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We were asked to talk about & topic of special interest during this

session. There are two special topics that I could have talked about, one

being sone •icrodosiaetric calculations for active narrow in the skeleton.

This work was done with Keith Eckerman and a preliminary report was published

recently in the Proceedings of the Fifth Symposium on Neutron Dosimetry.

The other topic which I will discuss today deals with sulfur activation by

fast neutrons from the Hiroshima bomb. Joe Pace was involved in this work

from the very start and he is listed as a co-author because I will be using

some of his results in today's talk.

In 1979, we attempted to establish the validity of source terms for the

(2-4)
Hiroshima and Nagasaki bombs using experimental data on sulfur activation.

Close agreement was observed between measured and calculated values for test

(4)
firings of Nagasaki-type bombs. The calculated values were based on source

terms developed by W. E. Preeg at the Los Alamos National Laboratory (LANL).

A discrepancy was found, however, when we compared calculated values for the

two bombs because a 1956 report by R. R. Wilson stated that sulfur activation

by fast neutrons in Hiroshima was approximately three times greater than in

Nagasaki. Our calculations based on Preeg's source-term data predicted

about equal sulfur activation in the two cities.
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Within a few weeks after the bombings, Japanese scientists measured the

*3 S3 93

P radioactivity produced by the S(n,p) P reaction in sulfur which was

used as a glue in electric power-line insulators. A detailed set of data on

sulfur activation in Hiroshima was readily available from a 1953 report by

Yaraasaki and Suginaoto. ' Their measurements of the beta particles from the
S3

decay of P were made through a 0.0015-mm aluminum window of a calibrated

Lauritsen electrometer. No equivalent data from measurements using a cali-

brated detector were found for sulfur activation in Nagasaki. Another 1953

report was found, however, which stated that sulfur activation at the hypo-

center in Hiroshima was about 60% less than that observed at the hypocenter

in Nagasaki. ' With this statement, we were able in 1980 to resolve the

apparent discrepancy in our earlier work.

As noted previously, the calculated values based on Preeg's source-term

data predicted about equal sulfur activation in the two cities, but the calcu-

lated values were found to be greater than the measurements at the hypocenter
(4)

in Hiroshima (see Fig. 1). This difference was consistent with the general

observation that'"sulfur activation at the hypocenter in Hiroshima was less

than that at the hypocenter in Nagasaki. Thus, we suggested that the

difference in sulfur activation at the hypocenters in the two cities was the

result of a blind spot in the neutron leakage through the nose section of the

Hiroshima bomb. The blind spot produced a highly asymmetric-neutron leakage

about the major axis of the cylindrical gun-assembly device. ' '

Simplified one-dimensional models of the bombs were used in the develop-

men' of Preeg's source-term data. A one-dimensional model was adequate for

the Nagasaki bomb because it was a spherical symmetric-implosion device with a

nearly isotropic neutron leakage. The Hiroshima bomb, however, required

the use of a two-dimensional model to obtain information on the asymmetry in



the neutron leakage. Such a model was developed and used in the 1983 work by

Vhalen and his colleagues at LANL. * Their source-term data provided much

closer agreement between calculated and measured values for sulfur activation

at the hypocenter in Hiroshima (see Fig. 2). ' At large distances from

the hypocenter, the agreement vas not very good but the uncertainties in the

measured values beyond 500 m were quite large according to a 1983 review by

(12)

Hamada. His review also provided information on the physical character-

istics of the porcelain insulators from a 1958 report by Yamasaki.

The shielding effect of the porcelain insulators was considered in our

initial 1983 calculations of sulfur activation based on Whaien's source-term

data for the Hiroshima bomb. ' It was assumed, however, that the bomb was

oriented vertically at the time of explosion and the blind spot was pointed

directly downward toward the hypocenter. As a result, cur calculated values

were too low for samples located at small distances to the east of the hypo-

center and too high for samples located at small distances to the west of the

hypocenter (Fig. 2). We had previously determined that the exploding bomb was

tilted about 15*' 'and the blind spot was pointed at a ground location about

150 m from the hypocenter along the direction of bomber heading (i.e., almost

due west or 265* as measured clockwise from true north). Thus, a more elab-

orate calculation was made in late 1983 to assess the effects of the bomber

heading (BH 265) and tilt angle (TA 15) of the bomb on sulfur activation in
(14)Hiroshima (see Fig. 3) The calculated results broadly showed that the
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tilt of the bomb (BH 265, TA 15) affected the induced P activity by as much

as 20% when compared to our calculations for an untilted bomb (BH 270, TA 0).

Finally, the calculated results were compared with revised values for

sulfur activation in Hiroshima from the 1983 review by Hamada^^ and 1958

report by Yamasaki. ' In making these comparisons and others, w« assumed a



bomb yield of 12.5 kilotons (Figs. 1 through 3). It Is possible, however, to

derive a weighted mean value for the bomb yield using Haaada's newer sulfur-

actlvation data. ' ^ These data and our calculations for a tilted boab

(BH 265, TA 15) predict a bomb yield of approximately 1 3 + 2 kilotons. About

one half of the standard deviation of 2 kilotons arises froa uncertainties in

the aeasured values and the other half arises froa uncertainties in the calcu-
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1st-** values due to the cross sections for the S(n,p) P reaction. The

weighted mean value derived from the calculated and aeasured values for sulfur

activation agrees closely with the currently accepted value of 15 ± 3 kilotons

for the Hiroshima bomb.
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Fig. 1. Comparison of calculated values (solid line) and measured
values (circles) for sulfur activation in Hiroshima. The calculated values
are based on Preeg's source-term data and a bomb yield of 12.5 kilotons
(References 2 and 4). The dashed line shows a least squares fit Co the
measured values from a 1953 report by Yamasaki and Sugimoto (Reference 7).
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Fig. 2. Comparison of calculated values (solid line) and measured
values (circles) for sulfur activation in Hiroshima. The calculated values
are based on Whalen's source-term data and a bomb yield of 12.5 kilotons
(Reference 11). The measured values and their directions relative to
the hypocenter are taken from the 1953 report by Yamasaki and Sugimoto
(Reference 7).
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Fig. 3. Comparison of calculated and measured values for sulfur
activation in Hiroshima. The effect of bomber heading (BH) and tilt angle
(TA) of the bomb were considered in these calculations which are based on
Whalen's source-term data and a bomb yield of 12.5 kilotons (Reference 14).
The measured values are revisions to the original sulfur-activation data
from a 1958 report by Yamasaki (Reference 13) and a 1983 review by Hamada
(References 12 and 15).
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