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ATOMIC BOMB RADIATION DOSE ESTIMATION AT ABCC
ABCCIL S 2RBHEBOKMEKT

SEYMOUR JABLON, M.A.

Department of Statistics

SUMMARY

The methods of A-bomb radiation dose estimation
employed at ABCC are described. Consideration is
given to questions concerning the accuracy of
individual dose estimates. Statistical properties of
the dose distributions and estimation procedures are
examined and lead to the conclusion that the
estimated dose is not a linear function of the true
dose, low doses being slightly underestimated and
large doses overestimated.

INTRODUCTION

The purpose of this report is to discuss a variety of
aspects of dosimetry. The estimated radiation dose
is the essential independent wvariable in ABCC
analyses directed at investigation of radiation effects.
Since the availability of the T65 dosimetry system
in 1968, estimated doses have been used increasing-
ly. Analyses have not only explored the existence
of dose-effects, but have, naturally enough, asked
further questions about established effects such as:
“Is the dose response linear?”, and “What is the
relative biological effectiveness (RBE) of fission
neutrons as compared with gamma radiation?”

The discussion herein makes no pretense at being
exhaustive, either as to the topics considered or as
to any particular topic. However, it is hoped that it
will nevertheless be useful.
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The author has drawn heavily on information gained
in conversation and by correspondence with our
collaborators at Oak Ridge Natiorral Laboratory
{(ORNL), especially John Auxier, Joseph Cheka, and
Troyce Jones. However, the author is exclusively
responsible for any errors of interpretation or
factual statement.

Because much of the following is concerned with
errors in dose estimates, I must emphasize here that
no criticism is thereby intended of any of the
persons whose dedicated effort has gone into the
dosimetry program over the years. It is a fact,
however, that physical measurements in the real
world are always affected, to a greater or lesser
degree, by error. Were this not so there would be
little need for statisticians, whose principal business
it is to try to assess the role of error (usually
sampling error) as it affects ousr ability to draw
conclusions about nature from imperfect data. Up
to this point of time (1971) we have all been too
busy generating numbers to spend very much time
coolly assessing just how good they are. However,
now that the major part of the task of preparing
tens of thousands of individual dose estimates is
behind us it is time to review the process, to decide
just how much weight the bridge will bear. This
document is but a first step in that direction.

DOSIMETRY
General

By a dosimetry system we mean a system for
calculating estimated doses to the survivors. By an
error in the dosimetry system we mean an error in
the way some or all doses are calculated which
arises from inherent error in the formula (for
example, such as would follow from a wrongly
estimated air dose curve). We distinguish errors in
the dosimetry system itself from errors in individual
dose estimates which arise because the history that
the survivor or a living relative gave to the interview-
er was incorrect, or because of a clerical error in
coding or transcription.

We shall pay a great deal of attention to errors in
dose estimation, both those that may arise from
errors in dosimetry and others. However, we must
emphasize that we do this not because of any
conviction that dose estimates are necessarily any
more erroneous than, say, diagnoses made in the
clinic, but because some of the kinds of error that
can occur have fundamental implications for results
that we are aiming at, and can distort apparent
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patterns in a profound way. Most of the physicians
and other analysts at ABCC are well-acquainted with
the idea that diagnoses are sometimes erroneous,
and it is almost second nature to make appropriate
adjustments in conclusions to allow for this. How-
ever, there is something so seemingly absolute about
a number like 184 rad that the unwary analyst may
credit the estimate with more precision than it
necessarily has.

Moreover, it is surprising how various are the ways
in which error can creep into dosimetry, and more
surprising still are the implications of some of these
forms of error. The situation is much more compli-
cated than for errors in diagnosis, which are usually
of a simple kind: a diagnosis may be missed
entirely, or made erroneously, or two different
diseases may be confused with each other.

Elements of the Dosimetry System

There are three essential components to the process
of estimating the radiation dose received by a
survivor:

The free air dose must be known at any point
for both neutron and gamma radiation. This is
the problem of the so-called “air dose curves”;

The effect on the dose of various kinds of
structures or natural obstacles in various configu-
rations with relation to the survivor must be
known. Such “shielding’” usually results in a
decreased dose to the survivor from what he
would have received had he been totally un-
shielded, but in some situations can result in
“enhancement”” of dose rather than the more
common ‘“‘attenuation’;

The location of the survivor at the time of the
bomb (ATB) must be known, not only as to
distance from the hypocenter and elevation, but
also his location in relation to structures that
were significant as to shielding.

Air Dose Estimates

In order to create air dose estimates, one needs to
know:

The output of the explosion in terms of gamma
radiation and neutrons;

The rate at which the intensity of each radiation
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changed with increasing distance from the burst
point;

The exact location of the burst.

As to the first point, the output of the weapons, an
important fact is that the Nagasaki weapon, a
plutonium implosion device, was one of a series,
some of which were fired under controlled test
conditions. The characteristics of this type of
weapon are, therefore, known fairly well and we are
told that there is little variation in output. Just
how much “little” is has not been stated with
any precision, but one gains the impression that the
physicists believe that +10% represents the variation
that they consider credible.

The best estimates of the ORNL group, at this
time, are that the energy yield of the Hiroshima
weapon was 12.5 kilotons, and of the Nagasaki
weapon, 22 kilotons.! As remarked above, the
yield in Nagasaki could be fairly well estimated on
the basis of tests of similar weapons, but the yield
in Hiroshima could be estimated only from thge-
retical calculations, backed by surveys of physical
damage. Notable was the very careful evaluation
by Lord Penney of the United Kingdom Atomic
Energy Authority of the effects of blast and heat in
both cities.2 Lord Penney’s analysis leaves the
reader in little doubt that the total explosive yield
in Hiroshima was within 10% of the value
12.5 kilotons.

The Hiroshima weapon, however, was unique, not
only in that it was a uranium 235 rather than a
plutonium weapon, but also in that the device
acted like a gun, in which one subcritical mass was
fired against another. Therefore, the critical mass of
the Hiroshima weapon was not surrounded by a
spherical shell of high explosive end products (rich
in nitrogen and hydrogen) as was the Nagasaki
critical mass at the instant that the chain reaction
was taking place. Furthermore, the critical mass in
the Hiroshima weapon was surrounded by more
than 6 inches (15 cm) of steel and other heavy
materials. These slowed the neutrons down con-
siderably and produced a neutron spectrum pre-
dominantly consisting of much lower energy
neutrons than most fission devices.

Nitrogen has what is called a “large cross-section”
for fission neutrons, that is, there is a high
probability that the nitrogen nucleus will capture
the neutron, emitting a high energy gamma ray.
Many complex processes are going on at the time of
the explosion and during the first few seconds there-
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after, but we are told that the two processes that are
of paramount importance are the primary escape of
fission neutrons from the critical mass and the
subsequent generation of high energy gamma radia-
tion by nitrogen capture of neutrons and the
slowing down and capture of many neutrons by
hydrogen, producing somewhat lower energy gamma
rays.

Since the Nagasaki weapon was completely sur-
rounded by fairly dense nitrogen and hydrogen in
the high explosive end products, few of the fission
neutrons actually escaped from the weapon, which
instead became a source of intense gamma radia-
tion. However, since neutrons from the Hiroshima
weapon were not thus blanketed, large numbers of
them were emitted to the surrounding atmosphere,
where they interacted with atmospheric nitrogen to
produce gamma rays. However, nitrogen in air is
very much less dense than in detonation products
and hence neutron flux was of importance out to
considerable distances from the point of detona-
tion. The gamma radiation produced by the
Hiroshima weapon was, therefore, a mixture of
gamma rays produced (as in the Nagasaki weapon)
by interactions with the weapons materials them-
selves, and also of gamma rays produced by
neutrons in a large air mass. Without going into
the details of why it happens (not known, in fact,
to the writer) suffice it to say that one consequence
of this is that in Hiroshima gamma radiation fell off
more quickly with distance from the epicenter than
in Nagasaki, although this does seem surprising.
Moreover, the fissioning uranium 235 of the
Hiroshima critical mass produced slower neutrons
than the plutonium of the Nagasaki weapon, and
these, being slower, were less efficient at producing
gamma rays through nitrogen capture reactions.

We may mention at this point something about the
timings involved in the burst.  According to
Glasstone,” the blast front (which carries about
50% of the total energy yield) is generated almost
instantaneously - and has reached a distance of
560 m from the hypocenter by 1.24 seconds after
detonation, 1400 m by 3 seconds, The heat output
of the fireball occurs during the first 3 seconds
after detonation and amounts to about 35% of the
total energy. The radiation output, accounting for
about 15% of total energy, is not emitted so
sharply however: Although 55% of the gamma
radiation output occurs within the first half-second,
the remaining 45% (from fission products) is spread
over the next 10 seconds or so, in a process which
decays exponentially. The neutron radiation,

EH&o2, 3BHIzZ0EELBBRIEZ Y, Kb
HRAEToOBBIE, MAHE» 03 RPETFORN
&, BEOPMEFHECLIE ALY - - U v HO
RELTHY, s51ikFliL32{ 0hEFoORE
LSRN, PREIANT D v BHBUE E
3.

BRWDFERE, BEOSVEEERECIELBRELEL
HEMNTEETCEECHEA T EOT, ERICELED
SRR TR, RB L, ZhA b TN
YRBOEER L. L L, REBBETCIEPETILS
DEICHERT RS, ZROPETIEFE
ORFHIIHEEh, RRPOERELHEAFEHRREZZ L
THy2fEEELE. LaL, ZRhosH0EEE
SEWETOZI ALV EZ P CECD T, PETHILE
AShoraVOBEBEIETERMEELOLOTE 5 /.
LEdoT, EBOFBICL-THE LAy <8IL, B
BOSAMEOHBEERIZE->T (EBOBED L H12)
BEELAFywHe, FEFIIE->TRAFIZEL LA
YTBOBEMThH oL, CORROFEROEM (A
i, BREICLbDEL V) LABET AN, ZOHRRD—
DFERELT, LA LITE, BERBOA Y vHER
LD S ONRECIE U TREOHSED & 2RI L
oA BEFLISE., 612, REOBERUEOE TR
M7= L23BE, BEOEMOTV =Y A kDY
BoOPEFEEEL, 2hAW CEFMRMERICLS A
YRBEECHLTLAEIR AR

ZIT, BROBRLIEMEOMFIZOVTETHAT
& 7z, Glasstone (2 L i, BEGIRE (BT 50L&~
DFS0% MR XEEAS—BIILTES R, B
#1250 a0 5 560 m, 3 FT1400m o BEEE I E
Lz, koA olEEhZ20IBEE 3TMIZ %4
L, i s + V¥ —D#35%% Ew 5. Bt
MIANY 0% e 24, UL, SIFEXEE
izt Es v, Fry vBEROB%IEETO KT
PNICEESh 22, BOHEEDOR) 046% 1K
zEP L a5 A0 s nithis THIENRS.



however, is all received in the first few tenths of
a second.

This is mentioned because, even if one knew the
orientation of a survivor at the instant of detona-
tion, movement during the first second or two
after the flash would insure that the radiation did
not all impinge on the body from the same
direction. The locations of burns are not necessarily
a wholly reliable guide to the direction from which
all radiation was received.

It is worth mentioning here that all radiation
arriving at a point did not travel simply along the
line of sight from the detonation. Both gamma
rays and neutrons are scattered by interaction with
the atmosphere, neutrons more than gamma rays.
Most visible light received from the sun arrives as
direct rays, but substantial amounts are scattered
producing the blue sky. Gamma radiation is
scattered much more than sunlight. Further,
gamma rays were produced by nitrogen capture
reactions in the atmosphere. The net effect was
that although the intensity with which gamma
radiation was received was greatest along the liné of
sight to the burst, very substantial amounts of
scattered radiation also arrived from all directions.
Tables prepared at ORNL show the directional
distribution of energy received, and are used in
connection with the “globe” in estimating the
attenuation produced by the shielding effects of
nearby structures (see below).

The second issue is the manner in which intensity of
radiation decreases with increasing distance from the
epicenter. The general expression which describes,
at least approximately, this relationship is given by
the formula:

D=

In the above formula, D is the dose in rad. G is a
constant, differing for each weapon and type of
radiation, and tells roughly how much radiation was
emitted. This is not strictly true, but will do for
present purposes. R is the distance from the
epicenter - the so-called “‘slant range”. The squared
term in the denominator is the familiar inverse
square law. However, beyond the inverse square
fall-off in intensity, which would apply even if the
medium (like a vacuum) were completely transparent
to the radiation, there is another factor to take
account of the fact that actually these radiations do
interact with air and consequently are attenuated.
The constant L is a measure of “transparency”: an
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L of zero would characterize a completely opaque
medium in which there is no transmission of
radiation from the source. The value of L, called
the ‘‘relaxation length”, for gamma radiation in
Hiroshima is given as 250 m for T65D. To see the
importance of this number, consider the radiation
at 2000 m (slant range) from the epicenter: Since
L is 250, the ratio R/L is 8. At 8 relaxation

lengths, the value of the exponential factor e R/L

is e=8 or only .000335. At 1500 m the value is
.002479. So, while the inverse square law cuts the
intensity of the radiation by the factor (1500/2000)?
or .5625 between 1500 m and 2000 m, the
exponential factor decreases in the ratio .000335/
.002479 = .1351. Thus, the inverse square decrease
alone would yield an intensity at 2000 m more than
50% of that at 1500 m; but the imperfect trans-
parency of the atmosphere cuts this by a further
factor of more than 7, so that in fact, the
intensity at 2000 m is only 7.6% of the intensity at
1500 m [(.1351) X (.5625)=.0760].

Our purpose in belaboring this issue at such length
is to stress the over-riding importance of the
exponential factor, that is to say the relaxation
length, in determining the rate of fall-off of radia-
tion with increasing distance from the hypocenter.
Unfortunately, the relaxation lengths applicable to
the radiation from these weapons are not so easy to
determine accurately. They depend, not only upon
the air density and composition, but also upon the
energy spectrum of each type of radiation. The
gamma relaxation length in Hiroshima seems espe-
cially difficult, because gamma rays were produced
by neutrons as they interacted with air, so that a
calculated estimate of the effective gamma relaxa-
tion length must involve a prior estimate of the
relaxation length for neutrons.

Following the work of Higashimura et al,4
Hashizume et al® of the National Institute of
Radiological Sciences (NIRS), with the collaboration
of the ORNL group, have attempted to avoid
these theoretical problems by making direct mea-
surements. It turns out that some glazes, in
particular those used on roof tiles in Japan, can
record gamma radiation. Energy from the gamma
radiation is stored in a molecular configuration,
and released only when heated to a high tem-
perature, yielding a so-called “thermoluminescence”,
The only problem with this method is that its use
demands obtaining tiles that were unshielded and
so recorded the gamma ray intensity accurately,
that have not been moved since the instant of the
explosion so that their location can be accurately
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plotted, and that have not been affected by fires
whose heat would have discharged prematurely some
or all of the stored energy which must be measured.
Further, since the measurement is delicate, a number
of tiles must be obtained to allow for repeated mea-
surements to obtain accuracy. Neutron flux can also
be measured, the measurement again being less direct
than one would like, Cobalt, which is present as an
impurity in iron, is susceptible under bombardment
with “slow” or ‘“‘thermal” neutrons to activation,
that is, transformation into the radioactive isotope
%Co. One could measure the %°Co activity in
iron, and thus obtain a measure of thermal neutron
flux. However, practically all of the neutrons
emitted by the bombs were highly energetic, not
thermal. It was conceived, however, that since
neutrons give up energy in passing through sub-
stances like concrete, one might be able to make
progress by seeking pieces of iron that were
embedded in sufficient quantities of concrete; the
energetic bomb neutrons would have been slowed
by the concrete and then reacted with the cobalt in
iron as thermal neutrons. By measuring the level of
cobalt activity in such iron now, after allowing for
radioactive decay over about 20 years, one cduld
estimate the fast neutron flux ATB.

It is evident that it was no easy task that Hashizume
and his colleagues set themselves. Merely to obtain
samples was a difficult job. On those occasions
when ferroconcrete buildings that had been present
ATB were to be torn down, Dr. Hashizume, along
with members of the ABCC Shielding Section,
would patiently stand by, eager to obtain their
documented samples at the appropriate moment.
Calibration of the method required experimental
bombardment of iron samples in concrete with
energetic neutrons at known flux in order to learn
the numerical relationship that would allow extrapo-
lation of the results of cobalt counting back to the
original neutron flux. This work was done by the
ORNL group, at Dr. Hashizume’s request, using the
Health Physics Research Reactor as a neutron
source. The air dose curves provided by ORNL asa
component of the T65 dosimetry system, and those
of Hashizume et al of NIRS, are shown in Figure 1.

The Effect of Shielding

Generally speaking, there are a few standard shield-
ing configurations that survivors were in:

In the Open with no Large Structures Near Them in
Any Direction. Few survivors at distances less than
1000 m were so situated; although some persons
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FIGURE 1 AIR DOSE CURVES
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report being in the open at close distances the
stories must be considered as mistaken since the
intensity of blast and heat effects at near distances
were such as to make survival impossible for a
person exposed in the open. Survivors who stoutly
aver such experiences may be sincere in their state-
ments; however, there is a possibility of post-
concussion amnesia with a resulting erroneous story.
The amnesia that sometimes accompanies shock
and concussion is a well known syndrome. The
fact that so few survivors do not remember the
details of the event may be taken to imply that
those survivors who are amnesic for the explosion
have substituted for their actual experiences a
satisfactory surrogate. In any case, dose estimates
are easily made for survivors who were in the open,
and consist merely of the estimated air doses at the
assumed location of the survivors. In Hiroshima, of
the 15,000 survivors within 1600 m from the
hypocenter, about 1200, or 8%, have air dose
estimates (Table 1).

In Houses of Common Japanese Light Wood and
Tsuchikabe Construction. The majority of survivors
in each city were so situated. The ORNL dosimetry
group did extensive experimentation at the Nevada
test site, using analogues of Japanese houses of
several types singly, and in groups at Operation
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TABLE 1 T65 DOSE ESTIMATES BY PROCEDURE

#1 TeEoDaREHEE: Hikhl
Hiroshima <1600 m Nagasaki <2000 m
Procedure T &b £ il
i Number &) #: % Number f#i %
Air dose alone EREMR S 1209 8.0 1831 258
Nine parameter formula 9 /15 4 — % — K3 9786 65.0 3742 52.8
Globe study yo-—7HHE 2051 13.6 880 12.4
Average transmission 1 3% 2006 13.3 635 9.0
Total fE 99.9 7088 100.1

15052

From Milion & Shohoji®

BREN and other weapons tests prior to the test
ban in 1958.°

The houses contained gamma ray dosimeters and
neutron detectors at various locations, and the air
dose was monitored by detectors outside of the
houses. As a result of these experiments, it was
determined that the effective shielding (attenuation
factor) provided by being in a house could.be
expressed in terms of nine parameters: such items
as the height above the floor, which floor (of a
two-story house), the slant penetration distance
along a ray path from the point of entrance of the
house to the point in question, presence of lateral
or front walls, external buildings or walls in the
direction of the burst.

According to Cheka et al,6 under the experimental
conditions in Nevada, the nine parameter formulas
gave results accurate to £ 6% in half the cases, and
accurate to £ 17% in 90% of the cases. This
corresponds to a standard error of estimate of
about 10%. In actual use, of course, the formula
could not perform so well, since, unlike the
experimental situation wherein the various para-
meters could be specified exactly, we must rely on
the statements of the survivors for information as to
height from the floor, exact position in the room
(for calculation of slant penetration) and so on.
The standard error of the estimated attenuations
(root mean square difference between estimate and
actual) therefore must exceed 10%, but there is no
easy way to determine by just how much.

In Heavy, Concrete Structures. Although only a
small proportion of all survivors were in heavy
concrete structures, of those who were near to the
hypocenters, especially in Nagasaki, a large propor-
tion were so situated. The reason for this is that
these structures provided fairly effective shielding
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against blast and radiant heat and at points near to
the hypocenters few persons survived whe were not
so protected.

Dose estimates are created, when possible, for such
survivors by a “globe” operation. It is necessary to
mark on a model of the building the exact point at
which the person was located, The “globe” (a
spherical projector devised at ORNL) s placed at
this point and projects onto the surrounding walls,
ceiling and window areas reticulations which when
counted yield the solid angles subtended by these
various structural elements. Separate counts are
made within different bands of solid angle from the
ray directed toward the epicenter. The counts,
taken in conjunction with ORNL prepared tables
which show the components of total dose that come
from vraious directions, after allowing for attenua-
tion by so many centimeters of concrete in the wall
(and taking into account where the wall is made
thicker by the presence of columns) yield finally a
“globe estimate™. Our purpose in detailing as much
of the procedure as we have has been to lay a
foundation for our conclusion that although we
cannot assign a number to represent our assessment
of the probable accuracy of these dose estimates,
they seem unlikely to be highly accurate. They are,
no doubt, better than nothing; but they may be
highly inaccurate in individual instances.

In the Open, but Shielded. Some survivors were in
the open, that is not within buildings, but near
buildings or other structures so that some part of
the incident radiation from the sky was cut off.
Dose estimates for survivors in this category were
also made using the globe to determine just how
much of the radiation was intercepted by the
shielding structures. These estimates, too, are
difficult to characterize as to probable accuracy;
without gquestioning the method, it is clear that
small errors in deciding just how far a survivor was
from a building could make for very large differences
in the measured solid angle subtended by the
building. These globe estimates, too, like those in
heavy structures, discussed previously, must be
considered to be affected by large errors in all
likelihood, although perhaps not so large as those
that pertain to heavy structures.

Miscellaneous Shielding Situations. There were
survivors who were in crowded street cars; the
bodies of other passengers provided some degree of
shielding but it is evident that one could not hope
to have enough knowledge of the geometrical
configurations to be able to come to a calculated
dose estimate. For some persons in miscellaneous
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shielding situations, as well as some others who
were located in atypical variants of shielding situa-
tions discussed above, so-called “ad hoc’” estimates
have been made. The “ad hoc” dose estimate is
provided by the exercise of judgment by a health
physicist who examines the data and renders a
decision. No explicit statement regarding the
probable accuracy of such estimates is possible, but
some fairly large errors must be expected.

DISTRIBUTION OF DOSE ESTIMATES
Model

For the purposes of this section we shall regard the
air dose curves themselves as fixed, and inquire in an
elementary way into the statistical properties of the
dose estimates.

Let us call A the value of the air dose (gamma
radiation or first collision neutron dose) at the
location of the survivor ATB; we shall call T the
“transmission factor” of the shielding situation and
the resulting dose to the survivor D. So, by
definition of T

D=AXT.

The air dose itself is in turn given by the equation

G

o

A=

R2
Where G, is a normalizing constant, R is the slant
range distance from the point of detonation (epi-
center) to the survivor, and L is the so-called|
“relaxation length” (see above), specific for each
kind of radiation (gamma rays or neutrons) and
each city.

As remarked above, for present purposes we take
the air dose curves as given; that is, we regard the
two quantities G, and L as known constants, so that
the air dose 4 is merely a function of the slant
range R.

It will be convenient in what follows to deal not
with the slant range, R, but instead with the ground
distance to the hypocenter, which we call r:

R? =% +(.5)?, approximately, in km.*

Xexp(—R/L)
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In these terms, the equation for 4 becomes: INT, ADHBREIROXI12E 5.

G v
A=——2 exp (-—-—-«’ijﬁ) (3)
72 28 L
The number of persons who were present and who TEERAATE - B THEIEL 2 E0 8L,
survived at a point where the air dose was 4 depends 4 S
upon how many people were originally at distance ROk SHBEr O LRBERICE > TEAS RS,
r from the hypocenter, modified by the fact that, rOEADECEEEETFESI L L, REVEBEIEE

for small values of r there were few survivors, but

for large values, many. ARy e,

BE DEE
Calculation of the Error Curve ERIBONTE

e - BT TH O S R R F 5 7 1% )
We shall never know exactly the distributions within e W e B B B

the cities of the populations at the instant of TAZERRLTHSE . LANF-T, ZCTRER
explosion. We shall, therefore, assume that the ODAQERE—LZSHF LTt 0ElETSH, ZORE

Hiroshima population was distributed uniformly, an

3 S HIEBE S ¢ BOH A 52000m FiEO FRIZEVTIITIE
assumption which is, perhaps, very roughly true

within 2000 m from the hypocenter. In Nagasaki, Elur&bhs. RETE, WPEDHIMPOLD,
because of the mountain and valley topography, a Al A (i B N TR AL — 125 L
uniform distribution within a strip (the Urakami L TVwA, PAPNAEEMNARREOLERD T VDT,

Valley) is more appropriate. Since we are interested
- 2l ; RGOS SIS T REHE A O B
only in qualitative kinds of results, we shall use TS DU WAL & ORI IR O 5HE 0

these simple uniform distributions to gain some idea MELZBIZL TS,
of the properties of the resulting dose estimates.

] . s - . i -_Q:’{’CD -.l..,.-$1iU§._’_-__y ':-O'wl_{.'i, O "]‘It
As to immediate mortality and survivorship, we I L EFR : oy

rely on Oughterson and Warren? Figures 3.10, HEU Warren” O[3.10, 3.11% b &z L, LD
3.11 and read the total mortality at various distances COMBIIEII2RERCEER LA, MHiCMT 2
from the hypocenter. Interestingly enough, the Oughterson 5 & U Warren O % 13, BEFLFALT

mortality data given by Oughterson and Warren for

the two cities are virtually identical. hoILITRIRAL.

Distance ['ron; Hypocenter Total Mortality Proportion #&FCHE
T‘ 3 m = Reported Logistic Curve [ 1+(.f1-29)~r‘] =

AL EORE s W
0.5 92 974
1.0 70 100
1.5 3T 315
2.0 .13 129
2:5 04 L0566

We have approximated to the Oughterson and bhith I 5 Edl# % B v T Oughterson # k Of Warren

Warren data by means of a logistic curve and

: L A EOEME RS, RIS S 5 7 8
correspondence between the given data and the 2 EOEMEERL. ERIIACNDIL)LH

variations and perturbations as being of little importance to the relationships we are trying to clarify, although they are, of

course, quite important to the dose estimates themselves.
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calculated values, as seen above, is close enough for LEBCHEHREO-EMEIZTORMIZNL TR S

our purposes. We use, therefore, as our curve for BB, LEN-T, EROMEHEEKOHER LM
probability of survival as a function of ground

distance, 7, for both cities: WTEHIZE 5 LR OB E LTRD 5.

1
§=1-

14(429) X 4

For the uniform distribution assumed in Hiroshima, ERTREENA—HSHiIzowTI, rOMEE LT

the population density as a function of r is pro- 2 : = .

portional to r; however, within the strip assumed for ARDERE Tt o0 [ILSIE b sElE v

Nagasaki, the density would be nearly constant, WHATIE, Pt rolFoRL D EiEg s

independently of r, at least at distances greater than v N IS
oo Cit, BEEEr LBEZ EEAE—ET :

the width of the strip. The density of survivors, FERRAN A

therefore, would be, in Hiroshima, LEFST, BRLSTSEFEOERI,
1
SHzKHX?‘X 1 — (4a)
1+(429) r*
and in Nagasaki, approximately ELN, BETEEEIFROLEIILE S,
S =K % s T
el (4b)
1+(429) %

where Ky, K are normalizing constants. L, Ky, Ky dffsieEficsd 5.
Up to this point we have expressed results in terms Z2EThhbhig, BOMALOHE 20 THEE
of r, the distance from the hypocenter. This, be it AFEPLTEA. ChitlE%o 2o lThD, Lt

noted, is the “‘true” value of the distance, and is
unknown. In practice we deal with another value
which we call x, the distance from the hypocenter

%ﬂiJ;Tﬂﬂ’Zc DTHELZELILERT2LENH L. K
Zizik, bhbhidz M58 2—20fl, $4bb

determined from the shielding history taken some Wﬁ?gf’ﬂ"l EhtoTHL -~ EREE MR
years later. Hopefully x is a good approximation to poDKBEERY. 2 X r O VIERETHEZ &2
r, but there are certainly errors. We assume that we B3, BEOHLZIEUEHL»THE. 2 EROAD
can express x as: E S EbF MRS RS,

=Ty
where y, the “error”, is normally distributed with REL, THME|ylE, THOBLURMOMEE S

i 2 i
mean zero and unknown variance ¢ °. That is, we

s g : 175 '_"“f“"'f"._. _|'\':~"' :i
assume that for an individual x is an unbiassed DR £. ¥2bs, AEARHLTEZ Gy

estimate of r. In fact, this is probably not true, DA ERTH B EHET S, ER I, BEEEREDS
since the provisions of the Atomic Bomb Survivors OFETHRES, BRESEBVEE L TBOH iR

Medical Treatment Law give survivors an economic

LA ; HEA WG T 2RAEMBRICL220T, ZOZLEHZH
motivation to claim exposure near to the hypo-

center. There are, in our files case histories of CIELLBWTHS . HFOMRIFLE LT, BE
survivors who have “migrated” towards the hypo- OMME e EREEOKEIZ LD, W5 2T HERE
center as evidenced by comparison of exposure EABOH A AT TEM LAHE 5. cOLI %

histories taken at intervals of several years. Such a )
a . 4 ! u-, .“7‘:- —i‘ j‘éﬂﬁ c B = s B.
bias would have the effect of increasing the estimat- Wois, HERREHMELIRBWELOLOTHS
ed doses. We have no measurements of the possible ZOMOIOAESFRAELTVEVY, REEZLOTH
magnitude of this bias, but it may be large. For LhhLAGL, mr i, LM S OERESHT S
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example, a decrease of only 50 m in distance from
the hypocenter increases the total air dose by about
34% in Hiroshima, and by about 22% in Nagasaki
(Ref. 8, Tables 3, 4). We can for the present say no
more than that, all other influences on the dose
estimates apart, they are subject to a probable
upward bias of unknown magnitude which arises
from the tendency of some survivors to claim
exposure at points nearer to the hypocenters than
was actually true.

Returning to our argument, the random, normally
distributed component of the distance error, v, can
be written as

SOmiEd 3 hil, BERERZEETIZNM%, BEHT
2% Emdsz itk (BELHS, £3, £4).
FEHEEICRIET 20O E L LT, BEEE I

Zeds RN, HEEREMEEMAEEE, KEEOFR

HaRD sz bnibtnz rEz hw,

MEIZE o T, BEMEy L ERSHE S THET Y
ThRkorIicEhshs:

y=x—vr

and the density, apart from constants, for fixed r is:

exp I:— 1/2 (

Multiplying this by the densities of the distances r
themselves (4a & 4b above) we obtain the joint
densities of r and x:

-

2k, EHEELILVE, BELE LT, 20O
B, ROEIcEbsha;

s =

ZhizHiffer BEOMRB(ED4da bdb)E LTOHE
FHOEFErHITE, r BLFzOREBEEFELNAS:

_

GH=SH°exp[= =) ] (55
a2

G [ @-n? ]

PSS texp | T (5b)
g? )

Equation (3) expresses the frue air dose, 4 as a
function of r, the true ground distance. Call the
estimated air dose Z. We have, corresponding to (3)

Go

HRER (31, BEOELABREAL, Bob LN - O/
ELTEDLTVAS. HEEAGEL Z LTHIE, (312
HimL TlExkoX G5,

x? +.25

Our objective is to decide, for a given estimated air
dose of Z rad, what is the probable distribution of
the frue air doses, and what is their mean value?
Using equations (3), (5a) or (5b), and (6), with the
assistance of a computer, we have achieved our goal:
We fix x, obtain the estimated air dose Z from (6),
then from (5a) or (5b) obtain the densities for a
sequence of values of r covering the appropriate
range conditional on that fixed x and effect the
transformation from each r to 4 through equation
(3). Table 2 shows the results, as the mean values of
A, for various values of Z for a number of different
assumed values for the standard deviation ¢ which
figures in equation (5). The dimension of ¢ is, of

15

—Vx?+ 25
exp
Ji

(6)

bhbhOHME, BEERBPEZ rad 2L T, ED
HERAMEOFHEEZOPHELSRET AL IIH5. b
hbhititEEEFERLT, BN 3, (5a) 44
(6b) &L (6) 2T, HMEEKRLAE., T4bhb,
cREEL, B oM EERBRZ 8T, HER(5a)
FRE(B6b )25 20 xR BELR LT, FN4HEMHE
REU—Mor KT SEREE, LT, HEX B E
HoT&r b ANOERETA . #2121, &34
ADFEHEL LT, BeoZoizlt, LHER
(Bl icmaehsHEEREc T o0 A0 A0RE AUE



TABLE 2 MEAN TRUE DOSE AS A FUNCTION OF ESTIMATED RAD DOSE

IN TERMS OF THE ERROR PARAMETER

#2 WMEBBOMEE LTOPHEBRER: B25/55 A -5 -5

Error Hiroshima — Estimated Dose 5 B o) # % 7 it
L 62 103 172 288 481 802 1328
60m 38 62 103 170 281 464 760 1234
80 38 63 103 169 277 451 730 1169
100 39 63 103 167 270 435 695 1094
120 39 63 102 165 263 418 656 1014
140 40 64 102 162 255 399 615 933
160 40 64 101 159 247 379 573 854

Nagasaki — Estimated Dose £ o 5 42 fit

143 212 314 466 694 1036 1547 2301
60m 145 214 315 465 687 1015 1497 2198
80 147 215 315 463 681 999 1461 2124
100 148 216 316 461 673 979 1418 2037
120 150 218 317 459 664 956 1368 1940
140 152 220 317 456 653 930 1314 1838
160 155 222 318 q02 1257 1734

452

641

course, meters. Selected data from Table 2 'a;e
shown graphically in Figure 2.

Analytic Approximation of the Error Curve

The mean error curves tabulated in Table 2 were
calculated by computer from the model given above.
For some purposes, however, it would be very useful
to be able to approximate these curves by a simple
analytic formula.

Recalling our convention of using 4 for actual air
dose to the survivor and Z for the estimated dose,
then what we want is an analytic formula that will
show the average value of 4 for each value of Z.

If the values shown in Table 2 are plotted on double
logarithmic paper it turns out that the relationship
between A and Z is very nearly a straight line; that
'is, we can represent A4 approximately by

logd=a+d

and the parameters will be more meaningful if we
write the equation as

EIHLTRLTHS. 0 OBEEE5A A~ FLT
bo. B2AoHMELLRRER 2R L.

A Z IR O BT 80

F2IM L - FHMEmMEIL, kEosF Lo kT &,
TYa—F—ldoTEHREhLLDTHS. LAHL,
HOIHMOLB I, EsMEEIRERcE-T2hS
OHBORPHEERD L LA Trh R CEHA S
ETHS.

A & EfRICHBRE PR A EFORRLALL, 4
BEMBRE2ZE43. bhbhdfkHIibLlTnido
3, EZMEHTATPHEARRTEITFEATS 5.

21 HLMEE " EMHHKCE LRSS, ALZLE
DHEFBZIEEAYERIZIEBZ b2 S, T 5D 5,
AERDEI L RhkEpIzEbLToENTE S,

log Z

HRAE kDI 12Hb I,
FLbEOLE S,

MG A -y — T L DEE

logd=alogP+(l —a)logZ

so that

A=pr Zhe et

A=ZX(P|2)*

16

TALE,

Thbb



In this last form we can see easily that P is the ZORBOARTIE, PHROBERTHEMEZETH S

pivotal value such that if Z = P then 4 = Z, while, LHARBIIhAL, thbh, Z=PnOLE, A=ZL
with positive &, when Z < P then A > Z and when AN, e EOBAE, Z<POL2ASZELE0, Z>
Z>Pthend <Z. POLEA<ZERS.

We have approximated some of the curves represent-

3= T - il 4 3l s 7 H q - A
ed in Table 2 by a least squares fit to the logarithms F2URLaMBROw 2%, BEORBIZED 2R

of the values. The quality of the fit can be judged HEEAT S Lt ko THlEE . ZOEEMER,
from the data shown below: TRORFIZL>THET S 3.

Hiroshima FError Parameter
s MESSA— 5

Nagasaki FError Parameter

Estimated Estimated i n RENTA 2=
Dose (rad) 60 160 Dose (rad) 60 160

i e ik Table 2 Formula Table 2 Formula it Table 2 Formula Table 2 Formula

#2maR F 2o # 2 DL #2OEHT

37 38 38 40 41 143 145 146 156 159

62 62 63 64 64 212 214 214 222 224

103 103 103 101 99 314 315 315 318 315

172 170 169 159 154 466 465 463 452 444

288 281 279 247 240 694 687 684 641 628

481 464 461 379 371 1036 1015 1012 902 890

202 760 758 573 575 1547 1497 1498 1257 1262

1328 1234 1238 854 B85 2301 2198 2198 1734 1782

As can be seen, the values approximated by the FlmTEEn, AR LR s AH1E, HERT

formula are reasonably close to the Table 2 numbers

Hishi=%20 IR, BERsNT A=
that were generated by the computer. The para- ik R RIS A mons

meter values obtained were: ¥ —0ifli,
w}fl"irc:shin-ua ] Nagasaki R
P a P a
0 = 60 20 0260 347 0213
0 =160 81 .1450 320 .1295
It is of interest that, in each city, the value of the Wit e s, [ EPITEESNSA—y —Dhx x2F

“pivotal” value P is little affected by the size of the 3 st YR {
: s sy Z B i kB T ¥ 1
error parameter, and we can, therefore, in a general LAEHBENGZVILRRARS ZHERTH-T, #5D

way conclude that in Hiroshima, estimated doses RIRETIE80 rad RFHOHE ERE A/ DGR s, 80rad

less than about 80 rad are underestimated, and s . :
; Ll ko HesE BAICE P, —H BB
larger estimated doses are overestimated; while in LLOREREE BACRBeivo o TRk T,

Nagasaki, only doses exceeding 320 rad are, on the R20rad M2 ABMBOLHFHL TR AFFEMis L, 2 h
average, overestimated, smaller values being under- EOE A BT T e,
estimated.
Thus far we have been discussing A and Z, the tfue A TEOERGE A LTSGR 7 Im o n TR L
and estimated air doses. Recalling our notation, . e 5 y :
i &7z, HIGLDELH pessite NELEE R

and introducing two new symbols, let Hil AL D RCwy & & DO LWwELHEHAL,

A = Air dose, true A =H—0)f#§zﬁﬁ%ﬁi

Z = Air dose, estimated A =i’E’i;’E SRR A

T = Transmission factor, true T=HnFEik#H

S = Transmission factor, estimated S =HtEEBEHH

17



FIGURE 2 MEAN TRUE DOSE AS A FUNCTION OF ESTIMATED DOSE (HIROSHIMA, TOTAL DOSE)
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D=TX A4, Dose to survivor, true D=TXA, BEEIFZILEOHE
W= 8§ X Z, Dose to survivor, estimated. W=S8 X2z, #igsTrieni
The error curve connécting Z and A was T A, ZEARBETITAREREE,
A=Z X (PIZ)* .
Replacing 4 by its value D/T and similarly Z by THohd, A%ZOED/TTHEEH L, FHEIZZ %

W{S, we are led to

W/S T s A B,

D=WX (T/S) X (PT/W) “

as the equation expressing the mean true dose to
the survivor as a function of the estimated dose W.
It will be noticed that the exponent « is unaltered,
but that the effective pivotal value is now multiplied
by T, that is, usually becomes smaller. The entire
expression is multiplied by T/S.

Implication of the Error Curve for Dose Response
Relations

The reader has no doubt already anticipated the
next conclusion: That the dose response relation-
ship for any effect, when measured against the
estimated doses, will not be exactly linear even
when the true dose response curve is actually a
straight line.
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EMBWOMEL L TELT BRI BoNS. FHT
NEZEE, COFBRENTHER e L RETH LA, OH
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EhEL B EVIZETHSE, EHERZIET /SH
FHELNS.
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Specifically, suppose that for some disease like B 0 &5 2 EETIE,
leukemia or cancer it is a fact that, for a given city
and age group and time period

5 & 5o, SR
BEPHMMEIHLT, ROEHIZE3LRETS

I=a+bXD

that is, incidence of disease is a linear function of Thbb, FEHRORERFHRE AT RE OB
dose to the survivor. The general relationship found HThdEBETs. LRTEG SR~ A G

above
D=WX (T/S)X (PT/W)*
leads immediately to BELEEBEIIROASEINE,
I=a+b X WX (T/S) X (PT/W)*
as the functional relationship that will exist between EORFRELRLHTEHEE-OMIZGAET 2 HENES

incidence and the estimated doses. If « is near zero

S : : ; 3 FhTbOTHAL. b Lae 0 IZIEVESE, MM
the variation from a linear relationship will not be RN 8 & Lyiaeisy, RS

great; but if & is as much as .13 (q = 160) an PEDEMEREL VN, ad 13 (e=160)1FFT
appreciable measure of convexity will be imposed BRI, SR EBISE S 2 RN S

upon the dose response curve,

Implications for Estimation of RBE .~ RBEDHETEILEUI2ESE

An important task, to which we have only recently bhbhHI{ iR, HRICFEE LT A2EE TR,
been able to give serious attention, is that of estimat- RO v BT S A AW EM R R (RBE ) ©
ing the Relative Biological Effectiveness (RBE) of HETHH. 90 20 LS A5 A%E L th-—a—Q—n

neutrons as compared with gamma radiation.””'©

Such efforts will no doubt continue. However,
those who work in this area with ABCC material

HAH G, ABCCoEHEM T ZOSEH L 38 13K
@ﬁﬂ%%ﬂﬁur!&bfm{2:"?'?‘.?‘3’}"3- T44H5, RBEIL

should be aware of the problems: Not only does HREOBBILLS>TRAZELDTARL, HEAIEDH
RBE apparently vary with different end-points, but HTHBLELEEZLNE,Y LW HIZETHLE. 2O
it is thought to be a function of dose level also,' Mr izt —oMBEI A s ERHEENT A LMD
To these complications we can now add a third: 5: bhbhoBEMBETIEER IOV THELZLD

Our error curves were calculated for the total dose.
Such curves could, however, be calculated separate-
ly for neutrons and for gamma radiation. Because

Thd. Lal, 20X GHiHEE, PETFELTTY
TREODVWTENFAMY L THET A2 LM T &L

of differing relaxation lengths for these two kinds of S5 2HBOBAEARIZ D TOMRIEREERE - T 0
radiation the error curves will be different and, in 20T, TOREMBIL XL S50, EECIHE L
fact, both are unknown. It would be rash to assert s THEN. AMOLERATIHEIRG T NTOEE
that human ingenuity is incapable of resolving all of OREL, ZOMBIS MY AHEELEO NS L LS T 5

these difficulties and ach1ev1ng a solid answer to the DEREHTH25. LaL, bhbhEEENTIEEN.
problem; but we are not sanguine.

BMENZA—-—42—-—N1{E
THE VALUE OF THE ERROR PARAMETER

% =a
General .
In Table 2 we have tabulated the bias in the x2TW, MERRFCAL O DA ETVIZLS
estimated doses resulting from our model in terms W&, RHEOBRENNFTA—-F -0 1ZhsTHEIFLTVS
of an unknown error parameter ¢ . Our immediate bhbhoMmoEfHr, BeiroilitLzbal
task is to gain some idea, unfortunately necessarily BADETLEBAEVS, BWAZoAAEELDTS S

vague, as to how large ¢ might be, S VBTH G AOEES B2 5162
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It will be recalled that the error parameter, o, is a
measure of error in evaluation of the survivor’s
distance from the hypocenter. Other errors concern
evaluation of the transmission factor. However,
since

D=TXA, or

RO E I ICBENTA— 7 — o TEBREOBR LMD 5
DIEEE MY 2 LoBRERETSH L. FOMOMREL,
EREHORmI-MTI b0 THSE. LEL,

Tabh

log D=1log T+ log A, and similarly  [Ffkiz

logW=logS +logZ

and we can write

Thahs, ROLILELZENTES.

logD=log W+ §,and & Lu*

logT=log§+ 84

logd=logZ + §,,s0that LA =T

logW+8 =logS+8;tlogZ+ §5,0r +2bb

3=81+52-

-

That is, the error in estimating log D is merely the
sum of the errors in estimating log T and log A.
Since, effectively, log A is a linear function of
distance from the hypocenter, §, is measured in
distance, and if § . is measured in comparable units,
we can then absorb both §; and §, into §,
measured in meters. This is the program we shall
follow, since it enables us to put all contributions to
variation in dose estimates into a single number.

Contribution from the 9-parameter Formula

We have already mentioned that it is possible to
calculate from the material presented by Cheka
et al® that the standard error of estimate of the
9-parameter formula, under experimental conditions
at the Nevada test site, was about 10%. Since o is
meters, we need to express 10% in meters; fortunate-
ly this can be done, since the logarithm of dose is
very nearly a linear function of distance from the
hypocenter, at least at distances which are of
interest to us.

If the relation between exact and O9-parameter
estimated dose is

Thbb, log D@ﬁﬁﬂ;‘u‘"?‘cii HiZlog TE log A®
HEEmEOGFcy o, HE L, log AXEB LD
5 00 B o £ W@ﬁf&@bb,zuﬁﬁfﬂﬁéﬂ
Ll PRELCEMTHES A2 LS, 60,0
%X—IJV%EH.%L SIEESTAT M TES. I
AIhirebhbhAE TV I LT HHET, ZAIC
OB ECL ST ALHINT S5 0ATFE A H—
HTHEBTIZLE2TAMRIILTLNIDTHSD.

9 — NS A—a—FRN5NES

B & 912, Cheka 6§ AHEFR L ZERIIEITVWTTT
freo B E LR, Nevada EERBIZHIT BHE ’55(4&11
OEETIE, 9—87 4 — & —HROHEEMOFHERE
BH0%THA. CEA—FPLVEETHLIH G, 0%
A— b TELTLENS S, BROMHEE, PECE
bhhbhicELos sHEETIE, ELASBLMSS
DEMEORERMETELER S, ZOW%E A - FLT
Whi ZEHTES.

bUEMA MR 9—/87 2 =y — I LB HERME L O
B,

DOSEEXACT = DE = DOSEQ_PAR X (1.£0.1)

then

cHNIE,

Log D =1log Dg +1og (1 £ 0.1),
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and this latter range is log 0.9 to log 1.1, or
—.0458 to + .0414. This range corresponds to two
standard deviations, so, in logarithmic terms,

EnN, COBEEOREMEIL log 0,925 log 1.1, T4
b, — 0458 5+ 0414 ETTH S, Z OERH IS EHE
RE2IZHYT2OT, MHETRbLEE, KOLI 2R3,

o =.0436.

Consulting Milton and Shohoji’s Tables 3 and 4,°
we find that the slope of log total dose, as a
function of distance, is, for Hiroshima, .00230/
meter, and for Nagasaki .00177/meter, so that,
finally, our result is, in meters:

Hiroshima /&5 @ 19 m,

It is worth saying again what these deviously
calculated numbers purport to be: They are the
equivalents, expressed in units of distance from the
hypocenter in meters, of the standard error of the
9-parameter formula as determined under experi-
mental conditions. We shall obtain some other
components to add to this, so will designate these
as o

7y (H)=19 m,

Contribution from Errors in Evaluation of Elements
of the 9-parameter Formula from Shielding Histories

Milton and Shohoji® show in an Appendix the
so-called 9-parameter formulas, copied from Cheka
et al.¥> A number of factors which enter are of such
nature that, with high probability, they are exactly
correct, and we shall simply assume them to be so.
These are:

FN: Floor number
IFW: Number of internal front walls
ILW: Number of internal lateral walls

FS: Presence of a shielding structure in front
FSS: Size of FS, if present
LS: Presence of a lateral shielding structure.

Putting aside the six parameters listed above, we
are left with three for which the quality of the
information about individuals must be regarded as
more ambiguous:

SP: Slant penetration, in feet
US: Distance from any unshielded window in
the direction of the epicenter, in 5-foot

Zones

HF: Height above floor, in yards.

-
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Milton B X U EZH O EI S LU 43 2R EILT 3L,
o ME: LToEBEO S EOMENL, BBTI
L00230/m, BWTIX.00177/ mTé&A207T, #ERbh
BhOEREA-LTEbEE, KOXIIZILES.

Nagasaki f# : 25 m

E LA A, ZhsOmE D ICEE L2 RIEE,
EBOLEHEOL L TMESNAEI—TA—F KD
PE#BRE I, HOHA 5 OHEORA (m) TR S
NELOTHAZE®EERT A2, bhbhid, ZOMO
wEL e opAFLTIALEBNT 20T, 2hik
crEMERIEIZT A,

gy (N)=25m.

ERIBICEZI—NTA—2—DAROEROTMIC
BUBBEILLDIFS

Milton $3 L U E kM8 13, 2 O ft#12w T, Cheka
SR AEELAVHOLE I —siF 45— FREFHRL
Twa, Z2OLRZEThIV 20T FONE
FPELTEMTSEALVIMENES, bibht EH
ThieEHELES. Tabb,

FN: BERE#

TFW - &0 Al B2 £

TLW : P4 SR 5 £

FS: fi Bt s e

FSS: fiFiEBESEMO k& &

LS o A 77 3 Wil 5a o0 A A

BitSod/ig4A——0iERiZ, ROZ2HE 5 F,
HEEROBEFENIbvEusdoltd i siinidzs
bl ST

SP: B EBEYE (7 4 — hHEG)

US: LAt ifashTtuninEd»s
OS5 74— RS

HF : K EDE s (¥ — FHA)



The third of these, HF, actually figures in neutron
calculations only; in the numerically more important
gamma dose estimation, although the parameter
enters into the formula, it is arbitrarily assigned the
constant value 0.9, so that really the parameter is
not present, only its ghost. However, SP and US
present more substantial problems.

In point of fact, however, US practically takes only
two values: About 25% of the cases are coded zero,
meaning the survivor was within 5 feet of a window,
and about 75% are coded that there was no
unshielded window in the direction of the epicenter;
in only 45 cases, out of more than 18,000 shielding
histories, was the coding for a situation in which
there was a window, but the survivor was located
more than 5 feet from it. This seems strange.
However, how much difference does it actually
make? The following table shows additional percent
of air dose (gamma) received from window by
distance from window:

ZH3h, 3HFHOHF BHEBCEhEFOHEOHIZ
Husths., &%t$0€2 xzvﬁ DEE 2 B0
TR, ZoAsi—s—GFRARKRLEHLHAITALE,
FhiFEBECEDLLE *tOQ?ﬁém?,%%mﬁ
FHINTA—F—IHELET, TOUROLIEET B
Larl, SParUUS LA SHMEIRET 2

L, FELEUSZIEFELAY D00 HE L5 58
Mw;%% OLFEfkanTVAEY, ZhUTHESEY
HALES5 74—k (1.5m)HIZNBELTVWAEZ LA
B L, FA287%EBL0oFmicEiishtwivg
DED I EFFEEERTVE; BlLd - H, #
BAEFHEIELLE5 7 — b EOIE I v SR
EAFFEL s Tw 2o, Rk EALE18, 0000 L) 1
DILbTLBETE- R CABABBLZEZEL
ad, FThickst & hu%fﬁ’)Iﬁ?(" BTHAH M.
KoFid, BLoRILAERERE (YR OBMELZED
SOEMNIzELZEOTH S,

Distance from Window Total Hiroshima Nagasaki
G O g # I S F
No window EO L u#E 14101
5 feet, but less than 10 feet 5—107 ¢ — b 43 5.3% 0.6 %
Less than 5 feet 57 1 — | Ei# 4272 49.2% 60.2%

As shown it makes a great deal of difference: In
Hiroshima, if one is directly behind and close to a
window unshielded in the direction of the epicenter,
one is estimated to get an additional 50% of the
gamma air dose at that distance, but if one is more
than 5 feet from the window only 5%; there are no
categories in between and in Nagasaki the situation
is even more extreme.

We have no idea what was in fact the proper
distribution of distances from unshielded windows
of the 25% of survivors so situated. We hazard the
guess that the standard error of the dose estimate
must have been at least 15% for these persons; so
therefore take 4% (one quarter of 15%) as the
contribution to overall variability arising from
variation in the determination of US.

As to SP, the Slant Penetration, although at first
inspection the terms in the equations appear to
place considerable importance on this factor, in fact
there are restrictions placed on its use, depending
upon whether there is or is not front shielding (FS)
by another building or wall, and it appears, as
nearly as we can tell, that probably this parameter is
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not of major importance, We thus remain with the
estimate of about 4%, derived from the consideration
of US, as the component of error resulting from
errors in estimation of the parameters themselves.
Calling this contribution ¢,, by a similar line of
argument to that employed in obtaining gy, we
transform to meters in both cities obtaining:

0,(H)=8m,

Contribution from Errors in Determination of
Location of Individual Survivors

We are dependent upon statements made by the
survivors (or sometimes other persons such as a
relative or other person in the same place) as to
where they were located ATB. Information so
supplied may be erroneous for at least two pos-
sible reasons:

Simple Error — The survivor may, simply, be
mistaken in his statement. Reasons may include
postconcussion amnesia or other reasons.

Deliberate Misstatement — Because of provisions .

of welfare laws that benefit survivors, especially
those exposed near to the hypocenters, or
alternatively because of worry about what others
may think, some survivors may consciously claim
exposure either nearer to or farther from the
hypocenter than was actually the case.

We are in possession of little direct evidence that
bears on this subject, but a limited amount of
indirect evidence is available, arising principally from
a set of 88 double interviews made on Nagasaki
survivors at an interval of several years.”

We need a little mathematical apparatus to use the
data. We suppose that the “true” distance for a
survivor was x, and that y; and y, are two
statements made by him as to his distance, at two
different times. Suppose further that

ARELSETINZOMMEEL LT, USOBFEL
£5M4%OMEMEE FALLTHVS. o 2185
rHIZHwER L O LAROMEILI-T, ZOFS
o, LIFFRL, WM THAEE X — PVIZRET I,

Kok Hizh s,
0 ,5(N)=10m.
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DG IZHE - T W3, H:ﬁiiliiﬁéﬁ’f:%?;Ll!;tliﬂ~i%l'"ﬁ‘{:
WiHEOLEI %, AALOBEORSIZES LHD.
ZoEH I LTREIRLERE, PELEL RO
DHHATH-TVI 2L LA VEEL SNA.
EJH%%I BB LHMCBR-THEEL TV
Livgw, B Lo, HRECESEZO
TLG’)LLIH hifohn s
SUEOMER: BN RoEBRCE, BEERE, S
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W7 _,gmr:p IZIEERRAICEEBE LD S OHIDIE ¢
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hhvbiicld, ZoMBECCEST2ERORERILIEEAY
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fThbh288fko “EHHIZ LY, Bk R MED
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}’1=I+b1+ EI

where by and by are “‘biases” at the two times,
while the two epsilons are simple error components,
which we assume to be independently distributed
with zero means and common variance 0 2

The model outlined above is evidently less than
wholly realistic but, even so, it provides for more
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than our data can handle. We feel, nevertheless, that
it is better to have even poor approximations to
truth than to be totally ignorant.

We can eliminate the (unknown) value x by sub-
tracting:

DEHETCIHETE AL ELotoESZ TN, bhbhi
i, T+2L220TH-THHEEORUYUMEEE21T
A, EREBNTHSEINVEHETHAEES.

(REOIE 2, ZLIZEE-THRLZENFT
x D

2=y —yy=(b; —by)+(€; — €9).

Taking expected values, we get

WAfF 2 L hd, RO K I 1I2% 5.

E(Z;J = b]_ — b2

and squaring, and taking expected values we get

FhA2FEL, MFEEEENE, Ko XI5,

E(z?) = (by — by)? +2¢2.

The relevant Nagasaki data (88 double interviews),
in the units originally employed” are shown below:

Difference in T57 Dose
Estimates (L-units)

TETD R RHEER (L —84L) i &

— bk W L O

-2
-3

In the table above, the L-unit, in which z is
measured, being a log dose unif has the dimension
of distance from the hypocenter, and the relation-
ships are such that 1 L-unit is equivalent to

43 m (Hiroshima I
From the table we calculate the average value of z

and of 22, and equate them to their values in terms
of the parameters b and ¢, getting

B ),

RiEOBEER (ZEmEsH) &, 22THwshTY

LU T TR, KOEENTH S

Number
151 £

Ta%E

—

LEoETIE, bBlEshTws LEM T HER
W Thdy, By s OHEBEORTERT. 205
ZMETCHAIOT, 1L HRRIZHET A

57 m (Nagasaki £ ).
COEPEzBEEY P OFEHMEEETLILHNTE,

Fhos, "FA—F—bbLUecTHEbLEEIZEL
WETAZLIZENROESHS.

by — by = .0455

whence ¢ = .88 L-units, or

04 (H)=38

@%:= 7715

m
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where ¢ 3 represents the component of error in the
air-dose estimates due to random, unbiassed error in
statements as to location ATB.

The difference in biases, only .05 L-units, cor-
responds to only about 1 m in each city and can be
ignored. Unfortunately, this is only the difference
in bias at two times, and does not assure us that the
bias at each time was necessarily small. We never-
theless neglect bias, for lack of information, and
note that our final estimate of error is more likely
to be too low than too high.

Contribution from Imprecision in Location of the
Hypocenter

A variation of only 25 m in distance from the
hypocenter corresponds to a 12.5% variation in
total air dose in Hiroshima, 10% in Nagasaki. Even
if the location of a survivor is known exactly, if the
presumed location of the hypocenter were wrong by
25 m some survivors would receive dose estimates
10%-12% too high, some too low by the same

amount and others would change by lesser amounts .

depending upon angular relationships. If the
location of the hypocenter has an imprecision
measured by a variance V, then the resulting
variance of the distances from the hypocenter of the
survivors will be approximately V/2 in consequence
of the imprecision (see Appendlx for the justifi-
cation).

We shall follow the data and analysis provided by
Hubbell et al.™  These authors state that the
height of burst in Hiroshima is estimated at 580 %
15 m, and in Nagasaki at 504 * 10 m. At 1200 m,
in Hiroshima, an increase of 15 m in height of burst
increases slant range by only 6 m, and in Nagasaki
an increase of 10 m in height of burst increases slant
range by only 3 m. Since an increase (decrease) in
height of burst would decrease (increase) the slant
range for all survivors in that city (not equally, it is
true), only minimal variations in relative dose to
different survivors could result from error in the
height of burst, and we shall ignore this problem as
unimportant for present purposes.

Hubbell et al'* however do give standard errors for
the coordinates of the estimated hypocenter in each
city, stated to be 15 m in Hiroshima, 23 m in
Nagasaki. Since these are the standard errors of
each coordinate, we can obtain the root mean
square distance from the true to the estimated

hypocenter by multiplying by \/ 2
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We have now to divide by \/_2_ to transform into the
root mean square error of distance from survivor to
the hypocenter, thus obtaining

04 (H)=15m,

Contribution from Rounding or Imprecision in
Recording Location of the Survivor

Air doses are calculated by computer from the
coded information supplied. In particular, location
of the survivor ATB is recorded on the dosimetry
tape in coordinates referred to the relevant US Army
maps, series AMS L902, These maps are constructed
on a 1000 yard grid (i.e., one unit represents 1000
yards). The code employed utilizes two decimals,
that is, specifies location in each coordinate only to
the nearest 10 yvards. However, review of the data
on the tape reveals that, in fact, some cases are
coded only to a single decimal. A hand tabulation
revealed the following among ST100 cases with
dose estimates:

K2 TEI-T, #EE» S HERLILE COlBED
SHRFHOTHROME I ERL, KOMEEES.

0,4 (N)= 23 m.

BAEOMBORIRICH ) B HBDHE £ EFERME
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Total Hiroshima Nagasaki
8 15 k5 Fg
<1600 m <1800 m
Number tabulated 1 §T45 # 320 177 143
Both terminal digits zero hEE 1 s E 2t 0 32 17 15
10.0 9.6 10.5

%

The terminal digits (second decimal) of the two
coordinates for a survivor ought each to be about
equally distributed among the 10 possibilities, so
that only 1 survivor in 100 would be accurately
placed by a pair of coordinates both of which
terminated in zero. However even among the
closest survivors, for whom accuracy of recording is
greatest, 10% have both terminal digits zero and
must be accounted as being recorded not to the
nearest 10 yards, but to the nearest 100 yards on
each coordinate.

Following the same line of argument as employed
previously the error variance of the distance from a
survivor to any fixed point is equal to the variance
of a single coordinate. The variance of a unit
uniform distribution is 1/12. Therefore, the net
estimate of variance due to rounding, or imprecision
of recording coordinates is

(0.9) X (10)?
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and the square root of this number, 9.53 is the
standard error, in yards. Converting to meters we
obtain, for both cities,

THY, ZOMOT HEI.S3EY— FHEMOETERE
ThHBH., A— FVICHBRET S, L ROEIES
na:

05=9m.

Recapitulation

We have now identified a number of sources of
possible error in individual dose estimates under the
T65 dosimetry system and somehow derived esti-
mates of magnitude for those that seemed to be
most important:

E )

bhvbhit, THED@EEFEEHF R L THsRABMA
BEBETFECSAMEFREAMAEL, FLTRVERL
BbhaiatooksswifEl o

Source & {F

Hiroshima 155 Nagasaki e wf

9-parameter formula Quig A—F—HX 19m 25m
Evaluation of parameters V5 % — & — @ §E il 8 10
Distance from hypocenter #t.0bh A 5 O 35 8 38 50
Location of hypocenter HE L Hb o i B 15 23
Rounding E R E 9 9
Total &t 47 62
The total is obtained, of course, as the root of the bhAA, ZOlHER]E, SBREREEO 2E2OHOF

sum of squares of the individual error estimates. We
emphasize again that we make no claim that these
estimates are “‘correct’”. Reflecting on how they
were derived it seems not unlikely that we have
underestimated. However, our purpose has been to
try to establish just which ball park are we in, and
we conclude that the error parameteris at least 50 m.

In terms of percentage of air dose, the standard
error of 47 m in Hiroshima corresponds to 28% of
dose; while 62 m in Nagasaki corresponds to 29%
of dose. Thus, we can conclude that the standard
errors of the doses in the two cities arising out of the
sources identified in this section amount to about
30% plus or minus, in both cities.
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APPENDIX

RELATION OF VARIANCE OF HYPOCENTER
LOCATION TO VARIANCE OF ESTIMATED DIS-
TANCE FROM HYPOCENTER

In the diagram, suppose the true hypocenter is at
the point 4, the survivor at point B and the hypo-
center is estimated to be at point €. Then R is the
true and » the estimated distance of the survivor
from the hypocenter. We suppose that all points on
the small circle at distance x from the hypocenter
are equally likely to be selected as the estimated
hypocenter; the variance of x itself will be in-
dependently given.

f #

BOWOHBOSE &, BOWAPSOHMEERHNS
BEDMER.

BT, BOBOMAARIZS T, %L THBHRSY
BRIZ&Y, #ESh 2B LHFCHIEZSE L0 ERE
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SNSUREEN S B L+ RE, c A0S RT D5
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If § is the angle CAB, then our assumption is that
0 is uniformly distributed. We can express y in
terms of x, R and 8 as:

6 xHCAB L4 hUE,  x—RUISHT2&HESNS.
yldy RELUFOIZED, ROLH12EFEbERS:

y=(x*+R? — 2xR cos §)*'?

y? =x*+R? — 2xR cos 0.

Since the circular integral of cos @ is zero we get
easily

cos § MMEHMBE0THIOT, ROWMIAESIZIHS
na.

E(?)=x* +R%.

To obtain E(y), we write
y= (xl +R2)1.-"2

Now x is a number such as 20, 30, or 40 m or so,
while R, typically, is 1000 to 1600 m in the range
that concerns us. The ratio x/R is, therefore, very
small, and we can-expand the second factor by the
binomial theorem getting

x/R

y:(xz +R2)lf2 (1 i
1+x?/R?

where the omitted terms are vanishingly small. We
can now take expected values over 0. Since

.(1_

- cos ! —
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E(l)=1

E(cos)=0

E(cos® 8 )= E(sin? 8 )= 1/2

therefore,

E) = +R})M? (1—

Then the variance of » is given by

(x/R)’

THdhb,

I

1 &Ry )
4(1+x2IIIrR2)2

FZTynGREROLEIIZIELZSRB.

Vo) = (7 +R2)(]— IR L )

2 (1 +x2/R?2)? 16

x2

=_1_
2

Since x/R is small, we have that, very nearly,

2
T
1+x?/R? 16
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(1+x?/R?)®
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PR LoNnA.
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for fixed x, and now taking expected values over x,
we obtain

ZZT2@LTOMEFELLNE, ROL512% 3,

V() =TIE(x2 )

In point of fact, what is really wanted is not the
variance of ¥ but the mean square error E(y — R)?;
however, since the bias in ¥ is of the second degree
in the ratio x/R, it turns out that the mean square
error and the variance are equal to the first order
of approximation.

PLANS FOR THE FUTURE: SHIELDING WORK
AND THE SHIELDING SECTION

Excerpts from Memorandum to Dr. Darling from
Seymour Jablon dated 26 March 1963

Introduction. ABCC has been conducting shielding
studies for many vears as a part of a collaborative
effort with ORNL and, more recently, the National
Institute of Radiological Sciences, to establish
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radiation dose estimates for the Hiroshima and
Nagasaki survivors. The present goal of accom-
plishing a shielding study on every survivor who
was within 2000 m from the hypocenter has been
reached in Nagasaki but is far from realization in
Hiroshima. In recent months a variety of develop-
ments have made it seem desirable to consider anew
whether the goal for Hiroshima is reasonable under
present conditions, and if not, what modifications
might be made. The aim of this memorandum is to
summarize the situation as [ see it and to present to
you recommendations for certain changes.

The Present Position. In Nagasaki, dose estimates
on the T57 system are available on punch cards for
5037 persons (Tab. 01228-2) of whom 3888 are in
the ST100 (Life Span) sample (Tab. 01223). This
number is 57% of the 6801 Nagasaki survivors in
the <2000 m component of the ST100 sample. In
addition, about 325 so-called “‘globe cases” have
been done in Nagasaki, for whom only neutron dose
estimates can now be made. It is expected, how-
ever, that after completion of the BREN analyses in
the summer of 1963, the numerically more im-
portant gamma dose estimates will become available.

The Nagasaki Shielding Section, at its greatest
strength (Winter 1960-61) numbered 11 persons,
including the Assistant Division Chief in charge.
With the completion of histories and drawings for
persons for whom T57 estimates could be made
(including globe cases) the strength was reduced to
six, including supervisor. The six persons have been
doing all of the globe calculations for Hiroshima as
well as Nagasaki; a study of the accuracy and
reproducibility of the shielding studies was made
(which will be referred to below); studies were made
of certain survivors who were located in the
Mitsubishi machine shops ATB, and for whom
Dr. Hubbell thought there was a good possibility
that a method of making dose estimates could be
achieved. Beyond these tasks, the six are called
upon by the Field Division generally for assistance.
It is planned ultimately to merge the Shielding
Section into the Field Section, but it has seemed
desirable to maintain a core of people who could
organize what efforts might ultimately be required
to convert the shielding histories into dose estimates
when the results of BREN analysis and other present
efforts become available.

In Hiroshima, on the other hand, we are far from
achieving the goals originally established. We have
on punch cards 14,747 (Tab. 01228) T57 dose
estimates. Of this total, 11,108 are in the ST100
sample, or 52% of the 21,329 persons in that
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sample, located within 2000 m of the hypocenter.
What is more to the point is that, as of 31 January
1963, there were 6177 ST100 shielding studies still
remaining to be done. Of these, only 79 were
members of the ME200 subsample, so that, for the
Adult Health Study (and also In Utero Study),
effectively, shielding studies have been finished.

Within the ST100 group now being worked on,
attention has focussed on those located near to the
hypocenter. The present “priority group” includes
all persons less than 1600 m from the hypocenter,
plus a random sample of 30% of persons in the
1600-1999 m zone. As of 31 January 1963, about
1900 cases remained to be done in the priority
group.

In recent months the Hiroshima Shielding Unit has
been able to dispose of about 310 cases per month.
Of these about 235 (76%) are completed, either
with T57 dose, or as “Globe Cases” while about 75
cases each month are, after investigation, declared
“impossible”. This latter group is composed in
about equal parts of persons for whom no shielding
interview is possible because they have moved or
have died, and of persons for whom an interview is
possible but who were in trains, concrete structures,
or other situations for which dose estimates cannot
be provided.

Therefore, if the production rates were maintained,
to complete the current priority group, 8 months
would be required at a minimum, while to complete
the whole number outstanding would take more
than 2 years.

Errors in Dose Estimates - General. Dose estimates
are subject to at least three kinds of error, which
are qualitatively different. These are:

Errors in the estimates of the original yield of
the weapons, that is, in the air dose curves.

Errors in estimates of the parameters of the dose
estimation method, that is, in attenuation factors
for materials and position, angular distribution of
incoming radiation, and the like.

Errors in the shielding histories themselves, that
is, in the distance from the hypocenter, whether
the person was behind a building or not, exactly
where he was in a house, and so forth.

The three types of error have rather different
implications for our studies. The first type is
important in that if the air dose curves are in error,
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our estimates of the biological effect of radiation in
man, per rad, will be in error by an equal factor,
apart from other sources of error in our measure-
ments. Presumably an error in the air dose curves
would apply to all survivors proportionately, There-
fore, if the question is merely one of deciding
whether a given kind of effect is seen to be produced
by radiation in Hiroshima and Nagasaki, there is no
problem. The problem arises at the level of trying
to estimate the dose response curve. Thus, both for
leukemia and for acute radiation injury present data
on T57 dose estimates seem to imply that Nagasaki
rads are about twice as effective as Hiroshima rads.
This conclusion does not seem plausible and as it
happens, the probable errors given for the York air

dose curves are amply large enough to account for

the discrepancy. The most recent data available to
me on this subject is contained in the unclassified
documentORNL-LR-DWG 6836IR,and is as follows:

phhig, TotollERZEEHNCLT, AMRCEE
MG O R EN R E O rad A NHEERIZE, FLU
FBHICIESTHREAEFTI2L0IHTERTHY £ 4.
EFHRBEBBII BT AREE, BF 5 HHEE CHEE
lZhTidEALBbhETd. LM oT, BEFEUE
ORI L- T, d2BOEESFL LTS
rEhERETARAITCHLLLE, TR B
TALEZSNELA. MBEIZ, BERIGHEHEET
SZEETEULES. LAEd-T, BIUES & GRS
REEC> Tz, TSTD MEHEEMEDY - RuE, By
Drad MEAEEO rad FEEOH 2EoREL LS
THNEFT. ZOHERIAETELZLDLEELNE R
A, BRI York ZEGinB MR T 2EEREN
FOEEFWRTILG T LEOTHENES. ZOMBEILL
MLTMENAFEL TS EEOREHIA ML S ORNL ~
LR -DWG 6836l RIZE EhTwad, THiERnLE
NteHy FT.

YIELD UNCERTAINTIES
Ik 0> AR A

-

Present Nagasaki

Bl

Hiroshima

June 1963 (After completion
of calculations) Hiroshima

1963 6 H (B E® T &)

Nagasaki

i
[ i

g

Fe iR

Neutron Gamma
k- H =
+ 50% +40%
+100% +50%
+ 25% +25%
+ 25% +25%

The exact meaning of the ranges given is not clear
(they surely cannot be simple probable error ranges)
but it seems not unreasonable to suppose that even
after June 1963, the discrepancy between Hiroshima
and Nagasaki may well be in excess of 50%.
Nevertheless, despite these uncertainties, there is no
difficulty about relating the incidence of leukemia
or the acute radiation syndrome to radiation in each
city - the difficulties are entirely at the level of
putting particular numbers into our description of
the process, and comparing the cities.

Errors of the second kind have quite different
implications. There is no reason to suppose that
they will disturb comparisons between cities. More-
over, as long as attention is confined to the
numerically most important class of survivors (those
shielded in ordinary houses of light wooden con-
struction) presumably errors would affect all survi-
vors nearly proportionately, so that, again, the
difficulty would be in estimating the numeric para-
meters of the dose response curve, for any particular
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effect, rather than in deciding whether an effect
existed at all. In the presence of possibly large errors,
however, one would be reluctant to merge survivors
who were exposed in different shielding situations.
The ORNL statement of the uncertainties, taken
from the source previously mentioned applies to
the two cities equally:

TAZEICHENFHD T
HEEDT,

L L, b kE0RE
T4 OMRRE CHRBLAEE B0 E &

BILFIFELLHYELA. THEEMEIZH T 3 ORNL
ORBOBATIERE) 2, IR ELLHTIEEY £

SHIELDING UNCERTAINTIES
S i 00 A il i 14

Neutron I -

Gamma # >+

Present i

After BREN analysis BREN & il 2 #7 1) 1%

+25%

A

+25%

10% T10%

This table is rather puzzling in that a single figure is
given without regard to the shielding configuration.
It may be that the uncertainty relative to attenua-
tion in a wooden house is the same as that relative
to exposure in the open in a partially shielded
location, but this would be a remarkable coinci-
dence. Be that as it may, errors with respect to
particular shielding configurations would not be
expected to disturb comparisons between survivors
within the same configuration but would adversely
affect comparisons between survivors in different
configurations.

Errors of the third kind - those in the shielding
histories themselves - are not considered in the
ORNL statement quoted above. The effect of such
errors is qualitatively different from that of errors
of the first and second kind which, as remarked
above, do not interfere with our ability to detect
radiation effects. The effect of errors of the third
kind is to reduce-the apparent effect of radiation.
Table Al provides a highly simplified example of
how this works.
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TABLE Al EFFECT OF TWO KINDS OF ERROR IN DOSE ON ASSESSMENT OF
“X" OGENIC EFFECT OF RADIATION
#FA1l HHBEO X"RHEORMII RIETHEIIHET 2 _o0REn B
True Situation 4 Type 1 Error Type 3 Error
Hooo ARk EREEEt 3Rl
A B A B A B
Actual dose in rad Rad Hi{i o B o0 i 6t 4 20 4 20 8 16
Estimated dose in rad Rad Hifi o #e % @i 4 20 2 10 4 20
Number of persons TR 100 100 100 100 100 100
Cases of “X" “X OB 16 32 16 32 20 28
Excess cases in B BEIZ#& 0 2 E A 16 16 8
Difference in estimated dose. rad
T rad )02 16 8 16
Cases per rad Rad %57 0 5 8 1 2 &5
Background rate i 7 o5 a oy pos 12 12 18
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It is assumed in Table Al that two groups, A & B,
of 100 persons each were subjected respectively to
4 rad & 20 rad. It is assumed that “X" occurs at a
rate of 12 + R per hundred, where R is in rad. In
the first set of columns can be seen how we
estimate the dose-response curve to be 12 + R,
which is correct. Under type 1 error, can be seen
that if we err in setting all dose values too low, we
obtain the curve 12 + 2 R, The coefficient of the R
term (cases per rad) has been misestimated, but the
background rate is correctly evaluated and the test
for significance of the relationship of effect to dose
is numerically exactly what it should be. Under
type 3 error, however, all is different. We assume
that by shielding error, 25% of each group are
mistakenly assigned to the other group. We then
obtain a dose response curve of 18 +R/2, so that
the background rate is overestimated by 50%, the
number of cases per rad is underestimated by 50%
and the significance test result would be sharply
reduced. Conclusion: The three kinds of error have
different results, and the existence of relatively large
error of type 1 does not mean that it is foolish to
attempt to reduce type 3 error. However, if type 3
error be very large, the dose estimates will”® be
valueless no matter how low the type 1 and type 2
eITors.

Errors of Type 3. We have but a single body of data
directly applicable to the assessment of type 3
error. In 1961, with the completion of the priority
shielding work in Nagasaki, Mr. Cheka urged a test
of the accuracy of the shielding work there.
Accordingly, a sample of 92 cases was selected, 42
from the year 1954 and 50 from 1959. The sample
was selected about equally from five ranges for the
original total dose estimate: 0-49; 50-99; 100-199;
200-399; and 400-999 rad.

For 4 cases, total dose estimates could not be made.
In two cases, which had carried total dose estimates
of 10 rad and 7 rad, re-interview disclosed that the
patient had been shielded by earth, hence no dose
estimate was possible. In two more cases, with
previous total dose estimates of 84 rad and 472 rad,
it was determined that globe studies should have
been done. These have been done, and the new
neutron estimates from the globe are little more
than half of the former neutron values. How much
the gamma estimate will change cannot yet be told.

Setting aside the 4 cases that were totally erroneous
(4.3%) in order to make the material comparable
with other data to be presented, the total doses are
converted into a log scale called L scale. This scale,
which is being used in ST100 for tabulating purposes,
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THE L SCALE

LAr—I
L Dose # g Dose ##ft L Dose # it
1 0.2 11 25-31 21 252.316
2 3 12 32-39 22 317-399
3 4 13 40.49 23 400-503
4 5 14 50-62 24 504-634
5 6-7 15 63.78 25 635-799
] 8.9 16 79.99 26 800-1007
T 10-11 5T 100-125 27 1008-1269
8 12-15 18 126-158 28 1270-1599
9 16-19 19 159-199 29 1600.2015
10 20-24 20 200-251 30 2016+
TABLE A2 DIFFERENCES BETWEEN L SCALE VALUES FOR
ORIGINAL DOSE ESTIMATES AND REVIEW
#FAZ LAr—NLTAHATmOBREEH-BEEEREEOER
Review L Value Minus Original Number Percent
AfELHE:TO®EENE il #
+6 il 1.1
+5 T 1.1
44 1 1.1
+3
42 2.3
+1 10.2
(1] 57 64.8
= 12 13.6
—2 3 3.4
-3 2 2.3
Total & & 88 99.9

has 30 steps, which increase by 26% from step to
step. Three steps on the L scale exactly double the
dose.

In terms of the [ scale, the correspondence in the
Nagasaki experiment between the former dose
estimates and the new estimates, in the 88 cases for
whom new estimates could be made, turned out as
shown in Table A2. Values were the same in 65%,
differed by one unit (plus or minus) in 24%, and
differed by two units or more in about 11%. The
average difference, taken without regard to sign,
‘was 0.6 units, while the root mean squared differ-
ence was 1.24 units.

Correlation between Dose and Distance. It is well
known that the T57 dose estimates are highly
correlated with distance from the hypocenter. For
persons who were in typical houses of light wood
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TABLE A3 PERCENT DISTRIBUTION OF L SCALE VALUES BY DISTANCE,
HIROSHIMA, SHIELDING CATEGORY 6

F#AZ LAT—NEOBEGESA: HEER, KR, B HEG6

Distance L Scale Total
LR 5 6 7 8 9 10 11 12 13 14 15 at
1600-1609 m 2 13 58 25 2 100
1610-1619 5 25 51 18 1 100
1620-1629 4 9 32 47 8 100
1630.1639 8 26 80 1 5 100
1640-1649 17 39 41 3 100
1650.1659 2 21 40 37 100
1660-1669 1 7 17 58 16 99
1670-1679 1 6 25 54 14 100
1680.1689 2 7 37 47 6 100
1690-1699 4 45 49 2 100

construction (Shielding Category 6) it could hardly
be otherwise: The factors for fransmission of
gamma radiation vary only from about 88% to
about 56% as house penetration distance varies
from zero to 28 feet.* Between 4 feet and 20 feet,
which range probably covers most survivors, the
spread is only from about 83% to 63%. Variation
for fast neutrons is greater (from 75% to 40%) but
at distances larger than 1600 m the neutron
component of total dose is but a small fraction,
even in Hiroshima. These considerations seemed to
give hope that if distance were specified to 10 m
the dose estimates for persons in a given shielding
situation might have very small spread. Tabulations
have been made, and the accompanying Figure Al
shows the Hiroshima distribution from 1600 to 2000
m graphically. It is obvious that at any given
distance, the L scale total dose values fall within a
very narrow range. An extract from the tabulation
is shown as Table A3.

It is apparent from the table and figure that the
correlation is very close, since in every 10 m Zone,
at least 3/4 of all dose estimates are contained in no
more than two L steps. It is also apparent that
there are a number of “‘outliers” - cases that are so
distant from the main body of data as to raise a
suspicion of gross error. Accordingly, the cases were
reviewed and all extreme cases being rechecked, a
number of errors were found. The revised version of
Table A3 appears as Table A4. Clearly, the effect of
review was to remove most of the outliers.

In Table A3, the correlation between L value and
distance is 0.674. The regression equation is:

2wy, FhidfistcdbnzEdhA. B0
FRFEEGE, FEEAEEY 025287 ¢+ — PAENT
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474 — 56207 1 — FoMTIE, ZOEBEH8%
THEE3%BETHYES. WhETSTRZOBEI LY K
54 (75% —40%), 1600m L@ o il vz, S&8H,
P F AR T AR ARERBIFVTELAEVEOT
b FEF. Dl Eo#EEG, & LEEAOmE CEETH
niE, HHEEREICH - ZHEHOMR %f{miﬁa)aiﬂ
m@%bmr¢ém WHFHEAEAE . B
Hw, BoE, EECET 31600 -2000m o546 & BUR
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mAERNERDEED T,

L=133-(.025) X

*Ritchie & Hurst, Health Physics 1:390-404, 1959



FIGURE A1 PERCENT DISTRIBUTION OF LOG DOSE BY DISTANCE, HIROSHIMA
Shielding Category: In Wood House

MEGRBROTESESAM, EEGESRSE: REEEN)

HA1

where X is the distance in meters measured from
1605 as the zero point. The standard error of
estimate (variation around the regression line) is
0.75 units, while the average deviation, taken
without regard to sign, was .66. In a word, the
error made by estimating the dose in L scale
from the regression equation on distance, is of
the same order of magnitude as the average error

discovered in a routine verification of shielding
histories. The relevant numbers are summarized
in Table AS.

Conclusions and Recommendations. The studies
reported here are by no means conclusive. Addition-
al computations will be made for other distance
zones and other shielding categories. However, it
seems plain that for the class of subjects studied
here (Hiroshima survivors, 1600-1699 m, in wooden
houses) the advantages in accuracy to be obtained
by completing all shielding studies rather than
estimating dose from distance, are by no means
decisive, especially in view of the very large costs
and difficulties encountered in making such studies.
Parenthetically, it can be noted from Table A4 that
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TABLE A4 PERCENT DISTRIBUTION OF L SCALE VALUES BY DISTANCE, AFTER CHECKING,
HIROSHIMA, SHIELDING CATEGORY 6

#FAL FHFHBROLATY-—NVEOESRS M HBE, BB, SHHE6

Distance L Scale 2% — ) Total
B 8 9 10 11 12 13 14 15 it

1600-1609 m 2 13 58 25 2 100
1610-1619 5 25 b1 19 1 101
1620-1629 4 9 a1 48 8 100
1630.1639 8 26 60 1 5 100
1640-1649 17 40 41 3 101
1650-1659 2 21 40 37 100
1660-1669 7 17 59 16 99
1670-1679 3 3 24 55 14 299
1680-1689 2 1 7 36 48 6 100
1690-1699 4 46 50 100

TABLE A5 COMPARISON OF DISCREPANCIES BETWEEN TWO SHIELDING HISTORIES AND BETWEEN
SHIELDING HISTORY AND ESTIMATE OF DOSE BASED ON DISTANCE AND SHIELDING CONFIGURATION

# A5

ToOOMRAREMOEL S CIC R E LR LU

MEEORRBI T BEHEEM L o2 o b

™

Root Mean Square Average Absolute

Study Cases FErmf{(L Unit)sg El};rﬁr%*?réi:;s‘n
] 4 1-F ) 2 92 B AR
ne s (L W) (Lwt)
Nagasaki, recheck of shielding histories 88 1.24 0.59
B, R Rk 08 E Bt
Hiroshima, linear regression of L scale on
distance, category 6, 1600-1699m 918 0.75 0.66

Rk, iz A LROBIELEE,
M6, 1600—16%99m

beyond 1600 m, almost all dose estimates are in L
class 13 and lower, that is, less than 50 rad.

The requirement for dose estimates is now, not 3
years from now, with the Adult Health Study being
tabulated for the second time and the Life Span
Study for the third time.

On the assumption that the computations being
made verify the results for 1600-1699 m, it is
recommended that:

Remaining ST100 cases within 1600 m should
be completed as soon as possible.

The Shielding Section be progressively reduced
in size.

That after the remaining ST100 cases are finish-
ed, and the new dose estimates become available
(promised for summer-fall 1963) the Shielding
Sections in the two cities be abolished. A target
date for this would be 31 December 1963.
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CORRELATION BETWEEN DISTANCE AND
DOSE

Memorandum to Dr. Darling from Seymour Jablon
Dated 16 April 1963

Table A6 shows the result of analyses of regressions
of log dose measured in [ scale values on distance,
specified to 10 m, separately for each of the 100 m
bands from 1600 to 1999 m, and for each shielding
category. In Hiroshima, the greatest absolute
average error is 0.65 L scale units, or about 17%.

IEECIRE EOBBAICDOVT

Seymour Jablon #*5 Dr. Darling $ TM19634 4 B16 H
DUEE
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0mF2ocMs LAEBE~ORREITOEREEFTELD
THNET. KBTIE, BROTFHENREZT0.65LA
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TABLE A 6 CORRELATION BETWEEN DISTANCE FROM HYPOCENTER (10 m SPECIFICATION)
AND L SCALE T57 TOTAL DOSE, BY SHIELDING CATEGORY, DISTANCE, AND CITY

FAG BELOH A S OHEE(10mXS) & LA — L TSTD &R & oMM MER T - HiBE - #iE

Shielding Category

Distance from Hypocenter /0 M & o0 BERE

i Hiroshima [L5 Nagasaki E#
B B
1600-1699 1700-1799 1800-1899 1900-1999 1600-1699 1700-1799 1800-1899 1900-1999
1, “In Open Unshielded” [E4cHEfsh i donE]
Histories tabulated
R L 7 28R 308 161 142 a8 60 77 52 52
Correlation coefficients -
FPE 875 818 602 907 799 (B85 699 639
Standard error of estimate (L -units)
HEEE I HEAR 2 (L M) 23 1] 31 21 .53 .54 2 46
Average absolute error{L-units)
P b (L MG .13 28 .24 16 .32 43 31 .33

2, “In or Behind Building, but not completely Shielded”

Histories tabulated

IRat L - EERD SR B 40 30 34
Correlation coefficients

1 1% £ 636 751 741
Standard error of estimate ([ -units)

Hea A O BEHEIA 2 | L ML) A7 48 .49

Average absolute error (L-units)

T4 0 B2 ( L W40 36 -0 L

4. “In Open but Totally Shielded by Building”
Histories tabulated

ot Lo R B 86 83 58
Correlation coefficients

FE 5 £ 474 412 .402
Standard error of estimate (L -units)

ek (0 BEHE AL ( L WA 10 87 81

Average absolute error ( L-units)

Mg En iR 2 L BT 54 .65 64

RSz, Bz k T

[EEOMEE 2Ly, S2rEfsnTuidaH]

16 74 72 48 58

.592 .580 691 .549 .704

43 73 T4 68 57

.34 59 59 50 AT
ATwRE]

36 19 20 28 21
489 134 309 062 520
82 1.12 70 2.0 .53
59 92 56 1.40 41

6. “Shielded Totally by Wooden or Light Frame Building” [hps 2 @RS o®mi s s ot nmiis hr g

Histories tabulated

ML A T R 922 907 702
Correlation coefficients

M S M 538 495 H3Y
Standard error of estimate (L-units)

M A O BEHERR 28 [ L M) .82 .82 .79

Average absolute error ([ -units)

T R (L) 63 61 63

e

420 403 340 387 420
ART 488 445 481 .385
.78 .75 .80 .79 .63

60 .60 .63 .66 52
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Actually the tabulated data understate the close- EEE, BHEMEIAEEE LB MR BT IES
ness of the relation between log dose and BARRLT L E T,
distance:

If actual values of log dose were employed L2y =NMROMRDH Y 2RO HBRBEAH 5

instead of I scale values, the correlation would htwikdsof, MAkEHEkL, BERZETH 4
increase and the standard error would, probably, bW 5 Lz BbitEd.

be somewhat reduced.
MBER M Z, v 100m 2L OIS Rk it 4
If the correlation coefficients were calculated, $, 400m BRIt bl TEHELAL ST, MM
not over the narrow subranges of 100 m, but BRI S o LW LT s = L '3‘- LaT
R S M 2l Tl i g

over the whole 400 m range, the correlation o p S B, 3
coefficient would be much increased. However, COMBIMLT, BREC 2, THREKIZL

for the problem at hand, the important question PIZKELEDTHE 2| TLL, [HBED 53R
is not “How large is the correlation coefficient” BReftEtsBEorHREIVL I NE L DTS
but “How small is the average error committed S| F LTINS OREEEFHELZZET
in estimating log dose from distance” and these WAWH | EWSZEIZAD ET.

estimates are not affected.

o

.
I think that the results obtained are sufficiently j

good that I can renew the recommendation contain- =g
ed in the 26 March 1963 memorandum.

fRE, EFIZEVo T, 196343 H26H S

PR
THRELEREE A LD THGVAVERCE T

)
2t
o
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