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ABSTRACT

A 1987 study of the radiation from the World War II
nuclear weapons applied state-of-the-art data and computer
techniques, providing an important advance in reliability
of the results. Still, a disturbing disagreement remained
between slow-neutron activation measurements and
calculations for the Hiroshima event.

Newer data have confirmed the validity of the
discrepancy. This work examines various potential
explanations. Of those examined, only an enhancement
to the weapon neutron leakage spectrum in the vicinity of
the 2.3 MeV oxygen cross section window can fit the data
accurately.

INTRODUCTION

Almost 50 years after World War II. determination of
the radiation resulting from the nuclear weapons used in
that war remains an important key in understanding
human radiation risk. In spite of many years of research,
certain issues are unresolved. An early benchmark study
called "T65"1 was the leading work in this area for many
years. Later, "DS86"- used data and techniques not
available to the earlier investigators. The DS86 study
indicated a sharp reduction in the neutron dose from the
weapons, and this has been generally accepted.

The DS86 study also disclosed a dilemma, however.
Slow-neutron activation observed at Hiroshima, i.e.,
activation by neutrons traveling at thermal or epithermal
velocities, disagreed with the DS86 calculations by factors
as large as 5. The investigators perceptively noted that,
if these data should prove valid, then the entire Hiroshima

dose picture could be thrown into doubt. Subsequent
events have brought about just that outcome.

This study examines various potential explanations.
Of those alternatives examined, only a revised weapon
neutron leakage spectrum fits the data. So far, however,
it has not been possible to find a weapon calculation that
matches the revised spectrum.

IMPROVED MEASUREMENTS

New Hiroshima cobalt activation data reported by
Kerr confirmed the DS86 discrepancy, but only a limited
number of cobalt measurements were available, and these
covered only a limited span of ground ranges. A new-
accelerator mass spectrometer technique applied by
Straum4 allowed suitable chlorine measurements to be
obtained in abundance. Refinement of the technique
allowed measurements at longer ground ranges, and new
measurements were made at Nagasaki as well. Work by
Egbert and others5 improved the calculation of local
shielding effects and placed the various types of slow-
neutron activation on a common basis, as if they had all
been performed with europium-151. When the new
measurement data are compared with the DS86
calculations, the inescapable conclusion is that the DSS6
Nagasaki calculations agree with the measurements, while
the Hiroshima calculations are now too low by factors of
5 to 10 at the longer ranges.

POTENTIAL SOLUTIONS

The present study examines what could cause such an
error and what the impact on dose might be. A new
calculation of weapon leakage was performed. New tine-
group, fine-quadrature discrete ordinates calculations were



introduced. Improved numerical procedures and ENDF/B
Version VI cross sections including the newest nitrogen
data were used. The discrete ordinates calculations were
tested against pointwise Monte Carlo calculations. All of
this improved the reliability of the calculations without
changing the results markedly.

The transport of radiation through air has been
reexamined in detail. First, one should note that the same
methods that produced fine agreement with the Nagasaki
weapon, and with later well-instrumented weapons tests,
produced poor results in the Hiroshima calculation. The
cross section data for oxygen, water, and nitrogen in air
were examined, but only nitrogen has the potential to
produce such a large discrepancy. Even there, it was
found that about 30% of the nitrogen cross section must
be removed from the air in order to match the long-range
results. Uncertainties in air composition and in nitrogen
cross sections are typically a few percent or less,
however.

The effect of rainwater covering the soil was
examined without benefit. Raising the height of burst and
changing the directional distribution of the neutron
leakage were tried without success.

The energy distribution of particle leakage is a
potential weakness, however. This leakage was
determined by coupling the results of a hydrodynamics
calculation describing the explosive disassembly of the
fissile material into a Monte Carlo radiation transport
calculation. The unique design of the Hiroshima weapon
is such that no satisfactory confirmation of the calculated
radiation leakage exists. In the following sections, we
will show that the activation measurements can be
matched very accurately by adjustments to the particle
leakage.

FISSION-SPECTRUM ENHANCEMENT

The slow-neutron activation at all ranges can be
matched by providing additional leakage in the energy
range above the "oxygen window", i.e., above the valley
in the oxygen cross section that occurs at about 2.3 MeV.

In one calculation, leakage typical of the Aberdeen
Pulse Reactor (APR) was placed in a band ±30 degrees
about the horizontal midplane of the weapon. The
magnitude of the APR enhancement was adjusted to about
a third of the total leakage calculated for the weapon.
This source fit the slow-neutron data within a few
percent.

There were problems with that result, however.
First, it was necessary to eliminate most of the
conventional leakage indicated by the weapon leakage
calculation in order to match the short-range data, and no
explanation for that is available. In addition, the revised
spectrum caused errors approaching a factor of 10 in the
fast-neutron activation of sulfur underneath the weapon.

Various combinations of directional distribution and
altitude adjustments were tried in an attempt to tit the
slow-neutron data and sulfur data simultaneously, but
these were not successful.

SPECTRAL BOOST NEAR THE OXYGEN WINDOW

It was found that an arbitrary boost of the leakage
spectrum near the oxygen window can lit all of the data
without the flaws of the other solutions. In one
calculation, 8% of the total calculated leakage was
concentrated in the 2.1-2.7 MeV energy range. The
directional distribution of the boost was uniform in a band
±30 degrees about the horizontal midplane of the
weapon. The conventional calculated leakage outside the
boost range was adjusted by one factor below the boost
energy and another above. The fi! ui' both slow-neutron
activation and sulfur activation data are excellent, as
shown in Figs. 1 and 2. The largest error in the fit is
only 20%. It was necessary to eliminate the leakage
above 2.7 MeV entirely in order to match the sulfur data.
however.

When the hypothetical boost was increased to 31 c.'i
and concentrated in a 30-degree cone about the upward
direction, an excellent fit was also obtained, as shown in
Figs. 3 and 4, and some leakage above 2.7 MeV was
retained. The largest error in this fit was 22 ?c.

A causal explanation for the boost is not available.
but no other known assumption provides a satisfactory fit.
If large errors in the sulfur data could be found, the boost
could be distributed over a wider energy range above 2.7
MeV. but it would still remain unexplained. The sulfur
data have withstood review by the best experts without
revision, however.

The change in the total neutron dose that would he
implied by the hypothetical boost is shown in Figs. 5
and 6. The new neutron dose agrees more closely with
the T65 data than with the DS86 data. The effect on total
gamma dose is quite small, as seen in Figs. 7 and 8.

The spectra proposed are not unique, of course. Yet,
the essential character.sties of the successful fits - a
reduction in the calculated broad-spectrum leakage.



coupled with a boost near the oxygen window - seem to
be essential in order to fit all of the da:.. ..imultuneously.
It is likely that other spectra having these characteristics
would have a similar effect on dose.

It may be noted that Pace6 determined a new source
by spectral unfolding of similar measurements in 1989.
His results showed the requirement for a strong peak
above the oxygen window and a source reduction above
and below the peak. Although Pace's results were not
known to the present investigators until after the
completion of the study, the agreement with the present
results is striking.

CONCLUSIONS

Adjustments to the calculated neutron leakage from
the Hiroshima weapon can match all of the experimental
activation measurements quite accurately, although it has
not been possible to relate these spectra to theoretical
weapon leakage calculations. The adjustments indicated
by this work would lead to large increases in neutron
dose, but little change in gamma dose, as compared to the
results of the DS86 study. Other attempts at matching the
data have been without success.
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Fig. 5. Total Neutron Dose
Outward Dir'd Source Boost
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Fig. 6. Total Neutron Dose
Upward Dir'd Source Boost
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Fig. 7. Total Gamma Dose
Outward Dir'd Source Boost
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Fig. 8. Total Gamma Dose
Upward Dir'd Source Boost
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