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Figure 47 compares the DS02 and DS86 neutron and gamma-ray dose as a function of ground
range in terms of the ratio of DS02 to DS86 activation. The DS02 neutron dose varies from about
10-20% lower than the DS86 data between 0 and 1,500 m, and DS02 falls below DS86 by nearly
40% at 2,500 m. The DS02 secondary gamma-ray dose is everywhere slightly lower than the
corresponding DS86 data, while the DS02 primary gamma-ray dose is greater than the DS86 data
by as much as 20% at ground ranges beyond approximately 1,500 m. The reasons for these
differences are similar to those attributed to the Hiroshima results. An important addition at
Nagasaki is the calculated neutron and gamma-ray leakage spectra extend to higher energies and
to later neutron capture times than for the weapon leakage spectrum in DS86. This results in a
greater increase than is seen in Hiroshima.

The calculated neutron activations as a function of ground range at Nagasaki are summarized
in Table 14. Additional data are found in Appendix D. Figure 48 compares the 32P and 63Ni fast
neutron activations as a function of ground range. Neither 32P nor 63Ni activation was measured at
Nagasaki. These calculated responses are included here only to show the different responses that
arise from the Hiroshima and Nagasaki weapon leakage spectra. The curves drop off by about six
orders of magnitude over 2,500 m ground range. Shown in Figure 49 are the ratios of the DS02 to
DS86 fast neutron activation. The DS02 activation ranges from 30 to 50% lower than the DS86
data and is approximately 30% lower between about 750 m and 1,500 m ground range. Because
the DS86 fluences at ground ranges less than 100 m have been estimated for this comparison, the
ratios near the hypocenter are uncertain.

Figure 47. Ratio of DS02/DS86 Nagasaki dose vs. ground range, HOB =
503 m, yield = 21 kt.
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Figure 48. Nagasaki fast neutron activation vs. ground range, HOB =
503 m, yield = 21 kt.

Figure 49. Ratio of DS02/DS86 Nagasaki fast neutron activation vs.
ground range, HOB = 503 m, yield = 21 kt.
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The calculated thermal activation isotopes at 1 m above ground at Nagasaki are plotted as a
function of ground range in Figure 50. The activation is given in units of Bq/mg for 60Co and
152Eu and the number of 36Cl atoms produced per Cl atom for 35Cl(n,γ) 36Cl reaction.

Figure 51 shows the differences between the DS02 thermal activation responses and the
corresponding responses calculated in DS86. The DS02 data are lower than the DS86 activation
data by as much as 40% at ground ranges between 0 and 200 m and are relatively constant at
approximately 10% lower between 200 and 1,500 m and gradually drop to 20% lower at 2,500 m
ground range. 

As in the case of the Hiroshima analyses, the Nagasaki DS02 air-over-ground calculations
were carried out using a finer energy group structure for the transport cross sections. The
ENDF/B-VI cross-section data in the DS02 analysis were considerably improved since DS86 and
allow better modeling of the weapon neutrons through the air.

Figure 52 shows the ratio of the calculated fast and thermal activation to the neutron dose as a
function of ground range. The data were derived in the same manner described for Hiroshima and
shown in Figure 45. The 60Co response falls into equilibrium with the other thermal neutron
responses at ground ranges beyond 500 m. This is because the 60Co cross-section resonance at
132 eV is above much of the Nagasaki low energy neutron source.  The fast neutron responses
are essentially in equilibrium to about 1,250 m. At greater ground ranges the 32P and 63Ni differ
by about 10%, as noted above. The Nagasaki spectrum is significantly out of equilibrium for the
first 500 m from the hypocenter, and then it more rapidly comes in to equilibrium than does
Hiroshima. (These calculations are used for understanding Nagasaki fluence spectrum, but no fast
neutron measurements were made.)

Figure 50. Nagasaki thermal neutron activation vs. ground range, HOB
= 503 m, yield = 21 kt.
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Figure 51. Ratio of DS02/DS86 Nagasaki thermal neutron activation vs.
ground range, HOB = 503 m, yield = 21 kt.

Figure 52. Ratio of Nagasaki activation to neutron dose vs. ground
range, HOB = 503 m, yield = 21 kt.
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Conclusions

The methods and data used to calculate the Hiroshima and Nagasaki prompt and delayed
radiation fluences for the DS02 study represent a considerable improvement over the methods
and data used for the DS86 study. During the intervening sixteen years, enhancements were made
in the radiation transport codes and the nuclear data that are used to describe the migration of the
neutrons and gamma rays from the bomb location through the intervening air and into, out of and
off the surface of the ground. Increased computational capability permits better descriptions of
the weapon source spectra and their extension to higher neutron and photon energies. The
weapon leakage spectra were generated in the same neutron and gamma-ray energy structures
that were used in the transport calculations. No interpolation or fitting of the leakage spectra was
necessary, assuring consistent and accurate representations of the data were used in the transport
calculations. 

The use of the 199 neutron and 42 gamma-ray energy group ENDF/B-VI cross-section library
in the discrete ordinates calculations including 36 thermal neutron up-scatter calculations
provided the most accurate descriptions of the Hiroshima and Nagasaki air-over-ground radiation
environments obtained to date. Fluences calculated were folded with ENDF/B-VI activation
cross-section and new kerma response functions to obtain the spatial dependencies of these data
for comparison with measured results. Comparisons of activation and dose distributions were
also calculated using Monte Carlo methods, and the agreement between the two analytic
approaches is within ±10% for ground ranges to approximately 1,500 m. Beyond 1,500 m ground
range the fractional standard deviations in the Monte Carlo estimates of the responses become
larger. Better agreement would have been achieved with longer running times but would not have
improved the good agreement obtained using the two transport methodologies.

The DS02 method of using the two-dimensional LAMB and DORT to calculate the delayed
radiation is an improvement over the DS86 method of using LAMB and a one-dimensional
ANISN calculation. The new method did not change results significantly. It is not known whether
the results would change if a modern hydrodynamic code were used to calculate air density and
source locations. This may be useful to study in the future.

The results reported in this chapter are state-of-the-art. They were obtained using the best
available codes and data and clearly represent the best available data of the air-over-ground
neutron and gamma-ray radiation environments for Hiroshima and Nagasaki. The agreement
between the calculated and measured responses, as shown in the ensuing chapters, is notable.
Achieving 10-20% agreement between a controlled measurement and calculation is generally
quite acceptable. Achieving similar agreement between measured responses and calculations
from the Hiroshima and Nagasaki events is remarkable.
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Appendix A

Neutron and Gamma Ray Energy Group Structure
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