TOTAL: 5.5 195,290 56

7 (10 N)
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THE POPULATION AT RISK

In the sourse of the preparation of this report consideration has been

given to the importance of attempting to estimate the size of the population

exposed to the action of the atomic bomb. This question occurred because

of the irregular terrain of Nagasaki. Everyone who has inspected the city

since the bombing has been impressed by the contrast between one section

devastated by the blast, and another which was directly adjacent, or at a

comparable distance from the bomb, in which the damage to buildings was min-

imal. By means of terrain maps it is possible to estimate the regions of the

city which were shielded from the direct blast by hills located between them

and the airburst. The importance of this shielding, however, should not be

overestimated, for although the terrain may have protected from gamma ra-

diation, heat and direct blast effects, the concussion wave which followed

enveloped everything within its effective range. In the tabulation of cas-

ualties by districts (Table 7), which follows, it will be seen that there was

no district in which there were no casualties. Similarly, there was no dis-

trict in which every building escaped damage of some sort. Taking all these

matters into account, it seemed proper to assume that the entire population was

at risk, or exposed to the liability of some sort of injury. In the discus-

sion of the actual casualty rates, however, inconsistencies between the ones

in certain ration districts can be explained in part by differences in the

known degree of exposure of the people. This relationship is presented

roughly in the Map (figure 3), where the shaded portions represent regions

shielded to a considerable extent by terrain features.

0 THE CASUALTIES

Total Number Killed and Woun4ed,
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Three responsible estimates of the number of casualties have been made.

There is close agreement between them, oven though the methods of calculatin

were different in each case. The number of the dead differs considerably,

but this may be explained by the fact that the estimates cited were made at

different times after the bombing. Each estimate, and method by which it

was computed, will be considered separately.

(a) Official estimates: In an interview with the representatives

of the Manhattan District, CE, USA, Mr-. OKADA, the Mayor of Nagasaki City,

stated that the total casualties were 65,000. He did not cite his authority

for this figure. The apparent basis, however, is found in a report subitted

to higher authorities by the Governor of Nagasaki Prefecture, entitled

"Confidential Defense Extra Report No. 20", dated 3 September 1945. The fig-

ure s in this report are as follows:

TABLE 3

Wounded, reported from aid station.....4/+0,992

Known dead ............................ 19,743

Missing*......................... ....... .. 1,927

Total Casualties ....................... 62,662

An inspection of the data on which this estimate is based reveals

several errors in calculation and of judgement. A better treatment of the

available figures is as follows:

*The category "missing" includes persons presumed to be dead; and so reported

by relatives who were unable to find any recognizable remains among the debris

in the place where the victim was "known" to have been.
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TABLE 4

Patients treated in aid stations, in the

city and in nearby towns ..... ......... ....... 39,585

Died in city aid stations and reported to
police ................... " 12682

Died in aid stations of surrounding towns

and reported to police ..... .... ............... 1775

1. Known wounded at time of report (1 Sept.) .................... 
364]28

2. Police Office estimates of total dead 253236

based on:

3. (a) Death certificates issued ............................ 19,743

(b) Missing as above.. .................................... 1,927

(c) Dead estimated by police from the

reports of survivors; no certificates
were issued for those and it is believed
thit the figure refers to unidentifiable
bodies........................................... 3,616

Adding these figures in two ways, one gets a minimum estimate for known

casualties on 1 September 1945 of 551871 (1 plus 3); and a maximum estimate

of known casualties of 6LL4 (1 plus 2). Since it is known that a certain

number of victims did not exhibit symptoms of radiation disease until after

1 September, these estimates are probably too low.

(b) Estimate of Prof. John Bronowskv of the British Hission to

Dan: Total killed: 34,153. This estimate is for the number of killed,

only. It is of special interest because of the method of calculation. The

pro-raid population, based on the May 1945 rice rationing report was 207,086.

The earliest rationing data available for the post-raid preriod was obtained

in November, but it probably represented the situation in October. The total

population by this tabulation was 117,112. This rationing roster was incom-

plete; and there were complete post-raid returns only for blocks whose

10 (10N)
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pre-raid population was 165,813. It was then assumed that the population

change in each ration district was of the same order as the average change

in those blocks for which post-raid information was available. Their compu-

tation was mae on this basis, and the population of Nagasaki City for No-

vember 1945 was estimated to be 143,617. A report was then obtained from the

Police Stations of the nrber of permits to leave the city that had been

issued. This number was 29,313. Subtracting then:

1. Pre-raid Population ....... 207,086

2, Post-raid Population.... 143,617

3. Permits to leave city ...... ..... 29,316

(1 minus 2 minus 3) .......... O ** .... 34,153

The interesting feature of this computation is (2), the population in

Nagasaki in October-November 1945. A census was taken by the Prefectural

authorities after this estimate was prepared. One copy of the census report

was obtained by the Intelligence Section of the U. S. Strategic Bombing Survey,

and another was obtained by the Joint Commission. The totals for the popula-

tion were:

1. U.S.S.B.S. Copy ................. .o... .140,606

2. Joint Commission Copy ................. 142,748

3. Prof. Bronowsky's computation ......... 143,617

(c) Estimates made by the Random Sampling Method: A study group

under the direction of Captain Habel was sent to Nagasaki in January, 1946,

at the request of the Joint Commission. The details of the random sample

method which they employed to determine casualty rates is discussed in

Section 4 f the Hiroshima report. This technique provided information on

the mortality rate and the wounded rate for each ration district. It was

prepared in such a manner that four sets of figures were submitted;

11 (10 N)
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1. Minimum casualty estimate for riinimum population estimates.

2. Maximum casualty estimate for minimum population estimate.

3. Minimum casualty estimate for maximum population estimate.

4. Maximum casualty estimate for riamium population estimate.

In Nagasaki, the "Minimum population estimate" was the report of the

rice rationing districts for July, 1945. The "Maximum population estimate"

was this value plus an estimate of the transient labor force. The "rni-.u.

casualty estimate" was obtained by multiplying the district killed and wound-

ed rate (obtained from the random sampling questionnaire) by the "minimum

population estimate" for each district. (See table 7) These district prod-

ucts were then added to get the figures for the city, The "maximum cas-

ualty estimate" for the "minimum population estimate" was obtained by mul-

tiplying the killed and wounded rate for the entire city (obtained from the

random sampling questionnaires) by the population: 195,290. The latter es-

timate is about 10,000 lower for killed and about 2,000 higher for wound-

ed. When the results of the random sampnling study were arranged on the ba-

sis of the ring zones, (see tables 2 and 9) the number of killed and wounded

was found to agree very closely with the "maximum caualty estimate for the

minimum population." For this reasons the larger estimate has been consider-

ed the more accurate. The casualties in Nagasaki City are shown in Table 5.

TABLE 5

KILLED AND WOUNDED IN NAGASAKI*

NUMBE PERCENT OF- POULATION
Total killed 39,214 20.08
Total wounded 2 12.88
Total Casualties 64,367 32.96

*This is the maximum estimate, based on the minimum population estimte.
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It was believed that the practice of weighing the killed and wounded

rate on a district basis (Sec table 7) yielded an underestimate in dis-

tricts which occupy 2 or more ring zones, since the number of survivors

available for sampling was greater in the more distant zone. For this rea-

son the random sampling data were re-arranged, and results of the ques-

tionnaire wore compiled on a basis of the ring zone in which each ration

district subdivision was located. This permitted an estimate of the

killed and casualty rate on a ring zone basis. Since the distribution of

population by ring zones had boon estimated (see table 2), it was possible

to weight the killed and casualty rate in this way when the total numbors

were calculated. The total number of killed and wounded estinated in this

manner is practically the same as the figures in Table 5. (See Appendix 10 N)

The estimates derived by the three methods are tabulated for compar-

ison in Table 6. The discrepancies are not great, and considering the time

at which each was made, the agreement is surprisingly good. It should be

mentioned that many of the deaths from the syndrome of radiation injury

had occurred when the official count cited was made.

TABLE 6

COMPARISON OF CASUALTY DATA
TOTAL

KILLED WOUNDED CASUALTIES
Official Japanese - Sept.
(Direct Count of Killed & Wounded) 19,743 36,128 58,871

British Mission to Japan - Oct. -Nov.
(Computation from population change) 34,153

Joint Commission -Jan. 1946
(Random sampling method) (1) 39,214 25,153 64,367

0BREAKDOWN OF CASUALTY RATES

The geographic basis for the random sampling method was the subdivision
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TABLE 7

CASUALTY RATE IN RATIONI DISTRICTS

PFRE-RAID
DISTRICT POPULATION % KILLED % INJURED % TOTAL CASUALTIEZ

Shiroya-ma 8984 89.4 5.7 95.1
Yamazato 14442 64.5 18.5 83.0
Zonza 9228 54.3 25.2 79.5
Inasa 14116 29.2 28.1 57.3
Nishiurakami 4324 22.6 18.6 41.2
Nishizaka 6551 7.1 21.8 28.9
Naninohira 3610 4.6 3.9 8.5
Koshima 8421 3.3 6.1 9.4
Shinkozen 8707 2.5 20.6 23.1
Asahi 9598 2.4 24.1 26.5
A2kunoura 8382 1.5 11.4 12.9
Irabayashi 14083 1.4 13.2 14.6
Katsuyama 8887 1.4 13.2 14.6
Togiya 8660 1.2 11.9 13.1
Minamioura 6323 0.8 4.2 5.0
Nita 7899 0.7 4.9 5.6
Sake 8459 0.4 6.9 7.3
Tomichi 9153 0.3 3.3 3.6
Kaminagasaki 8937 0.2 8.6 8.8
Tategami 6239 0.2 4.1 4.3
Kitaoura 7933 0.1 4.5 4.6
Kosakaki 5651 0.0 2.4 2.4

Kogakura 2093 0.0, 1.2 1.2
Doinokubi 4574 0.0 0.8 o.8

Total 195290

Total Casualties, (29,570) (23,262) (52,832)
Weighted by districts*

*These figures are lower than those used in Table 5. See above for

discussion.
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of the city into rico-rationing districts. A sufficient number of blocks (1)

in each district were sampled to permit the calculation of killed and wounded

rates by districts. The figures are presented in Table 8, and the casualty

experience for each district is shown on the map, Figure 4.

A close inspection of this map shows that the effect of the bomb as

measured by the casualty rate has boon fairly symmetrical, with a few con-

spicuous exceptions. Considering the variations in the type of buildings

located in the various districts, and the generally irregular torrainp the

syr notry of the casualty-producing effect is more striking than the lack of

it. For examplo, Inasa (see ap, figure 3), on the west bank of the Urakami

Rive;, and Zenza and Nishizaka on the east bank, were located within approx-

imately the same ring zone. The character of the districts was quite dif-

ferent, however, Inasa was mainly a residential section and included many

small hills which afforded partial protection to some portions of the dis-

trict. Zenza and Nishizaka were chiefly industrial sections,and except for

perhaps one-fourth of the latter district were completely flat and unshiolded

by terrain features. In spite of those differences, the combined casualty

rate for Zenza and Nishizaka was 57.5% which is quite similar to the rate for

Inasa.

S

(1) See Appendix 10 N for detailed data used in preparing the estimate.
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which was 58.6%. Another example of symmetrical effect was demonstrated in

the case of Shinkozen on the east bank of the harbor; and Ashhi and Akumoura

on the west bank. The built-up areas of the latter districts were located

in about the sale relation to GZ as the Shinkozen district, Shinkozen was

a commercial and residential section, rather hilly and with about one-fourth

of the area shielded by hills, Asahi and Akumoura were shipbuilding cen-

ters with a scattered residential section. Small, steep hills provide shield-

ing for about one-third of the area. In spite of these differences, the com-

bined casualty rate for the west bank districts was 20%, and for Shinkozen

23%.

The best example of asymmetrical effect due to protection by terrain

features can be seen by comparing the casualty rates for the Nishizaka,

Katsuyama and Kaminagasaki districts. The inhabited portions of all three

were located at about the same distance from the borb. Between those dis-

tricts and the approximate position of the bomb's airburst there was a

range of hills varying in elevation from sea level in Nishizaka to about

1000 feet in Kaminagasaki. A rough estimate of the proportion of each dis-

trict shielded from the direct blast of the bomb is: Nishizaka, 25%; Kat-

suyama, 50%; Kaminagasaki, 100%. The casualty rates for these districts

were: 28.9%, 14.6%, and 8.8%, respectively. There are less striking ex-

amples of asymmetry in Ring Zone 7, which is the area located 4.0 to 5.0

km. from the center. There were six ration districts within this zone:

Tategaij, on the west bank of the harbor; Naminohira, Minaioura, and Kitaoura

* on the east bank; and Nitta and Koshima which were farther east and inland.

The terrain features of these districts and the casualty rates are tabulated

for convenience in comparison. (see Table 8.)
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DISTRICT TERRAIN FEATURES CASUALTY RATE

Tategazi 50% shielded by hills 4.3%

Nandnohira Inhabited portion was all on the shore
of the bay, completely exposed to the
blast, 8.5%

Minamioura A small portion of inhabited area was
on the shore of the bay. The ramainder
was scattered on the lee side of low
hills. 5.0%

Kitaoura A small portion of inhabited area was on
shore of bay. The remainder was at least
50% shielded by low hills, 4.6%

Nitta Less than 50% was shielded by low hills. 5.6%

Koshima There was no shielding of any important
extent. The inhabited portion lay in a
valley whose axis pointed directly to GZ. 9.4%

The portions of the city where a substantial shielding effect was pro-

vided by terrain features are shown in the map. (figure 3). The areas out-

lined are only approximations based on the contour lines drawn on the main

reference map.* The height at which the airburst occurred has not been ro-

leased by officials of the United States AAF. The value used for estimating

the length of the shadows cast by the hills was 470 motors (1500 feet), a

calculation mde by the Japanese physicist, Professor NISHIMk. It is not

possible to comment on the accuracy of this estimate. It is difficult to

generalize about the influence of terrain on the basis of these data. No

district, however, was completely protected because of its location. Win-

dows were broken in every building in the city, and roof tiles and other de-

tachable materials were blown loose. The most that can be said is that high

hills such as those between the bomb and Kaminagasaki provided substantial

*Nagaaaki City Plan; A S L902, Type C (AM 1), 1945. 1:12, 500.
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protection to the residents. Minor differences in terrain, and variations

in the type of buildings in a district seemed to have little detectable in-

fluence in the casualty rate.

It is possible to use the data obtained in the random sampling study

to estimate casualty rates in the various ring zones. The location of blocks

which were sonled was determined on the city plan map. The killed rate and

wounded rate was sunmated for those blocks whose boundaries were entirely

within one or another of the ring zones of the polar coordinate system. It

was possible in this way to obtain data from a sufficient number of blocks

in the seven rings zones. The casualty rates for these ring zones were as

follows: See Table 9; also Appendix lON.

TABLE 9

Ring Zone Distan, _Meters %Killed Wounded Total % Casualties

#1 0-1000 88.4 6.0 94.4

#2 1000-1500 51.5 26.0 77.5

#3 1500-2000 2.4 38.1 66.5

#4 2000-2500 6.1 28.7 34.8

#5 2500-3000 2.1 16.5 18.6

#6 3000-4000 1.2 9.9 11.1

#7 4000-5000 0.7 6.3 7.0

Average for City 20.08% 12.88% 32.9&"s*

The killed rate and the total rate was then plotted against distance

and smoothed curves were drawn. (figure 5). This graph shoild be

compared with the similar one prepared from the casualty data for Hiroshima.

These curves are very significant. They are the only reliable estimates of

the relation between the casualty-producing power of the atomic bomb and dis-

tance. It can be seen from the graph that chances of survival were only 50%
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at a distance of 1300 meters, or 0.8 miles. The chances of escaping injury

of any sort were 50% at 1750 meters, or 1.1 miles.

STANfDARDIZED ILLED AND CASUALTY RATE

An expression has been developed by students of the casualty-producing

effects of explosives to facilitate a comparison of the efficacy of various

weapons. The standardized killed rate (MKR), and the standardized casualty

rate (SCR), are comoutod in such a way that the ntbers of killed and wounded

within the range of any weapon are adjusted to a standard density of popula-

tion. The density value commonly used is 43 per acre, or one person for every

1000 square feet exposed to the risk of injury. The computation of SKR and

S(R for one atomic bomb in Nagasaki is as follows:

TABLE 10

Area at Risk Risk Rates
Ring Zone jes Per Cent Killed Per Cent Casuixj.ties

#1 1.21 88.4 94.4

#2 1.52 51.5 77.5

#3 2.12 28.4 66.5

#4 2.73 6.1 34.8

#5 3.34 2.1 18.6

#6 8.49 1.2 11.1

#7 10.91 0.7 7.0

Vulnerable Area (V. A.)
in square miles 2.70 4.69

(V.A. is the sun of the product of "area at risk" and "risk rate" for each
of the 7 zones.)

Standardized Killed Rate 75,271

Standardized Casualty Rate = 3.30,748

(SKR and SCR are calculated by multiplying V.A. by 27,878,000 - the number
o1 square feet in one square mile - and then dividing through by 1000.)

19 (10 N)
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For readers unfamiliar with the SKR for other weapons, a few typical

values are cited:

*ieSKR

500 pound high explosive aerial bombs 6

2000 pound high explosive aerial bombs 20

Using these expressions, the number of 2000 pound cHE bombs required to

kill th e sane number of people as this one atomic bo~ib can be cal culated

readily: 7521 39700 bombs
20

TYPES OF CASUALTIES

There are no coiprehensivo records available which contain the propor-

tion of each of the three main types of casualties that were produced by

the explosion of the atomic bomb. This is undoubtedly a consequence not

only of the almost incredible confusion of the first few days after the bomb-

ing, but also of the pressure of work in the aid stations. Actually, it

would have been impossible at the outset to classify the patients as burned,

wounded or injured by gamma radiation, becauso the symptoms of the latter were

not apparent until about 14 August. Certain incomplete data were obtained,

however, and this will be presented with the understanding that they were

rough approximations at best:

a) 0mura Naval Hospital: 658 patients were evacuated to this in-

stitution by hospital train, between 9-13 August. It is not unreasonable

to assume that this group were representative of the type of patients who

could be moved from the city, or who were able to get to the station. The

classification of the injuries in this goup was:

20 (10 N)
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TABLE 11

Burns . . . . .# * * * 177

Wounds. . . . . . . .. . 356

Burns and Wounds . . . . 85

Total . ... . . . 618

Total per cent burned . . 42% (177 plus 85)

Total per cent wounded . 71% (356 plus 85)

The mortality rate for patients in this hospital was 22 (169 out of

758), at the end of September, 1945.

b) The records of the Ishahaye Naval Hospital showed that 689 patients

were admitted up to about 15 September. The 2mortality rate for this instal-

lation was 34%.

c) The records of the Ureshino Naval Hospital showed that 211 patients

were admitted up to the middle of September. The mortality rate was 18%. t

d) The records of the Kawatana Naval Hospital showed that 276 patients

were admitted up to the middle of October. The mortality rate was 27%.

The mortality rates cited in a, b, c, and d, are all crude rates but the

mjority of the pationts that contributed to them were those who were admitted

during the first week after the bombing.

e) The 216 Army Field Hospital (temporary) took over one of the aid sta-

tions which had been operated by the medical aid association of the city. A

report of the Coninding Officer, dated 2 September, submitted the following

informtion:

Burns (90% were second degree)........63%

Wounds .............................. 70%

Radiation Injury ............ .... In excess of 30%.

21 (10 N)
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The mortality rate for 395 hospitalized patients until 2 September was 30%.

In view of the number of wounds, and general unhygienic circumstances,

the reported incidence of tetanus is interesting:

Omura Naval Hospital 0.4%

216 Temporary Field Hospital 1.01%

d) JoLt ' Coamission Stuy of Survivors: An analysis of the ques-

tionnaires for 3846 injured survivors, completed between 1 October and 20 No-

Vve'mber, yielded the following data:

*Burns ............... 34%

Wounds ............. 65%

Radiation Injury .... In excess of 35%

The extent to which conclusions may be safely drawn from this group is uncer-

tain. The Sample was definitely not a random one in the true sense; however,

it was sufficiently largo, representing approximately one-sixth of all the

injured who were alive after 1 October (3846 of 25,153) that it cannot be neg-

lected. A thorough discussion of the lim:itations of this group will be found

in the Statistical Section. It is impossible to manipulate these various

data in any way which will produce an accurate answer to the question: What

were the percentages of each type of injury? It is reasonable to conclude

that under the circumstances, the best approximation would be the maximum

rate for each category, or, in round numbers;

TABLE 12

PROPORTION OF TYPES OF CASUALTIES

Wounds ................ . ............. 70%

Burns .................................. 65%

Radiation Injury ...................... 35%. plus

*Percentages do not add up to 100% because many patients had multiple injuries.

22 (10 N)
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From the study of the data which was collected 
on population and casual-

ties, the following estimates seem most reasonable:

a) The population of Nagasaki on 9 August 1945 
was 195,290.

b) The total number of dead by 1 January 1945 
were 2 The

wounded survivors at the same time were 2 
. This means a total of

64,367 casualties, or 33% of the population.

c) The standardized killed rate (SKR) for 
one Nagasaki-type atomic

bomb is 75,271.

d) The proportion of the types of injury among 
these casualties

were: Wounded: 70%; burns: 65%; radiation injury: more than 35%.

23 (10 N)
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APPENDTX 10 N

POPULATION AIM) CaoUALTIES

In Nagasaki, the irregular terrain, the uncertainty as to the precise

city limits, and variations of the names of the block association (or Machi),

contributed to the difficulties of a population and casualty study. 
The

figures which are cited in section 10 N represent the best estimates 
avail-

able. The crude data on which some of these estimates are based is presented

below. The random sampling study (See Appendix 10 H) provided the material

for the casualty estimateD in section 10 H. The crude data for each ration

district is presented in Table A. Fromtis crude data, the total casualties

can be calculated in two ways. The first is as ollows:

(1) Number of dead (or injured) = Per cent dead (or injured)

Number of nersons reported on

(2) Per cent dead (or injured) x Ponoulation = Total dead (or

injured)

Substituting the data from Table A in equation (2) gives:

(Using percentages cited in

Section 10 N)

Dead: 195,290 x 20.8% = 40,620 (39,214)

Injured: 195,290 Y 13.0% = 25,387 (25,153)

Total Casualties: = 66,007 (64,307)

The second way to treat the data is shown in Table 7 (10 N) where the

per cent dead and injuired in each ration district is multiplied by the pre-

raid population. This method weights each ration district separately, and

gives smaller values for the totals, as follows:

Dead: .................... 29,570

Injured: ......... ... 23,262

Total Casualties ......53,832

24 (10 N)
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A third method of' estimation is accomplished by the rearrangement of'

the random sampling data shown in Table B. It was desired to know the killed

and total casualty rate for each ring zone, Using the Nagasaki City Plan Map,

block associations, for which random sampling data was available, were select-

* ed which appeared to be located entirely within one or another ring zone.

The crude data are presented in Table B. In this tabulation 66 of' the 229

block associations are used in the calculation of killed and casualty rates.

The others over-lapped two ring zones. 1 The estimated pre-raid population

of each ring zone was determined by locating on the dity Plan Map each of the

block associations listed in the May, 1946 ration report. The results are

shown in Table C. The totals for each Ring Zone were corrected to take the

population change between May-.July into account. The correcting factor was

0.94 derived from 125.000 - July population
207,000 - May population

In Table D the per cent killed and per cent injured in each ring zone is

multiplied by the corrected pro-raid population to obtain estimated total

killed and injured. The results:

Dead: 37,997
Injured: 199174

Total- casualties 57,172

arc in fair agreement with the first group of figures. Since tihe first group

of figures was obtained without weighting, or making any guesses as to the

location of districts, etc., it has been selected as the preferred estimate

of killed and woundod. It is believed that the tendency to overestimate

will partially compensate for the family units which were completely wiped

out. Such units naturally were not included, and their exclusion would

result in an underestimate.

25 (10 N)
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TABLE A. PART 1

NAGASAKI

RA 0M SAMPLING STUDY
Crude Data

RENGO TOTAL NUMBER OF NUMER OF

CHOHhIKAI CENS S MER OF CENSUS QUESTIONNAIRES 91JETiONNAIRES

DISTICTS DISTRICTS DISTRICTS, sL4ILM SENT ANS \ED

1. Shinkozen 37 37 60 47

2. Katsuyama. 19 19 309 261

3. Ka-minegasaki 12 5 240 209

4. Togiya 22 22 360 284
5. Irabayashi 18 13 360 291

6. Koshina 11 5 200' 181

7. Nitta 12 4 240 205
8. Sako 13 12 220 189

9. Kitaoura 12 7 219 195

10. Minanmioura 10 5 161 144

11. Naminoh-a 6 6 100 89

12. Torachi 9 6" 180 152

13. Tategami 6 6 100 93

14. Akunoura 11 4 200 164

15. Asahi 13 5 240 209

16. Inasa 21 6 220 187

17. Shiroyama 9 4 26 17

18. Ysmazato 18 10 13 98

19. Zenza 19 13 61 60

20. Nishizaka 17 12 91 79

21. Kosalaki 5 4 100 75
22. Koga.ura 5 5 40 39
23. Doinokubi 7 7 140 133
24. Nishiurakami 12 12 120 104

Grand Totals 324 229 4100 3505

26 (0 N)
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TABLE A, PART 2

NAGASAKI

RAIDOM SAMPLING STUDY
Crude Data

NI'IABER OF PERSONS:

DISRICT NO* REPORTED ON DEAD INJURED UNHDRT

1 632 16 130 486
2 726 10 96 620
3 818 2 70 746
4 862 10 103 749
5 987 14 35 938
6 785 26 48 711
7 592 4 29 559
8 508 2 35 471
9 668 1 .30 637

10 501 4 21 476
11 283 13 11 259
12 675 2 22 65113 /1 18 422
14 863 13 98 752
15 615 15 148 452
16 1276 372 359 545
17 1028 919 59 50
18 2069 1335 383 351
19 1572 854 401 317
20 647 46 141 460
21 290 0 7 283
22 249 0 3 246
23 522 0 4 518
24 549 124 102 323

Total 18158 3783 2353 12022

Per cent Dead 20.8**
Per cent Injured 13.0**
Per cent Unhurt 66.2**

*See Table A, Part 1.
•* There are minor differences between these percentages and the percentages

used in Scction lON which were 20.08, 12.88, and 67.04, respectively, This
is due to the late arrival from Japan of the complete data shown in Tables
A, B, and C.

27 (10 N)
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TABLE B

NAGAkSAEIT

RANDOM SAMPLING STUDY

Actual Data for Estimation of

Killed and Casualty Rate for Ring Zones

RING ZONEZ#1

Random Samplirn Results

Ration District 
Percent

-Machi Dead Injured Unhurt Dead Total Casualties

YAMAZATO

Uonomachi 110 6 3

Motoomachi 96 0 5

Okamachi 88 2 4

Yinzatomachi 421 27.8

Hashigochicho /49 1 0

ZENZA

Sakamotomachi 195 15 21

Iwakamachi 160 25 32

SHIROYAMA

Shiroyamacho 478 52 37

iMatsuyamacho 139 1 2

Hamaguchicho 211 3 3

NISHIIRAKAMI

Nishiurakamimachi 14 1 0

TOTALS 1961 133 125 88.4 94.4

28 (10N)
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TABLE B

NAGASAKI

RAMNOM SAMPLING STUDY

Actual Data for Estimation of

Killed and Casualty Rate for Ring Zones

Random Samplin Rosults

Ration District Percont

-Machi Dead Injured Unhurt Dead Total Casualties

YLAAZATO

Motoharacho 115 53 132

Epiremachi 66 3 8

Ohashimachi 299 251 133

Sc nomachi 49 29 46

Takaomachi 42 UI 2

ZENZA

Megamemachi 44 1I 3

Urakamimachi 191 61 42

Morixachi 134 118 84

NISHIURAKAMI

Nishigo 19 5 8

INASA

Takenokubomachi 326 105 104

TOTALS 1285 647 562 51.5 77.5

0
29 (10N)
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TABLE B

NAGASAKI

RANDOM SAHPIiTG STUDY

Actual Data for Estimation of
Killed and Casualty Rate for Ring Zones

Random Sampling Results

Ration Districts Percent
-Machi Dead Injured Unhurt De.ad Total Casualties

ZENZ&

Funaguracho 12 6 9
Zenzamachi 75 109 76

NISTHIZAKA

Katobukicho 7 8 11
Hamahiramachi 5 10 21

TOTALS 99 133 117 28.4 66.5

RIGZONE

NISHIZAKA

Yachiyomachi 3 13 15
Mifunemachi 2 3 4
,ishizakemachi 10 19 187

INASA

Inasacho I 13 33 39
Inasacho II 8 83 164
Inasacho III 24 118 196

TOTALS 60 267 605 6'4 35.1

30 (10 )
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TABLE B

NAGASAKI

RANDOM SAMPLING STUDY

Actual Data for Estimation of

*Killed and Casualty Rate for Ring Zones

RING ZONE #5

Random Sampling Results

Ration Districts Percent
-Machi Dead Injured Unhurt Dead Total Casualties

INASA

Asahicho I 0 12 31
Asahicho II 1 9 11
Asahicho I1 6 14 44

ASAHI

Hiradokoyamachi 1 69 244

NISHIZAKA

Daibacho 2 33 43

SHIirKOZEN

Funatsimachi 0 1 15
Uragotomachi 1 2 0

Gatomachi 3 10 32

Iwamachi 1 0 10

KATSUYAMA

Kaminishiyamamachi 1 6 72

-KAMINAGASAKI

Nishiyamamachi 12 32 285
Katafuchicho 0 27 277

TOTALS 28 215 1064 2.1 18.6

31 (IoN)
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TABLE B

NAGASAKI

RAINDOM SAMPLING STUDY

Actual Data for Estimation of

Killed and Total Casualty Rate for Ring Zones

RING ZONE //6

Random Sampling Rosults

Ration Districts Percent

-Machi Dead Injured Uhurt Dead Total Casualties

AKUNOTJRA

Akunpuramachi 10 70 556
Sonowakimachi 0 0 22

Mizimoureaxachi 3 26 158

SHIi'KKOZEN

Edomachi 0 1 6
Hiradomachi 0 0 1

Sembamachi 0 7 31

Kozenmachi 1 3, 18

KATSUYAMA

Furirnachi 0 4 30
Koyamachi 0 3 "49

TOGIYA 0

Togiyamachi 0 2 26

Suwanomachi 0 4 43

IRABAYASHI

Sakurababamachi 1 4 76
Nakagawamachi 0 0 101

TOTALS 15 124 1117 1.2 11.1

32 (iON)
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TABLE B

NAGASAKI

RANDO1M SAM4PLING STUDY

Actual Data for Estimation of
Killed and Total Casualty Rate for Ring Zones

RING ZONE #7

Random Sapling Results

Ration Districts Percent
-Machi Dead Injured Unhurt Dead Total Casualties

TATEGAMI

Tategamimachi 0 10 114
Higashitatgemimachi 1 3 L22

KITAORA

Ouramotomachi 0 15 153
Ourahigashiyamacho 1 1 108

SAKO

Kannaimachi 1 4 77

Yoriaimachi 0 4 38

KOSHT1%

Kamrikoshimamachi 2 17 196

TOGIYA

Yasakamachi 2 9 35
Yanohiramachi 0 0 36

TOTALS 7 63 918 0.7 7.1

OUTSIDE RING ZONES

TOMACHI 2 22 651
KOSAKAKI 0 7 283
KOGAKURL' 0 3 246
DOINOKJBI 0 4 518

TOTALS 2 36 1698 0.1 2.2

33 (1ON)
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TABLE C

NAGASAKI

ESTIMATION OF POPULATION BY 1NG ZO0

DISTRICT RING RIN LG TOTAL

Yamazato 10644 4195 - 14839

Inasa 4986 5114 2061 16161

Zonza 4440 2341 4304 11085

Shiroyaa 8650 - - 8650

Nishiurakami 4153 3581 - 7734

Nishizaka - 600 -

Totajls 32873 15231 6965

DISTELICT RINLG- J' RING #5 RIITG8 7Y6 &_ 7 TOTAL
& RE ST OF CITY

Nishizaka 2316 4291 7207

Inasa 3000 1000 -

Asahi 932 6525 1864 9321

Shinkozen - 1590 7958 9548

Katsuyama 986 4437 4437 9860

Kaminagasaki - 4662 4663 9325

Totals 7234 22505 122700 * 207308 *

Sources; a) Rice Rationing Data for May 1945.
... b) Map of Nagasaki: fI L-902

• Includes 103,778 in other ration districts.
and outside city limits.

34 (-N)
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TABLE D

NAGASAKI

RA.©LDMO SihIPLING STUDY

ESTIMATION OF KILLED AND INJURED BY RING ZONES

RING ZONE POPULATION KILLED INJURED TOTAL CASULTIES

1 30,900 27,316 1,854 29,170

2 14,317 7,373 3,722 1!,095

3 6,547 1,859 2,495 4,354

4 6,799 435 1,951 2,386

5 21,155 444 3,491 3,935

6 25,000 300 2,475 2,775

7 30,000 210 1,920 2,130

Outside
Zones 60,572 60 1,267 1,327

Total 195,290 37,997 19,174 57,172

@

35 (10 N)
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KILLED RATE AND TOTAL CASUALTY RATE

NAGASAKI
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Section IH

BUILDING AND PROTECTION STUDIES -

Prepared by Averill A. Liebow,, Lt. Col,., MC, and Herbert S. Swanson, Lt. Col.,CE

Data Collected by Averill A. Liebow, Lt. Col., MC, Jack D. Rosenbaum,
Capt., MC, Milton L. Kramer, Major, MC, William Vance, 1st Lt., SnC,

1 Dr. Koiti Murati, and Dr. Takeo Murai

A study of factors in protection is not only of fundamental scienti-

fic interest but has practical application as well. In a sense every one

was partially "shielded", at least by the diluting effect of distance, and

by the absorbing effect of air. In this section the additional factors of

intervening buildings and the like are specifically considered.

The buildings or shelters that come under study are shown in an air

view (figure 1), and on a map (figure 2).

The method was to gather, in correlation with the filtration factors,

the fundamental data concerning symptoms and position of the' pbtieht, ifhen-

ewrr possible by personal questioning and examination and to correlate this

with the shielding factors.

La.ny leads were obtained during the course of the routine clinical sur-

vey as a result of interviewing patients or groups of patients who had been

in some particular building at the time of the explosion. An example of

A this wa.s the group of school girls from Hijiyama School who had served at

Chugoku Communications Trench and who were brought back to the scene for a

reconstruction of the course of events.

Ai source of error in such studies, aside from those inherent in the

medical data, is the fact that position may not have been accurately
/

recalled. This, of course, is particularly true in the hearsay cases.

*Filtration Factors Calculated Tinder Direction of Prof. Harry L. Bowman,

Chief of Physical Damage Section, T3 B.3

1 (iH)
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The essential conclusions are stated before a detailed account of

the method and the specific observations are presented.

The factors of protection from blast and burns have already been

discussed in the preceding section but they may be recapitulated:

LAainst Blast: The best shelter against blast injury is afforded

by concrote sunken in earth. Such a shelter has a one piece interior with

no loose trim, The lesson of the underground communications shelter at

the Chugoku Army Headquarters is that the ports should be closed; baffles

are insufficient to protect against blast.

Against Burns: At more than 600 meters from the bomb (and no one

in Hiroshima was closer) the shade even of a tile roof or a wooden wall

is sufficient to protect from the radiant heat.

Against Radiation Injai: The correlation of the shielding effects

of concrete buildings and shelters with the survival data of patients is

summarized in figure 4,

1. At 250 meters (650 meters Airburst) more than 150 inches of

water (5 ft. 4 in. of concrete) are necessary to protect against

death from radiation effect, and more than 250 inches of water

(9 ft. of concrete) are necessary to protect against radiation in-

jury.

2. At 450 meters (750 meters from Airburst) at least 150 inches

of water (5 ft. 4 in. of concrete) arc necessary to protect against

death. At least 250 inches of water (9 ft. of concrete) are necessary

* to protect against radiation effect.

-2- (lH)
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3. At 550 meters (815 meters from airburst) at least 100 inches of

water (3 ft 6 in of concrete) are necessary to protect against death

and 250 inches of water (9 ft of concrete) are necessary to protect

against radiation injury.

4. At 750 mjters (960 meters from airburst) at least 50 inches of

water (1 ft 9 in, of concrete) are necessary to protect against death

and more than 250 inches of water (9 ft of concrete) are necessary to

protect against radiation injury. If the structure has no windows fac-

ing center, then 200 inches of water (7 ft 3 in. of concrete) suffice to

protect against radiation injury.

5. At 1000 meters (1165 meters from airburst) more than 4 inches of

water (1.7 in. of concrete) are necessary to rotect against radiation

injury.

6. Beyond 1100 meters there were no individuals in concrete buildings

who had clinical evidence of radiation effect.

Details of Study of Protection Against Radiation: These studies represent

an inquiry into what shelters may be adequate to protect against radiation

at various distances from the center. The attempt was to formulate the

data in such terms as to make them applicable to other materials than were

actually concerned in the particular case under consideration.

For the purposes of correlating factors in protection with the medical

data, it was necessary to obtain exact building plans. Difficulties were
I

encountered in some instances. The buildings "as constructed" were not "as

planned" and adjustments were necessary from the records of actual measure-

ments that had been made by the Joint Commission or USSFS or from photographs.

-3- (lH)
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It is estimated that the inaccuracies introduced on that account are

not large.

It was assumed:

1. That the radiation origina-ted in a point source.

2. That the "rays" were parallel by the time that the buildings

under investigation were reached.

Under those assumptions "shadows" cast by all structures in the paths

of the rays could be projected on a plane. The plane selected was 1 meter

above the floor level, as the most lilely to pass close to the center of the

sitting or standing human target. It was also assumed that all materials

casting shadows exerted a filtration effect proportionate to their specific

gravity. The various materials of which the buildings were constructed

were reduced to a common denominator-filtration effect in terms of water.

The filtration effect of the structures casting superimposed shadows obvious-

ly is additive and is so indicated in the diagruns.

It is obvious that in the case of radiation in consideration, a large

factor of "scatter" must be considered and that the shadows are not sharp,

as indicated. Consequently, the average shielding in terms of inches of

water is indicated for selected areas in the drawings for purposes of easier

corrdlitionWith the medical data. The test of whether a person near a

window was in the direct line of the rays is whether or not a burn was

sustained. This factor is considered in drawing conclusions from the

correlations.

0
-4- (11Hi)
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The general principle that a single case in which the facts are

established beyond peradventure is worth a thousand dubious observations

was emn.oyed. For this reason the observations concerning certain build-

ings are given considerable weight oven though the patients were few.

Beams, mullions, etc,, were usually askew to the path of the rejs

which !-ade the problem of projection complex in the extremo. in calcu-

lati"9 the'a- filtration effect" of such structures as beams,

conventions wore adopted as indicated in th example which is described

bolow.

In this (;Xoml203C th,,re is c-.osen a larl.e room which is shown in

both s ectionai and an isometric drawin (.ig 3). The rlp.ne of section

is one meter above tho floor for the reason raydisc ,,sd.

5 (11Hi)
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MIMPLE D2X Trcr cOF TYBOTCAT ROOM

The1 conditions assurqod:

G'.11 noint is &deg:rees 1rom 0R=T by ~

L"', point is doy- cogts to !Zround !cvel.

See table 12 Zr sizes and nte2 *5und

The hoight of the- room-q, floor to ceilng, is 81 -'0"1.

The gamn 'ircys w 3ra assumud to tr vel_ in ct line froii ti, c .imee_ of

b~ stto hec~ie'Of n_,,-Vity neth building. This liJne is kio, : -,s

tho LZ li aned is (*.t'o to 'o~ The ra.-ys prjatdshaadows(zilg

aruas, o~f wal' ~:s, roof, etc. , on a plane-, one mcet aox t",.- "loor

.ovl.Th aeout f roec-onis.rdct,,j in tab. e §2. The mrue

thj itac thrermh thl cls Coe:C, etc., thu mer 'ameid"i> e Jec s

offered. T he - Shi,14e efft of -,ac'iaera is deemndby tihe

SoiD,.fic -r->vity. '2heJ AZ- ditnetvo~hamme s lti'-!ie)d bits

s-ecif -ic 7-rvity, uhich i4aeso th~j shi.,Idfin- c~ffct in turms of inchcs of

Th- ~ donth ofshieldJ.

The shiodsef cl~ig c-LLo i throuchi an'YIY m a meiwmand nim

omt~In t'is r oot an aricshie ldinc: effe ,ct is re corded. The iji-us..-

tr:-Mcon (in1se-t fis ~ure 3 shows hiow tiAS a'Iag Cs commted.

T-his shdwis projeceted a-,s an arc-a on the-" -lrne one meter a-bove the1 floor.

This carea is indicated as Ij*The_ actual ] area mosrein dAt)er! ininr2 the

0 *CZ: Pof'-nt r .Iovea whnich bomb e, loded
. Z ictual air-bouast.

ER E, S IT KE' E ED
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depth of shield is i-oic.'ted as ?.9,11 hich is in s..r. inches. ..

is lnoti lied by the AZ distacnce tirough tie mebOer in inches of water to

give the vo1-e of materin" ,ntereosed between to rey and the shadow.

All the voluiaes of shield of the protected ore:.s aro added. They are

then divided by the area of the entire room. The result is teI fc [era-e

dc~th of shield for the entire room.

The doeth of shield for 2 prson.

In detcr51ning this depth of shield, :I1 the shiolding effects of

t4e sections protecting the rerson, such as thc roof). wellls, colxllS,

girders e-nd boas, aru added together. Thils result is known s the

-oerson's doth of shield.

Tabl indicated the de;th of shield for each nerson in the

Tcablo

Per son' s
Pe~brs sield eb Dnth of Shield

1 Colaan & Roof 140. in. H2 0

2 Roo.. only 3 ia. H20

3 iJall coliin and 176. in. H10

North wall

indow glsc 0.5) in. liC)

7 (1iH)
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TABLE 2r.

EXA:PLE V.%UIJ iNG

Eff. depth in Average Vo1u of

Shiodr~ S n -h- doeth Ar~a Wt.>4a Inches of Wa ter Shiotd Of Pro-
depth : .O', (sq in) Typo SG eo. uat. tota tcl cod r-Shielding Sc ton . ..... . Ca

act I sie Z thrfu 1 lbo D 2 n

..... 9, _ 5 ( 8. ! 63 193

tsldo ,Nor'Crth 37.0" 2o2 Con stcr 3/4" 23 5.0

all-__ 0" thk 3. 0" . 3.10.

outido ct 21.3" 4065 Concrt 3 49.1'

0 I n s i d eC tlit 1 ." 
1 .0 6 0

9 J, 
oncrct, /1jX}' 2.3 2Q.9"

Inside I,,rth 1),30" o ,. * ,,,+.t - 3 <," 7.0 3.50 
=

oH ail-- 6 , t'c 3 .0" e r"

Insie 0Col. 42.7 5',OB Cone .OL" 3 98.211 35,136

20" sc. 3.5;1 <Pln.t ] 1 10 3.5

*314, --t2 . 7ist r on ..ch si:do Of colt or' wn

@WJ2-l doos not affect roon protoctive .

....i ref '. to thc. thicknluss of c', tOri! '1 cntrr~tod by
**This to tlG th ......

Vic '". AZ in its oblie ,-through tho 
(D

-H



TABLE 2b

EY2) TTE BUILDING

I Eff. Depth in Average Volume of

Shielding Section Shield Depth Area Matorial Inches of 11a-ter Shield of Pro-

and actual size AZ thru Yeomber'* (sq in) Type S.G. ca. atl total tected Area

Ncrth all 37.0" 330B Concrete 9-" 2;3 85.1"

Cc!. 101x2011 3.0" 540A Plaster 3/4" 1.0 3.0" 1 18

West Well 21.3" 5LOB Concrete 9-4i 2.3 49 1" 5 30

Cci. 10"x20t; 1.7" 720A Plaster 3/4"'  1.0 1.72

tf3 Roof 12" thi 0.6i'  57,942 Tile 1/2" 2.6 1.5"1 1

12 41'  Conc 10-3/4" 2.3 28.5" 38.688" 2241,660 f

8.7" Plast.r 3/4" 1.0 8.7

P rtrapet 6" thk 24.0" 1,992 Concrete 6" 2.3 55.2" 55,200" 109,9583

N3rth Wall

nParapet 6" thk 13.8" 848 Concrete 6" 2.3 31.9" 31.9" 27,009

**This refers to the thickness of :mntorial penetrated by

the ray fron AZ in its oblique prssage through the member.

The minimun depth of shield is - 39 inches of water.

The innxir.uni depth of shield is - 182 inches of water.

The average depth of shield Ls - 44 inches of water.

C
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The shielding factors and medical observations for each of the nine

buildings on which the summarizing chart, figure 4, is based are presented

in detail.

01. BAKERS CLUB: (250 meters; 650 moters from Airburst).

The Bankers' Club was a brick-faced, reinforced concrete structure

(fig. 7). The roof consisted of concrete covered with tile and had a

thickness of 13 inches. The important rooms in this building are indi-

cated in figuro 5, where the positions of certain persons are shown.

The fate of 23 people in this building is known and the clinical

histories of certain of the patients have been outlined in Section 5.

All but two died of radiation effect. The 21 deaths all occurred before

24 ugust. The 2 survivors both had striking leukopcnia, and, ultimately,

epilation. In all 18 persons who had blood counts there was severe

leukopenia.

The shielding factors are indicated in tables 3a, b, c. It happens

that the room on the side of the building closest to the bomb (room 3 in

figure 5) offered the most protection, on account of the shadow of the

wall through which the rays passed at an oblique angle. Tha fate of the

individuals together with the individual shielding data are presented in

table 4.

CONCLUSIONS:

At a distance of 250 motors (650 motors from Airburst) probably much

more than 150 inches of water (5 ft 4 in of concrete) are needed to pro-

tect against death from radiation effect.

10 (llH)
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TTBLE 3a HTr 1'.

BA 7j = CLUB USSBS BUT LDT11Di No.1 Room 1

Shielded Area on a Horizontal Plane 
1 Meter above 2d Floor

Shielding A ctual Shield JtCriJ- Eff. Depth in

Sectizn hct s uDepth Area Type Dept.I S.G. Inches of Water Remarks
Section Thickness Det -p

(i1jchas)

Roof 13" 13.662 4,280 Concrete 13.137 2.3 30.216 itk Concrete

Tile .525 2.6 1.366 z 31.582 TilT

W + 8.670 2.3 19,?/4,3 8-; Ccncrete

3d Floor 9" 9.458 4- 2, COncretn 63
H Plastor .788 1.0 20.738 3/41 Plaster

H North 6" 24.636 3,104 Conc rct- 18.47 2.3 42.497 /-1-11 Concrete

C Inside Wall P]hstea 6.159 1.0 6.159

i West 6" 32.530 3,564 Concrcte 23.647 2.3 54.389 ' Concrete

Inside 'all Plaster 7.883 1.0 7.883 62.272 Plast

tj

Girders 11" -1.823 5,160 Conc:te 11.035 2.3 25.382 i04" Concrete

Plaster .788 1.0 .788 3/4 1 Plaster

Minimun. Depth of Shield - 51 inches of water.

Maxi= Depth of Shield - 141 inches of water.

Average Depth cf Shield - 65 inches of water.--
D

Ea' Plaster 3/4" ch Side
2 0



TABLE 3b HIROSHLM&

BAIDTERS CLUB. USSBS BUJIDING No. 1I, Room 2

Shielded Area on a Horiz~ntal Plano 1 Meter bovc lot Floor
Shielding Actual Shiol!L Mterial Bif. Dept'a in

Section Thickness Depth A1rea Type Depth S.G. Inches rf llati- Romarks
(inches) /

Room 13" 13.662 24,696 Concrete 13.137 2.3 30.216 12k' Concrete
Tile .525 2.6 1.366 31582 - Tile

3d Floor 9" 9.458 24,696 Concrete 8.670 2.3 19.943 8073 Concrete
Plaster .788 1. 0 .788 3/4", Plaster

,3 2d Floor 9" 9.458 24,696 Concrete 8,670 2.3 19.943 20.738 -4e Concrete
_- Placr .780 1. 0 .788 3//" Plaster

1,orth 6f 24.636 7,056 Con,,rote 18.477 2.3 42.497 /,6 - Concrete
Inside Wal] Pastcr 6.159 i.C 6.159 - 8656 i Msr*

7_
West 6" 31.530 5,616 Concrete 23.647 2.3 54.389 62.272 4 ' Concrete
Inside Wa-3 Plastr 7.883 .0 7.863 -

Roof Girder 13" 53.377) Concrete 50.298 2.3 115.636 -118.765 12-1 ConcreteFlastel r-10C:18.765e

3jI,969e 3.079 1.0 3.0e9 V/4, Plaster

Skylight 10" 41.06 ) Concrete 41.06 2.3 94.438 10" Concrete

Miriium Depth of Shield - 74 inches of water (

Maximum Depth of Shield - 227 inches of water
Average Depth of Shield - II inches of uatur H

*1 -" Plaster - 3/4" Each Side



TAB I 3 c HTIt.OS hIiL.

BAIZNPS' CLUB. USSBS BUILDING No. 11, Room 3

Shielded Lrea on a Horizontal Plane 1 Moter above 1st Floor

Shielding Actual Shield YMtrial lf. Depth in
Section Thickness Doph Area Type Depth S.G. Tnchos of Water Romarks

(inch s)
Roof ..13" 13.662 13,908 Concrete 13'137 2.3 30.216 - 1,2 Concrete

Tile .525 2.6 1.366 - 1 2 Tile0

3d Floor 9" 9.458 20,496 Concrete 8.670 2.3 19.943 2-3 1 Concrete W
Plaster .788 1.0 .788 3/4 PlasterCO

CD

2d Floor 9 .458 28,548 Concrete 8.670 2. 3 19.943 20 738 C'ncrot
Fj -Plaster .788 1.O .788 3/4" Plaster

N North 0" 41.061 17,568 Hard Brick 4.106 2.1 8.623 -" -Hr rd Brick
Concrete 33.875 2.3 77.913 89.616 8-' Concrete
Plaster 3.080 1.0 3.080 3/4" Plaster

Parapet 9" 36.954 3,660 Hard Brick 4.106 2.1 8.623 84.173 Hard Brick
Concrete 32.148 2.3 75.550 84 3 Concrete

Girder 11" 11.823 3,50 Ccrerte 11.035 2.3 25.382 I26.1 0 ' Concrete..... = 26.170
Plaster .788 1.0 .788 3/4" Plaster

North Wall 12"' 50.299 1,9 4 Concrete 47.219 2.3 108.604 Ll-' Concrete
Column Plaster 3.080 1.0 3.080 3/4" Plaster

Minimum Depth of Shield - .384 inches of wator (window glass)
Maximum Depth of Shield - 275. inches of water
Average Depth of Shield - 21. inches of water
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TABLE 4. HIROSHIMA

BANIERS ' CLUB

Shielding and Fate of Personnel

Patient's No. Shield
Idantifying Ntunber (in inches of water)

Group A: Alive, with no evidence of radiation effect.

0

Group P: Alive, with radiation effect.

Room 3 16 130

33 244

Group C: Dord, with radiation effect.

Room 1* 29 52

40 121/

Room 2** 17 74/

22 74/

Room 3 30 130

*Average depth of shield - 51 inches of water.
**Average depth of shield - 7Il inches of water.
***Average depth of shield - 241 inches of water.

I

14 (11H)
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2. NIPPON BANK: (450 motors; 750 motors from Airburst).

This building was of reinforced concrete with an exterior finish of

natural block granite (fig. 9). The exterior and interior design was

very ornate. The roof was of cement tile and was covered with a layer

of sand and cinders 18 inches thick for protection against American fire

bombs& (Fg. 14). Ilthough the building withstood the blast as far as its

ext ernal structure is concerned, there was tremendous demage to the --parti-

tions in the interior (figures 10-13). The thickness of the walls and

roof and of the essential supporting structures is indicated in figure 8

and tables 5a, b, c. The position and fate of the people in this build-

ing are shown in figure 8, and are su.iarized in table 6.

CONCLUSIONS:

Considering this building as a whole, the death rate is high. At

450 moetrs (750 meters from Airburst) at least 150 inches of water

(5 ft 4 in of concrete) are necessary to protect against death. At

least 250 inches of water (9 ft of concrete) are necessary to protect

against radiation effect.

15 (lH)
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TABLE 5a. HIROSH DI

Shielded Area on a Horizontal Plano 1 Meter above 3rd Floor

NIPPON BANK

USSBS BLDG. #24

Shielding Shield Matorial Eff. Depth in

Section Location Depth Area Typo % Depth S.G. Inches of Water

Besm Rb, 24.85" 5480 cone 88.6 22.05 2.3 50.7 - 53.5 CO

Beam plast 11.4 2.80 1.0 2.8 -

Beam RB1  34.10" 4950 cone 93.2 31.86 2.3 72.9
plast 6.8 2.32 1.0 2.32 75.22

Girder RWG3  34.10" 1470 cone 100 34.10 2.3 78.5

Girder RWG1  34.10" 3620 conc i00 34.10 2.3 78.5

Girder RWG2  34.10" 6260 cone 100 34.10 2.3 78.5

Beam Rb2 21.6" 5000 cone 89 19.20 2.3 44.2 -
plast 11 2.40 1:0 2.4 46.6

Girder RG2_a  34.1" 4280 cone 94.4 32,18 2.3 73.80- 75.72
plast 5.6 1.92 1.0 1.92

Girder RGI  34.1" 10090 cone 95.4 32.53 2.3 74.80 _
plast 4.6 1.57 1.0 1.57: 76.37



TABLE 5b. HmOSHIMI

Shielded ,rea on a Horizontal Plane 1 Mter above 3rd Floor

NIPRAN B!, K
USSBS BLDG. #24

Shielding Location Shield M-PTJLTL Eff. Depth in
Section Depth Area Type % Depth S.G. Inches of Water

Colun lC,IfDG 85.1" 6810 cone 92.6 81.8 2.3 188 2
plast 3.8 3.3 1.0 3.3 191,5

Column UA, 2A 39.00" 3720 conc 96 37./4 23 86.00
plast 4 1.56 1.0 1.56 75

Windows West Wall .175" 9180 glass 100 .175 2.6 .455

Center

Windows West Wall .175" 2674 glass 100 .175 2.6 .455

W side

Windows North Wall .148" 4930 glass 100 .148 2.6 .348

Wall West 58.6" 38549 gran 21.5 12.60 2.5 31.5
cone 75.0 44,00 2.3 101,2 134.7

Pdast 3.5 2.00 1.0 2.0

Wall North 49.7" 16058 gran 21.5 10.7 2.5 26.8
cone 75.0 37.3 2.3 85.8 114.3

plast 3.5 1.7 1.0 1.7

Hiiiiiiiiii



TABLE 5c. HFiP 0HII5!d

Shielded Area on a Horizontr.! Plano 1 Meter above 3rd Floor

NIPPON BITK
USSBS BLDG. #24

Shielding Location Shield MNTERLIL Eff. Depth in

Section Depth Area T-Te % Depth S.G. inches of Water

Partition Between 18.7" 9537 cone 81.8 15.3 2.3 35,2

Ems 1 & 3 plast 18.2 3.4 I 0 . = 38.6

m Roof 16.1" 166,450 tile 3.7 .6 2.2 1 32 -

cind 50.0 8.05 0.8 6.45

2 cone 41.0 6.60 23 15. 23.82

plast 5.3 .85 1.0 0.85

U Cinders On Roof 21.6" 156,000 cind 100 21.6 0.83 17.3

-ti
j1
0CD
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TABLE 6. HIROSHINA Page 138

NIPPON BAIi1. 3rd Floor
Shielding and Fate of Personnel

Patient's Shield
Identifying lumber (in inches of water)

Group A: Alive, with no evidence of radiation effect.

Room 1 l(?) 211

4(?) 211

9 154-192
Room 3 6 41

17 211

Group B: Alive, with radiation effect.

Room 1 8 211

6 87

10 41

14 41
Room 3 1 1/4-192

8 94-134

10 94-134

12 41

13 A41

18 94-134

19 94-134

Group C: Dead, with radiation effect.

Room 1 5 .455

13 94-134

16 41

20 87
Room 3 11 41

16 41
? - doubtful diagnosis. 19 (11H)
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3. CENTRAL TELEPIONT OFICE: (550 meters; 815 meters from airburst).

This building was complex and had a varying number of floors in

0different sections. It was coistructed of reinforced concrete, with an

exterior finish of rough cement and an interior finish of either plaster

or smooth cement (figures 20-25). The walls wore of varying thickness

and this added to the complexity. This is reflected in the extreme

variation in the shadows cast by the various structural members on the

selected plane (figs. 18, 19 and tables 7, 8).

In the figures are shown the positions of certriin persons. These

wore accurately known since they wore determined by seating at desks and

tables of specified positions. They were verified by the Joint Commission

and independontly by another group of invostigators.* A sunmary of indi-

vidual factors of shielding is given in table 9.

The group of persons listed in table 9 as on the "second floor rear"

were in the east wing near its south end. Some wore under the shadow cast

by a tower, which accounts for the variation in shielding. The tables for

the exact calculation are omitted, but the values may be deduced from ana-

logous calculations for the roof (as used in relation to rooms A-2 and B-2,

fig. 18) and for a similar tower which shields a Portion of the first

*Additioziol information concerning persons in this building was supplied by

Drs. T. Mikawa, T. Sate, and A. Koda, of the Division of Enviromnental Health
of the Institute of Public Health, Tokyo. This group reinvestigated the

casualties late in November, 19455, and their data were almost identical

with that previously obtained by the Joint Commission.

20 (11H)
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TABLE 7a. HROSHIM

CEINTRL TMEPHONE OFFICE. USSBS BLDG. No. 43, Room A-3 and B-2

Shielded Area on a Horizontal Plane 1 Meter above 2d Floor

Shielding Location Shield ,terial Eff. Depth in

Sect-ion Depth Area Type Percent Depth S.G. Inches of Water Remarks

(inches) (inches)

Beam 3B4A 17.538 2,009* Concrete 100 17.538 2.3 40.33 Mean width .925' 

Bea 3B 17.38 5,709* Concrete 100 17.38 2.3 39.97 Mean width .9251

Beam 3B4B 17.38 6,336* Concrete 100 17.38 2.3 39.97 Men width .9251

Beam 4BlBa 17.38 4,968* Concrete 100 17.38 2.3 39.97 Mean width .925' 9

Boam 4BIB 17.38 5,054* Concrete 100 17.38 2.3 39.97 Mean width .925'
J

Girder 3G3a 25. 8,953* Concrete 100 25. 2.3 57.5 Mean width 1.325'

Girder 3G4 25. 7,457* Concrete 100 25. 2.3 57.5 Mean width 1.325'

Girder 4G1 25. 6,786* Concrete 100 25. 2.3 57.5 Mean width 1.325'

Shutter 3SF 1.63 537* Steel 100 1.63 7. 11.41 Mean height .95't

2SF

*Shielding Lrea of one member.



TABLE 7b. HTdAOSHIMA

CENMAL TELEPHON E OFFICE. USSBS BIDG. No. 43, Rooms A-2 & B-2

Shieldud Area on a Horizontal1 Plane 1 Meter above 2d Floor

Shielding Location Shield tiaterial Eff. Depth in

Section Depth Area Type Percent. Depth S.G. Inches of -Iater Remarks

(inches) 
(inches)

Shutter 3SS 1.63 537- Steel 100 :1.63 7. 11.41 Mean height .95'

2SS o

Wal! (F) 3IQ 23.1 17,100 Concrete 90./Ai 20.8 2.3 4.76
Plaster 2.74 0.54 1o .6 -53.46 Mean widtin 14 .6"

Cement 6.85 I.58 2.9 4.64

Wall (3 5Concee 90.41 20.88 2.3 4C.024
Plaster 2.04 0.54 640 0.540 - 53.146 Mean width 14.6"

Cement 6.85 1.58 2.9 4.582

Uall (S) 3W3 51.4 18,174 Concrete 84.3 43.34 2.3 99.68
Plaster 5.9 3.03 1.0 3.03 - 117.33 Mean wih, 7

Cement 9.8 5.04 2.9 14.62

Wa~.l 3PF 12.00 20 ,619 Ccncrete 84. 10.08 2.3 23.18 25:10 Mean width :625'

Plaster 116. 1.92 1.0 1.92

l2PS 25. ,e106 Concr8t 4. 21. 2.3 40.30 -5230 Mean width .625 '

WaPlaster 10. 4. 1.0 4.00 52.30

*Shieldifigs Aiea of one member



TABLE 7c. HIROSHIM)k

CEFIThAL TEEPHOiE 0FICE. USSBS BLDG. No. 43, Rooms A-2 & B-2

Shielded Area on a Horizontal Plane 1 Meter above 2d Floor

Shielding Location Shield Material Eff. Depth in

Section Depth Area Type Percent Depth S.G. Inches of Water Remarks

(inches) (inches)

Column CA 11.54 633.6* Concrete 100 11,54 2.3 26.54 Mean width .6t

Ceiling 2C 25.32 222,767 Concrete 31.15 7.89 2.3 18.15
Wood 47.54 12.04 0.5 6.02 - 27.02 Mean height 1.525' i

Plaster 6.56 1.66 1.0 1.66 0,
Straw 14.75 3.7 0.32 1.19

Roof 2R 27.66 46,733 Concrete 39.21 10.85 2.3 24.96

Mortar 31.37 8.68 1.6 13.89

Cinder 11.76 3.25 .8 2.6 4 46.74 Mean height 20"

Plaster 7.84 2.17 1.0 2.17
t Insulation 9.82 2.71 1.15 3.12

Roof 3R 24.9 124,069 Mortar 31.37 7.81 1.6 12.5
Cinder 11.76 2.93 .8 2.34
Piaster 7.84 1.95 1.0 1.95 - 42.05 Mean height 18"

Insulation 9.82 2.44 1.15 2.81
Concrete 39.21 19.76 2.3 22.45

Window Side .149 680 Glass 100. .149 2.5 .373 Mean width .09375"

Window Front .312 1,764 Glass 100. .312 2.5 .780 Mean width .09375"93
(D

3hielding Area of one member.



TABLE 7d. HIROSHIMA

CENTMAL TELEPHONB OFFICE. USSBS BLDG. No. 43, Rooms A-2 & B-2

Shielded Area on a Horizontal Plane 1 Meter above 2d Floor

Shielding Location Shield Material Eff. Depth in

Section Depth Area Type Percent Depth S.G. Inches of Water Remarks

(inches) (inches)

Cornice CF4' 39.343 9,979 Concrete 93.98 36.97 2.3 85.03 - 91.90 Mean width 2.075'
Cement 6.02 2.37 2.9 6.87

Cornice CF3 39.343 5,544 Concrete 93.98 36.97 2.3 85.03 - 9190 ean width 2075'

Cement 6.02 2.37 2.9 6. 07

u Cornice CS4 82.419 10,908 Concrete 93.98 77.46 2.3 178.16 -192.54 Mean width 2.075'
r- Cement 6.02 4.96 2.9 1+.38

Cornice CS3 82.419 7,740 Concrete 93.98 77.46 2.3 178.16 192.54 Moan width 2.0751
Cement 6.02 4.96 2.9 14.38

Column CBI 23.832 1,116 Concrete 100 23.832 2.3 54.81 Mean width .6'

Column CC 42. 4,082* Concrete 100 42. 2.3 96.60 Mean width 2.2'

Column CB4 23.832 2,333* Concrete 100 23.832 2.3 54.81 Mean width .6'

Beam 3BIA 17.538 2,119* Concrete 100 17.538 2.3 40.33 Mean width .925'

*Shielding Area of one member.

(1o
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TABLE 8a. HIiROSH I E A

CEN1TP.L TEE'iT0 TE OFFICE. US3S BUILDING No. 43

Shielded Area on a Horizontal Plane 1 Meter 
above 1st Floor

Shielding Shield Material Eff. Depth in

Section Location in inches Type Perceat Depth S.G. Inches of Water

Depth

Cornic CF 4 39.34 Concrete 93,98 36.97 2.3 85.03
Cement 6.02 2.37 2.9 6.87 - 91.90

Cornice CS 4 82.42 Concrete 93.98 77.46 2.3 17816

Ce ,ent 6.02 4,96 2.9 14.38

Cornice CTS 4 39.34 Concrete 93.98 36.97 2.3 35.03 91.90
Cerment 6.02 2.37 2.9 6.87 -1

Cornice CTF 4 /242 Concrete 93.98 77.46 2 - 192.54

Cerment 6.02 4.96 2.0 I, 1 .

Column CD 1 23.83 Concrete 100. 23 .,3 2.3 54. "l

Column CC 42.0 Concrete 100. 42.0 2.3 9,.60

Column CA 11. 54 Concrete 100. 11 54 2.3 26.5

Arch. Col. CA1  30.0 Concrete 100. 30.0 ".3 69.

CA1  -6.6 Concrete 100. 16.6 2.3 35.2

Beam B1  17.4 Concrete 100, 17.4 2.3 40.0

Girder G 52.8 Concrete 100. 52.8 2.3 122.

25.32 Concrete 31.15 7.89 2.3 71.65

2C2) Wood 47.5/f 12.04 0.5 8.02" -88.95

23) Plaster 1.56 1.66 1.0 6.56 -

) Straw 14.75 3,73 0.32 4.72

Tower TF 0.5 8.37 Concrete 100. 8._37 2,3 19.2

Floors TF 1 8.37 Concrete 100. 8.37 2.3 19,2

TF 1.5 0.37 Concrete 100. 8.37 2.3 19.2

T' 2 8.37 Concrete 100. 8.37 2.3 1,2

TF 2.5 8.37 Concrete 100. 8.37 2.3 19.2

26 (lrI)
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TADiLE 8b. HSi

CEYTBAL T1LEPHOME OFFICE. USSDS BUILDING No. 43.

Shielded Area on a Horizontal Plane I eter above Ist Floor

Shielding Shield Mterial Eff. Depth in
Section Location in inches Type Percent Depth S.G. Inches of Water

Depth
Steps SS. 11.80 Conc;ete 100, 11.80 2.3 27.1

SS2 1.380 Concrete 100. 11.80 2.3 27.1
S8 11.10 Concrete 100. 11.80 2.3 27.1
NS3  21.0 Concrete 100. 21.0 2.3 48,3

11.
NS 21.0 Concrete 100. 21.0 2.3 48.3
NS 3  21.0 Concrete 100. 21.0 2.3 4.

Tower TR 24.9 Mortar 31.37 7.81 1.6 12.50
Roof Cinder 11.76 2.93 .8 2.34
Upper Plaster 7.84 1.95 1.0 1.95 - .2.05

!nsulation 9.8 2.4/ 1.15 2,81
Concrete 39. 1 19.76 2.3 22.,5

Roof (Same as 3R above)

Wall* Z T2  26.6 Concrete 8.. 4 22.4 2.3 51.5
-t"ter2.5 1,0 2.5 58.9

Cei--ent 6.2 1.7 2.9 4.9

Wall* 2W1  12.7 Concrete 84.4 10,72 2.3 24.7
Plaster 9.4 1.19 1.0 1.2 - 30.8
Cement 6.2 .79 2.9 '.9

Wall 3W1  23.1 Concrete 90.41 20.08 2.3 4.02
Plaster 2.74 0.63 1.0 0,63 -- 53.23
Cev, ent 6.85 1.58 2.9 4.58

Wall 3U3 51.41 Concrete 4.3 43.34 2.3 99.68
Plaster 5.9 3,03 1.0 3.03 - 117,33
Cement .8 5.04 2.9 14.62

Window Side ,149 Glass 100. .149 2.5 .372

Window Front .312 Glass 100. .312 2.5 .7"0

Floor !C 2,. ,. 95 Concrete 29.27 7.890 2.3 18.15
2d floor .ood 57.23 15.42 3 0.5 7. 71

Plaster 6.15 1.657 1.0 1.66 - 28.15
Straw 7.35 1,960 0.32 .63

*811 walls

27 (11H)
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TABLE 9. HIROSHD

CENTRAL TFLEP ITE OFFICE

Shielding and Fate of Pcrsonnel

Patient's Shield

Identifying Number (in inches of water)

Group A: Alive, with no evidence of radiation effect.

Second floor rear 27 195

28 195

29 195

31 73

32 195

Rooms 0-1 & D-1 4 348

6 419

10 304

11 304

12 304

13 323

14 323

Group B: Alive, with radiation effect.

Rooms A-2 & B-2 ()36 67

M?37 153

()38 187-250

M3D9 134-186

(?)40 8o

41 80

?- doubtful diagnosis (cont'd)

28 (iH)
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Patient s Shield
Identifying Number (in inches of water)

Group B: Alive, with radiation effect.

Rooms A-2 & B-2 (?)42 84

(?)43 66

Second floor rear 17, 73

18 195

19 195

20 73

21 73

22 73

23 73

24 73

25 195

26 195

30 195

33 73

34 195

C-i & D-1 1 303

2 182

(?) 3 234

5 346

(cont'd)

0
(?) - doubtful diagnosis.

29 (1)
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Patient Is Shield

Identif'ying Number (in inches of' water)

Group C: Dead, with radiation offect.

Rooms A-2 & B-2 Fuya, 59

Ishimoto 59

Kawasaki 117

Nakata 67

Rooms C-1 & D-1 Matsumoto 151

Yarranata 206

30 (1H)
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4. CHUGOKU ELECTRIC COMPANY (750 meters; 960 meters from Airburst).

This building consisted of 4 stories and a basement. Its external

finish was of pink imitation granite in blocks which formed the exterior

surface of reinforced concrete walls. The interior finish was of cement

and plaster (figs. 28-34). Patients on the 3rd and 1st floors have come

under study and their positions are indicated in figures 26 and 27. Shield-

ing factors are presented in tables 10, 11 and 12.

CONCLUS IONS:

At 750 meters (960 meters from airburst) at least 50 inches of water

(1 ft 9 in of concrete) are necessary to protect against death, and

more than 250 inches of water (9 ft of concrete) are necessary to protect

against radiation injury in a building with windows. From inspection of

figures 26 and 27, it is obvious that there is a much higher incidence of

fatal and other radiation injuries on that side of the building where the

windows faced the explosion and where nothing more than penetration of glass

was necessary for the rays to enter the proximal room. This is particularly

striking in the rear wing of this building,

31 (llH)
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TABLE l0_. IilROSHIM

CHUGOTJ XJECTRIC COtPANYT USSBS BLDG. NO. 26

Shielded Area on a Horizontal Plane 1 Meter above 3rd Floor

ShiElding Shield Material Eff. Depth in

Section Depth Area Type Percent Deoth S.G. Inches of Water

North Wall 20.85" 1,185 Granite 2.7 .56 2.5 1.40
Concrete 88.3 18.42 2.3 42.39
Cement 5.2 1.08 2.9 3.13 - 47.711

Plaster 3.8 .79 1.0 .79

L~i Column 32.7" 796 Concrete 88.5 26.94 2.3 66.56 V%
w Cement 6.6 2.16 2.9 6.26 74.42"

T Plaster L.9 1.60 1.0 1.60

H Girder 52.2" 282 Concrete 92.2 48.1.3 2.3 110.70
85 Cement 4.2 2.19 2.9 6.35 118.93" )

Plaster 3.6 1.88 1.0 1.88

Beam 16.2" 688 Concrete 77.0 12.47 2.3 28.68
Cement 13.2 2.14 2.9 6.20 36.47"
Plaster 9.8 1.59 1.0 1.59

Partition 26.1" 133 Concrete 71.4 18 64 2.3 +2.97
Cement 23.0 6.00 2.9 17.40 61.83"

Plaster 5.6 1.46 1.0 1.46

(D

0



TMLE !la. HIROS"IMA

CHUGOKU ELECIRIC C0MPANY USSBS BLDG. NO. 26

Shielded Area on a Horizontal Plane I Meter above 
1st Floor

Shielding Shield 
Efteria! Eff. Depth in

Section Depth Area Type Percent Depth S.G. Inches of Water

North u11 20.85" 2,799.6 Granite 2.7 .56 2.5 1.+0

Concrete 88.3 18.42 2.3 42.39

Cement 5.2 1.08 2.0 3.13 -4771"

Plaster 3.8 .79 1.0 .79

w Column 32.7" 2,480.1 Concrete 88.5 2C%94 2.3 66.56

Cement 6.0 2.16 2,9 6.26 = 74.42"

Plaster 4.9 1.60 1.0 1.60

Girder 52.2" 438 Concrete 92.2 46.13 2.3 110.70

Cement 4.2 2.29 2.9 6.35 118.93"

Pliaster 3.6 1.88 1.0 1.88

Beam 16.2" 849.9 Concrete 77.0 12'47 2.3 28.68

Ceiaent 13.2 2.14 2.9 6.20 - 36.47"

Plaster 9.8 1.59 1.0 1.59

Floor - 2d 13.37"' 3,672.5 Cinder 27.8 3.71 .8 2.97

Concrete 58.2 7.7$ 2.3 1.89- 24.52"

Cement 7.0 .94 2.9 2.72

Plaster 7.0 .94 1.0 .94

(DHiiini
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TABLE lib. HiROSHIM&i

CJGOKU ELECTRIC COilPaN 17SA3'5 BLDG NO. 26

Shielded Area on a Horizontal Plano 1 Mtcr ahovo 1st Floor

Shielding Eff. Depth in
Section Depth Area Type ?orent Depth S.G. Inches Of ater

Floor - 3d 13.37" 2,810.5 Cinder 27.8 3.71 .8 2.97
Concrete 58.2 7.78 2.3 17.89 _
Cement 7. 0 .94 2.9 2.72 24.521'

Plaster +7.0 I.0 .94

Floor - 4th " 1,959.8 "

Floor - 5th " 946.

Roof 15.25" 730.1 Tile 12.2 1.85 2.2 4.09
Cinder 24.4 3. 2 .8 2.98
Concrete 5L.2 7.81 2.3 17.96 28.66"

bACement 6.1 .93 2.9 2.70
Plaster 6.1 .93 i.0 .93

Window .111 645.8 Glass 100 01 2.6 .26

Weet Uell 66.0" 1,565.6 Granito 2.7 1.78 2.5 4.45
Concrete 88.3 58.28 2.3 134.0 .. 15-0.95'
Cement 5.2 3. /3 2.9 9. 95
Plaster 3.8 2.51 1.0 2.51

Average depth of shield - 222 inches.
Iro
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TABLE 12. HIROSHIDvA

CHUGOKU ELECTRIC COIPANY

Shielding and Fate of Personnel

Patient's * Shield
Identifying Number (in inches of wnter).

Group A: Alive, with no evid6nce of radiation effe6t.

3d Floor 85 34

86 24

90 217

()93 77

94 125

95 125

97 24

98 24

104 24

105 169

108 24

109 24

Il 169

121 2/.

127 24

128 24

129 24

130 169

I - doubtful diagnosis.

36 (.H)
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Patient's Shield
Identifying Number (in inches of water)

Group B: Alive, with radiation effect.

3d Floor 91 169

96 169

99 169

107 169

117 24

118 24

119 77

120 77

121 24

125 24

126 24

XVII 217

1st Floor 9 24

10 .26 -24

11 24

12 24

13 77

15 125

17 217

(?)23 169

(?)27 .26

(?)34 24

()35 77

36 .26

?- doubtful diagnosis.

38 (1IH)
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Patient' s Shield

Identifying Number (in inches of water)

Group B: Alive with radiation effect.

1st floor 37 24

38 .26

IV .26

V 24

VII 77

IX 24+

x 24

Group C: Dead, with radiation effect.

3d Floor 87 .26

102 24

113 24

114 24

11.6 24

124 24

1st Floor 31 24

32 .26

33 .26

40 24

41 24

0

39 (1i)

R E'S Tl I C T ED



RE8ThIITED Page 156

5. CHIIGOKU ARMY HEAD( ATERS COMvMUNICATIONS TRENCH: (750 meters;

960 meters from airburst).

The Comnmunications building at Ohugoku Armyr Headquarters is situated

within the nioated military area. It is a concrete structure largely below

ground level with additional protection afforded by earth on the roof (see

insert of' figure 35). The side of the building fa~cing the explosion

received additional protection from the stone facing of the moat. The

strong construction of this shelter is apparent from an inspection of

figures 37-39. The shielding factors are summarized in table 13. The

shielding of' the individuals is obvious in figure 35, and a separate

tabulation, therefore, is unnecessary.

Inf'ormation concerning casualties was obtained from the following

sources:

1. Examination of survivors, all of whom were students at the

H-ijiyama Girls' High School.

2. Information from teachers and pupils of the school conepning

the fate of others (both students and soldiers in the Con ,,_a .cations

Trench).

Twenty-six Hijiyania School girls were working in the building as

switchboard operators and in other capacities on the morning of 6 August

1945. Of these 26 girls, 19 were subsequently examined by memibors of

the Atomic Bomb Commission, 16 on 5 November and 3 on 14 November 194+5.

The position of these girls within the building is shown in fig. 35.

The examination revealed that 8 of the girls were unhurt, and 1-1 sustained

40 (1lH)
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minor contusions or lacerations caused by flying debris. One of the 11

0 girls injured had very dubious radiation sickness (questionable history of

petechiae 1 - 3 September 1945). Another of the wounded girls probably had

a mild cerebral concussion due to blast (unconscious for several minutes

after the explosion with no mechanical head injury). Of the 7 students

not examined in the survey, 2 were drowned in the castle moat while trying

to escape from the area after the bombing. The other 5 were known to be

living and well and to have suffered no serious ill effects after the

bombing. Seventeen of the 19 girls examined had total and differential

leukocyte counts at the time of examination. None was remarkable.

On the basis of the group studied, therefore, it appears that the

building furnished complete protection against burns and probably against

radiation sickness despite its proximity to the explosion. Blast was

clearly perceived by all eye-witnesses present and was strong enough to

produce minor secondary injuries due to flying debris. The doors and

windows (figures 37, 38 and 39) on the west face of the building were open

at the time of the explosion and most eye-witnesses thought that the blast

came from the direction of the door.

Information of uncertain reliability was obtained from the school-

girls concerning the fate of 13 of the soldiers present in the building

on the morning of 6 August 1945. The position of these soldiers at the

time of the explosion is shown in the figure. Of the 13 soldiers, 6 were

said to be alive, 6 missing, and 1 had died in September, 1945. Of the

41 (11H)
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6 living, 3 had suffered minor secondary injuries, 1 had malaise and

abdominal pain for an uncertain period, 1 was said to have had purpura

and the last was asymptomatic. No information was available concerning

the missing. The soldier who died was said to have had epilation and

questionable purpura.

DISCUSSION;

It is probable that the underground trench afforded complete pro-

tection against radiation effects. The Commission is inclined to question

the reliability of the statements concerning the soldiers who died, whose

symptoms as given by hearsay indicated radiation effects despite very

heavy shielding.

CONCLUSIONS:

In this structure which had no windows directly facing the blast and

which was at the same distance as the Chugoku Electric Company building

discussed in the preceding paragraphs, two hundred inches of water (7 ft

3 in of concrete) suffice to protect against radiation injury.

Blast effects indicate that ports of such shelters should be kept

closed; baffles are Lisufficient.

4

42 (11H)
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TABLE 13. HTTR0TH hX

CEyuiU H ,DqLB CT NS CENTE , USSES BUIUDIYG NO. 211

Shieldod krea on a Horizontal Plane 1 Meter above Floor

S hielding Shield Materia- Eff. Depth in

Section Depth Irea Type Depth S.Go Inches of Water

(inches) 
(inches)

Roof 142.8 1707 Concrete 43.8 2.3 159 - 260

Ecrth 99.3 I.6 I01

South Extr. 12.2 362 Concrete 32.2 2.3 74- 250

Wal 
Earth 110. 1.6 176 25

H 4 West Extr. 70.2 36 Con ret7

wall 
3e72

West Wall 24.7 6 Concrete 24.7 2.3 57

Windows

Intr. 66.2 124$ Concrete 66.2 2.3 155

I xtitions

Co!ins 44.3 25 Concrete 44.3 2.3 102

Roof 6.5 90 Concrete 6.5 2.3 15

Beams

o l
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6. BROADCASTING STATI01 JOFK: (1000 meters, 1165 meters from airburst).

The Broadcasting Station, JOFK, was of reinforced concrete. The only

persons in the building to have suffered from radiation effect were in a

shelter on the roof that was completely demolished in the explosion. It is

assumed that there were no windows in this building which was adjacent to

the stair-housing on the roof whose windows and doors were large. The com-

position of the walls and roof was determined by inspection of the debris

and the thickness of the structure was deduced from the width of the lines

of attachment along the walls, A diagram of the structure is found in

figure 40. The shielding factors are summarized in table 14.

CONCLUSIONS:

At 1000 meters (1165 meters from airburst) an average shield of 4.0

inches of water (1.7 inches of concrete) is insufficient to protect

against radiation effect.

7, 8 and 9. BUILDINGS BEYOND 1100 METRS:

A series of 3 buildings, all situated beyond 1100 meters, was studied

from the point of view of shielding factors. In the most exposed rooms

where certain persons were known to have been, the findings give informa-

tion concerning the average shielding effect, in none of which any person;

is known to have suffered clinical evidence of radiation effect.

A. At the City Hall (1200 meters), which is constructed of reinforced

concrete, in a room on the third floor where the average depth of shield was

104 centimeters, with a minimum of 30 cm. and a maximum of 286 cm., none of

04 people had radiation effect. See figs. 42 and 43 and table 15.

44 (liH)
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B. At the Department of' CommunicatiLons Building (1400 moters from

the point above which the bomb exploded) none of' approximately 50 persons

who were In varihus pirts of' this large room showed radiation effect.

Shielding varied from 0.25 inches to 260 inches of water, with an average

of 79 inches. See figures 44+ and 45 and tablos 16 a, 16 b.

C. At the Red Cross Hospital (1600 meters) the average depth of

shield in one of the most exposed roonis was 52 inches of water, with a

mini-mum of 0.41l inches and a maximum of 240 inches. Most of the persons

in this room had radiation effect. See figures 46 and 47 and tables 17a.

CONCLUSIONS:

In no building of reinforced concrete structure beyond 1100 meters

from the point above which the bomb exploed was thePlre a certain case of

radiation effect with clinical manifostations. It is possible, however,

that leukopenia may have occurred at some time in these cases.

45 (11H)
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TABLE 14. HIROSHiVf4L

B2ICADCASTIiG STATIO1 JO.FX. USZBS BUILDING NO. 65

Shielded :.ea on a Horizontal Plane 1 I1ter abovw Roof

Shielding EfMf. Depth in

Section Depth Area Typo Prcent Depth Inches of Water

(in inches) (sq ft)

Roof 5.84 16.53 Tarpa-oer 4.35 0.254 1. 0.254

Area III Steel 4.35 0.2 4 7.5 1.90 1 12.77"
Concrete 69.6 4.06 2.3 9.35

CO Plaster 21.7 1.27 1. 1.27

Area 1 2.61 450.62 Plaster 97. 2.53 1. 2.53
H Seel 3. 0.079 7.5 .592 - 3.12"

6 '-3

.ea 2 5.4 57.85 Plaster 97. 5.28 . 5.28 - 6.4S"
Steel 3. 0.16 7.5 1.2

1/32" a.
side = 1/16"

The minimx depth of shield is - 3.12 inches.
The maximum depth of shield is - 12.77 inches.
The average depth of shield is - 3.80 inches.

CD
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TABLE 15. HIROS H LI A

HIROSHEI& CITY HAL USSBS BLDG. No. 28, Room 6

Shielded A rua on Horizontal Plane 1 14,tor above Top Floor

Shielding Shield Material Eff. Depth in

boction Depth Area Typo Depth S.G. Iches of J&ter

(inches) (sq ft) 
(nchie)

Roof 27.8" 1176 Tile 2. 2.6

Concrete 22.8 2.3 52.4" - 60.0

1- Z 
Cinder 3. .8 2.4"

Oi' Otside Wall 14.3 573 Concrete 12.8 2.3 29.41

Graohlite .6 2. 1*2" - 31.5
SPlast 

3r .9 1. .911

Hall Partition 8.63 874 Tile 2.46 2.6 6.4"- 20.6
Concrete 6.17 2.3 14.2"

Room Partition 23.6 71 Tile 6.72 2.6 17.5" _ 56.4
Concrete 16.9 2.3 38.9"

Interior Column 36.4 210 Concrete 36.4 2.3 83.8"

Beams 37.2 119 Concrete 37.2 2.3 85.8" M

Exterior Columns 22. 56 Concrete 22. 2.3 50.5"

Minimum Depth of Shield - 30 inchcs of water

Maximum Depth of Shield - 286 inches of water

Average Depth of Shield - 104 inches of water



TLBLE 16a. HIROSHF,1A

HIM 0.2HI& COIVIlNICATIONS DEPF;RT1ENT USSBS BUILDING #65

Shielded lea on a Horizontal Plane I Meter above Top Floor

Shielding Shield Material Eff. Depth in

Section Depth mrea Type Percent Depth S.G. Inches of ;Water
(inches) (sq ft)

South Wall 8.08 l)48. concrete 89.6 7.25 2.3 18.59 - 19.43
plaster 10.4 .75 1.0 .84-

, West Wall 28.15 237.25 concrete 89.6 25.24 2.3 25.24-
plaster 10.4 2.91 1.0 2.91 58.05

Roof 40.17 3798.75 concrete 82.7 33.24 2.3 76.45

cinder 12.0 4.83 ,8 3.87 82.41
n plaster 5.3 2.09 1.0 2.09

Column #1 16.06 455. concrete 94.7 15.22 2.3 35.01 ...
plaster 5.3 .84 1.0 .84 35.85

Column ,-2 20.07 455. concrete 91.6 13.40 2.3 42.32 43.99
plaster 8.4 1.67 1.0 1.67

Gird or 71 & 3 16.05 #1 - 230. cQncrete 89.6 '.4.38 2.3 33.07

#3 - 728. plaster 10.4 1.67 1.0 1.67 - E-,



TABLE 16b.' HF7OSHIMiA

HMOSHIM& COM JNiMT-TONS DEPRTP iJT USSI[. BUiLDIITG #65

Shielded Area on a Hlorizontal P!-ane I N-cr above Top Floor

Shielding Shield
Section Depth Area i '.teri Eff. Depth in

(inches) (sq ft) Tyoe Percent Depth S.G. Inches of Water

Girder #2 9.48 672. concrete 82.4 7.81 2.3 17.96

vlaetor 17.6 1.67 1.0 1.67 19.63

Beam 46.59 303.75 concreto 87.5 40*77 2.3 93.77
plastcr 12.5 5.82 1.0 5.82 = 99.59

Parapet 9.37 800. concrete 100. 9.37 2.3 21.54 - 21.54

(front)

Parapet 32.61 70. concrete 100. 32.61 2.3 75.O0 - 75.00

(side)

Windows 0.105 782. glass 100. 0.105 2.4 0.25 - 0.25

(south)

Windows 0.36 18.75 glass 100. 0.36 2.4 0.87 - 0.87

(west)

Average depth of shield - 78.6 inches.

HQ



TABLE 17a. HIh14A

RED 0, HOSPITAL 3SS U N.O. 31

Shielded Area on a Horizontal Plane 1 Meter above Top Floor

Shielding' Shield material Eff. Depth in

Section Depth Area Type Pere-nt Depth S.G. Inches of ,Jator Remrks

(in.) (sq ft)

Wall #3 4,04 Room 89.6 Plaster 48.9 1.97 1.0 1.97 2.7 2"x4" Studs 16" on
Hall 121.6 Wood 51.1 2.07 0.4 ,83 Centers- Latted and

Plastered.

1. 22"xY+" Studs 161" or,

Wall #4 4.84 144.0 Plaster 56. 1 2.72 1.5.72 - Ce 2ters td 6 o
Wood 43.9 2.12 0.4 •818 Centers- Lt a a

Plastered. I

I- Column 39.14 Room 144.0 Plaster 5. 1.97 .0 1.97 - 87.4

Hall 40.0 Concrete 95. 37.17 2.3 85.49

Roof 25.93 190. Plaster 8. 2.16 1.0 2.16 56.8
Concrete 92. 23.77 2.3 54.67

Cornice 21.72 120. Concrete 57. 14.48 2.3 33.30 - 49.2
Wall Tile 33. 7.24 2.2 35.93

11
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RED CROSS ::05?TTA, US-3ms ETLDITC 1,70 31

Shielded Area on a Horizontal Plano 1 Meter Above Top Floor

Shielding Shield Matrial Eff. Depth in

Section Depth irca Typo Percent Depth S.G. Inches of Water

(inches) (sq ft)

Loan ff! 19.75 73.6 Concrete 90. 17.77 2.3 40.87
Plaster 1.0. 1.97 1.0 1.97 -

Window 0.17 64.8 Glass 10. 0.17 2.4 0..1 -0.41

H3 " Wall #1 21.73 94.4 Plastcr 6.3 1.36 1.0 36i

Cencrcte 60.4 -3. 13 2.3 30.20 - 47.49

'-i Tile 33.3 7.24 2.2 15.93

Wal. 7#2 32.59 83.2 Plast,-r 4.2 1.36 1.0 1.36

Concrete 73.6 23.99 2.3 55.18 - 72.47

Tile 22.2 7.24 2.2 15.93

Average Depth of Shield in room - 52.2 inches of water.

Average Depth of Shield in hall - 151. inches of water.

Hf
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Figure 1--(liE). Buildings studied for correlation of shielding factors and survival. Radii are
projected from the point above which the bomb exploded. The 500 ant 1000 meter rings are indicated
by the white circles. The zone of total destruction of the wooden buildings by blast and fire is
outlined in black. (Photo File # Hg 271.)
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Fig.2(IIH) SUILDINGS STUDIED FOR SHIELDING F FrCt

Bldq.No. Dosignation

II - - BANKER'S CLUB
24 - - NIPPON BANK
43-- CENTRALTELEPHONE OFFICE
26- - CHUGOKU ELECTRIC CO.

211- - CHUGOKU ARMY HQ.COMMUNICATRENCH

61- - BROADCAST STATION
28-- CITY HL

65-- COM ICATIONS D - ET
31- - RE CROSS HO AL

Figure 2--(1lE).
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CORRELATION OF SHIELDING AND SURVIVAL FACTORS
WATER SHIELD 0- 41 42- 87 94-134 1 154- 195 211-254 ) 254

250 m. ( 650 m, AI R B U R ST)

BANK ERS'__________ ____

CLUB

4__5_0_750mm. A I R B U R S T_

N I PP0 N_
BANK " #

550 m. ( 815m A I R 8URST )

CENTRAL

TELEPHONE
OFFICE 0 J 1#

750 m. 960 m AI RBURSTI
CHUGOKU : ,
ELECTRIC Hv

=ju CO M PA NY-

750 m. ( 960 m. AIR8URST)C HUGOK U , × !, , '.,'

ARMY HQ. II
COMMUNICATIONS

TRENCH

STATION 1 If 6'
J OFK

WATER SHIELD 0-41 42-87 94-134 154- 195 211- 254 ) 254

*-CLOSE TO WINDOW -- ALIVE , NO EVIDENCE OF RADIATION *-ALIVE,WITH RADIATION EFFECT *-OEADVWTH RADIATIONEFFECT (

Figure 4--(llH). In this chart each verticalcolumn represents a range of depths Of (~

shielding in terms of water equivalents. Bach horizontal section (representing a
building) is divided into three parts according to the fate of the survivors, which
is indicated by the symbols. The greater shielding necessary for protection in
buildings close to the bomb is striking.

* 4
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LEGEND

EFFECTIVE EthNS. IN
INOHES OF WATER

'~' /# #' 975 (NOIRTH WINDOW)

-~~2 .4,'61 (WIEST WINDOW)

20 3s

(mm 651

139-140
i 176-182

1 2 PERSONS IN ROOM, FOR
(3()U SELD E - SEE OEM S NO.

MAX. SHIELD

FOR STRUCTURAL

DIMENSIONS- SEE TABLE NO.AE
AREA

MAX. AVERAE
- = SH EWI4TH OF " "

~MIN. DEPTH OF SHIELD. 39

@ AV. DEPTH OF SHIELD- 44I.AE. DEPTH OF SHIELD. 4

" RESTR IC TED



WYO PLOT PLAN

to I~ -Am.)

Itl 0UW -41W

- SAW w Mro mw m

AX. a ata

Avg, Of III

Figure 6--(iz).



RESTRICTED

Page 173

Figure 7--(llH). Bankers' Club (250 meters). General view looking
away from the center of the explosion. Optical axis of camera in line
with the point above which the bomb exploded. The wall at the left
did not exert a shielding effect. The Nippon Bank can be seen to the
rear and to the right of this building. (Photo File # BB 200; Date:
27 November 1945.)
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Figure 9--(llH). 450 meters. Nippon Bank. General view looking
away from the center of the explosion. Optical axis of camera in
line with point above which the bomb exploded. (Photo File # BB
203; Date: 27 November 1945.)
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2ft

Figure 10--(l1R), Nippon Bank (450 meters). Room-l, third floor.
'Camera facing toward the point above which the bomb exploded. (Photo File
# HB 309; Date: 15 November 1945.)

Figure ll--(l1H). Nippon Bank (450 meters). Detail of partition between
Room-1 (third floor) and the hallway. Note the exposed metal reinforce-
ments bent away from the explosion. A section of the partition remains
showing its internal structure of cement and plaster, but most of it has
crumbled into rubble. (Photo File # BB 311; Date: 15 November 1945.)
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A

Figure 12--(llH). Nippon Bank (45O meters). Room-3 (third floor).
Camera facing the point above which the bomb exploded. (Photo File# HB
312; Date: 15 November 1945.)

4 41
Figure 13--(1H). Nippon Bank (450 meters). Room-3 (third floor). Cam-
era facing in the direction pposite to that of preceding figure. The par-
tition has been blastea away from the center of the explosion and haO been
pulled from its insertions in the ceiling. The twisted metal reinfo'ce-
ments remain but the cerent And pls7-er have crumbled. (Photo File# EB
313; Date: 15 November 1945.)
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Figure 14--(l). Nippon Bank (450 meters). Section of the 18 inches of
the mixture of sand and cinders that had been laid on the roof of the
Nippon Bank to protect against fire bombs and through which ionizing radi-
ations had to pass to produce their effects in certain individuals in the
building. The original tile is visible beneath the protecting cover.
(Photo File # EB 314; Date: 15 November 1945.)

Figure 15--(lKH). Nippon Bank (450 meters). Interior of hexagonal room
on first floor, camera facing toward the point above which the bomb ex-
ploded. This room faces the courtyard from the rear of the building and
can be seen in the insert of Figure 8. (Photo File # HB 306; Date: 15
November 1945.)
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Figure 16--(liH). Nippon Bank (450 meters). Camera pointed toward the
actual airburst of the explosion from the sill of the middle window of
hexagonal room. (See preceding Figure.) (Photo File # EB 307; Date: 15
November 1945.)

0

Figure 17--(llH). Nippon Bank (450 meters). Camera pointed from roof seen
in preceding figure toward the hexagonal room, along a ray projected from the
true center of the explosion. (Photo File # BB 308; Date: 15 November 1945.)

______________D V T M V n
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LEGEND

* FVAEffective depth. in inche of tste.

43P 0 .~6015 OT i3

01330

Imm-250

251-300

301-350

A-2 351-400

401-450

ALIVE WIT" RADIATION EFFECT

o DIED APPARENTLY OF IISAIIS

DIED WITH EVIDENCE OF RADIATION

NDICATES DIRECTION IN WNICH

INDIVIDUAL WAS SAID TO ME MOWU

_D UNCERTAIN DIAGNOSIS

ISCALE IN FEET
O s- -0--- sIoS1 2 0 25 30 35

17 l -L 9837 '

Figure 18---(11H) con'd.
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Figure 19--(11H) cont 'do
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Figue 20--(IlR). Telephone Bldg. (550 meters). General view looking
away from the center of explosion, with which the optical axis of the
camera is in line. (Photo File #/ EB 205; Date: 27 November 1945.)

0

Figure 21--(llH). Telephone Bldg. (590 meters). Room I-C. First floor.
Camera facing the center of tbe explosion. (Photo File # RB 315; Date: 15November 1945. )
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Figure 22--(1E). Telephone Bldg. (550 meters). Room I-D. Firs floor.
Camera facing the center of the explosion. (Photo File # HB 316; Date: 15
November 1945.)

Figure 23--(11H). Telephone Bldg. (550 meters). Room A-2, se cond floor.
Camera facing the center ol the explosion. (Photo File # EB 317; Date: 15
November 1945.)
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Figure 24--(llH). Telephone Bldg. (550 meters). Room A-2, second floor.
Detail of base of partition. (Photo File # tB 318; Date: 15 November 1945.)

Figure 25--(llH). Telephone Bldg. (550 meters). Room B-2, second floor.
Camera facing the center of the explosion. (Photo File # RB 319; Date:
15 November 1945.)
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Figure 28--(1lH). Chugoku Electric Bldg. (750 meters). General view
looking away from the ceter of the explosion, with which the optical axis
of the camera is in line, (Photo File # EB 202; Date: 27 November 1945.)

OA

Figure 29--(W-Hl). Chgoku Electric Bldg. (750 meters). Room IIl-l,
third floor. Looking toward the center of the explosion. Compare with
figure 26. (Photo File 9/ Kb 3u4; Date: 15 November 1945.)
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Figure 30--(4IH). Chugoku Electric Bldg. (750 meters). Room 111-2,
third floor. Looking toward the center of the explosion. Compare with
Figure 26. (Photo File # HB 305; Date: 15 November 1945.)

°4
Figure 31--(llH). Chugoku Electric Bldg. (750 meters). Room I-1, first
floor. The camera is pointed toward the center of the explosion. Compare
with Figure 27. (Photo File # BB 300; Date: 15 November 1945.)
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Figure 32--(llH). Chugoku Electric Bldg. (750 meters). Room I-l, first
floor. The camera is pointed in a direction opposite to that in Figure 29,
i.e. along a ray projected from the center of the explosion. Compare with
Figure 27. (Photo File # EB 301; Date: 15 November 1945.)

'7N

0

Figure 33--(1H). Chugo n Electric Bldg. (750 meters). First floor.
Effect of the compression wave on an elevator and its housing. (Photo
File # EB 302; Date: 15 November 1945.)
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Figure 34--(11H). Chugoku Electric Bldg. (750 meters). Room 1-2, first
floor. Looking toward the center of the explosion. Compare with Figure
27. (Photo File # HB 303; Date: 15 November 1945.)
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Figure 36--(11H). Chugoku Army Hq. (750 meters). View of the underground
communications trench from across the moat looking away from the center of
the explosion with which the optical axis of the camera is in line. The
ventilator of the communications trench can be seen above the stone facing
of the moat. (Photo File # HB 209.)

Figure 37--(llH). Chugoku Army Hq. (750 Meters). Underground Communica-
tions trench. Open metal port. Looking away from the center of the ex-
plosion, with which the optical axis of the camera is in line. (Photo
File # BB 320; Date: 13 November 1945.)
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Figure 38--(11H). Chugoku Army Hq. (750 meters). Underground Communica-
tions trench. Entrance at left. (Photo File # EB 321; Date: 13 November
1945.)

Figure 39--(11H). Chugoku Army Hq. (750 meters). Room whose ports are
seen from the outside in Figures 37 and 38. (Photo File # HB 322; Date:
13 November 1945.)
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Figure 4io--(i1H).
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Figure 41--(1H). Broadcasting Studio (900 meters). General view looking
away from the center of the explosion. Optical axis of camera in line with
the center. (Photo File # HB 206; Date: 27 November 1945.)
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Figure 43--(11H). C ity Hall (1200 meters). General view, looking away
from the center of' the explosion. Optical axis of' camera in line with the
center. (Photo File # BB 201; Date: 27 November 1945.)
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Figure 45--(1H). Communications Bldg. (1400 meters). General view
looking away from the center. Optical axis of camera in line with the
center. (Photo File # EB 207-b; Date: 27 November 1945.)

0
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Figure 47--(11H). Red Cross Hospital (1600 meters). Showing Rel Cross
Hospital from direction of bomb center, 1.7 kilometers from center. Some
windows have been repaired. Optical axis of camera in line with the by-
pocenter. (Photo File # HB 204 (K); Date: 27 November 1945.)
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BUILDING AND PROTECTION STUDI&, 
NAGASAKI

Prepared by George V. LeRoy, Lt. 
Col., MC, and Herbert S. Swansor, Lt. Col., CE

Data Collected by Herman Tarnower, 
Major, MC, Samuel Berg, Major, 

Me,

M. Urabe, 1D, and Members of the 
Joint Comiission Team in Nagasaki

The circumstances of the investigation 
in Wagasaki were such that it was

possible to obtain complete information 
on the effects of the atomic bomb 

ou

the occupants of only three buildings. Complete data was supplied for the oc-

cupants of certain rooms in some 
of the reinforced concrete buildings 

of the

Hospital of the Nagasaki Medical College. 
It is possible from these studies

to make certain estimates of the 
degree of protection against gamma 

rays and

neutrons that was afforded by 
vsrying amounts of material. Incomplete records

were obtained regarding the fate 
of the majority of groups of workers 

in three

of the large industrial establishments. 
From these it is possibla to judge

the relative protection against 
injury offered by that type of construction.

The groups will be described separately.

(1) Fuchi School is located on a low bluff aPTroxijnately 1000 meters

south of the center (See map, figure 
1). It was built on a series of terraces

and consisted of a single, heavy 
reinforced concrete portion three 

stories in

heights which faced to the northeast. 
Two-story frame buildings sur-ounded

a central courtyard and were attached 
to the concrete structure. Within the

courtyard were several small shops, 
some of fr ame, end one of light 

steel and

concrete construction, Behind the main courtyard was a terrce, also enclosed

by the frame buildings which -erved 
as a playground. The various frame por-

tions of the school were joined to 
each other by concrete fire-stairs. 

The

main building which faced the blast 
was of heavy construction with weals 

9

inches in thickness. The roof slab was 31 inches thick, covered 
with a layer

of tar and tile. The floor slabs were 4± inches thick. On 9 August the stu-

dents had not reported for school 
in accordance with existing regulations

1 (1N)
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concerning air raids. There were only 66 people in the building at the 
time

the bomb exploded. The location and the fate of these people is shown 
in

Table 1. Because of the small nuaber of persons who 
were in other parts

of the school, it is desirable to consider 
only the casualty data for those

in the wooden buildings. It will be seen from Table 1 that of the 50 per-

sons whose fate was determined (55 minus the 5 for whom no inforation was

available), 92% were casnalties, and 18, or 36% were' killed; --nd of these

14 succumbed within 4 to 5 weeks to radiation sickness. It can also be seen

that of the 50 persons expose. to the effects of the -.teic bomb in wooden

buildings at a distnce of lO00 meters, 70% de;eolo-,d symptoms of radiation

injury. Among these with sy-notoms, 40% subseque atly died.

TABLE 1

OUTCO'M LOCATION

COqC 3IST.E J00DEN
CAV BU!LDiNG OUTDOORS BUILDIIGS

Died instantly 0 0 1 2

Died, burns & wounds 0 0 2 2

Died, Radiation injury 0 0 0 14

Total Dead 0 0 3 18

SLRV1'VED

Uninjured 2 1 2 4

With burns and wounds 0 2 0 7

With Radiation injury 0 0 1 21

Total Survivors 2 3 3 32

UIMTRACED5

Total Persons 2 3 6 55

2 (DN)
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A comparison of the killed rate and the total casualty rate for all the

persons in the wooden buildings of IFuchi 8choo, with the s)ame rates for the

* genr-i population at the same distcnce, 1000 mnetors, is shown in Table 2.

This re~oltionship is also shown on the smoothed curves in Figure 12.

TABLE 2

WOODEN BUILDINGS OF RAMD01A SAA ,PLING SQhYL
FUC-l SCIIOOL GVE'QAL POPULATION

't 1000 mtCrs

Killed Rate 36% 66%

Tot-,1.. Casualty Rate 92% 85; L

The deta for the persons in thu wvooden buildings w-Is re-examinad in an

atteomt to eliminate individuals who may have received some amount of shield-

ing frotn the concretu fire-stairs, etc. It was possible to form a group of 36

persons who were in th:. wooden buildings on the north side of the courtyard.

These people wor- protectod from the ,,ffects of the bomb only by th- wooden

walls ?nd tile roofs of the buildings. The fate of the members of this group

is shown in Table 3.

TAtLE 3

DID 16

Died ins't, ntly, and of burns and wounds 3
Died, radiation injury 13

SURVWVED 16

With ra-di'ition injury 13
With other types of injury 2
Uninjured 1

No information available 4

Total in wooden buildings on

north side, school 36 32

This is a very important group of people. Of the 32 whose fete was determined,

3 (11)
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only one escaped injury of any sort. Of the 29 who lived long enough for

the symptoms of radiation injury to become manifost, only 3 were apparently

unaffected. This gives a rate for the incidence of radiation injury at 1000

* meters of at least 90N. Of the 26 patients in ,Thom typical evidence of the

syndrome of radiation injury developed, 13 or 50% died. This is a regrett-

ably smll group; but it is the only vlid informotion that was obtainable in

Nagas: .i which would permit an est mate of the distance at which the LD 50 of

ionizing radiation from the Nagasaki-type bomb was delivered.

No photogrrphs of the Fuchi School before the bombing wore avilablo.

Figure 2 is a general view of ther ruins of school group, seen from the north-

west. The majority of the casualties occurred in the wooden buildings whose

foundation can be seen in the -foreground. Two other views, Figures 3 and 4,

show the ruins in tho courtyard. After being demolished by the blast, the

debris of the wooden buildings caught fire, :is did the debris inside the con-

crete portion.

(2) Shiroyma Nationol School is located on high ground, about 500 me-

ters west of the center. (See map, figure 1). It is a reinforced concrete

building with walls 8 inches thick, rnd roof and floor slabs 4- inches thick.

The south wing is a recent addition, and was loss strongly built than the ro-

mainder of the building. In Figures 5 and 6 the appearance of the d maged

school is shown, with the roof of the south wing caved in by the blast, it is

said (1) tht this wing collapsed at some time (several hours) after the bomb-

ing; but the evidence for this is not availa;ioe at uresent. During thu war

a part of the floor spaco of the school was devoted to war-manufactures. On

9 August, there were 151 people in and around the school, most of whom were

workmen. The general location and the fate of these people is shown in

(1) Report of the British Mission to Japan, classified.

/ (ll )
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Table 4. The phys:icnal conditions inside the school after the bombing ero

sholn in i.i rcs 7, 8, 9, 10 and 11.

LOCATION DIED INSThNTLY DT2rD L. R SM IVtE- TOTILS

Inside the school 38 70 9 117

Outdoors, in ycrd 12 5 0 17

In air raid shelter 2 11 17

TOT:iLS 52 79 20 151

The fPte of the cooe on each floor of the school building is presented in

Table 5.

TAL .

FXLTE OF 5 .. ': SHOYAA SC!L
OUT°COY' L O SCOOL: FLOOR

TOTL

3rd 2nd lst

D'EAD
Instantly 25 7 5 37
.Burns ,:md wounds 14 11 5 30
%-dti t1on Injury 26 12 1 39
Urknown c .us e 1 1 0 2

Total Dcld 66 31 1I 108

Radiation injury 0 5 2 7
Other injuries 0 0 0 0
Uninjured 0 0 2 2

Total Survivors 0 5 4 9

Refercence to Toxt
.Figuros: Number 8 (11N) 9 (ffIN) 11 (1N)0 1 N (7 ) (li,)

The details of thu construction of ti buildin- were studied with re-

spect to the amount of shielding afforded the rooms in which some of the

5 (11N)
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occupants survIvod. The ongj..-icr dr-ving Figuro 21, illustratcio

conditions in two sections of the school in which there wore

survivors. 2'y usi-n,4 the daitia in Table 6A it is possible to iti

th ~oet of prot(ction in oui--alcnt incheii of water which th

bi.lding pro-vidod to the occupaints. -On th-' 3rd floor all 'Oers ono

whio received radiaition injury died; and on thit floor the maN'"IMuM

shiJdngwas ec!ulvalcnt to 81, inches of licter,' or 30 inches of cone-

re.On the3 .2nd floor 5 of the) 17 perso-ns knoi-m to havev r3coiv, d

radiation inilury s-murivod. The location of 4 of tseis shown in

Figure 12, rnd the shiolding for th ~m wns 583 58A 5(''> -)nd 101 inches

of wtrsroctively It is possible, th~nt th,.ir locations were'

plotted incorroctly, but in any case-, th" rqa.xiaum 2amounat of shi§LIdinr-

thoy cou1d. hri-,- rccei.ve:d wa-s 108 inichesF o : wa-ter. T-hr'-, survivors on tho

1st 'floor who are show n in Figuro 21 wo; rottd b, thC oqui-valnt of

117, 117 an-d 146 inches of wtrrospuctivo-ly. (See Table 6L) T-he solo

uninjuL're:d survivor, if ho was in the location plotted was shielded by

117 inchcs of wter, and the maximun shielding that ho could have ha-d

ar iwmore on the2 1st floor wa.s 1/+6 inch(,s of water.

In thiE! bvui1-di-eg, at adist2 ace of ana roxlmat -,ly 72'0 maotors from

the a.irburst, th,. omount of shielding rocuirod. to Tprev'.fCt fatal

r:-di Aion injury was.. some amnourt between 81 and 58 inoh'."s of wlater,

or 35 anid 25 ncxsof concrcote. Approxi-mately 12:Ar inches of wa,-ter

. n be a ssurd to ha~ve been nc2sary to pr<vont .ny r..I...tion injiry

at this dista-nco. This amount of w,.cur is c '!iivalont to 51 inche-S,

or abot 5 feet of concr . r 'Aiiitii ite

be st, but they -7oaar to be-- con-is-stont, and .rjo fcirly well with

k E F) .T !- -I.C T ED
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SIROYAMA NTI OYAL SCHOOL

Tab-' 6A

Shielding SHID M.A T E R i A L

Section Depth Area Lyp( Por cent Depth Spec. Effective

Inchos Sq.Fto Inches Gray. Depth, Inches
of Water

i 1st Fir:
310.5

Beam #4 19.93 On 2nd Fir: Cone. 88.9 17w93 23 42/
179.4 Plaster 11.1 2.0 1.0 2.00)

On ist Fir:
621.0

n Beam #3 22.53 On 2nd Fir: Con. 90.6 21.53 2.3 49.52) 51.52

179. Plaster 9.4 2.')0 1.0 2.00)

WOn !st Fir:

1386.0 Cone. 87.3 8.10 2.3 1, 631)

Roof 9.18 On 2nd Fir: Plaster i1.0 1.30 1.0 1.00) 19.84

1123.2 Tar Paper 1.7 .17 1.2 .21)

On 1st Fir:
138 6 .0

Floor, 1st & 7.73 On 2nd Fir: Cone. 86.9 6.73 2.3 15.48) 16.48

2nd: 1123.2 Plaster 13.1 1.00 1.0 1.00)

On ist Fir:

Interior 1413.0

Wall 17.2'0 On 2nd -Tir. Wood 20.6 2.30 0.4 .92)213
842.4 Cone. 79.4 8.90 2.3 20.47) 2

Hiiiiiiiii
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Table 6A (Cont'd)

NAGASAKI

SHIROYAMA ',V.TIONAL SCHOOL

Estimated Effective Shielding in Inches of Water
at a Plane 1 Motor above Floor Lovel

Floor Maximum Mivnil=- A .v

3rd 81 16 48

2nd 108 35 67

1st 146 73 104

the data obtained from a similar analysis of the conditions in 
the

Chinzei Middle School which follows.

TABLE 6B

NAGASAXI

SHIffOY.YM NATIONAL SCHOOL

Estimated Effective Shieldirr in Inches of 'Water
For the Individual Siuvivors

Case Number Floor Shielding, in
inches of Water

76 2nd 58
95 2nd 58

103 2nd 58

104 2nd 108

123 Ist 2,17

151 * ist 117

121 1st 146

* This person received no radiation injulry, oo far as could

be determined, He was a 2-ye- old baby, and may have been

further shielded by his mother, Case 123.

8 (1lN)
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The experience of the Oocupants of this heavily constructed building

at 500 meters is impressive: of 117 persons, 108 or 92 died; and only 2

escaped injury of any sort. The people who were in the air raid shelter

fared much better; 10 of the 17 were uninjured. The 6 who died nd the one

who survived with radiation injury were all standing close to the entrance

and thus failed to receive the benefit of the shelter. Unfortunately the

amount of dirt covering this cave is not known, although it can be seen in

Figure 25 (11N) that it is quite thick.

(3) Chinzei Middle School is located on high ground 500 meters south-.

west of the center. (See Map, figure 1) Its exposure to the exploding bomb

was thus practically identical with that of the Shiroycia National School.

It was a modern, four-story, reinforced concrete building of pleasing appear-

ance. (See figures 17a, 17b in Section 3N for the before and after view).

A wooden structure containing a gymnasium tand c judo court was attached to

the southwest portion of the ziain building. A part of the space in the

school was devoted to war-work and contained shops of the Mitsubishi Corpor-

ation. At the time of the bombing there were 118 persons, mainly workmen,

in the school. The location of those people in the two buildings, and the

outcome of the occupants of each is shown in Table 7. The workmen in the wood-

en building who were not killed outright, died within a period of a week of

burns, wounds, and radiation injury. The outcome of thu people in the con-

crete building is presented in detail in Table 8. The appearance of the ex-

terior of the school is shown in Figure 13' and views of the interior in

Figures 14, 15, 16, 17, 18 and 19. The attached wooden building was coipletely

demolished, and burned, and it is not illustrated.

9 (11N)
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TAPLE 
7

LOCATION DIED INSTANTLY DIED LATER SURVIVED TOTALS

Concrete building 46 30 15 91
Wooden buildings 22 5 0 27

Total 68 35 15 118

TABLE 8

FATE OF PFRSONS IN CHINZEI MIDDLE SCHOOL

LOCATION IN SCHOOL: FLOCP

OUTCOIN_ /;th 3 2nd 1st Basement Totals

DEAD
Instantly 2 6 25 13 0 46
Burns and Wounds 1 0 6 6 0 13
Radiation Injury 0 0 8 7 1 16
Unknown cause 0 0 0 0 0 1
Total Dead 3 6 39 27 1 76

SURVIVED
Radiation Injury 0 0 4 2 2 8
Other Injuries 0 0 0 4 0 4
Uninjured 0 0 1 0 0 1
Untraced 0 0 0 0 2 2
Total Survivors 0 0 5 6 4 15

Reference to Text
Figures: Ntambor 14(11N) 15(11N) 16(I1N) 17(iN) 19(11N)

The details of the construction of the buildinE were studied with re-

spect to the amount of shielding that was afforded to the rooms in which

there were survivors. An engineer drawing, Figure 20, was prepared te .id

in the estimation of the amount of shi3lding from ionizing radiation

afforded by the building. The mayimin shielding occurred on the 1st floor

at several places where the shadows of two heavy columns were superimposed,

and at these points it was equivalent to 308 inches of wate-r. The details

10 (1N)
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KiNZZi I uDDLE SCHOOL

T1LE 9L

Original data on the amount of shii o!ding afforded by the various structural u-Loxs, reduced to inch-

es Cf water, at a distance 1,0 meters above the 
floor.

BlTh3EMT ROOM

1 2 3 5 6 9

1H77eDII 2EI _ 
I IAL -j EFR. DEP7H IN AC 'AL

SECTIOK DfPTH ;RhA IN TYPE PERCENT DPFiH SPEC kV. MNCJH OF hJER THCL 4-,

FT.

R.C. .69por 5.8 .169 1.0 .19) 6.279 2 1/8",- - P oc apr 592 2.16 .0009

Tile Wood 49 1. 359 O 540)
Poe 2.013 1080 Til.631)3.174 22 3//Vi, Roof Tile 51 2. 0342.

l st 3188

2nd 3063 Gone. 85 5.738 2.3 13.197) 14.210 5"

Floors 3rd E.751 2594 Plast er 15 1.013 1. 1.013 2

4th 1105

Cone. 85 96.635 2.3 45.161)
Beam1 #i 23.100 688 plast.* 15 3.465 1.0 .6 48.626

3.03 581 ast.* 11.54 3.465 1.0 3.465)

Conc 88.46 25,565 2.3 61.100
Besu 73 30.030 Piast.* J-1.54 3.465 1.0 3.4L5) !

*lj" Plaster 3/4" on each side.



TALE 9A (cont'd.)

1 2 3 4 5 6 9
SHIELDING SHIELD LP, IN MT:RIL -2 L D9-PT1M IN CXTUAL
SECTION DEPTH SQ. FT. TYPE PERCENT DEPTH SPEC, .RA.. ......F .... TE.R THICNESS

0ol~un #A 20.031 214 Conc. 91.35 18.298 2.3 42.085)Past. 8.65 1.733 1.0 1.733) 43.818 13"

Conc. 94.24 47.530 2.3 108.319)Column #B 5C.440 283 Past. 5.76 2.910 1.0 2.910) 111.229 26"

Cone. 93.72 43.650 2.3- 100;395)5plt. 6.28 2.910 1.0 2.910) 103.305 24"

"6Cone. q3.19 3c.770 23 91./+71)C- iunn Y!, 42.680 112 9/. "3.. .... 1 22"Hlast 6.81 2.910 1.C 2.910) 94.381 22"

t 21st Cone. 0 2.50 21.368 2.3 49.146) 50.879 10"
Wail 1438 Pla:t. 7.50 1.733 1.0 1. 733 )

Noith L'SE S1E FIGURES AS FOR NORTH & 3AST W1LLS
West

2rLsses .184 51 Sheet 100 .184 7.5 1.380 .095" Steel
Steel Steel plh.to

' issumod
(A-gle structurer)

Trusses 4.103 205 Wood 100 4.103 0.4 16.412 2.115 Wood Sheet
Wood AssmLned

(6*1 x 6"1 Timbors)
*]IJf plaster = 3/4" on cach side.

Effective Depth of Shielding
in inches of water.

299.W It im
115" Average0. 5" Minium



NAG'SAKI

CHINZEI MIDDLE SCHOOL

TABLE 9A

Original 6ata on tho am~ount of shielding afforded by tho various structural mebers, reduced to

inches of water, at a distance 1.0 meters above the floor,

1ST FLOOR

1 2 3 5 6 78 9
NTI EL TE, I TL=,D LAI L ETF. DEPTHI IN AC TI - T-

- SECTION DEPTH IIR E ° N TYPE P1,R E T 7 DEPTH S . ...l=''z . 7171-: e, ,VL11 ,H- -

2 2262 Conc. 94. ]2 2.700 2.3 6. 110)

1 Roof 2.869 2262 Tar Paper 5.88 .160 1.0 .169) 6.279 2 1/8 ' 1 :

Tilc Wood 49 1.350 0.4 O. 540)

Roof 2.013 4524 Tile 51 1.013 2.6 2.634) 3*17/ ; 3/4"

2nd 11025 Conc. F5 5.738 2.3 13.197) 5"

Floors '3rd 6.751 8P964 laot. 15 1. 1.013) 14.210 5"
4th 4692 1. 1

Boam #1 23.100 1810 Conc. 85 19*635 2.3 45;161) 10

Piast. -  15 3.465 1.0 3.465) 48.$26

Beaim #2 30.030 1510 Cone. 81.46 25.565 2.3 61,100) 64.565 13"
Plast.* 11.54 3.465 1.0 3.465)

Bcnc. 88.46 25.565 2.3 61.100) 5
Flast.* 11.54 3.465 1.0 3.465)

Column #A 20.031 598 Conc. 91.35 18.298 2.3 42.085) 13"Plast. 8.65 1.733 1.0 1.733) 43.818



TIULE 9A (cont'd.)

S2 3 . 5 6 2
SHIELDING SHIELD ltIF2. IN MAT dAL- - EFP. DEPTI IN ACTUAL
SECTION DEPTH S TYPE PERCENT DEPTH SPEC, GRAV. IThCF OF WATe"R THICKNlESS

Column #B 50.440 330 Cone. 94.24 47,530 2.3 108.319) Ill 229 26?Plast. 5.76 2.910 1.0 2.910)

Column C 44,620 140 Cone. 93.48 41.710 2.3 95.933)3PThst, .52 2.910 1.0 2.910) ,843 23"

Cone. 93.72 43.650 2.3 100.395)CoPlast 6.28 2.910 1.0 2,910) 1 305 24"1, J co

Con. 91.90 32.010 2.3 73.623)
Cr~ini iE 3.90 10 laSt. 6.10 g.91 1.0 -2.910)7653

# Con.c 93.19 39.770 2.3 91.471) 9Colunmn #F b. 680 580 Plast, 6.81 .9iO 1.0 2.910) 94.301 22"

Column #X 38.800 242 Cone. 92.50 35.890 2.3 82.547)

Plast. 7.50 2.910 1.0 2.910)

North Wl 19.400 4452 Cone. 92.50 17.945 2.3 41.2?4'
Plst. 7.50 1,455 1.10 1.455) 42.729 10"

C, ne. 92.50 21.368 2.3 49.146)960 Pst . 7,50 1.733 1. 1,733) 50,879 10"

Parapet
North & West USE S1ET. FIG~rFS AS FOR NORTH ,L"JID EAST W.ALLS

Trusses .184 320 Sheet 100. .184 7 5 1.380 .095"
Steel Steel Steel Plate

Assumed
(AlgleStructure)



TABLE 9h (cot'd.)

3 2 3 4 5 6 7 8 9

SHIEDING SHITELD ARE! TN TYPE MTELL EFF. DEPTH IN ACTUAL

SECTION D E H F PM CE17W DEPTH EC GAV. N..

Trusses 4.103 640 Wood 100 4.103 0.4 16.412 2.115 Wood

Wood Shoot

Lssumod
6" x 6" Timbers

wEffecti7o Depth of Shioiding

Note: The 308 " maxium shielding is due in inches of water:

V to the fact that 2 columns cast their 3081" 
It shadows on the se place. The areas 94,8" average

of this eu-ount of' shielding aro small 0.51 minimm
and are indicated on tho drawing.

t~j

ro

-
pO
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CHINZEI 14IDDLE SCHOOL

TABLE 9A

Original data on the amount of shielding afforded on the various structural members, reduced to

inches of watex, at a distance 1.0 meters above the floor.

2,D FLOOR

1 2 3 4 5 6 27 2
L~ SHIELDING SHIELD AREA IN vWiTRIAL Y, DE2TU iX TUAL

SECT1011 50TH SQ FT TYPE PFTCT1,7 rTH  SPEC, MIXV. TChSO .~ ~TKCS
J-3 CN -3

.C.2.869 2368 Conc. 2.700 2.3 6.110) 92
V4. Roof Tar Paper 169 1.0 .169)

H. Tile Wood 49 1.350 0.4 0. 540)
Roof' 2.013 4736 Tile 51 1.013 2.6 2.634) 3.174 1 3/4"

F rd (.751 11025 Cone. 85 5.738 2.3 13. l9)) 14.210 5"
Floor 4th 5976 Plast. 15 1.013 1.0 1 1 251.013 )

Bean #1 23.100 1304 Gonc. 85 19. 65 2.3 45.161)

Bea I1st. 15 3.465 1.0 3.o41

Beam #2 3,.030 1147 Conc. 88.46 26.565 2.3 61.100) 64.565 13"
Plast.* 11.54 3.465 1.0 3.465)

Beam #3 30.030 1695 Conc. 88.46 26.565 2.3 61100) 6 5 1.......

Plast.* 11. 54 3.465 1.0 3.465) 67.565 13"

0j



TABLE 9A (Cont'd.)

1 2 3 4 6 2 9
SHIELDING SHIELD AREA IN TYPE 1, Ab- AiCTUAL

SECTION DEPTH SQ FT. -SPEC DEh 2PEC TV. EFF. DEPTH IN TICK'ESS
INCHLS OF WATER

Colim #A 20.031 353 Conc. 91.35 13.298 2.3 42.085) 13"
Plast. 8.65 1.733 1.0 1.7) 43.8131

Co umn #D 46.560 350 Conc. 93.72 43.650 2.3 *.395)

Plast,* 6.28 2.910 1.0 2.910) 103.305 24"

V Column lE 35.920 140 Conc. 91.91D 32.010 2.3 73) 3 7(.533 18"?
Plast.* 8.10 2.910 1.0 2.910)

* F Column #F 42.680 580 Cone. 93 19 3,7o70 2'3 91.71)22"
K Blast. * 6.81 2,910 1.0 2.910) 99,

Columm #X 38.800 242 Conc. 92.50 35.890 2.3 82.547)
Piast.* 7.50 2.910 1.0 2.910) :5.457 20"

Wall North 19.400 2990 Conc. 92.50 17.945 2.3 41.274) 42.729 10"
Fast. 7.50 1.455 1.0 1.455)

Wall East 23.101 680 Cone. 92.50 2-.368 2.3 49,146) 50879 10"
Plast. 7.50 1.733 1.0 1.733) r)

Trusses 4.103 396 Wood 100 4.103 0.4V 16.412 2.115
Shoot
(6" x 6" Timbcrs)

• i4' plaster =3/4" on each side.



TABLE 9A (Cont'd)

1 2 3 4 5 6 7 8 9

SHIELDING SHIELD AREL IN YA'TER1,L EFF. DEPTH IN ACTUAL
SECTION DELIH F TYPE PERCEi' DEPTH SPEC. GRAV. INCMES OF WJATER THICK]ESS

Sheet
Trusses 0.1814 792 Steel 100 0.18/+ 7.5 1.380 0.095

Steel Sheet (Angle
Structure)

Parapet (USE SAME FIGURES AS FOR iORTH AHD F=ST WALLS)

Effoective Deoth of Shielding
in inches of water:

H 216.0" YixLum
S73.7f A"verage

-3 0. 5" llinimum

tJ

rr
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of the shielding are shown in Table 9A, and by the use of this table

and Figure 20 it is possible to estimate the effective shielding 
at

any point in the building. The estimated amount of shielding for

14 of the survivors is shown in Table 9B, The location of Case 10

is undoubtedly incorrect, for the sketches placed him in 
front of a

window. It is probably fair to assume that this patient actually

received at least the average amount of shielding that was 
provided

on the 1st floor, or 95 inches of water. From an inspection of Table

9B it is apparent that at this distance from the airburst the amount of

shielding necessary to prevent fatal radiation injury was from 48 to

65 inches of water, or from 21 to 28 inches of concrete. 
On the basis

of the one person with no evidence of radiation injury, the amount of

shielding required to give complete protection is difficult to estimate.

It was probably at least as much as the maximum for the building on the

2nd floor, or approximately 216 inches of water, 
or 93 inches of concrete.

TABLE 9P

CHINZEI MIDDLE SCHOOL

EFFECTIVE SHEILDING IN INCHES OF WATER
FOR THE SURVIVORS*

Case No. Floor Shielding Case No. Floor Shielding

Inches, H20 Inches, H20

1 Bas't 110 103 1st 110

2 IDas't 205 112 !st 110

3 Bas't 109 88 2nd 216 ***

4 Bas't 65 93 2nd 48

10 lst 0.5 ** 94 2nd 48

92 Ist 79 95 2nd 65

101 1st 110 97 2nd 65

* On Figure 20 cases 2,4,10,92,101, and 112 are marked 
as radiation

injurj, although in Table 8 they are not so listed.

** This persons location is obviously plotted incorrectly

* This person was the sole uninjured survivor. Shield is estimated.

19 (1N)
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In the concrete building of this school 76 of the 91 occupants or 84%

died; and only one of the survivors escaped any sort of injury. The two schools

wore of considerable interest because the conditions in each were so sinilar.

The construction was alike, and they were equally distant from the bomb. Taking

them together, it can be seen that at a distance of 500 meters from the point on

the earth below an atomic bomb explosion, inside heavy concrete buildings,

the following casualty rates occurred:

Killed Rate 88.4%

Total Casualty Rate 98.6%

This data is in close agreement with the location of the smoothed curves for

the same rates at 500 meters in the general population, Figure 12, obtained

by the random sampling study.

There were no survivors of the group of 27 people who were in the wooden

building. The records showed that 22 of these were killed instantly, and that

the remainder died within a period of less than 10 days of burns, wounds, and

radiation injury. Data was obtained fro:: a Prefectural report on the occupants

of another group of wooden buildings - the Nagasaki Branch Prison. This was lo-

cated on a low hill, Prison Hill (See Map, figure 1) 250 meters from the center,

At the time of the bombing there were 18 persons in the prison area, guards

and convicts. The buildings wore completely demolished and there were no sur-

0vivors. The killed rates in these wooden buildings located within 500 meters

of the center was 100%. On the basis of these observations it seems very

probable that any person who was within 500 meters of the center, and survived,

received more protection from the radiant heat and the ionizing radiation than

was afforded by a wooden building.

(4) Within 1500 meters of the center of the explosion were three large

modern industrial plants devoted to war work. These were the Mitsubishi Steel
20 (1N)
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Factory, 1720 employees; the Ohashi Works, 6028 employees; and the Morimachi

Works, 2201 employees. The three plants forn-ed the majority of the unit known

* as the Mitsubishi Arsenal. The location of these industrial groups is shown

on the ap, Figure 1. Each plant consisted of a nuber of buildings, varying

in size and in the details of construction. The majority were steel-framed

buildings of the north-light gantry typo. A variety of materials was used

in the roofs and the walls of the factories. Galvanized sheet metal, asbcstoo

panels, and light weight concrete apparently the most commonly used. AlTnust all

of the buildings contained large machine tools. The large aount of stool, and

the irregular construction of those buildings made it impossible to prepare a

study of the effective shielding as in the case of the two concrete school

buildings. The appearance of the damaged factories is shown in Figures 11 (3N),

12 (3N), 3 (SN), 4 (5N) and 5 (5N). Data on the number of casulties in each

plant was obtained froa the officials of thQ Mitsubishi Corporation and is prob-

ably quite reliable. The figures were collected by the mecmbers of Neikajirats

group, and are presented in detail in his -eport, Appendix 4N (19). For the

purpose of this section, oily the total figres for each plant are presented.

The original report included studies of the blood counts and casualty rates in

each building of the Morimachi Works, nd in certain typos of buildings in the

other plants. The numbers involved were too small to be of much significance.

Better data on the effect of building type on the occupants will be found in

Section 9. The occupants of these three large plants fared appreciably better

than the population as a whole. The killed and total casualty rate for each

plant is tabulated in Table 10. The killed rate and total casualty rate ob-

tained by the random sampling study for the population, generally, at the soMe

distance from the center is iicluded for comparison. The influence on the

21 (11W)
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TABLE 10

CASUALTIES IN FACTORY-TYPE BUILDINGS

Reported Random,
Naue of Plant Meters in October Sampling Study

Distance - Total Total
from Killed Casualty Killed Casualty

Center Rate Rate Rate Rate
650 S2% o,

Steel Factory: 53% 79%

1300 0% 70%

1300 48% 70%
Morimachi Works. 27% 34%

1500 38% 62%

1100 60% 78%
Ohashi Works: 20% 31%

1500 38% 62%

22 (11N)
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incidence of casualties afforded by this type of industrial construction is

shown graphically in Figure 12. Unfortunately it is impossible to ascertain

* the incidence of burns, wounds and radiation injury in the factory workers.

Contemporary reports mention a large preponderance of mechanical injuries over

burns, but the data are incomplete. It is to be expected that people indoors

would be protected from the effects of heat and suffer more from flying debris,

secondary missiles, etc.

(5) An effort was made to secure precise information on the fate of the

occupahts of the buildings of the Hospital of the Nagasaki Medical College,

but it was not very successful. The Acting Dean, K. Koyano, submitted a

report containing sketches of some of the reinforced concrete buildings with the

location and the fate of as many of the occupants as could be determined. In

many departments and clinics there were .o survivors whose recollections were

reliable. In this report 233 persons were accounted for, of whom 58, or 25%

were known to be dead on 1 December. The only other information that was

available on the personnel and patients of the Hospital was the police report

dated 20 August. T.e figures in this report were as follows:

Number of patients, and personnel present ...... 658

Number of known dead.. .198, or 30%

Number of known injured .235

Total Casualties ............................. .433, or 66%

On the basis of the change in the number of dead reported from the factories

between the first accounting, and the "final" October figures, it is reasonable

* to assume that one-half of the injured ultimately died. Using these figures,

the killed and casualty rate for the Hospital becomes: Killed Rate - 48%;

Total Casualty Rate - 66%. The discrepancy between this killed rate and one

23 (1lN)
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from the Dean's report may be explained in part by the fact that

several of the hospital buildings were wooden structures that were

completely demolished. The best rate for the Hospital as a whole would

seem to be the last one cited, and this is the one shown on Figure 12. 
The

incidence of radiation injury in the personnel of the Hospital could not

be determined accurately. The Dean' s report gave no information on this

subject, and the only data available was in the questionnaire study. One

hundred and forty-six persons who were inside the concrete buildings

completed qustionnaires, and of these 56, or 38% had clinical evidence

of radiation injury. In spite of the fact that this figure is not alto-

gether reliable, it is in striking contrast to the experiertce of the

people inside the wooden portion of the Fuchi School, 90% of whom had

radi.ation injury. Since the Hospital was about 200 meters closer to the

bomb, the shielding influence of the concrete construction is apparent.

The type of damage that occurred inside the Hospital buildings has 
been

illustrated in Figures 20a, 20b (3N); and Figure 8 (ON).

It was possible to obtain some infornition on the location of a

sufficient number of persons in the Surgical Clinic and the Polyclinic

to justify a study of the shielding factors. Unfortunately it was not

possible to determine- the exact fate of each individual concerned; and the

only information available was whether the individual was alive or dead

in December 1945. In a few instances, it is known whether the occupants

of the Polyclinic had radiation injury. The details of the construction

of the Surgical Clinic (USSBS Building Number 33) are shown in the

isometric drawing, Figure 22; and in Table llA. The most important group

of people for the purposes of this study were those who were in the

basement, approximately 20 in number. All of these survived, and it is
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TAL L;SURGICAL CLipiC, BLDG l lm3

BASEOIT:

1 2 3 4 5 6 7 8 9

Shielding SHIELD M A T E R I A L Effoctivo Actual
Section Depth IErea Tye Percent Doeth Spee. Doith in Thickness

ScinDphGrave i-,ne_. les Inches

Inches S. .Ft Gray. j--- -Inch-s

Conc. 87.5 8.72 2.3 21.306 6

Ist Floor 9.97 1530 Plaster 12.5 1.25 .0

z' Cone. 87.5 8.72 2.3 6 6

2nd Floor 9.97 990 Plaster 12.5 1.25 1.0

9 36 o 87.5 8.72 2.3 2 " 6
SC o n 1 . 2 .3 0 6

4 3rd Floor 9.97 360 Plaster 12.5 1.25 1.0

Gone. 91.6 13.61 2.3

North Wall 14.85 2160 Plastcr 8.4 1.24 1.0 32.543

Conc. 91.6 15.68 2.3 9
West Wall 17.11 124 Plaster 8.4 1.43 1.0

Conc. 90.9 4.04 2.3 9.702 2.7

ColLmn, 2 4.45 655 Plaster 9.1 0.Z 1i 91.00
Rows/Room

SUidaY: DIEPTi .0 SIThL DII TG EFE' CT iG>1L OF WATM

Maximm: 96 5"; Minimum: 32.5"" Average: 669,
o

'.0



N1.

TABLE iiA (CcontU dJ -LPL'T L 
7  'T" NO. 33

FL ST FLOUR

1 2 3 4 5 6 7 8 9

Shielding S 1 i Z L D M L T E R i L Effective Actual

Section repth Area T rpe Percent Dcpth S-poc Depth in ThIckness

Inches Grav Inche s Inches

Cone. 91.6 8.,30 2.3

Roof 9.97 1441 Plaster 8.3 1. 25 1.0 20.884 6

Tar P'r O.1 0.42 1.2

o 2nid Fioor 9.97 8S36 Cone, 87.5 8.72 2.3 21.306 6
Plaster 12.5 1. 25 1..0 6

rdFor .7 32 Cone. 87.5 8.72 22.306 6
P3rd Floor 9.97 3520 Plaster 12.5 1.25 1.0

Conc. 91. 6 13.61 2.3 
d

Ncrth Wall 14.85 8782 Plasi'or 8.4 1.24 1.0 32543 9

Conc. 91. 15.68 2.3 37499

Wu st WEIi 17.1i 18,12 Plaster 8.4 1. 43 1.0

Columns, 2 12480 Conc, )0.9 4. 04 2.3 9.702 2.7

Rows/room 4± 45 1 0 Pster 9.1 0. 41l 1.0

SUI' IPRY DEPTH F hHIEING VFECT, TI'CVS F ....: zo32.52-_ __ 56.3 :

___ 
0

0iiii
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TABLE IL. (co 3URGICAL CLINiC, BUILDING NO. 33

SECOND FLOOR

1 2 3 4 6 7 9

Shielding S H I E L D P N T E R I A L Efettivn Actual
Section Depth Area Typoe Percent Depth Spec Depth in Thickness

Inches S2.Ft Gray Tcbes Inchus

Cone. 91.6 8.30 2.3

Roof 9.97 5377 Plaster 8.3 1.27 1.0 20.884 6

Tar P'r 0., O. /,2 1.2 O

52 Conc. 87.5 8.72 2.3 21.306 6

3rd Floor 9.97 5525 Plaster 12.5 1.25 1.0

( Conc. 91.6 13.61 2.3 32.543 9
North Wall 14.85 5984 Piaster 8.4 1.24 1.0

Conc. 91.6 15.68 2.3
West Wall 17.11 1020 Plaster 8.4 1.43 1.0 37.494

Columns, 2 Cone. 90.9 4.04 2.3 2.7

Rows/re om .45 7800 Plaster 9. 1 0,41 1.0 9.702

SU1I1NRY: DEPTH OF SFIDING EFFECT, INCHES OF -- I T

Mxirjqaw: 11; I_nirm: 3 2 5;- za 44. 1

c )



TABLE 11A (_c]3 d) URGiChL ii BUIDNG NO. 33

THIRD FLOOR

1 2 3 4 5 6 7 8 9

Shielding S H I E L D M A T E R I A L Effective Actual

Section Depth Arba Type Percent Depth Spec Depth in Thickness

Inches SgFt- Grav Inches Inches

Conc. 91.6 8.30 2.3

Roof 9.97 5292 Plaster 8 3 1.25 1.0 20.84! 6
o Tar PIr 0,1 0.42 12

Cone. 91.6 13.61 2.3

North Wall 14.85 2868 Plaster 8.4 1. 24 2.0 32. 54

eWa 11 50 Conc. 91.6 15.68 2.3
West Wal1 17.11 540 Plaster 8.4 1.43 1.0 37.94 9

Columns, 4.45 4660 Conc. 90.9 4.04 2.3 9.702 2.7

2 rows~m Plaster 9.1 0.4 1.0

SUIJYIRY: DEPTH OF SHIELDING !2PE0T, INCIE, OF WATER

Yzximum: 112.1; Mini um: 20.8 Avcrr.ge: 31.5

PD
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known that a small number of them received radiation injury. The amount

of shielding in the part of the basement where they were located varied

from 75 to 96 inches of water. Accordingly, it may be stated that at a

distance of 900 meters from the airburst the equivalent of 75 inches of

water, or 32 inches of concrete, was more than sufficient protection to

prevent fatal radiation injury. Since some of those people wore uninjured,

and since the maximum shielding was 96 inches of water., it appears that

at this distance, 96 inches of water was sufficient to protect from radiation

injury. The drawing of this building is especially interestinig, since it

illustrates on the first floor the effect of the additional shielding of

the fire stairs. It can be seen that the people who were in the shadow

of this additional material suiwived, while persons outside it died. The

numbers on the drawing, Figure 22, indicate the amount of shiolding in

inches of water, equivalent, that was afforded in different parts of the

building.

The resilts of the study of the Polyclinic (USSBS Building No. 26)

are shown in Figure 23, and Table 12A. The symbols on the drawing indic-

ate only whether the subject was dead or 2live in December 1945. The

amount of shielding that protected a few individudls who are known to have
been uninjured is shown in Table 12B. There was fire in each of these

buildings after the bonbing, but it appears to have developed slowly, and

probably was not responsible for many of the deaths. With respect to the

estimates of the amount of shielding necessary to prevent radiation injury

which were cited in the paragraph above, it is of interest to note in

Table 12A, that some of the columns in the Polyclinic afforded the equivalent

of 61 inches of water. Such columns were 18 inches thick.
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TABLE !2AG POLICL!TIC BUIL! T. 26

FIRST FLOOR

I 2 3 4 5 6 7 8 9

Shielding S Hi I E L D L T E R I A L Efleotive Actual

Section Depth Lrca Type Percent Depth Spec. Depth in Thickness

inches Sg.Ft Gray,. Inches Inches

Cone. 71.4 9.07 2.3
Roof 12.7 341 Tile iL.3 1.82 2.6 27.35 7

Plaster 10.7 1.36 1.0
Tar PIr 3.6 0.41 1.1

, Cone. 64.5 9.07 2.3

3rd Floor 14.05 2190 Wood 25.8 3.63 0.5 24. 00 7-3/4
-Plaster 9.7 1.35 1.0

2nd Floor 14.05 4084 Some as 3rd Floor 24.00 7-3/4

Columns Conc. 91.6 25.3 2.3
Center 8.Picter 8.4 2.3 1.0

Nor. al 13.00 630 Conc. 8/.6 11'75 2.3 29.10 9-3/4
Plaster 15. 4 2.14 1.0

Bcas, 2nd, 22.90 1253 Co8. 87.5 20.0 2.3 49.00 12

3rd Flr& Plaster 12.5 2.9 1.0
Roof

GQ

North Wall 12.35 4480 Cone. I00.0 12.35 2.3 28.410 8 D

LA)

West Wail 15.00 1070 Conc. 100.0 15.0 2.3 34.50 8

Inter.Wal! 12.35 3990 cas~er 8 10:05 25.40 8Rate c: 2.3
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TABLE 12A (cont'd), POLYLIAIBUILDING NO. 26

FIR$T FLOQR

1 2 3 4 5 6 7 8 9
Shielding S II I E L D M A T E R i A L Effective Actual
Section Depth Area Type Percent Depth Snoc. Depth in Thickness
______ Inches G _ Gray. Inches Inches

Wood 40.0 2.OL 0.5
Partitions 5.11 3360 P 60.0 3.07 1.0 4.09 2-1/2

Balcony, 2nd 14.05 239 Cone. 100.0 14.05 2.3 32.30 7-3,'4

Windows, North 0.145 936 Glass 100.0 0.145 2.8 0./06 .09

. Windows, West 0.179 210 Glass 100.0 0.179 2.8 0.501 .09

Second Floor

0

Cone. 71.4 9.07 2.3
Tile 14.3 1.82 2.6

Roof 12.70 1015 Tar P'r 3.6 0.41 1. 27.35 7
Flaster 10. 7 1.36 1.0

Conc. 64.5 9.07 2.3
3rd Floor 14.05 1988 WO1dod 25.' 3.63 0.5 24.00 7-3/4

Plastor 9.7 1.35 1.0

Wall, I'frth 12.35 1795 Cone. 100.0 12.35 2.3 23.40 8

Wall, West 15.00 926 Cone. 100.0 15.00 2.3 34.50 8
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TABLE 12A (cont'); pcLYCLI.TIC: BUILDING 110. 26

SECOD FLOOR

1 2 3 4 5 6 7 8 9

Shielding S H I E L D M A T E R I A L Effective Actual

Section Depth Area Type Percent Depth Spec. Depth in Thickness

Inch s t -- - Grav. inches Inches

Interior 12.35 2362 Cone. 81.3 10.05 2.3 25.4 7
Plastor 18.7 2. 30 1.0
irood 40.0 2.04 0.5 -/

Partitions, 5.11 975 Plsd 60.0 3.07 1.0 4.09 2-1/2w6 u North & South Plaster 60.0 3.07 1.0

Bems, Roof 9 Cone. 87.5 20.00 2.3 49.00 12
P & 3rd Flr Plaster 12.5 2.90 1.0

Columns Conc. 91.6 12.70 2.3
Nor.Wall 13.90 214 Plaster 8.4 1.20 1.0 30.40 18

Columns, Cone. 85.0 11.6 2.3

Central Plaster 15.0 2.3 1.0

WindowsNorth 0.145 342 Glass 100.0 0.145 2.8 0.406 .09

Windows, West 0.179 186 Glass 100.0 0.179 2.8 0.501 .09

SUKv4taY: POLYCLINIC, FF3T FLOOR: 201" M-aximum 164" SEC011D FLOOR
.406 Minimum .406

106 " Average 92
I'o
O'J
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NAG&SAKI

TABLE 12B

SHIELDING DATA FOR CERTAIN PERSONS IN POLYCLINIC,,BLDG,- No. 3

First Floor Second Floor

Nimber* Effective Outcome Number Effective Outcome

Shielding Shielding

Inches, __ Inh

1 163 Lived,R.I.** 1 -105 Livod,R.I.

7 235 LivedR.I. 6 170 Livod,R.I.

12 113 Died, R.I. 7 125 Died, R.I.

13 153 Lived 9 28 - 61*** Died, R.I.

16 158 Lived 11 117 Lived

19 139 Died 13 23 - 61 Died, R.I.

25 88 Lived.,R.I. 14 28 - 61 Died, R.I.

30* 112 Lived,R.I.
31 110 Lived
35 232 Lived

Notes: * Number: refers to number on Figure 23; and to numbers in the

Special Report prepared by Dr. K. Koyano, on file at the Army

Institute of Pathology.
* R. indicates that the person in question had clinical

symptoms of radiation injury. Where there is no notation, the

person did not have symptoms of radiation injury.

• The movement of this individual one foot in either direction

would change the amount of shielding through the range shown.

Comments: The location of these persons was established from free-

hand sketches of the Polyclinic, and ars very likely rather

inaccurate with respect to the structural details of the

building. For example, the moving of Number 7 (First Floor)

a foot or so in either direction would reduce the amount of

shielding by 122 inches!

The agreement of this data with the information gained

from a study of the Surgical Clinic (Building No. 33) As not too close.

The main information of value to be obtained from the latter building

is the fate of the 19 people in the basement; and accordingly the deductions

as to the amount of shielding required at this distance is based on

the fatb - of that group, rather than on the fate of the people in the

Polyclinic.
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(6) It has been demonstrated in the Statistical Section (9) that

the people who were inside caves and tunnel-shelters suffered the least

effects from the atomic bomb. A special study of the survivors from

the cave behind the Shiroyama School, and from three caves on the side

of Prison Hill, directly beneath the bomb, was made by the Japanese

members of the Joint Commission, and is filed in the Army Institute of

Pathology. There is no doubt but that people well inside caves were

completely uninjured. Those close to the entrance, or situated within

sight of the airburst fared thc same as people outdoors. Two of the

eye-witness accounts (Appendix 3N, 16 and 17) describe the conditions in

caves almost directly beneath the airburst of the bomb. Up-fortunately

none of the studies include moasuremcnts of the thickness of the erth and

rock that formed the roof of the caTos, and afforded the protoction against

the ionizing radiation. The ppoar ,nce of the exteriors of two of the

shelters of this type is shown in Figures 24 and 25, and from these a

goneral impression of the thickness can be gained. In the absence of

specific measurements, no further discassion of this type of shelter is

warramted.

The effectiveness of trench-shelters, and of other typos of air-

raid shelter was not studied by the Joint Ccmiission. Reference to

the usefulness of this type of protection is found in the Report of the

British Mission to Japan. On the basis of the data presented for the

School and Hospital buildings, however, it is possible to estimate 
the

amount of heavy material required to protect persons from the rrcdiation

of the atomic bomb.

34 (llN)
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SUN1ARY

The significant findings reported in this section are of three

sorts:

A. Effect of heavy construction.

(1). It has been shown that heavy reinforced concrete construct-

ion as close as 500 meters to the center (700 meters from the airburst)

afforded a very small measure of protection to the occupants, about 1.Oi

of whom survived the bombing, as compared with no survivors among people

at the same distance in the open, or in wooden buildings.

(2). In reinforced concrete buildings, such as those of the

Hospital, at a distance of 900 meters from the airburst, the effect of

heavy construction was appreciable; and the killed rate among the occupants

was about 2/3 that of people selected at rardom, and presuied to be in

less substantial quarters. The incidence of radiation injury in survivors

in the Hospital buildings was at least one-half as great as the incidence

among people inside wooden buildings at an equivalent distance.

(3). In modern-type factories devoted to heavy industry, the

killed and total casualty rates were considerably lower than for the

population at random, who may be assumed to have been in less protected

locations.

(4). Deep caves were the safest shelters in Nagasaki.

B. The intensity of the ionizing radiation: One exemple is available

which permits an estimate of the point at which the intensity of the

ionizing radiation was such that approximately 50b of those affected by it

died. This point was the wooden building of the Fuchi School, approximately

35 (IN)
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1100 meters from the airburst.

C. Shielding factors.

(1), At a distance of approximately 700 meters from the airburst,

the intensity of the ionizing radiation was such that at least 3 feet

of concrete was necessary to prevent fatal radiation injury. At the

same distance, from 5 feet to 7-1 feet of concrete was required to pro-

tect against radiation injury.

(2). At a distance of approxitkitely 900 meters from the airburst,

tho intensity of the ionizing radiation was such that approxiately 32 Inches

of concrete was more than sufficient to prevent fatal radiation injiry.

At this samc, distance approximatoly 3t feet of concrete was adequate

shielding to prevent radiation injury.
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Figure 2--(13). Fuchi School. 1000 meters. General view looki south-
east over damaged area. The school is in the center of the picture. The
foundation stones of the wooden portions which were totally demolished can
be seen. kPhoto File # NG 117.)

0
Figure 3--(22N). Fuchi School, 1000 meters. Scene is the courtyard showing
the machine shops, and the caved in roof of a light steel and concrete shop.
Fire has destroyed all the blasted structures. (Photo File # NB 317.)

RESTRICTED



RESTRICT ED

Page 243

)

Figure 4--(lN). Fuchi School, 1000 meters. Scene in the upper court-
yard. The structure at the left is a reinforced concrete fire-stairs
which joined two wings of the wooden buildings. (Photo File # BB 322.)

I

Figure 5--(llN). Shiroyama National School, 500 meters. General view
from the east, the direction facing the bomb. Notice the caved-in portions
of the south wing. (Photo File # NB 408a.)
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m ......... ........... ...-

Figure 6--(llN). shiroyama National School. View of the main entrance.
Notice the depression of the stone steps due to blast. (Photo File # NB
323.)

Figure 7--(1N). Shiroyama National School, 500 meters. Close-up view
of the South wing showing the collapse of the roof and the 3rd floor.
(Photo File # NB 308.)
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Figure 8--(IIN). Shiroyama National School, 500 meters. Interior view,
3rd floor of the south wing, showing the collapsed roof. There were no
survivors among the 66 people who were on the 3rd floor. (Photo File #
N 313.)

Figure 9--(IIN). Shiroyama National School, 500 meters. Interior view
of second floor, west wing. There was only one survivor of the 7 people
in this room. (Photo File # NB 312.)
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Figure 10--(1N). Shiroyama National School, 500 meters. Interior view,
2nd floor, south wing. This wing was originally divided into 4 rooms by
partitions, all of which have been wrecked. Of the 29 people in these
rooms, only 4 survived. (Photo File # NB 311.)

i2

Figure ll--(IlN). Shiroyama National School, 500 meters. Interior view,
1st floor, north wing. Notice the shattered remains of the wainscotting
and interior trim. This did not burn. One person of 7 survived in this
room. (Photo File # NB 309.)
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KILLED RATE AND TOTAL CASUALTY RATE
NAGASAKI

MODIFICATIONS DUE TO SHIELDING AFFORDED BY BUILDINGS
Percent

1O0 CHINZEI ond SHIROYAMA SCHOOLS
90 f(Concree Buildings)

90 - FUCHI SCHOOL [t "
(Wooden Buildings) - Total Casualty Rate

s0 X - Killed Rate

70

t-i60 W ____

co * HOSPIrAL a
F3 50 x Q 7®r.n, V. , ve1-

W\ W

40 A

1-3 30 -3
0 ARMS \

0FACTORIES U_

0

Miles 0.5 L.0 1.5 2.0 2.5 3.0
I I I IIIII

Meters 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
SI I I i I I

Ring WZs 1 2 3 4 5 6 7

HORIZONTAL DISTANCE
Figure 12--(11N). Smoothed curves for killed rate and total casualty rate,
shown in relation to similar rates for specific buildings. (Photo File #
NP 166b.)
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Figure 13--(llDN). Chinzei Middle School., 300 meters. Interior viewp let
floor, looking into the cellar, through the broken floor. Four of the 5
people in the cellar survived. (Photo File # N~B 303.)

Figure 14~--(11N). Chinzei Middle School, 500 meters. Exterior view of
the front of the school, facing east, showing the damage to the roof and
the upper two floors. See also Figure 17a~b O3N). (Photo File # N~B 4o 9b.)
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Figue 15--(llN). Chinzei Middle School, 500 meters. InterLow view, 4th
floor, showing the depression of' the roof'. There were no sitrvivors on thisfloor. (Photo File 9[ NB 307.)

Figure 16--(l1N). Chinzei Middle School, 500 meters. Interior view, 3rd

floor. This room was empty at the time of the bombing. There were, how-
ever, no survivors on other portions of this floor. (Photo File # 10 306.)

RESTR I CTED



RESTRICTED

Page 250

mS

Figure 17--(IIN). Chinzei Middle School, 500 meters. Interior view, 2nd
floor. Notice the heavy construction and the evidence of fire damage to
the wooden structures which were stripped from the walls by the blast.
All 36 persons in this section of the 2nd floor died. (Photo File # IB
305.) i 7,

Figure 18--(llN). Chinzei Middle School, 500 meters. Interior view, 1st
floor, showing a room used as a shop. There were 2 survivors among the
13 people in this room. (Photo File # NB 302.)
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Figure 19--(llN). Chinzei Middle School, 500 meters. Interior view, 1st
floor, south wing. Notice the debris that has been stripped from the walls.4 There were no people in this room at the time of the blast. (Photo File #
NB 301.)
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Figure 24--(llN). Exterior view of a cave in Okamachi (Cave # 1), 200
meters north of the center. People well inside the cave survived; tnose
at the entrance were instantly burned to death. (Photo File # NB 328 A.)

Figure 25--(1lN). Shiroyama. National School, 500 meters. Cave shelter
behind the school. The three entrances are partially concealed by mounds
of earth which act as barriers. People who were inside the cave and were
not burned survived. (Photo File # NB 329.)
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