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This chapter describes the research to produce models for calculating the shiclding by
houses for atomic bomb survivors who were in or near Japanese residential houses. The
shielding data will be used in the revised dosimetry system for those survivors with nine-
parameter assignments and also for those with globe information ("nine parameter” and
"plobe" are explained later). The nine-parameter shielding method was used primarily for
survivors who were inside or very close outside Japanese residences. The glaobe technique
was used primarily for survivors not in houses but shielded by terrain or by nearby Japanese
houses. :

The mathematical procedures used to perform this shiclding analysis are described in
Appendix 7-1 which also describes the validation of these procedures by comparisons with
measurements of the shielding provided by Japanese houses during Operation BREN in
Nevada in the early 1960s.!

The calculations reported here provide the radiation fields as perturbed from the free field
{see Editor's Note) by the presence of Japanese residential houses with mud-plaster walls
and tile roofs. The result of the calculations is an energy- and angle-differential fluence
with the same resolution as the free-field calculation. The kerma at a point in the perturbed
ficld can be calculated by integrating the product of the perturbed field and the appropriate
energy-dependent kerma-response function over energy and angle (see Editor’s Note). Organ
doses are computed by coupling the energy- and angle-differential fluence as perturbed by
the house with an adjoint Monte Carlo calculation that describes the transport of the radiation
through the body to the particular organ (see Chapter 8).

Note that this procedure differs from the previous (T65D) procedure! that accounted for
the shiclding by the house and body by the use of so-called "transmission factors”, which
are simply multiplicative factors of the free-field kerma. Although transmission factors (TF)
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can be computed with the techniques described here, the procedure for the revised dosimetry
system performs more detailed calculations that can give the complete energy- and angle-
differential fluence at any site. The calculational procedure includes more accuracy in house
models, in the ground-range effects on the radiation field, in the generation of secondary
gamma rays in the house and body by newtrons, and in determining the effects of the
orientation, size, and posture of the survivor,

The house shielding calculations reported here were performed with an adjoint Monte
Carlo technique that simulates actual individual radiation particle transport in reverse time
(see Appendix 7-1). The use of the Monte Carlo method permits modeling the structure of
the Japanese house containing the survivor and nearby houses in great detail. The proce-
dure includes not only the nearest house or the house containing the survivor, it calculates
the effects of several surrounding houses arranged in a so-called "cluster”, These geometry
models are constructed by combination of simple geometric shapes such as spheres and par-
allelepipeds using logical operations (such as "and" and "or™). In principle, the neighborhood
of each survivor could be modeled in this detail and calculations performed to provide the
person’s particular house shielding. This would involve a great deal of effort. However, it is
hoped that by carefully choosing typical house clusters, it will be possible to provide, with
a limited set of calculations, a model for the house shielding that is sufficiently accurate to
incorporate all the information embodied in the codified nine-parameter data and globe data.

In addition to developing accurate geometry models of typical Japanese neighborhoods,
it is important to produce accurate models of the material composition of typical Japanese
houses. This includes the composition of the walls, the interior partitions, and the roof
construction. The amount of shielding afforded by Japanese houses is directly dependent on
the elemental composition of these materials and their thickness (areal density). A section of
this report describes a comprehensive sensitivity analysis that was performed to understand
the effect of variations in the material composition and in the mass per unit area on the
overall house shielding.

The house shielding model for the new dosimetry system is currently constrained o use
information concemning the survivor that is available in the RERF compuierized data bases.
This constraint forces reliance on the nine-parameter and globe data that were developed for
the T65D dosimetry. There is no constraint, however, (o use these data in the same manner
as for To3D. A considerable portion of the research involved calculating the nine parameters
and globe paramcters for locations within the clusters and then analyzing the shielding
calculations with respect to the ning parameters and globe data to determine functions and
models that could represent the variation in shiclding.

BACKGROUND

The initial concern about the accuracy of the T65D dosimetry system for A-bomb sur-
vivors was focused on the free-in-air (FIA) values, particularly the kerma in tissue due to
neutrons at Hiroshima as reported by Loewe and Mendelsohn.? An analysis by Marcum?®
also questioned the gamma-ray TF applied to the FIA kerma due to gamma rays in the T65D
correction for house shielding. The average gamma-ray TF in T65D reported by Milton and
Shohoji* were 0.90 for Hiroshima and 0.81 for Nagasaki. Marcum estimated that the average
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gamma-ray TF should be quite a bit lower: 0.55 for Hiroshima and (.50 for Nagasaki, A
maore detailed analysis by Woolson et al® supported the origiral claim by Marcum. Thus,
early attempts to evaluate the impact of the new dosimetry used the kerma values of Loewe
and the TF of Marcum.

The T65D TF for house shiclding were based on experiments with the BREN reactor
and a large ®°Co source, as discussed in Appendix 7-1, in Auxier,! and in Woolson et
al®, in which radiation-analog Japanese houses were exposed to the sources mounted in a
465m high tower. The neutron TF were obtained by taking the ratio of the neutron kerma
measured inside the house to the FIA neutron kerma measured at the same ground range
without the presence of the house. Likewise, reported gamma-ray TF were the ratio of the
gamma-ray kerma inside the house to FIA gamma-ray kerma. The measured TF were then
parameterized into the nine-parameter formula for direct application in the T65D. The nine
parameters presumably captured the relevant information about the survivor's location in a
house to represent the shielding of the survivor,

The problem with this approach for application to the A-bomb survivors primarily rests
with direct use of gamma-ray TF obtained in the BREN experimenis to determine the shield-
ing of the prompt gamma rays and the gamma rays induced in the air, ground, and buildings
by neutrons (the shielding of the gamma rays from the fission products was represented by
the %9Co data). Note that the measured gamma-ray TF depends on the magnitude of the FIA
neutron fluence because the gamma-ray kerma measured inside houses includes gamma rays
from neutron inelastic and caplure interactions with the house materials, Since measured
gamma-ray TF are not, then, independent of the existing neutron ficld, these TF should only
be applied to situations that have the same relative neutron and gamma-ray environment.
Unfortunately, the neutron fluence produced by the BREN reactor in the vicinity of the
mock houses was, relauve to the gamma-ray fluence, much larger than was produced by
either of the A-bombs near houses in Hiroshima and Nagasaki. These neutrons at the BREN
experiments produced relatively more capture gamma rays in the house materials that were
measured by detectors inside the houses along with the attenuvated incident gamma rays, Be-
cause of the excessive number of neutrons at BREN, this secondary gamma-ray component
resulted in large measured TF. Since this component was not present in such magnitude
at Hiroshima or Nagasaki, the T65D gamma-ray TF were too large, as was suggested by
Marcum.

In addition to this large bias in the T65D gamma-ray TF, there were other problems
with the treatment of shielding in the T65SD dosimetry, In T65D, the TF do not depend on
distance. The hardening of the neutron spectrum and the shift in elevation angle (the line
from the survivor to the burst point) with ground range produce changes in the shielding for
which T65D did not account. There are also inconsistencics in the nine-parameter and globe
methods for shielding because of the use of different data bases and model assumptions for
the two methods in T65D. Also, the TF approach does not provide for the kerma produced
by secondary gamma rays from neutron interactions in the materials of the house and body.

The primary reason, however, for the revision of the T65D shiclding model is the need for
more detailed dosimetric data at specific organs within the body to account for the orientation,
posture, size, and sex of the survivor, Also needed are estimates of the energy-differential
f[luence of neutrons and gamma rays and a breakdown of the kerma into individual neutron
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and gamma-ray components. This level of detail requires that the house shielding model
provide the energy- and angle-differential fuence distribution at the location of the survivor in
or near houses for subsequent computation of the shiclding by the body. Thus, simple kerma
TF cannot be used, as in T65D, 1o describe the house shielding; the complete radiation field
inside the house must be provided. A methodology for producing these detailed shielding
descriptions was presented by Woolson et al® and accepted by the US Department of Energy
(DOE) Working Group on A-bomb dosimetry and by Japancse scientists on the Review
Committee to Evaluate the Radiation Dose from the Atomic Bomb. This report describes
the rescarch using that methodology o generate the detailed house shiclding model for the
revised A-bomb dosimeltry,

METHOD FOR SHIELDING CALCULATIONS

The theoretical basis for, and a complete description of, the method used to evaluate the
shielding of the survivors by the Japancse houses and to produce the data base for the house
shiclding in the revised dosimetry is provided in Appendix 7-1.

The shielding calculations were performed in computerized geometrical models of typical
Japanese residential neighborhoods. The models consist of clusters of six or more houses.
These computer models of house geometrics contain the roofs, walls, interior partitions,
windows, doors, floors, and the relative location of the houses with respect to each other,
The Monte Carlo method is used to simulate the repeated scatterings of neutrons and gamma
rays through these geometries. Without describing in detail the distinctions between forward
and adjoint modes for Monte Carlo simulations, the calculations were performed in the
adjoint mode in which simulation begins at the detector* location, particles move back in
reverse time, "upscatter” to higher energies when they interact with house materials, and
exit the clusier model by crossing an outer cylindrical surface. Some of the starting gamma
rays upscatier to become neutrons that exit the cylindrical surface, thus simulating secondary
gamma-ray production in the houses. The scatterings and distances between collisions are
randomly sampled in the Monte Carlo simulation according to the nuclear cross sections for
the house materials and the configuration geometry.

Data for each particle simulation generated during the Monte Carlo computer calculation
are saved on what is called the "leakage” tape. In the reverse time, or adjoint mode, a particle
leaking from the system by crossing the outer cylindrical surface portrays a particle incident
on the surface in normmal forward time (forward mode) that arrives at the detector location
with the energy and angle used o commence the particular adjoint history. Thus, the leakage
tape records, in essence, the location, energy, and angle of the incident neutrons and gamma
rays and the resultant energy and angle at the detector of the particles and secondary particles
generated in the house materials.

Typically, leakage tapes from a Monte Carlo run for house shielding will contain about
40,000 individual particle simulations or historics. These histories provide the effect of

*Many analysts who make Monte Carlo calculations of the type reported here vse the word “detecror”
in a generlized sense for the object in which they calculate the radiation field. The detector might, in
different cases, be an actual instrument, a small mass of material, or an organ in a person's body. The word
“receptor” is often used in the same sense in purely radiological studies.
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shielding of the free-field radiation by the house cluster. From the free-field data, it is
possible o compute the number of neulrons or gamma rays in a given energy band and in a
given angular band that would cross particular points on the cylindrical surface sumounding
the cluster. A data processing code examines the leakage tape for histories that fall into
these particular energy, angle, and surface bands, and links their histories with the free field
to compute the field at the shielded detector location. In effect, the shielding calculations
continue the radiation transport from the free field into the house cluster. By saving the
Monte Carlo simulations on tape, many different shielding estimates can be performed by
linking (or folding) the shielding tape leakage data with the free field at different ground
ranges and for different orientations of the closter with respect to the burst poinL

This approach assumes the radiation incident on the imaginary cylindrical coupling sur-
face surrounding the cluster calculated without the cluster present (i.e., air over flat ground
geometry) is not oo different from the actual incident radiation with the cluster present.
Discrepancies would arise from differences in the radiation that interacts inside the cyclin-
drical volume (with or without the cluster), escapes the volume, and then scatters back into
the volume once again, Comparisons of calculations using this technique with data from
the BREN Japanese house experimenis discussed in Appendix 7-1 show excellent agreement
and indicate that the approximation is a good one. Furthermore, since the burst points at
Hiroshima and Nagasaki were over 500 m above the ground, most of the energetic incident
radiation came from the air, unperturbed by the ground, and that portion of the incident
radiation that interacted with the ground and houses in the far field should not be too differ-
ent from the same in a flat ground model. The near field air-ground-house interactions are
treated, of course, in the cluster calculation.

CLUSTER MODELS

Cluster Design

During the process of validating the computer procedure (Appendix 7-1), it was found
that the radiation field is perturbed not only by the house containing the survivor but also by
houses adjacent to the survivor's house. Thus, it is necessary to model clusters (or groups)
of Japanese houses to calculate the full shielding effect. The shiclding offered by a house
other than the house containing the survivor is called the mutual shielding effect. Since the
Monte Carlo shielding calculations can be folded with the free field at any ground range and
for any orientation of the cluster with respect to the burst point, the clusters were selected
to include as many different shielding situations as possible (e.g., two-story house shiclding
a single-story house, a house shielded by a house across the street, etc.). To be as realistic
as possible in the design of house clusters, the models selected were from actual histories of
survivor situations.

A housing cluster model is produced by [irst generating models for the individual houses,
then combining these mathematical models for individual houses into an appropriate arrange-
ment with the houses properly spaced for street width and separation distances of neighboring
houses. The individual houses are modeled with the combinatorial geometry technigue, which
produces a mathematical representation of the house geometry through logical operations on
a scl of simple bodies.
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One can model objects in great detail with this method. The models used in this study
considered the following: exterior doors and windows, walls, passageways, verandas, inte-
rior partitions and openings, first and second flooring, tatami, closets, alcoves, and roofs.
The large overhead beams in typical Japanese houses were not modeled, and the closets
were empty in this analysis. The models of individual houses were checked by generating
computer-drawn views of the models from specified viewpoints. Any discrepancy between
the pictured results and the desired design could be fixed and the procedure repeated until
the final model had the desired input design.

The mathematical models of the individual houses were specified relative o a cartesian
origin. The cluster model was constructed from the individual house models by referencing
the origin of each house model to its position in the cluster frame of reference. In this way,
clusters of any size could be constructed subject to the limitation of the available computer
memory and the increased run time for larger geometry models.

Each volumetric region of the geometry model for the cluster must have a specified
composition consisting of partial element densitics. The computer code uses the input partial
densities of a given material to form the macroscopic cross sections required in the transport
simulation. The cross-section data consist of both the total macroscopic cross section for the
given material and the energy- and angle-differential scattering cross sections,

The mathematical model of the Japanese house cluster and the material description for
each region of the cluster are the basic input data for the adjoint Monte Carlo simulation 1o
calculate the perturbation of the free field due 1o the presence of houses in the vicinity of
the survivor.,

Six-House Cluster

The first house cluster used to perform shielding calculations is called the six-house clus-
ter. It consists of two two-story houses and four one-story houses with three houses aligned
on each side of a street. The layout model was based on a shielding history from Hiroshima
in Nishi Temma-cho shown in Figure 1. This model was selected because it provided the
opportunity to study a variety of shiclding situations, depending on the orientation of the
cluster relative to the burst point (in the shiclding calculations the orientation of the house
cluster with repect to the burst point can be varied arbitrarily). Two computer-generated
views of the mathematical model of the six-house cluster are shown in Figure 2.

With this configuration, the effects of mutual shielding by one- and two-story houses
could be studied, The combinations include (depending on the orientation with respect to the
burst point) two-story unshielded, single-story unshielded, two-story shielded by a two-story,
two-story shiclded by a one-story house, one-story shielded by a two-story house, one-story
shielded by a one-story house, one-story shiclded by one- and two-story houses across the
street, and two-story shiclded by a one-story house across the street. The presumption is, of
course, that most of the mutual shielding is done by the most adjacent house along the line
of sight to the bomb,

During visits to Hiroshima and Nagasaki, measurements of the dimensions of common
ieatures of several Japanese houses existing at the time of the bombing were made, The
wall thickness, partition height, roof slope, and rocom layout were ascentained. These mea-
surements were compared with the same features of the house models used during Operation
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Figure 1. Nishi Temma-cho fousing clusters and the six-house clusrer used in
the slifelding calculations

BREN (Appendix 7-1). It was found that the dimensions among the Japanese houses were
remarkably uniform and that the BREN houses agreed with Japanese houses (Table 1). For
this reason, the house models (size dimensions only) generated for the BREN measurements
were used in the six-house cluster. Thus, the two-story house in the cluster is BREEN House
B, and the one-story house is BREN House A. Note that only the geometry models for House
A and House B were used. The materials discussed in the next section for the six-house
cluster were sclected to be representative of Japanese house composition, rather than the
cement-asbestos board used in Operation BREN experiments.

The locations selected for calculation of the radiation ficlds in the houses are shown in
the plan of the house cluster in Figure 3. The notation used in Operation BREN was adopted
for specifying the survivor's location. A point is identified by a house number (1 to 6), the
house type (A or B), followed by a slash (), and then a letter o indicate the location in
the house. Thus, the point denoted by 4A/E means the point is in house 4, which is type A
{(single story), at location E, These points were selected to provide a sufficient data base (o
cover the important ranges of the nine parameters.

Poinis were also selected at various locations in the street of the six-house cluster for
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Wiew from Mortheesst

Figure 2. Combinararial geomertry of the stx-house cluster model

Table 1. Dimensions of Model Japanese Houses {cm)

Becond Siory Partition

House Type Rool Peak  Lengih  Widih Floor Height  Height
Single story house A 475 272 T0o0 - 270
Two story house [ 415 H5E® BTS 400 315
Tenement {(one unit) ReE0 008 500 1111 300

®Main portion of house

globe data analysis. Survivors with globe data were primarily in the streets and shielded
by nearby residential houses. The points are depicted in Figure 4, The first four detector
locations on Figure 4 were calculated with only House 5B present in the computational
model, as indicated by parentheses.

Tenement Cluster
A third of the survivors with nine parameters were in tenement houses at the time of the
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bomb. As distinguished from Japanese residential houses, tenement houses share common
walls with other dwelling units. On this basis, it was decided to develop a iwo-slory tenement
house model and perform house shielding calculations for it.

The tenement house model was based on a survivor gshiclding history from Hiroshima
that showed typical room layouls existing at the time of the bomb. The plan view of the
first floor of this lenement house i$ shown in Figure 5. The first floor consists of four and
one-half and six-mat rooms, a bath, and a kitchen. The second floor, consisting of four and
one-half and six-mat bedrooms, is shown in Figure 6. The tenement house was modeled
using a single modular unit; this permitted the production of overall structures with as many
individual units as desired. The interior detail of the tenement house model is shown in
Figure 7.

A house cluster was constructed with two tenement structures: one consisting of four
individual uniis; the other consisting of two units, along with a two-story unit (House B)
model. Two single-story (House A) models were also included as shown in Figure 8.
Incorporating House A and B models into the tenement cluster permits comparison of the
TF calculated for this model and for the six-house cluster model. The house designations
and location of detectors used in the tenement cluster are shown in Figure 9.
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Materials for House Shielding

The attenuation of incident neutrons and gamma rays and the production of secondary
gamma rays in the house depend directly on the material models used in the transport
calculations. The elemental compositions, densities, and thicknesses must be as realistic as
possible to insure accurate results. Several different house material models were used during
the course of the calculational effort to develop the house shielding data of the new dosimetry
system. During this development an extensive analysis of the sensitivity of the dosimetry
to material selection was conducted (described later). Here the material models that were
used in the final house shielding calculations are defined. Because the final material models
differ from models used previously,® the results presented will be different,

Depending on distance from hypocenter, a significant fraction of the radiation received
by survivors in Japanese houses penetrated the houses through the roof. Thus, it is very
imporiant o develop a good model for the roofl of Japanese houses. Resource materials
available at RERF Hiroshima, previous Atomic Bomb Casualty Commission (ABCC) reports,
and T65D reference reports indicated that the typical Japanese roof consisted of a thin wood
subroofl followed by a continuous bed of mud-plaster on which roofl tiles were laid in an
interlocking pattern. However, in June 1984, working with Dr. Maruyama of the National
Institute of Radiological Sciences (NIRS), and Mr, Yamada of RERF, it was found that
the tiles were laid on strips of mud rather than a continoous bed. Mr. Yamada consulted
a carpenter, Mr. Takeuchi, who built houses in Japan prior to the war. Mr, Takeuchi
demonstrated the procedure in which the tiles are interlocked and the method of laying
them in strips of mud. A mud strip about 10em wide and 2cm thick runs along the roof
fall line, and the tiles are centered on this mud strip. This creates five separate radiation
penetration regions on a typical Japanese roof. They are (1) single-tile thickness without
mud, (2) single-tile thickness with mud, (3) double-tile (overlap) thickness without mud, (4)
double-tile thickness with mud, and (5) triple-tile thickness without mud.

Various samples of Japanese roof tiles were assembled and measurements made to deter-
mineg the area fractions for each of these five separate regions. The results are summarized
in Tables 2 and 3. Table 2 provides the dimensions of six sample tiles, the area per tile for
gach of the penetration regions, and the percent of the total tile surface area for each of the
regions, Tiles 3 and 5 were selected as representative tiles for Hiroshima and Nagasaki. A
sensitivity analysis, using several calculational approaches, was conducted to determing the
best calculational model dealing with five separate regions for each tile face of the roof.

The final model selected for the calculations was based on the Hiroshima tile case 5.
The five roof material regions were constructed corresponding to each of the different mass
penetrations over the tile face (single-tile thickness, single tile plus 2cm of mud, double-tile
thickness, double-tile thickness plus mud, and triple-tile thickness). When a panticle in the
Monte Carlo simulation encounters the roof, a random number determines which portion of
the tile the particle encounters based on the area percentages for each of the regions (see
Table 2, case 5). Thus, for example, about 27% of the incident particles encounter a double-
tile thickness. Throughout the scattering in the roof, it is assumed that the particle stays
in this selected region, that is, the particle cannot escape from one tile region into another.
This procedure is preferable over an averaged-mass roof model. An averaged-mass will not
give the average radiation transported, because the attenuation and scattering are not linear,
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Table 2. Caleulation of the Arca and Percent of Roof Covercd by
Different Thicknesses of Tile and Mud for 10 em Wide Mud Strips

Tile Slze Thickness Area [L'unzr =
I. Japamnese Handbook 'Standard’ Tile
Single 171 0.8
.anE T Single+Mud 152 274
L DoublesbMud 70 12.6
I_'EEE _I Triplf: 26,6 4.8
2, RERF Refercnce Tik (probably Nopasaki)
Single I02.5 0.6
1 Single+Mud 9 159
i 2R5 Drautle 163.3 31.0
L Double#Mud | g 21.8
|—a05— Tripke 433 1.7
3, Nagaski Tike (NIRS Sample)
Single 86.25 17.9
T Single+Mud 75 15.6
o 288 Double 160.25 333
Double+Mod [} [n] 1149
ak
Triple 495 10,3
—308—]
4. Magasaki Tile (NIRS Sample)
Sinphe 5075 15.5
40 1T Simple#Mud 145 na
as 298 Dauble 79 20.5
A1
Ik Double+Muod 75 19.5
—208— Triple 16,25 6.8
5. Hiroshima Tilke (HIRS Sample)
[ 1 Single 59.25 17.2
40 B0 Ei.ﬂﬂ[l:"l"l'!ll‘d i) 203
Double 93.25 27.1
= : & 1 DoubletMud g0 26.2
250 Triphe 3150 9.2
&. Hiroshima Tike (From Warchouse of Mr. Takeuchi, Hiroshima)
P ilE Single 54,02 15,35
8 o Single+Mud k| 21.0
. Douhkle 95,08 213
n 1. Deuble+Musd 91 26.2
=250 - Triple 34.58 10.0

but exponential with mass thickness.

The wood subroofl was modeled as 2cm thick with a wood density of 0.5 g em™*. It
was assumed that the meisture in the wood was 15% of the dry wood weight. The mud for
setting the tiles was presumed to be 2em thick with a density of 1.5 g cm™2, The moisture
content in the mud was assumed to be 8% of the dry mud weight., The tile material was
assumed 10 be the same composition as the mud but at a density of 1.7 g cm™ with a
thickness of 1.8cm. The composition of these materials is given in Table 4 along with the
composition for the air, ground, and wall material.

The wall material in Table 4 is composed of the same material used in the roof mud
with the addition of 25% by volume of organic material to model the bamboo lath used in
the wall construction. The air and the ground in Table 4 are the same as those used in the
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Table 3. Summary Japanese House Roof Tile Data

Caga Description Teles peg E!l-!!l-u!.l:l. AFED I'::-E.PI:H-L'I:I. Lenl.:lll

3m=" fem*) {cm)
i Tapanewe landbook 1] 555 2.2
2  RERF reference hif A5 18.7
3 Mapasaki tile (MIRS) 6y 481 183
4 Mapasaki tile (NIRS) B4 ns 20
5  Hiroshima tile (MIRS) 0 344 6.0
B Hiroshima tile (Takeuchiy 0% 348 6.4

%A standard area unlt in Japanese constouction,

Table 4, Composition of Materials Used in Shielding Caleulations

Elemental Compaosition (atoms/g materialx 1029)

Elerent .
Afr Growmnd BEool Woaod H;‘"LE:EE Wall
H 1137 (-3} 1.826(—2)" 4.050(-2) 4.956(-3) 8.301 (-3
[ 4.356 (~4) 2.131 (-2} 2.533 (—4) 2.215(-3)
N 3.230 (-2) 0 1.655 (=4) 0 1.406 (-35)
0 9.260 (=3) 2.227(-2) 1.878(-2 1.B6B(-2) L.B71(=2)
Ma 3030 (-4) 3597 (-4 3.264 (-4
Mg 5.380 (-5) 2,765 (-4)  2.509 (-4)
Al 1.212(-3) 4373 (-3 3.96B(-3)
5 5426 (=3) 3714 (-3 3.365(-3)
Ar 1.950 (—4) 0 i ]
K 4.182 (—4) 7.101 (-4) 6.443 (=4)
Ca 9.791 (-5) 1.988 (-4) 1.804 (-4)
Ti 1.385 (-5) 1.359 (-4} 1.266 (-4)
Fe 1.405 (—d) 2.792 (=4) 2.534 (-4)
Densi 1176 (- ] : 1. 2
tn.’tmgl; 6 (—3) 1.5 0.5 lemuﬁd 1.5

Spend as LE26X 102

ground-level free-ficld calculations at Hiroshima (see Chapter 3.)

Narrow-beam measurements of the atienuation of wall and tile samples from Japanese
residential houses were made by Maruyama (NIRS) and Shreve (Science Applications In-
ternational Corporation SAIC). Both these measurements used well-collimated gamma-ray
sources and Nal scintillation detectors 1o climinale multi-scaticred gamma rays as much as
possible in order to obtain the true total cross section for the incident beam across the mate-
rial thickness. Results from these measurements are presented in Table 5 for °9Co (highest
energy, 1.33 MeV) and '*7Cs (0.662 MeV). Also presented in Table 5 is the attenuation, A,
computed by

Amig =t X (1)

where £, is the total group-averaged cross section used in the transport calculations for the
energy band containing the "“Co or **7Cs line and X is the material thickness. Considering
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Table 5. Gamma-ray Attenuation of Japanese House Materials

HIRS SAIC
Measurementis Measurements SAIC Model
Material = 5
Groop 13 sEOUEE
04662 Me¥V 1,33 Me¥V 1.33 Me¥ (0.45-0.7 MeV) (1-1.5 McV)

Plaster wall 0.530 0.64 0.66% 0.50 0.62

Magnsaki tile 082 (.89 092 = -

Hiroshima tile 0,774 0.E? 0.8% 0.78 0.B4

25.7 cm thick sample from Hiroshima.

6.0 em thick sample from Hiroshima,

CAverage of two samples,

dA'-'Erum' of three samples.

HIRS measurementis from Maruyama et al, Informal Report 1984,

the group averaging and the nature of the experiments, the comparisons between the model
and the measurements are reasonable.

SENSITIVITY TO MODELING OF CONSTRUCTION MATERIALS

Methods

Shielding provided by any structure depends on the materials it contains, the thickness
of walls and rools, and other details of construction. Every effort was made to model
the cluster as accuralely as possible by using representative Japanese dwellings. But some
simplifying assumptions were required, and the accuracy of these assumptions will influence
the resulis of the shielding calculations. A sensitivily analysis on materials and construction
was conducted to determine the sensitivity of house shiclding to variations in the model
assumptions.

Appropriate ranges of variation were estimated for several parameters describing con-
struction materials. These parameters included the physical thickness of exterior and interior
walls, the fraction of straw, lath, and other organic materials in these walls, waler content
of roof and wall material, thickness of roofing mud and tile, and the fraction of silicon in
roof and wall mud, as shown in Table 6. The nominal value of each parameter, used in all
previous calculations, lies at mid-range in each case. The ranges of wall and roof dimen-
sions were determined on the basis of information obtained from RERF. Ranges for water
and silicon content were based on known values for clays. The roof was assumed to consist
of a uniform layer of mud covered with a single layer of roofing tile.

‘The sensitivity analysis used 25 sets of parameter values randomly selected from these
ranges. Sampling was done in a highly stratified manner o insure coverage of all of each
range even for this small number of sets, Each set of values was used in the cluster model
for an adjoint Monte Carlo radiation calculation at a point in the cluster. When coupled with
the radiation spectrum at a particular city, ground range, and orientation of the cluster, this
set of calculations yielded a distribution of TF for each component of the spectrum. The
fractional standard deviation (FSD) of these distributions will be used throughout this report
as measures of uncertainty in transmission.

The sensitivity of the model to any particular parameter will be expressed in terms of the
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Table 6. Range of Parameter Values Used for Uncertainty Analysis
of House Construction for the Uniform Roof Model

Parameier Symbol Rangs
Ontzide wall thickmess (om OWT 5.0-9.00
Crutside wall, % amganie? W0 10-20
Interior wall thickness {cm) IWT 5.0-9.10
Interior wall, % orpanic? W 10-20
% H,0 for clay, mud, tik® H20 610
Roof mud thickness (cm) RMT 1.046.0
Tik thicknes (em)© RTT 1.74.0
% 5i in mud (roof and wall}® SIM 40-70

Bpercent of thickness contributed by all orpanic material including
claphoand, riee straw, and bamboo lath

BClay contains 4% bound water by weight. The maximum of 107
assumes soma waler in other portions of howse (e, joints, beams)

“Sinple-layer tiles range from 1.7 to 2 cm. The maximam includes
extensive overiap.

d'4n',:-. &1 by weight corresponds (o elay with no sand. 70% cornes-
ponds 1o a S0/50 mix of clay and sand.

rank partial correlation coefficient (RPCC) of each parameter with a particular TF. The RPCC
is a robust, nonparametric statistic used to indicate the presence or absence of correlation,”
The values for each variate in a multivariate data set are replaced by their respective rank
or order. Thus, for example, if the sample values for some variate were (0.53, 0.72, 0.30,
0.62), the rank values would be (2, 4, 1, 3). The RPCC were computed for the multivariate
set of ranks by the standard procedures for partial correlations.

Results are presented here for point E in house 4, (Figure 10) at several orientations of
the cluster with respect to the burst point. For orientation of 07, this location is unshielded
by other structures. For 180°, it is heavily shielded by an adjacent, two-story building. Other
orientations provide intermediate degrees of shielding. Thus, this one location in the cluster
gives information representative of a wide range of shielding situations.

The Uniform Roofl Model

Transmission factors and their uncertainties are presented for several cluster orientations
at a range of 1090 m from the hypocenter in Hiroshima (Table 7). For each compaonent of the
radiation field, Table 7 lists the TF resulting from the nominal values of all parameters, the
average TF for the 25 calculations using randomly chosen parameters, and the FSD of the 25
calculations. The standard deviation may be obtained by multiplying average TF and FSD.
The TF and average TF values are, in general, not equal. This is not a surprising outcome.
The nominal parameter values can be taken o be the mean of the randomly sampled values.
Generally, a function of the means of several numbers is not equal to the mean of the function
of those numbers. No average TF is significantly different from the TF as measured by a
i-test at the 0.05 level,

Uncertainty due to the house construction model at Hiroshima and at this range is typ-
ically about 13% for neutrons, 11% for prompt gamma rays, and 14% for delayed gamma
rays. The differences between the prompt and delayed gamma-ray components are due 1o
differences in their energics and dircctions. At the time these calculations were performed
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the delayed gamma-ray model did not include corrections for air-over-ground effects. When
these corrections were cstimated, both the TF and average TF for delayed gamma rays
ingreased to nearly the values for the prompl gamma rays.

Correlation of parameter values with TF allows a measure of the amount of unccrmmt:,r
contributed by each parameter. This is a measure of the sensitivity of the model o each
parameler. It has the advantage of allowing all parameters 10 be ested simultancously with
a minimum number of calculations. The RPCC are presented in Table 8 along with their
significance level. Those for which the significance level was greater than 0.05 have such a
weak association with transmission that variaton of the parameter has little or no effect on
the resull.

For Hiroshima at 1090 m from the hypocenter organic materials in the inner and outer
walls and variation in clay and mud do not greatly influence radiation transmission. As
cxpected, water content does not affect either prompt or delayed gamma-ray transmission,
although it has some influence on neutron transmission.

From Table 8, the parameters most strongly associated with the TF for all components
of the spectrum are those describing the construction of the roof (roof mud thickness and
roof tile thickness). This was expeclted because much of the radiation fluence is directed
downward, hence shiclded by the roofl.

To examine possible changes in model sensitivity with distance from the hypocenter
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Table 7. Transmission Factors and Uncertainties for tie
Uniform Kool Model, Hiroshima at 1090 m

Mewirons Prompt Gamima rays  Delayed Gamma rays?

Y Fsp TF TEP® FSD F TEY FsSD

Crrientation

0’ 4331 428 101 287 .685 .O72 A62 54T 098
45 A04 383 116 234 381 093 417 436 137
i S39 AlE 134 A52 4B 135 363 4B 165

135 296 J27E 149 G659 372 145 271 28BS 166

180 A0 el 149 251 269 (142 JHE 200 168

225 S18 293 (143 A81 391 106 L4 2BSC 137

270 A83 4B (126 S3e 518 07T AR 30 009

E} 433 406 113 G588 412 090 A2 4B2 109
n=25

Aot corrected for ground effects. PAverage TF

Table 3. Rank Correlation of Parameters with Transmission Faclor
Uncertainty for the Uniform Roof Model, Hiroshima af 1090 m

Oebntation Meutrons PFrompt Gamma rays  Delayed Gamna rays
Para- Pafa- . Para-
meler PICC @ meter DFEC ®  meter PPCC &
" RMT =.822 .01 BMT =917 .001 RMT -.B48 0]
IWT =.628 .0

HXD —-.4602 a2
RTT —AE4 .05

S0 RMT -.5%34 001 EMT - A7% .01 RMT 727 101
H2O =791 a0 RTT 571 2 RTT —.569 .0
RTT -.738 .0l IWT =35l16 .05 IWT =483 .05
WT =337 J02

18O RMT =952 .001 EMT —.B&0 . EMT -.214 .01
H20 -.T710 A0l RTT —-44T7 105 RTT -.560 .02
RTT —-.671 .01
I'WT =638 .01

270 RMT =230 .001 RMT =791 Al RMT -.897 .01
HaG =571 .02 RTT —499 03 RTT -478 0%
RTT -.505 .05 IWT —474 .05
IWT —.501 .05

{ground range), these calculations were repeated using the Hiroshima spectrum at 1500m
(Table 9). All neutron TF and average TF increased with increasing ground range. This
1§ duc o a hardening of the spectrum (i.e., selective removal of less penetrating radiation
from the radiation field, as the ground range increases). The uncertainty due to house
shiclding, as given by FSD, showed no significant change, nor did the pattern of sensitivity to
individual parameters (Table 10). No systematic changes in cither transmission or sensitivity
to shiclding parameters were seen for gamma-ray components.

To examine the effects on house shiclding resulting from differences in radiation ficlds
at the two cities, these calculations were repeated using the Nagasaki spectrum at 1090 m
from the hypocenter (Table 11). Here, again, an increase in transmission was observed for
neutrons, in this case due to differences in the neutron spectra between the two cities. The
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Table 9. Transmission Factors and Uncertainties for the
Uniform Roof Model, Hiroshima at 1500 m

Meutrons Prompt Gamma rays  Delayed Gamma rays®
Orientation e, —— —
TF® FSD TF TFY FSD TF TF" Fsh
o A88 459 002 Js28 73R L10B A% 574 005
A5 431 413 .110 578 606 092 A18 440 132
9 A58 329 130 A19 A0 (123 21 316 152
135 J06 (184 145 A54 33 159 Q600 263 (16T
180 282 264 147 221 .22 144 A74 173 173
225 A28 304 139 479 375 105 L82 .281 121
270 A0T 373 (119 551 532 064 B9 400 092
315 A64 442 102 LS88  628  LDER A30 482 107
n= 215

IMot corrected for ground cffects. bAverage TF

Table 10. Rank Correlation of Parameters with Transmission Factor
Uncertainty for the Uniform Roof Model, Hiroshima at 1500 m

Meuirons Frompt Gomma rays  Delayed Ganima ray s
Crleniation
Para Para- Para:
Ceie; RPCC o nEter RFCC @ ot RFCC o
o* RMT =706 .01 RMT -.B&5 001 [ = 760 .01
WT =667 .01
HiO -611 .02
50 RMT -907 .01 RMT -.778 .01 RTT -.604 05
HID -B17 .01 RTT -.635 .01 RMT -.602 .05
IWT -732 .01 IWT -5B3 05
RTT =513 .05
180 BEMT -951 .001 RMT -.764 .01 RMT -.EB3 .0l
HXO =715 .01 RTT ~—482 .05
RTT =.6EG .01
IwT -.358BE .01
270 BEMT -.BE34 .01 RMT -.722 .01 BEMT -.803 .01
H2O -.604 .02 OoWT -.492 .05
WT —5631 .02
BETT =460 .05
313 RMT -.930 001 RMT -835 .0 BMT 717 .01
T =375 .01
H20 =549 .02
RTT -.452 .08

patierns of parameter sensitivity were similar for the two cities (Table 12). For Nagasaki,
a greater influence of wall thickness is evident in orientation with shielding from adjacent
buildings. This is due to a lower height of burst, resulting in more radiation passing through

walls at any given ground range.

The Tile Roof Model

The foregoing uncertainty analysis gave average FSD of about 13% for neutrons, 11%
for prompt gamma-rays, and 14% for delayed gamma-ray TF regardless of ground range and
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Table 11. Transmisson Factom and Uneertainties for the
Uniform Rool Model, Magasaki at 1090 m

MHeutrons Frompt Gamma rays  Delayed Gomma rays?
TF® FSD TF TF? FSD TF TF? FSD
o* ADE 490 091 501 Tie 076 AT 558 097

Cirientation

45 A41 421 109 S5B 596 101 A06 432 (133
T0 S66 337 129 AIE 427 130 400 329 160
135 3135 292 147 A69 355 158 239 LI6% 163

1EO 290 272 (145 212 225 148 A73 G182 T2
225 338 313 .39 76 373 109 262 273 (131
270 A19 383 .17 S45 527 075 474 384 110
315 A76 451 .01 Ab4 620 09T A23 481 110

iMot correeted for pround effects. b Average TF

Table 12. Rank Correlation of Parameters with Transmission Factor
Uncertainty for the Uniform Rool Model, Nagasaki at 1090 m

Meutrons Prompt Gamma roys  Delayed Gamma rays

Crrientation

Para- Para- Para-
meter RPCC o melet RECC @ meler RECC

i RMT -.71@ .0 RMT -.835 .001 RMT =814 .00

wT =716 .0
HO =668 .01
RTT -.435 .05

80 RMT —-503 .001 RMT -.785 .0010 RMT -.670 .01
HIQ -815 001 RTT =650 .01 RTT -.584 .01
RTT =.T13 .00l wWT =399 .41 WT =306 .02
mwT -31% .02 OWT —.484 .02
OWT =436 .03

180 RMT =916 001 RMT =.739 .00] RMT =908 .0M
HID —.666 .0 RTT -.536 .02
RTT =.619 .01
wT -.571 .M
OWT =.dd40

0 RMT —.E95 .000 RMT -.750 .04 RMT -.BEB1 .00
H2O =568 .01 OWT =440 .05 RTT —.490 .05
I'wT =538 .02 IWT —.423 .05

city. This uncertainty was most strongly associated with shielding parameters describing
roof construction. In an effort to reduce the uncertainty in shielding calculations, an attempt
was made to define better the ranges of roof paramelers. As a result, an important error was
discovered in all previous descriptions of Japanese roof construction, as described previously.
It had been assumed to this point that mud used for securing roof tiles was laid down in a
continuous sheet over the entire roof, But in fact, narrow strips of mud were used at the
point of contact between the roof and each row of tiles. This does more than simply reduce
the average amount of shielding material on the roof. It has important consequences for
radiation shielding calculations because it results in significant "thin® and "thick™ areas on
the roof. The pattern of overlap of tiles becomes important, particularly in the areas between
mud strips. It became clear that a rigorous treatment of the tiled roof would influence not
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Table 13. Range of Parameter Values Used for Uncertainty
Analysis of House Construction for the Tiled Roof Model

Paramcter Symbol  Range
) Hlﬂ for elay,® mud, tile (by welght) H20 &-10
% H40 for local ground (by wcig.'lﬂ]h H20G  18-30
Wall thickness WT 5.6-8.4
Mied widili {em) MW g-11
Mud thickness (em) MT 1.5-2.5
Tile thickness {cm T 16-1.8
Tile density (gfcm=) TD
Hirashima 1.&-1.8
Magazaki 1.4-1.8

# Clay containg >4% bound water by welght. The maximum
of 10% assumes some water in other portions of house,

Bwater content of ground and houss material are cormelated

(r = B0)

Table 14. Transmission Factors and Uneertainties for the
Tiled Roof Model, Hiroshima at 1000 m

Meulrons Prompt Gamma rays  Delayed Gamma rays®

(rlentation — —
TF TEP F5D TF TFP FSD TF TFP FsD

0 ARG 462 046 &71 668 023 539 534 055
45 A47 420 042 H07 629 033 A9  A4BR 054
1] AB5 36T 045 61 544 048 A47 430 069

135 31 328 048 A53 436 .050 337 316 081
1] 409 302 055 A28 330 064 248 241 070
225 Sda 344 042 A331 447 052 332 330 .0
270 A10 405 065 L05 601 041 AT2 462 039
3135 A60 452 055 665 643 .031 ABS 513 060

b

"Hot cormected for ground elfects,  ~Averags TF

only the uncertainty, but also would affect the shielding results themselves, probably raising
estimated doses by reducing shielding in Japanese houses.

Tile patterns tumed out o be slightly different in the two cities. Each city used slightly
different tile sizes, hence a different number of mud strips was required. Two tled roof
models were developed to test the importance of these differences (cases 3 and 5, Table 2).

An uncertainty and sensitivity analysis was dong using the two new tled roof models.
Physical parameters were varied as before. Since organic materials in the walls and the
fraction of sand in clays had not proved significant, they were eliminated from this analysis.
Several new parameters were added (Table 13). Some of these were required to test various
features of the tiled roof models. These were the width and thickness of the mud strips.
Since tiles in the two cities were found to be slightly different, different tile densities were
used for each model. Interior and exterior wall thicknesses were combined into a single
parameter rather than allowing them to vary independently. In addition, water content in the
local ground around the cluster was varied to see what influence it had on neutron TF.

When calculations were done for Hiroshima, using the appropriate roof model and radi-
ation spectrum at 1000 m (Table 14), all TF and average TF increased over those obtained
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Table 15, Rank Correlation of Parameters with Transmission Factor
Uncertainty for the Tiled Roof Model, Hiroshima at 1000 m

Meuirons Prompt Gamma mays  Delayed Gamma rays

Orieniation

Farma- Fara- Fara-
meter PECC @ meter PFCC & meter RPCC o

0° WT =737 .01 MW —.568 A5 WT -.794 .01
T =.53% .05
H20G —-.524 .05

g0 WT =740 .01 WT =927 .01 WT -.754 .02
180 wr =779 .0 WT -.744 .02 wWr =.7TEI .01
270 w1 =797 01 WwWr 530 .05

Table 16. Transmistion Factors and Uncertainties for the

Tiled Foof Model, Hiroshima ai 2000 m

Meutrons Prompt Gamma rays  Delayved Gamma rays®
TF TFP? FsD TF TF® FsD TF TF? FSD

Crrientation

" LS54T 546 L0dd 500 041 030 S8R0 57T 060

45 A85  A4TE 039 A1 650 049 AT6  AT4 JD6]
ai 403 396 038 A10 427 063 S4B 349 087
135 L350 349 0dl 417 38T 070 A0 301 075
180 322 338 047 247 251 1M 204 198 033
225 A8 ATy 058 J85 403 0BT 01 305 074
270 A64  AG1 062 583 SRR 056 A54  A55 D66
13 521 53T 049 H74 660 032 525 5331 058

ot commected Tor ground offects, b average TF

using the uniform roof model. All FSD decreased to the 5 to 7% range for all radiation
components, These results are related. Reduced shielding can be expected to increase the
TF. In addition, uncertainties in the thinner shicld should have a much smaller influence on
the TF.

Since much of the transmission takes place through the thinnest portions of the roof
(one layer of roofing tile), variation in roof parameters should have little effect on average
transmission. Sensitivity analysis confirms this expectation. Most of the uncertainty in TF
is now associated with wall thickness (Table 15). To cxamine ground-range eflects, these
calculations were also done at 2000 m (Table 16). Once again, the hardening of the neutron
spectrum resulted in increased TF with increased range. Gamma-ray TF are increased for
unshielded orientations (0%) and decreased for shiclded orientations (180%) due 1o the lowered
angle of the line of sight with increased range. These changes also occurred with the uniform
rool model but to a lesser degree. The changes are another consequence of the increased
relative importance of wall shielding due to reduced roof shiclding. Uncertaintics once again
showed no significant change with a change in ground range.

At 2000 m ground range, no shiclding parameters were strongly enough associated with
uncertainty in the TF to meet the (005 significance level criterion,

The Nagasaki roof model was submitted to an identical analysis using the Nagasaki
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Table 17. Transmission Factors and Unecrtainties for the
Tiled Roof Model, Nagasaki at 1000 m

Meutrons Frompt Gamma rays  Delaved Gamma rays?

Orientation —
TF TE? FsD TF TEP FsD TF TE® Fsp

0" 534 530 043 00 69T 036 A64 535 060

45 A7 462 049 £16 638 059 02 469 070
g0 AM 382 059 <16 514 M6 A28 392 084
135 350 350 .061 431 423 067 J21 306 095
130 JA34 325 D65 284 280 .0RA L4217 108
225 384 368 059 L339 421 D48 JA0% 316 059
270 A56 447 047 431 601 .033 434 456 45
315 S07 501 047 54 652 021 517 509 057

Aot corrected for ground effects, b Average TF

Table 18. Rank Correlation of Parameters with Transmission Factor
Uncertainty for the Tiled Roof Model, Nagasaki at 1000 m

Heuirans Prompt Gamma rays  Delayed Gamma rays
Orientation -
ara- Para- Para-
meter RICC & meter PrCC @ meter DICC &

0® WT =539 .05 MW =530 .05 WTr —.3581 .05

20 WTI =831 .01 wWT -—-3813 .01 WT =729 .02
MW =710 .02

160 WT —.864 .01 WwT 48215 .0l wr 725 .2
2710 WwWT -—-.625 .2

Table 19. Comparison of Hiroshima and Nagasaki Style Roofl Tile Models,
Hiroshima Spectrum at 1000 m

Magazaki Siyle Roof Hirashima Style Roof
Drientation Camma rays Gimma rays
Meutrons Meutrans
Prompt Delayed” Frompt Delayed®

o* AThH BB S68 ABA 71 a3
45 A3 521 521 A47 A0T A97
) AT S48 AGh 325 S6l Ad47
135 A3 A49 349 331 453 JA37
130 A1R 35 266 309 e el 248
225 A56 A2H 331 346 433 332
270 A12 577 A58 A10 LG5 AT2
315 A57 AH50 535 A6 665 ARG

#not corrected for ground effects.

spectrum at 1000 m ground range (Table 17). As before, neutron TF were higher than for
Hiroshima at the same range. Differences between high- and low-shielded orientations for
gamma-ray TF were more pronounced as a result of a lower height of burst point. The FSD
were very similar for all radiation components, Sensitivity to house shiclding parameters
was also similar to that for Hiroshima at 1000m (Table 18). Once again, wall thickness
dominates and roof paramelers are not significant.
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Table 20. Comparison of Hiroshima and Magasaki Style Rool Tile Models,
Magasaki Spectrum at 1000 m

Mapasaki Style Rool Hiroshina Siyle Rool
Orientation Camma rays Gamma roys
Meuirons Meutrons
Prompt Delyed? Prampl Delayed?

n* S34 T00 1.8 528 694 S50
45 A2T Hlh a2 478 a0 AR5
o0 A00 21 A6 AN 0 A17
135 L350 A3 vy | Ads Add A2l
1R0 2134 254 242 317 281 228
225 S84 8% 309 A468 A9 213
270 436 waal A3 44 L5RT A5
115 507 b4 S17 00 G662 e |

Mot correcied for ground effects.

Since the shielding for the tiled roof model is not sensitive to roofl parameters, it can be
expected that the differences in tile pattern between the two cities would have little influence
on the TF. To test this expectation, TF for both roof models were calculated using both
radiation environments (Tables 19 and 20). No differences were observed between the roof
models that are significant given the 5 to 7% uncertainties in the TF for each shielding
model. Differences resulting from the two spectra, however, are significant. For this reason,
it was decided that a single tiled roof model would be adequate for calculations of house
shielding at both cities. The model designed to represent Hiroshima roof styles was adopted
for all further cluster calculations.

RESULTS OF CALCULATIONS

Results of the shiclding calculations for the six-house cluster, the tenement cluster, and
the terrain shiclding model follow, These data were used o develop models 1o account for
the shielding for survivors with nine-parameter and globe data for the new dosimetry system.
The nine-parameter and globe modeling efforts are discussed in the subsequent sections.

The purpose of this section is to show the variation of the shielding effect of Japanese
houses as a function of several variables and to show that this variation is consistent with
the understanding of the shielding properties of Japancse houses. These variables include
the location of the detector point, the orientation of the clusier, and ground range from the
burst point.

The calculational method generates the energy- and angle-dilferential fluence distribution
at the shiclded location. These [Muence distnbutions are oo voluminous and detailed o allow
inference of the shielding effects. To facilitate presentation of the information and to aid
in understanding the shiclding, the results are presented in the form of TF for the kerma in
tissue ("transmission factor™). This TF is the ratio of the kerma at the shiclded location o
the kerma at the same position in space without the shield present. The kerma without the
shicld is the free-field or FIA kerma (see Editor's Note). Chapter 8 deals with the shielding
by the body; hence the kerma without the shield (the body) is either the free-field kerma
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or, more often, the kerma as affected by the presence of buildings. In any case, TF near
unity indicate little attenuation by a shield, while small TF indicate large atienuations by the
shield.

secondary gamma rays are produced by neutrons that interact with house materials that
are not present in the free field. For this component of the kerma at a shielded location,
the TF is defined as the ratio of the kerma at the detector location due to the gamma rays
produced in the house to the free-field kerma due to neutrons at the same position in space.

Although kerma TF facilitate the study of the attenuation by houses by reducing the
shielding effects to a single measure, neither the models discussed later nor the dosimetry
system use them per se.

Historically, the house shielding work initially focused on results from the six-house
cluster; the six-house data were subjected to close scrutiny o understand the significant
variations with parameters and 10 assess consistency in these variations. Following this
investigation, results for the tenement cluster, survivor location in the open in the six-house
cluster, and the terrain locations were examined in relation to the initial six-house data. This
report on the calculational results reflects the emphasis on the data analysis for the six-house
cluster.

The Six-House Cluster

A total of 21 detector points in the six-house cluster, shown in Figure 3, were chosen
for calculations. A separate Monte Carlo calculation was made for each detector location.
Results for these 21 detector locations, when folded with the free field at different orientations
of the cluster with respect to the source, cover part of the range of the ning parameters to
help develop a model of the house shielding for the dosimetry system for subjects with
nine-parameter data. The calculations provide resulls for neutrons, secondary gamma rays
produced by neutrons in the air, ground, and house, gamma rays from the bomb, and gamma
rays from fission products in the bomb debris, In the following discussion, "prompt” gamma
rays include the gamma rays from the bomb and secondary gamma rays induced in the air
and ground, but not in the house, by neutrons. To discuss the results, seven detector locations
are used for calculation of the TF. These seven locations are identified in Figure 11 by the
larger circle enclosing a computed neutron TF at that location at 700 m ground range at
Nagasaki. The following six topics conceming the TF are discussed:

1. Comparison between Hiroshima and Nagasaki.

2, The variation with location and ground range.

3. The variation with orientation,

4. The vanation with the floor of the detector location.

5. Comparison of delayed radiation versus prompt radiation TF,

6. Results for secondary gamma rays produced in the house.

It was found that the data on TF studied in the framework of these six topics form a
remarkably consistent set of results. The FSD of the Monte Carlo calculations were generally
less than 5% for ncutrons, prompt gamma rays, and delayed gamma rays. The calculations
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Table 21. Comparison of Transmission Factors for Hiroshima and Nagasaki

Gtatnd Meoutrons Frompt Gamma rays  Delayved Gomma rays
Range

Hiroshima Magasaki Hiroshima Magasaki Hiroshima Magaski

Single Story {2A/E-1807)

T m 0,357 4l .5432 0.561 0492 0.483

| (M0 0363 0.4 {.538 518 0478 0477

1500 0.364 0411 0520 0485 507 LRz

200 0.407 426 NS5l 522 0478 0.470
Two-Story (SBIG-180%)

100 0.236 0,270 355 0323 (248 0.231

1000 0.242 0.272 342 0.356 0.248 0.250

1500 0.25% 0,260 0,386 0.373 0.271 0.266
2000 0,275 0289 0,390 0.380 0293 0,292

of the secondary gamma rays produced in the house had FSD that were gencrally less than
15%.

Comparison of the Transmission Factors between Hiroshima and Nagasaki. A com-
parison of the TF for neutrons, prompt gamma rays, and delayed gamma rays is presented
in Table 21 which contains data for a single-story house and a bottom floor location in a
two-story house at four ground ranges from 700 o 2000 m. The results in the table show
only minor dilferences in the TF between Hiroshima and Nagasaki., The TF for neutrons
at Nagasaki is generally greater than that at Hiroshima, indicative of the harder transported
spectrum for Nagasaki, The TF for prompt gamma rays in Table 21 do not exhibit a dis-
cernible trend within the statistical uncertainty of the results. The TF for delayed gamma
rays for Hiroshima is slightly larger than for Nagasaki because of the difference in the source
spectrum between the **%1 fission products for Hiroshima and the #*%Pu and #*#U fission
products for Nagasaki. Comparisons between Hiroshima and Nagasaki can also be made by
examining Figures 11 to 30, discussed below.

Variation with Location and Ground Range. Figures 11 to 30 present TF computed at
the seven locations for two orientations and for two ground ranges (700 and 2000m). The
orientation of the cluster with respect to the source can be ascertained from the figure by
examining the direction of the "To Source” arrow. Selected TF are presented for neutrons
and prompt gamma rays for the Hiroshima and Nagasaki sources.

As an example, Figure 11 presents the neutron TF computed for Nagasaki at 700 m ground
range wilh the orientation referred to as the 0° degree onentation (see Figure 3). Note the
difference in the TF computed at 2A/E and 4A/E, The presence of house 1A clearly reduces
the TF for location E in house 2A compared to the unshiclded identical location in house 4A.
Location G in house 5B is shielded by a one-story house, while the same location in house
6B is shiclded by a two-story house. This causes the reduction in TF in house 6 compared
to house 5. Locations 5B/V and 5B/R are sccond-story locations (indicated by small internal
circles) and here the TF is greater than on the first floor, as expected.
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If the results in Figure 11 are compared with those in Figure 12 for the same source
location, but at 2000m ground range, some increase in the TF is seen for some locations.
The increase is due to the lower clevation angle of the source at 2000 m compared to 700 m
(giving fewer neutrons incident on the roof and more on the walls); spectrum hardening
may also contribute to this increase in TF. This phenomenon (from reduced incident angle)
is more apparent for prompt gamma rays, which are shown in Figurcs 15 and 16 for the
same ground ranges and locatons as in Figures 11 and 12, For gamma rays, however, those
locations that are shiclded by other houses exhibit a marked decrease in the TF because
of additional mutual shiclding at 2000 m (compare 2A/E and 5B/G at 700 and 2000 m)
while the unshielded ones (compare 4A/E and 5B/V) show an increase in the TF. The data
presented in Figures 11 to 30 can be examined in a similar fashion to understand most of
the effects of the variation with location in the building and with ground range.

Table 22, Kerma Transmission Factors for Prompt Gamma Eays al
Location 4 A/G Relative to the Free-field Kerma in Hiroshima

COrientation
Ground Range
a° 45°  90° 135 180" 225° 270° 3157
700 m 27 614 BT6 66T 507 427 485 499
100 A24 647 690 J7IB 510 374 482 498
15040 A88 650 615 662 479 31T 486 480
2000 A68 626 Sen S92 451 299 500 4N

Variation with Orientation. Once the Monte Carlo calculation is performed, the results
can be used to calculate fluences for any given orientation of a cluster at any given ground
range with respect o the burst point. Table 22 presents the variation in the TF for prompt
gamma rays at Hiroshima at location 4A/G for 45° increments in orientation at 700, 1000,
1500, and 2000 m ground range. A wide variation in TF is clearly seen at this location,
which is next to a wall and window looking over the street. It is interesting to study the
resulls in Table 22 for the 45, 90, and 135° orientations, which offer less shielding between
the source and detector. Note that the house across the street (1A) has a roofl peak running
perpendicular to the street. Thus, for instance, at 2000 m, with a lower angle 1o the burst, the
TF is reduced at 90°compared to the 45 and 135° orientations because more of the source
i5 shielded by 1A for the 90° direction.

Variation with Floor Level. Table 23 presents TF for prompt gamma rays for first and
second floor locations in house 5B. The sccond floor location is directly above the location
on the first floor. The results are presented for four orientations and for four ground ranges.
At the 07 orientation the detector locations are shiclded by a one-story house and at the 180°
orientation they are shielded by a two-story house, which explains the variation between the
first- and second-story detector locations for those two orientations, For the 90 and 275°
orientations, the first floor TF increase from 700 to 1000 m ground range because the shifl in
elevation of the burst point from 40° (700 m) to 30° (1000 m) causes the primary shiclding to
shift from the roof to the walls. The 90° orientation is shielded by a single-story house across
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Table 23. Kerma Transmission Factors for Prompt Gamma Rays at
Location 5B/G (First Floor) and 5B/R (Second Floor) Relative to the
Free-field Kerma in Hiroshima

Diricnfalion
Ground Range (i i 1 B0° 21
15t 2nd I1st  2nd Ist  2nd  Ist  2nd

TiHI m A36 S54R 536 594 355 4dAel 593 631

1 QI A25 571 402 624 362 413 634 (T3

1500 285 607 SBS 643 386 354 630 794

2000 341 63F 519 A0 390 30 621 R4
*Floor

Table 24. Kerma Transmission Factors for Prompt and Delayed Gamma
Rays at Location 4A/E Belative to the Free-ficld Kerma in Hiroshima

Oricntation
Ground Range 1§ i 1a0® 27
PGP D PG DG PG DG PG DG

00 m L6 540 574 S62 425 363 640 601

1000 139 5RO 550 539 352 263 666 L5HS

1500 AB085 B3 489 439 379 230 &TY 50T

2000 H431 691 410 397 251 219 VOB .30
IDose companent

the street; note the decrease in TF on the first floor with increasing ground range beyond
1000 m as the lowered elevation angle allows more interception by the one-story house, while
the TF for the second story increases, with less roof and more wall shiclding. At 270°, the
second story shilts from being primarily shielded by the roof 1o being shielded primarily by
the wall {with a large window in the shielding wall) as the ground range increases.

Comparison of Delayed and Prompt Radiation Transmission Factors. The variation in
the prompt and delayed gamma-ray TF for location 4A/E is shown in Table 24. The TF for
prompl gamma rays are slightly larger than those for delayed gamma rays due to the harder
spectrum of the prompt gamma rays produced by neutron capture in the air.

House Secondary Gamma Rays. The TF approach is less useful for understanding the
behavior of secondary gamma rays produced by neutron captlure in the house. The TF in this
case (see above) is the ratio of the kerma in the shielded location due to the secondary gamma
rays produced in the house (o the free-in-air kerma due (o neutrons at the same point in space.
Since the gamma rays are produced in the house materials mainly by thermal neutron capture
reactions, the level of production is largely dependent on the number of incident neutrons
and is relatively insensitive 10 the spectrum. The FIA kerma [from neutrons, however, is
spectrum sensitive. Thus, at Hiroshima, where the entire neutron spectrum shifts drastically
with ground range, the TF for the secondary gamma rays produced in the house undergo a
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Table 25. Kerma Transmission Factors for Secondary Gamma
Rays Produced at Location 2A/E-180° Relative to the Free-
field Kerma in Hiroshima and Magazaki

House Gamma ray Transmission Factor®

Ground Bange
Hiroshlma Magazki
T00-m A5 A5T
1000 2EA L1a0
1500 A92 139
2000 A50 A6

A atio of gamma-ray kerma from house secondary gamma rays
to FIA neviron kerma.

dramatic change that has little to do with the type of transport effects being discussed. It
has to do with the changes in the neutron kerma per unit fluence as the spectrum changes
with ground range.

The effect is illustrated in Table 25. The TF for secondary gamma rays produced in a
house at Hiroshima decreases by nearly a factor of three from 700 to 2000 m ground range,
while for the relatively constant spectrum at Nagasaki, the TF decreases only 20% over the
same ground range.

The TF for the secondary gamma rays produced in houses do not change much with
orientation, since the thermal neutrons "flood” the house (the fluence is nearly isotropic and
nearly the same all over the house), and the gamma rays they produce arrive at the detector
from all directions.

Tenement House Cluster Calculations

In Figure 9 detector locations are shown inside the two-story tenement houses of the
tenement cluster for which Monte Carlo calculations were performed. In addition, several
locations in the A and B houses in the tenement cluster were calculated to compare with
results from the six-house cluster, The calculations provide a large data base for the study of
shielding in tenement houses that was used in the development of the shielding models for
the revised dosimetry system (discussed later). The tenement cluster model also provided
the opportunity to cross-compare results from two cluster models for consistency. Selected
results from the computations to illustrate various shielding situations follow.

Results for "typical” tenement house locations on the first floor are given in Table 26. For
the 0° orientation, these locations were shiclded by adjacent houses sharing a common wall,
and at 270° they were shielded by tencment houses across the street. A comparison of first-
and second-floor locations is shown in Table 27. The location on the first floor of tenement
house 3 (3T/B 0°) was shielded primarily by the wall, the second floor location (3T/G 0°)
by the roof, and the gamma-ray attenuation to the ground floor is less. The locations in
house 4T show more attenuation for the first floor locations because of the presence of 3T,

Because of the built-up nature of Japanese residential neighborhoods, many survivors in
houses were also shiclded by adjacent houses. A comparison of TF for adjacent shielding
by the two-story house B and the tenement house is shown in Table 28. Detector 8T/D 0°
is shielded by house B and detector 4T/D 0° is shiclded by a tenement house. The data in
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Table 26. Comparison of the Kerma Transmission Factors at
Two First-loor Tenement House Locations Relative fo
Free-ficld Kerma, Hiroshima at 1500 m

Transmission Faclor

Location Gamma rays
Meulrons
Prompe Dielayed
4T/B ©O° 274 0491 a7
4T O° 0,256 0477 0,348
4T/m 2707 .2R0 0439 0375
4TID 270° 0.219 .390 0,309

Table 27. Comparison of Kerma Transmission Factors on Different
Floors in a Tenement House Relative to the Free-field Kerma,
Hiroshima at 1500 m

Gamma rays
Floor Laoeation Meutrons
Prompl Delayed
1 iTiB 0” 0418 (5,795 AN L]
2 iT/Gco” 0525 655 0.564
1 4T/ 07 0.274 DL | 0.317
2 4TIG o hAala Nn513 444

Table 28. Comparison of the Effect of Mutoal Shielding by Two-story
House B and Two-story Tenement House on the Kerma Transmission
Factor Relative to Free-field Kerma, Hiroshima at 1500 m

Two-S5i0ry Houws: (B) Tensment House

Location
BT/D 0° 4T/D 0°
Transmission Factor
Meutrons 0.256 0.256
Prompt gamma mays 0,444 0477
Delayed gamma rays 0374 0,348

the table indicate that there is little difference in the shielding. However, because tenement
houses share common walls, several houses in a row may exhibit large adjacent shielding.
This is illustrated in Table 29, which shows the variation in TF along a row of lcnement
houses aligned end-to-end towards the hypocenter. Since the free-field [luence of neutrons is
less directional than that of gamma rays, the decrease in TF due to more interceding houses
is less pronounced for neutrons than for gamma rays.

Several detector locations were in the kilchen and bath annexes o the iencment house.
These locations are interesting from the standpoint of the nine-parameler coding procedure.
TF for annex locations are given in Table 30. The TF vary a great deal with orientation
toward the burst point because of the potential for shielding by the primary house (270°
orientation), by adjacent annex buildings (0 and 180° orientations), and by partial shielding
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Table 29. Comparison of the Effect of Multiple Tenement
House Shielding on the Kerma Transmission Factor Relative to
Free-field Kerma, Hiroshima at 1500 m

Tramsmlsslon Facior

Mumber of Houses Location G ¥
i marays
Interceding Meotrons

Frompt Delayed

0 iT/D o* 0441 0.795 0.652
1 4T/D 0° 0.256 0477 0,348
3 6T/D 0° 0.250 0277 0.243

Table 30. Comparison of the Effect of Shielding for Locations
in the Anneéx of Tenement Houses on the Kerma Transmission
Factors Relative to Free-field Kerma, Hiroshima at 1500 m

Transmission Factor

Location Giamma rys
Heutrons
Prompl Delayed

4T/E O° 0.336 0548 0476
an° 0.196 0623 0564

180° 0.328 I EY | 0415

270" 0.248 0.311 n.257

4T/F 0’ 0412 (L587 0543
aq° 0406 555 0577

1ao® 0.205 0,435 0,354

270° 0.263 0.269 0.235

from a building a distance away (90° orientation).

The tenement cluster contains two houses of Type A and one house of Type B that were
used in the six-house cluster. The presence of these houses in the tenement cluster provides
the opportunity to check the consistency of the TF between the two clusters for similar
shielding situations. This comparison i made in Table 31 for locations and orientations that
provide similar, though not identical, shielding configurations. Except for the first case in
the table, the results from the two clusters are within 1095,

Street Locations in Six-House Cluster

The 26 street locations in the six-house cluster shown in Figure 4 were used to generate
a data base for globe shielding analysis. This analysis will be described later; here selected
results are presented to indicate the magnitude of the shielding for street locations, the
variations among different locations in the street, and the differences with shielding for
locations inside houses.

Transmission factors computed from this data base for various locations and orientations
at 1000 m ground range at Hiroshima are shown in Table 32. Groups of cases are separated to
highlight features of the TF. The first group (cases 1 and 2) in Table 32 shows the difference
in shielding for a situation with only a two-story house present between the detector and the
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Table 31. Comparison of Similar Shielding Situations in the
Six-house Cluster and the Tenement Cluster on the Kerma
Transmizssion Factor Relative (o Free-field Kerma, Hiroshima at 1500 m

Transmission Factor

Cluster Location Gamma rays
Meuirans
Prompt Delayed
T IAfG 0" 0645 0.795 04569
tH IASG 1BD" D552 0.706 &S0
T TBG  0° 0.186 0.552 D448
5H 6B/G 1B0° 0.365 0.554 0.459
T TB/G 2707 0430 0.646 0&al7
GH GB/G 270° 0.391 0660 0596
T ZAJE O 0.414 0.507 D4E1
&H 4A/E 90* 0.386 04569 0.439

Table 32. Selected Kerma Transmission Factors for Street Loeations in the Six-houise

Cluster Relative to Free-field Kerma, Hiroshima at 1000 m

Cage Detector Angle

Trangmizdon Facloe

Meutrons

Gamma rays Femarks

Prampt Delayed

T LA e L B e

]
11
12
13
14

180
225
270
315

0.56
0.4l
083
N5l
0.52
0.73

052
Na2
054
0.64
0.68
0.58
047
0.47

051
0.8
0.54
0.63
061
0.E5H

.61
.53
53
.74
087
.64
0,44
43

0.37 Shielded by a single house {58)

0,32 Same as Case [ with entire clusier present
0.90
(.58
0.59

0,77  Same ns Cose 4 with only Howse 5B in cluster
present

0.5% Looking down sireet toward bursi
0,51 Burst diagonally across row of Lstory housss
0,45 Shielded by 1-story houss
0.7 Ehielded disponally by 1-story howse
.84 Litile shielding, on edpe of sireet toward buarst
0.5% Shiclded diagonally by 2-siory honse {see Cas= 10)
0,37 Shielded by 2-stary house (soe Case 9)
0.40 Shielded disgonally by row of 2-atory hooses
(see Casz 8)

Locations down the street leMy 1o sipht,
burst toward keft end of street

burst point (case 1) and for a situation in which the detector is behind the same house but
with the rest of the cluster of houses present (case 2). The presence of other houses clearly

increases the attenuation.

The second grouping (cases 3, 4, and 5) presents a sweep down a street aligned towards
the burst point. The case 3 location is at the edge of the street with litile shielding towards
the burst point. Cases 4, and 5 are in the middle of the street but their positions farther down
the street permit more shielding by the houses on either side. Interestingly, case 5 results are
not much different from case 4, even though there are more houses in front. Furthermore,
these two locations do not show differences at the greater ground range of 2000 m. In Table
32, case 6 has only the single house 5B in the cluster present, for comparison 1o case 4.
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Table 33. Kerma Transmission Factor at Street Location 19
in the Six-house Cluster Relative to Free-ficld Kerma,
Hiroshima at 2000 m

Ciomma rays
Angle Meutrons
Prompt Delayed

o 0.52 0.56 0.54
45 0.51 n.is 0.35
90 0.54 045 .39
135 .67 0.B1 0.76
18D 0.73 0.91 0.90
225 (.61 0.71 070
270 047 0.45 0. 36
315 .46 0.34 032

Tahle 34. Comparison of Kerma Transmission Factors in a
House and in the Open Belative to the Free-ficld Kerma,
Hiroshima at 1500 m

Gamma rays
Location MNeutrons
Prompt Delayed

In-House

AE O° 0.34 0.41 0.39

2AJE 180" 0.38 0.52 0.51
In-0pen

10 180° 0.55 .40 0.40

24 o 0.49 038 0.36

25 o 0.66 0.49 0.50

26 o° 0.78 51 0.66

The last set of cases (7 o 14) in Table 32 presents results for a wide variety of situations
through variation of burst point orientation for a single location in the cluster. This location
15 at the right hand side of the cluster with a two-story and a one-story house on opposie
sides of the street. At the 45 and 315° orientations, the location is shielded from the burst
point diagonally across a row of one- and two-story houses, respectively, and the difference
in attenuation is apparent in the TF for the two orientations. The 90 and 270° orientations
provide shielding by a one-story and by a two-story house, respectively. For comparison with
results at a large ground range, Table 33 shows the same detector locations and orientations
as cases 7 1o 14, but at 2000 m ground range. Here, the orientations with substantial shielding
(45, 90, 270, and 315°) show increased attenuation for gamma-ray component because the
elevation angle to the burst point is lower.

Radiation TF for survivors in the street should be consistent with values computed for
locations inside the houses, with any differences explainable by the changing natwre of the
shielding for the types of locations. A comparison of TF in the open and in houses is
presented in Table 34. The orientation of the burst point is along the row of one-story
houses (0 or 180°) for the cases in Table 34, The prompt and delayed gamma-ray TF for the
inside and outside locations are within the same range, as expected. Notice that locations 24,
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25, and 26 move farther away from the houses (Figure 4), and the TF increase consistently
with reduced shielding. The neutron TF in the open are larger than those in the houses
because the neutron field is less directional along the line of sight than the gamma-ray [icld
and has a larger, downward directed skyshine component. The skyshine is shiclded by the
roof for locations in the house, but it arrives with little attenuation for outside locations,

Terrain Shielding

The hilly terrain at Nagasaki provided shielding for many survivors. These cases were
analyzed with the globe technigue. The variations in terrain have the potential to produce a
wider range of attenuations than house shielding, and this range may be difficult to capture
in a model. Under the constraint (o use available computerized data (in this case, the globe
data) for the shielding descriptions of survivors, a set of calculations using a simple "hill"
to represent terrain shielding was performed and employed (as will be described later) for
survivors shielded by terrain.

Table 35. Kerma Transmission Factors for Locations Near a Model Hill
Relative to Free-field Kerma, Nagasaki at 1000 m and 2000 m

Ground BRange 1000 m Ground Ranpe 2000 m
Distamce  Hill
Detector kit Gamema rays Gamma rays
to Hill - Slope Moy trons Neutrons
Frompt Delayed PFrompt Delayed

1 im &8 0,65 025 0,39 0.61 013 022
2 3 43 .75 058 064 0.70 025 0,38
4 ] 43° 0.85 .75 077 0.ED 036 sl
[ 15 4 0.4 0.87 0.76 081 051 0563
] ] 68" 0.76 0.55 069 0.72 0.25 040
10 15 68" 0.81 068  0.76 0.74 0.33 049

The hill selected for the terrain shielding calculations is a portion of a prolate spheroid
exposed above the ground plane. The tips of the spheroid along the major axis are located
below the ground plane and the axis is angled with respect w0 the ground plane so that the
exposed portion exhibits a smoothly varying horizon, with different initial slopes. The hill
i5 80 m long, 18 m high, with slopes of 43 and 68° at either end. Delectors were located at
3m intervals away from the hill out to 15m to provide different shielding situations,

=elected results from the calculatons for the hill model in Nagasaki at 1000 and 2000 m
ground ranges are shown in Table 35. The neutrons exhibit less attenuation than the gamma
rays for terrain shielding; this is the opposite of the results for house shiclding. The neutron
field is less directional and can shine down to the detector over the hill; whereas the hill
intercepts more of the nearly line-ol-sight gamma rays. For detectors in houses, the roof
attenuates the incident neutron field.

The TF for delayed gamma rays are larger than those for prompt gamma rays, this also
i5 the reverse of the house shielding results. In a house, the roof and walls attenuate all
of the incident radiation, The delayed gamma rays from the debris, which are softer, are
attenuated much more than the prompt gamma rays. In the open, the terrain blocks only a
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Table 36. Comparison of Average Kerma Transmission Factors
Relative to Free-field Kerma, Hirashima at 1500 m

Ciamma rays
Source Meutrons
Prompt Delayed
T65D (9 parameter) 0.32 - 0.0 -
Marcurm estimate - 055 (.45
In-house (This study) 040 0.54 047
In-open (This study) .67 0.67 0.65

1Total gamma-ray transmission factor.

portion of the incident gamma rays. The rising fircball raises the effective source height of
the debris, reduces the portion blocked by terrain, and permits more of the delayed gamma
rays 10 shine down on the detector.

To explore fully this type of shielding at Nagasaki, additional terrain models need to be
developed. The simple hill model provides an indication of the magnitude of the shielding
effect, but more realistic models, with different terrain features and locations on the hills,
should be analyzed.

Summary of Calculations

During the course of development of shielding models for the revised dosimetry system,
a data base of over 3,500 shielding calculations was produced for locations in two housing
clusters representing actual locations in Hiroshima and Nagasaki at the time of the bombs
and for a simple terrain model. These calculations employed state-of-the-art technigues that
were validated with Operation BREN experiments (see Appendix 7-1). The number of data
points far exceeds the number available to the developers of the T65D shielding models. A
sensitivity analysis was performed to elucidate the effects of variations in house materials
and the models on the resulting shiclding, )

Examination of the results for these locations indicated that the data base forms a con-
sistent and defendable set of values from which to develop shielding models for the revised
dosimetry system.

The averaged TF from the six-house and tenement cluster calculations for Hiroshima at
1500 m ground range are shown in Table 36 and compared with the T65D average values
and the estimate made by Marcum.® The data indicate that the Marcum conjecture is correct
and very close 10 the averages obtained. A similar reduction in the TF for Nagasaki (the
averaged values from the present study are nearly identical to those for Hiroshima) will occur

from T63D to the new dosimetry, The increased gamma-ray shielding by Japanese houses
is one of the major changes in the new dosimetry system.

HOUSE SHIELDING MODEL FOR NINE-PARAMETER DATA

The source of information for the nine-parameter shielding data for individual survivors
at Hiroshima and Nagasaki is the RERF computer file CD465. This file contains the "nine
parameters” and other data, shown in Table 37, that has been extracted from the more com-
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Table 37. Shield Parameter Code (CD465)

Mo.of  Columns
Columns Used

I;f:? Deseription of liems

Fart 1. Tdemtifeation

1. Master file number b I- &
2. Sex and iy of exposure i f)

3. Coordinates as to exact location ATH 8-15

Fart II. Mine parametérs and certainty of coding

4. Front ShieMing (FS) I 16

5. Front Shilding Size {F55) | 17

. Unshielded [(LI5) 3 18-20
7. Lateral Shielding (L5} p 2]

8. Intcenal Frontal Walls (1F%) | 22

9. Inmternal Lateral Walls (1LW) | 23
10. Height Above Floor (HF) 2 24-25
11. Floor Mumber (FMN) | 26
[2. Slant Penetration (5F) ] 27-30
13. Certainty of coding nine parameters g 3139

Part 111, Oiher pertirent dota

14. Completencaz of shlelding drawings prior to coding | 40
15. Attenuation factor (T570) [ 41-46
l6. Description of Japanese-type house 1 47
17. Treatment of house | 43
18. Treatment of projectlon 2 49-50)
19, Elevation | £1
). Grove | 52
21. Present eoding disposition 1 39
22. Sea Lewvel 2 54.55
23, Claszs of estimating dosws 1 56
4. Method of estimating dose 1 57
25, Hesorve columns 17 58-T4
26. Card desipn number 3 T5-17
27. Reserve columns 3 TE-Gik

ATSTD refers to an eatlier dosimetry system replaced by TE5D."

plete shielding history for each survivor (dicussed in Appendix 7-2). The nine parameters
were originally formulated from the BREN experiments to relate radiation shielding to vari-
ous physical characteristics of particular locations in Japanese-type houses.! The application
of these nine parameters to actual survivor shielding sitwations required significant modifi-
cation of the definitions of some parameters, because conditions in Japan differed from the
relatively uncomplicated geometry of the BREN experiments. The relationship between the
nine parameters, as used in actual Japanese survivor shiclding situations and the radiation
shiclding was, therefore, not known, Before the CD465 data could be used in calculating
the shielding of individual survivors, this relationship had to be determined.

The approach that was adopted rests on the assumption that the six-house and tenement
clusters are representative of Japanese neighborhoods. This assumption is well supported by
all test resulls to date, and is further strengthened by the analysis of the nine-parameter data
reporied here.

The relationship between the shielding and the nine parameters for the model clusters was
determined by choosing a number of locations in each cluster for analysis. By convention,
and to allow comparison with previous test results, some points in the six-house cluster
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cormresponded to those used in the BREN experiments for houses of similar floor plan.
The nine parameters were assigned to combinations of location and orientation, using the
floor plan of the two clusters, and the same procedures used by Japanese investigators
when assigning the parameters to locations described in the survivor shiclding histories.
For each location and orientation TF were then calculated for each city at several ground
ranges. Statistical analyses determined which parameters contained the most information
about variation in TF. The results of these efforts allowed a set of shielding categories to be
established. Each category represents a model shielding environment for calculating dose 1o
individual survivors. The information on CD465 can be used to assign individual survivors
to the appropriate caicgory.

Definition of the Nine Parameters

It is difficult to give a definition of each of the nine parameters that is both concise and
complete. In brief they are defined as follows:

FS. Front Shielding is 0 when no houses provide shielding, is 1 when an adjoining house
shares a common wall, is 2 when an independent house provides shielding at a distance
less than its height, and is 5 when an independent house provides shielding at a distance
greater than its height but less than twice its height. One-story buildings are all taken to
be 3.5m in height and two-story buildings 6.0m.

FS55. Front Shielding Size is 0 when no houses provide shielding, is 1 when there is a
one-storied house within 7m or a two-storied house within & to 12m, and is 2 when
there i3 a two-storied house within 6 m.

US. Unshielded is 100 unless F5=0 and the directional line to the bomb crosses an
opening such as a window on the floor plan. Then its value is obtained by dividing the

distance (in meters) from the survivor to the opening by 1.5 and rounding up to the next
integer.

LS. Lateral Shielding is 0 when walls not on the directional line to the bomb conlain
openings and face no houses, is 1 when side walls have no openings and face no houses,
is 2 when side walls face other buildings more than 3.5m away but closer than 7 m for
one-story buildings and 12 m for two-story buildings, is 3 when side walls face buildings
less than 3.5 m away.

IFW. Internal Frontal Walls is the number of walls other than the outside wall through
which the directional line to the bomb passes. The conditions that must be met are
based on the distance from the survivor to the midpeoint of a projection of the wall in the
direction of the survivor.

ILW. Internal Lateral Walls is the number of walls other than those counted for IFW
based on a similar set of projected-distance criteria. Most walls in typical houses mect
these requirements,

HF. Height Above Floor is the height of the survivor above the floor in centimeters. It
is usually taken to be 100 cm for standing and 30 cm for sitting survivors.
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FN. Floor Number is 1 for one-story buildings, is 2 for the ground floor of multistoried
buildings, and is 3 for upper floors of multistoried buildings.

SP, Slant Penetration is the distance in centimeters from the survivor to the point of
incidence on an outside wall along the line-of-sight.

Assignment of Nine Parameters

Ning parameters were assigned to locations in both clusters on the basis of wrilten
instructions, dating from 1966, and supplemented by information obtained in Japan from
those who had worked with survivor shielding histories. Comparisons of nine-parameter
assignments made by SAIC with those made at RERF were conducted. Any differences in
technique were resolved in favor of methods actually used for survivor historics.

Twenty-one separate points in the six-house cluster and 60 points in the tenement cluster
were chosen for analysis. The six-house detector locations are shown in Figure 3, and the
tenement house locations are shown in Figure 9, In order to allow comparison with existing
data, some of these locations were points used in previous work with the cluster. Others
were added to ensure adequate sample size. For many points, all the nine paramelers were
assigned. Following a sensitivity analysis (described below), a subset of the most significant
nine parameters was assigned for 16 different orientations of the cluster with respect o the
hypocenter at equal intervals of 22.5°. This rotation is justified because actual neighborhoods
in the two cities were oriented randomly relative to the bomb, Rotation also allows the cluster
to represent economically a large number of shiclding situations. An example of the nine-
parameter subset assignment and TF calculated at 1500m ground range in the tenement
cluster at Hiroshima is shown in Figure 31,

The resulting 336 locations in the six-house and 960 locations in the tenement cluster
are each distinct in their nine-parameter assignments and have among them all combinations
of the parameter values permitted for Japanese houses. The frequency of occurrence of each
parameter in this set of locations is similar (o that observed among the 10,706 survivors
with cluster-like shielding histories. This correspondence indicates that the geometries of
the cluster models are representative of Japanese neighborhoods in "nine-parameter space,”
as well as in physical space.

Variation of Transmission with Nine Parameters

Eight of the nine shielding parameters take on discrete, integer valucs that are not nec-
essarily proportional to their influence on radiation shielding. To evaluate the importance of
these parameters, a rank correlation analysis was used. TF were caleulated for each location
at a number of ground ranges, The locations were divided into subsets according o floor
number (FN). For each subset, the rank comelation coefficients (RCC) and the RPCC were
calculated for the six-house cluster for the remaining parameters against TF for the neutron,
prompt gamma-ray, and delayed gamma-ray components. The results were consistent for all
ranges tested at both cities.

The parameters FS, FSS, US, and SP are most strongly related to TF. The parameter SP
consistently had the highest RPCC, followed by F5 and FSS, with US sometimes significantly
correlated at the 0.05 level or better. On the other hand, LS, HF, IFW, and ILW were never
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Figure 31, Results of calculations for location 3TR at 1500 m ground range

af Hirasfimg

significantly correlated with the TF. This is a consequence of the rules for evaluating these
parameters. Locations with very different shielding characteristics often have the same value
for LS so that important distinctions are missed. In contrast, assignment of ILW and IFW
imposes distinctions that are unrelated to shielding. On the basis of these results, HF, LS,
ILW, and IFW were not used in determining shiclding categories for calculating doses to
survivors.

Two of the remaining parameters, FS and FSS, are not independent quantities. They
are closely related by their definitions, and so are highly correlated with each other, Con-
sequently, they each explain the same variation in TF, and nothing is gained by using both
parameters. Of the two, FS scems 1o have the greater resolution (i.e., it allows more cases
to be distinguished). For this reason, FSS was not used in defining shielding categories, but
FS was retained.

The imporntance of US in describing shielding was determined in the process of further
analysis of SP. Since SP is a direct measure of the depth of a location within a building, it
15 also a gross measure of the amount of material shielding that location. It is reasonable
o assume that the relationship between SP and TF will be different for cases where US
15 not 100, because these cases represent situations having an unobstructed opening in the
direction of the bomb. There is less material shiclding in these locations. Indecd, this effect
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Figure 32, Regression of the transmission factor for gamma ravs against SP for
FN=1 i the six-louse eluster

was observed.

Unlike the other parameters, SP is measured and recorded as a continuous variable. To
gel the maximum information from SP, a linear regression model was examined for each
subset of locations having common values of FN, US, and FS. The result of several such
regressions suggested that the slope of the TF versus SP curve was much steeper for small
values of US. An example is presented in Figure 32 for the prompt gamma-ray component
of the radiaton ficld at 144 locations in the six-house cluster having FN = 1. The sieepest
slope is a consequence of the effect of an open window or door on shiclding (for US <3
the survivor is close Lo an opening). The TF is large but drops rapidly as one moves deeper
into the building, For US = 100, when no opening exists, the TF falls off more slowly from
a smaller intercept. For US > 3, but not equal io 100, the relationship with SP is the same
as if there were no opening at all. This pattern appeared for both citics and for all ranges
although the regression equations varied somewhat for each city and range.

Survivor Shielding Categories for House Cluster Models
Alfler testing several variations with regression analysis, the following shielding groups
were defined for each floor number (FN) value:

1. Very low shiclding. FS =0, US < 3, no nearby buildings provide shielding in the
direction of the burst, the survivor is within 4.5m of an opening (window or door)
that lies in the direction of the burst point.

2. Low shielding. FS = 0, US > 3, no shielding by nearby buildings, survivor is more
than 4.5m from an opening or there is no opening,.
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3. Intermediate shielding. FS = 5, a building in the direction of the burst point is within
a distance that is less than twice the difference between the survivor’s elevation and
the elevation of the top of the building.

4, High shielding. FS = 2, a building in the direction of the burst point is within
a distance less than the difference between the elevation of the survivor and the
elevation of the top of the building.

5. High shielding. FS = 1, a building in the dircction of the burst point shares a common
wall with the survivor’'s house.

Each shielding group was further partitioned on the basis of 2m intervals of SP, the line of
sight distance from the survivor (o the outside wall of the house in the direction of the bomb.
Five SP groups were defined, the last being SP > 8 m. Thus, the data were partitioned into
a 3x4x5 matrix or a possible 60 categories. The rules for assigning FS and US made large
values of SP virtually impossible for groups one and four; therefore, less than 48 categories
actually had values.

In fact, there were no locations in the six-house cluster where a survivor was shiclded
by a house sharing a common wall (FS = 1). TF in the tenement cluster indicated that
this shielding configuration could result in a variability in shiclding different from FS = 2;
therefore, the two distinct groups were created for high shielding. The shielding groups used
in this analysis are (1) FS =0, US < 3, (2) FS =0, US > 3, (3) F5 = 5, (4) FS = 2, and (5)
FS =1. Categorization on the basis of FN and SP partitioned all nine-parameter data into
3% 5x5 malrices.

Analyses were performed for the six-house cluster, for the ienement cluster, and for the
combined data. Within each category, the average TF for prompt neutrons, prompt gamma
rays, and delayed gamma rays were calculated, The number of data points in each category
was tabulated. The variability of the TF was estimated by computing the FSD (standard
deviation -~ mean) for each dose component and shielding category. The results of this data
generation and organization are discussed below,

Results of Calculations

The results are provided in Tables 38 o 46. Each table gives the number of cases, the
average TF, and the FSD (when there is more than one case) for each category for a given
FN. Results for the six-house cluster,® the ienement cluster, and the combined six-house and
tenement clusters can be found with the following index:

Table Number for Transmisslon Factor Data

Floor Six-house Tenement Combined

Number
1 38 41 44
2 39 42 45
2 40 43 46

*These results for the six-house cluster differ slightly from previously published values because the
TF was recomputed with the latest, updated free-field data.
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Table 38, Mean Kerma Transmission Factors and Associaled Fractional Standard
Deviation for Floor Mumber 1 in the Six-house Cluster Relative (o
Free-fisld Kerma, Hiroshima at 1500 m

Slam Penctration (SF) (M)
Groap -z 2-d a4 -b 6-8 8+
TE F5D T¢ FSD TF EFSD TF FsDh Tr TS5D

| Cacs i i3 1 0 0
FS=0 M3 0586 0.20 0433 0,22 0361
Us<I Gl 0820 006 0610 019 0.46]
nDGE 0740 018 53 021 0415

2 Coses B 12 X L1 2
Is=0 M 0533 .30 o404 005 0365 004 0351 0.0% 0378 014
US=3 G 0723 014 05T 009 0511 06 0450 D0F 0443 007

ME 0658 020 0500 0,013 0453 00T 0427 002 0423 0403

3 Cascs i3 g i 3 n
Fi=5 N 0401 012 0372 008 0,330 0.05 D364 0.001
H 0.537 0019 D480 0.19 0414 007 {286 0.003
DG 0514 020 0447 020 0,363 012 0.282 0.05

4 Casos 24 5 3 L1 0
F5=2 M 0,334 0.9 0304 009 0303 002
G 0469 0.19 0381 023 0318 002
DG 0395 021 0325 0.22 0260 010

5 Cascs
F5=1 N
G
DG

[ose companent; "r-ll:ulmn's, I:'F'ri.'lrn]'l-l: RAMma Tys, "-[:Inr.;lg.'ml RAamma rays,

Table 39. Mean Eerma Transmission Faetors and Associated Fraetional Standard
Deviation for Floor Number 2 in the Six-house Cluster Belative (o
Free-field Kerma, Hiroshima at 1500 m

Slamt Penetration (5P (M)
Croup 0-32 2-4 d -6 G- 8 B+
TF F&D TF FSDh TF FED TF FSD TF FSOD

| Cases T T 4 )] ]
F5=0 N® 0550 0.19 0369 006 0.260 0.10
Us<3 Gt 0819 0.0E 0522 010 0DELD 006
G5 0,731 0.09 0537 0,12 0539 0.08

i {Cascs & 3 1R 18 7
5= N 0500 024 0395 017 0332 0018 0284 007 0268 0004
Us=1 G OGR4 D04 0645 D16 D535 016 0473 016 D413 DA

DG DE2T 006 0532 0006 D465 0.9 0410 0017 DU3a0 020

3 Cases [ i it L] L]
F5=5 H 0371 005 035 003 0317 000 0285 0

G 0636 002 G467 005 0437 012 0370 DL1G

DG DATE 012 0417 02 0386 0012 0,297 D014

4 Cames 14 1A 0 i} L1
F5=2 N 02110 021 0280 012

G 0.349 0.8 0377 0.21

DG 0275 0.23 0,299 0.21

5 Cames
FS=] M
G
(I}

[awe componenl: IMautrons, thmpt Eamma rays, “Dolayed gamna faye.
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Table 40. Mean Kerma Transmission Factors and Associoted Fractional Standard Deviation
for Floor Number 3 in the Six-house Cluster Relotive (o Free-ficld Kerma,
Hirashima at 1500 m

Slant Penciration (S (M)

Ciroup -2 2-4 id - -8 B
TF:- 3D TF FsD TF F3D TF @ FS0O TrF FSD

| Casca & i 1 [} i}
F5=0 WA 616 005 0517 005 0472 006
US<3I GY 0,875 0.04 0.708 0.10 0.666 0.15
DGE 0,799 008 0607 0.1 0551 0008

2 Caxs 5 1 i L[ 1
F5=0 N 535 D14 0523 TA68 004 GAl6 013 D408 005
Us=3 G 724 0.0% 0687 0633 0,07 0534 003 0480 009

DG 0652 0.6 D589 O51E D06 0420 020 0402 011

i Cases L] 3 T 3 0

FS=5 M 0,354 002 0425 0,03 0438 0.03
L 0,383 0,05 0520 0.03 0.395 0.03
G 0344 005 0446 004 0366 (.03

4 Cascs fi n 0 i 1]

Fa=2 M 0342 .11
G 0,380 0.18
G 0324 0.15

3 Cases

FS=] N
[
D

Dose eomponent: "Noutrons, "mepl gamma rays, TDelaved gammnia mys.

Table 41. Mean Transmission Factors and Associnbed Fractional Standard Deviation Tor
Floor Number 1 in the Tenement Cluster Relative to Free-field Kerma,
Hiroshima at 1500 m

Slant Peretiation (5F) (M)
Giraup -2 2-4 46 fi- 8 B4
TF F8D TF FS5D TF FSD TF FSD TF TFsSD

1 Lases 3 19 3 o 1]
FS=0 B® 0.650 0.12 0479 016 0.434 0.13
US<3 GP  0.862 D09 0.635 020 0.530 0.15
DGE 0807 010 0571 018 D457 0.13

1 Cases an 29 dd IR 2
Fa=l M 518 .11 439 GIE O30 0014 D401 O 439 DoF
UE=3 G 0.702 012 607 0.20 0534 0,12 0477 0.11 0574 .04

DG D649 0012 00549 009 0476 011 0429 000 0510 0,03

3 Cases 19 [ 7| 0 {
F5=5 M 0402 0,17 0423 002 D392 004
G 0490 0,19 0504 0,04 0444 0014
IM: D468 020 0A4R6 0,04 0414 0U16

4 Cases il 4 il 0 1}
F5=2 N 0.395 .14 0341 D05
G 0.530 .23 0.32% 0,04
DG DA77 .23 0304 0,04

] Cases il I 4 i L]
Fi=1 M 0319 0,14 02EY 004 0,320 0.08
G 0.430 028 0,344 006 0317 0.08
DG 0367 023 0277 07 0281 UG

Dose component: *Meutrons, "Prompt pamma rays, SDelayed gamma mys.
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Table 42, Mean Transmission Factors and Associated Fractional Standand Deviation
for Floor Number 2 in the Tenement Cluster Belative (o Free-field Kerma,
Hiroshima at 1500 m

Slant Penstrotion (5P (M)

G 0n-2 -4 4-b 6-8 B
TF ©SD TF FSD TF TSD IF FSD TF ISD
| Cpmos n 10 [ M o
Fe=0 MY 0531 0.23 0425 0B 0366 0.21
US<3 GY 0760 D13 0.650 0,20 0554 0.17
DGE DA% 006 0562 021 0478 0,20
2 Camis i} 25 k1) 24 7
F5=0 N D452 0,33 0420 0,13 0367 016 0340 @011 0332 002
US=3 G D625 0.29 0718 013 0577 .15 0532 6 0405 023
DG 0549 0,30 00625 DLIE D489 017 0442 0,15 0,353 0.20
3 Cnszs 27 13 15 4 0
F5=5 N 0320 004 0335 0012 0250 0,13 0,303 0.11
G 0493 007 0425 0Ll D416 008 0,336 0.15
DG 42T 019 02399 0022 0347 000 0300 0.11
4 Cases 10 1 0 n i
F5=2 W 0.242 001 0385 0.07
G 0339 013 0370 0019
DG 0297 oLiE 0,327 014
5 Cases 52 | R 15 0
F=1 W 0.350 0,02 0281 0,15 0268 0,04 D279 003
G 0.384 23 0430 0232 0438 003 D450 0,05
DG 0308 G210 0380 023 G232 017 L3RR 008

Dose component: "Meutrons, "Prompt gamma rays,  SDehayed EImma mys,

Table 43. Mean Transmission Factors and Associated Fractional Standard Deviation for
Floor Mumber 3 in the Tenement Cluster Relative to Free-field Kema,
Hiroshima at 1500 m

Skant Penetration (5P (M)

Croup 0-2 -4 4= -8 B+
T Fsix TF 8B TF FSD OTF SO T IS0
1 Coses 46 n K i} n
FE=0 M2 0595 0,12 0500 007 0432 0.2
Us=3 gl . 0.794 0,02 0,707 0049 0560 013
DGE 0749 G601 0598 007 0493 000
2 Cases 12 47 i) a2 2
F5=0 M 0.548 ®01 0500 010 0481 0.08 0434 008 0447 0.02
Us=3 ;G 714 O1F 0625 0011 0627 002 0540 0,12 0489 (101
DG 00629 T 0542 0011 0553 000 0465 000 0.812 0.3
3 Caswes x B | 0 0
F5=5 M 03496 D05 0426 008 0415
G 0486 0,00 0464 0.11 0454
D4 0407 008 0409 008 04328
4 Cases 3 0 0 ] 0
F5=32 W 0385 (.03
] 0403 .08
D L3158 00R
5 Cases 15 45 i [} ]
Fs=1 M 0.353 0,05 0397 007 0391 D08
G 0.399 009 0418 0,00 0467 0.010
G 0336 008 0367 000 D419 008

Dose compenent: SMeutrong, '-'l':umpl gamma rays, “Dcliyed gamoe raya,
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Table 44. Mean Kerma Transmission Factors and Associated Fractional Standard Deviation
for Floor Number 1 in the Combined Data Relative to Free-field Kerma,
Hiroshima at 1500 m

Slant Peneiratlon (58) (M)
Cipoig =2 24 4-4 68 8+
TF Fs TF FsD TF FsD TF TFS5DF TF FSD

1 Cascs IE 32 i i} 0
F&=0 N9 0636 014 0460 DLLD 0416 0.14
Us<3GP 0853 001 0633 020 0513 0.5
DGE 0,793 0.12 0555 0.9 0447 0.12

2 Cascs 38 41 18 34 &
Fa=0 0 D321 0.04 0429 08 0402 0.4 0378 000 0408 0.14
U5=3 04 0706 012 059 I8 0524 0.14 0483 001 0509 0.14

DG 0651 004 0535 DUIR 0466 D04 0428 0010 0466 010

E | Cascs iz 14 13 2 0
F5=5 N 0400 008 0398 013 0335 009 0364 0001

G 0509 019 0490 617 0418 0.09 0286 0003

DG 487 021 D464 OL18 0371 DuI4  GL2R2 005

4 Casos 55 o 3 0 {i
F8=2 N 0168 0OIE 0326 009 0303 002

] 0.503 0.23 0358 0.20 0318 002

DG G441 024 0315 008 0L260 001

5 Cases k] ] 4 0 0
Fi=] N 317 004 0287 0.14 0320 D08

G 0430 0,28 0344 017 0317 D.OB

DG AT 029 Q27T 017 0.2R1 DOs

Dose companent: Meutrons, memm pamma rays, “Delayed pamma rave

Table 45. Mean Kerma Transmission Factors and Associated Fractional Standard Deviation
for Floor Mumber 2 in the Combined Data Relative to Free-field Kerma,
Hiroshima at 1500 m

Slni Penelration (5P (M)
Liroup 0-2 24 -5 6-H8 R*
TF F3D TF FSD TF FSD TF FShh TF FSD

| Casies T 17 11 i} 0
F&=00 KA D536 022 0402 009 0363 (0L18
US<3 G 0782 0,12 0638 0.7 0.576 0.14
DGY 070 015 0552 009 0502 0,17

b Caies 13 8 56 42 14

TF&=0 MW 0470 030 0417 004 0356 0.17 0,316 016 0.300 0.17
1F5=3 (3 DA4T 024 0710 004 0564 006 0507 017 0400 0.20
OG 0E7E 026 (615 DUIE 0481 (LIR 04238 16 D346 020

3 Cass b 15 2 1n [i]
F5=5 0338 005 0329 003 0278 0017 0.292 012

0523 0,19 0431 OLIE D425 0.10  0.356 016

0458 0.22 0401 021 0363 0012 0.299 013

4 Cases 4 I8 n 1] ]
TF5=2 234 008 0282 0.0
0345 .16 0,375 020
G 0284 022 0309 019

5 Cases 54 11 B 1] 0
F5=]1 K 0,250 012 0281 015 D268 004 0279 013
G 384 0.23 0431 0.22 0438 003 0450 015
DG 030K 021 0360 .23 0,382 007 0,388 018

EGE

Fa=

Dose companeni: *Meuirons, bFrnmptEnmmu rays, “Delayed gamma rayve,
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Table 46. Mean Kerma Transmission Factors and Associpted Fractional Standard Deviation
Tor Floor Number 3 in the Combined Data Relative to Free-field Kerma,
Hirashima st 1500 m

Shant Penetration (SP) (M)

Group k=2 2-4 4-hf G-B B+
TF F5Dh TF FsD TF TSD TF F5D TF  FsD

1 Cases 52 24 11 ) 0
FS5=0 N* 0578 011 D503 0.07 0437 012
US<3G? 0803 02 0707 0.09 0582 014
DG 0755 0001 0,500 0,08 0500 0L11

-] Casos 17 43 ar il i
F5=0 M 0544 0,12 0504 010 ND4TE 000 D432 000G 0427 0.06
S>3 G OTET 013 626 ull  DG2E 0.11 53T i13 . (.4H4 007

G 0643 006 0,543 0011 0549 009 0460 (K12 D407 D08

3 Cases § 11 a 2 0
F5=5 N 0306 005 0418 D0s D430 003 0438 003
G 0486 000 06442 0013 0498 00T 0395 003
DG 0407 006 0392 0011 0440 004 0366 000

4 Casts b ] 0 0 1]
5= K 356 0,10
L] 0.388 0.15
DG G336 013

Coscs 15 45 0 i i¥
F5=1 H 0,353 D05 0307 007 0,391 0,04

G 0359 009 0418 000 0467 DU

DG 0336 008 G367 OID 0419 004

Do companent: IMeutrons, II"'F'l:l:||||.|rL pamma tays, “Debayed pamma mays.

A comparison of TF averaged over all categories for each FN for the six-house cluster
with the tenement cluster is shown in Table 47. The TF for the six-house and tencment
clusters are consistent for a given floor. This indicates that shielding models derived from
cither cluster, given a sufficient number of data points, would not exhibit large differences
when compared with the other cluster, :

‘The tenement cluster data are examincd and compared to the six-house cluster for each
floor. Particular focus involves comparison of six-house data for FS = 2 with tenement data
[or ES = 1. The unique feature of the tenement houses is the common wall between each unit,
permitting coding of FS = 1. In the preliminary DSE4 dosimetry system, all nine-parameter
situations with FS = 1 in tenement houses were calculated with the FS = 2 category.

Of the eighteen locations for which FN = 1 (single-story house) in the tenement clusier,
eight are in the annexes (kitchen and bath) of enement houses. The annexes were considered
separate from the main two-story buildings as required by the nine-parameter coding rules.
This partitioning is indicated by the Treatment of House (TH) parameter being equal to two.
The TH parameter was coded along with the nine parameters and is used to record the way
in which a structure was considered when coding the shiclding parameters FS and LS. The
shielding of one part of an extended structure was sometimes accounted for by dividing
the structure into conceptually separate units. The parameter TH is 1 when a building is
considered as one unit; 15 2 when it is considered as two units; is 3 when considered as three
or more units; and is 9 when unknown, The tenement house TF for FS = 2, and SP =0 o
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Table 47, Comparison of Kerma Transmission Factors for Six-house and Tenement
Clusters Relative to Free-ficld Kerma, Hiroshima at 1500 m

All Cazes FM =1 FH=2 FH =3
aH TEHN tH TEN 6H TEN 6H TEM
Mumber 336 960 160  28A 128 368 48 304
Heairons
Mintmuam 74 204 231 JME B i | g08 331
Muoximum 745 TR3 J45 7R3 G491 746 BT T B
Avernge J74 AN AR5 416 324 326 A6 AGE
FSD 8% 9% ME 6% % 29% 19%  18%
Frompt Gamma rays
Minimuam i i et ] T B 74 Bal  a2dd 08 332
Maximum DEa .99 S856 990 S33 013 B33 4978
Average S26 548 A2 564 A08 495 SO0 588
50 28%  29% 6% 0% nm 30% 8% 25%
Delayed Gamma rays
Minkmum B e T A 187 d93 307 261 .97
Maximuam A08 940 O0R 540 B39 B59 894 B93
Average A58 A4E0 Afd 511 42T 424 521 518
F5D 3% 2% 8% 3i% 4% 3% w 21%

2, is higher than in the similar category for the six-house cluster. This is probably due to
the smaller size of the annex and the smaller size of the adjacent shield (the other annex)
than for the House A (single story, stand alone) situation in the six-house cluster, This result
may warrant creating a new category when TH > 2, but additional data are reguired before
a decision can be reached. For the FN = 1 cases, the six-house FS = 2 and tenement FS = 1
averages fall within one standard deviation of each other, but the tenement TF is consistently
smaller. This is probably because of the close proximity (1o the annex) of the large two-story
common wall shigld.

When FN = 2, the subject is on the first floor of a two-story house. Here the comparison
of F5 = 12 for the six-house and FS = 1 for the tenement cluster shows the reverse of FN =
1 results, because of the single wall thickness for the common wall and the smaller house
size in the tenement situation. The tenement categories for FN =2, FS =1, SP=0 o 2,
and SP = 2 10 4 have 52 and 71 cases, respectively, yet the FSD for pamma rays is over
20%. This is due to the large variation in actual situations that fall within these categories.
For SP < 2, the minimum (0.252) and maximum (0.548) values for prompt gamma rays
occur at 3TA/157.5° and 3TC/180°, respectively; for SP = 2 to 4, the minimum (0.267)
and maximum ((0.685) occur at 3TD/202.5° and 3TD/45°, respectively. These locations and
orientations exhibit diverse shielding situations that are undifferentiated in both our selected
parameter model and in the full nine-parameter specification. From this standpoint alone,
the separation of FS = 2 and FS = 1 seems warranted,

When FN = 3, the subject is on the second floor of a two-story house. TF for FN = 3
arc higher than those for FN = 1, because FN = 1 cases are shielded in some instances by
two-story houses (hat may not be close enough to appear in the nine-parameter data, Thus,
averages over a serics of locations for FN = 1 that fall into apparently unshiclded categories
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Table 48. Fractional Standard Deviations by Shiclding Group
for kerma Transmizssion Factors of Prompt Gamma-Rays Relative to
the Free-field Kerma, Hiroshima at 1500 m

Combined Data

Floor Humber
Shielding Group
1 2 3
| FE=10
US =1 .22 19 017
2 Fi=0
5 : A
Us = 3 0.20 0.23 .15
F5=5 0.20 D21 013
F&=2 (.26 .19 15
5 FSm 0.28 0.22 012

have implicit shielding from other houses in the cluster.

Table 48 presents the marginal FSD for prompt gamma rays for each of the five groups
in which the data over all SP values have been averaged. Using (1) Table 48; (2) the FSD
values in Table 47 for all cases averaged together and for each FN averaged together; and (3)
the FSD values in Tables 44 to 46 for individual group/SP categories, construct the following

table is constructed;

Typical FSD for Gamma-Ray Transmission

All cases combined 305
By floor number 28%
By group 20K
By calegory 15-20¥%

This table shows that by partiioning the shielding cases into categories based on a nine-
parameter subset, the FSD inherent in the variability of the shielding can be reduced from
the 30% to the 20% range. Furthermore, since some categories have large FSD, due to their
potential for a wider range of variation while others are smaller, this partitioning permits
better estimates of the uncertainty of dose estimates for those subjects whose siluations are
identified using the nine parameters.

Mote further that the uncertainty due to locating the survivor embodied in the use of nine
parameters is larger than the estimated uncerlainty from the house materials (= 10%) and
the Monte Carlo calculation statistical unceriainty (== 5%).

Recommended Nine Parameter Model for the Dosimetry System

Analysis shows that, within the constraint to use only the available computerized nine-
parameter data for survivors in typical Japanese houses, the shielding can be calculated to
within about 20% uncertainty. This uncertainty arises from the imprecision of the nine-
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parameter information in specilying the survivor's location with respect o factors impacting
his shielding. It is expected that precise, state-of-the-art calculations for a set of actual
survivor situations that happen to have the same nine parameters would exhibit variations of
about 10 to 209,

The partitioning of nine-parameter space into a set of categories that differentiate shielding
effects appears to be a reasonable representaion of this variation, There does not seem to be
a basis o prefer or select one individual location or erientation from a category as indicative
of all cases falling within the bounds of the category. Thus, the procedure is to form one
leakage tape for each category in Tables 38 to 46 by averaging together all the cases from the
data base from the six-house and tenement clusters that fall into that category. For example,
the 78 cases that fall into group 2 with SP in the range 4 to 6 for FN = 1 (Table 44) are
averaged together to form one leakage tape for the dosimetry system. The house shielding
computations for survivors in the RERF data base whose nine parameters are in this category
arc performed by the dosimetry system with this averaged leakage tape. The uncertainty in
calculating the shielding for this survivor is estimated by the FSD value for the category (in
this example, 14% for neutron shielding).

The best verification of this nine-parameter model would be to perform shielding calcu-
lations of actual survivor configurations in state-of-the-art detail and to compare them with
results from the dosimetry system model. These "benchmark” computations would indicate
the presence of bias in the dosimetry system models and show whether or not the uncertainty
estimates are realistic. House clusters should be selected for the benchmark calculations that
have as many survivors as possible, since most of the effort in performing these calculations
is producing the geometry model of the cluster.

Particle Leakage Tape for the Nine-Parameter Categories

The dosimetry system model requires particle leakage tapes for each of the categories
in Tables 44 to 46. They are produced by combining leakage tapes from the detector
locations for all the detector and orientation combinations in a given category. The number
of combinations available for each category is given in these tables. The leakage tape for
a given detector location is preprocessed to rotate all the particle directions to the required
orientation prior to combining with other tapes. The combined leakage tape with leakage
histories for the various detectors (at various orientations) is used in the dosimetry system in
the same manner as a leakage tape for a single location except that orientation is no longer
a parameter and results are not for a detector location but are for a ning-parameter category.,

Since each primary leakage tape has 15 batches with 3,000 histories per batch, a combined
tape may have a million histories, far more than needed to generate useful dose estimates.
Because the time for calculation of the dose to an organ is directly proportional to the number
of leakage histories, it was necessary to reduce the number on the combined tape.

One method for reducing the number, random rejection of histories with a corresponding
increase in the weight of the histories surviving, would result in an unbiased dose estimate
with the statistical uncertainty in the dose increasing by the sguare root of the reduction
factor, However, one can make use of knowledge about how the average leakage tapes are
coupled in the dosimetry system at a single implied orientation, Since the fluence contributing
most 1o the dose arrives from the dircction of the burst point, a direction-biasing method
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was used that rejects particles that leak in directions where there is only a small amount of
incident radiation in favor of those that leak in the burst point direction. Also, the maximum
angle above the horizon from which particles arrive was chosen to be about 21.1%, changing
slightly at different ranges and for different types and energies of radiation, The effect
of these changes on the {luences was minor compared to the tremendous improvement in
calculational uncertainty. With this biased reduction method, the number of leaking particles
in each tape is around 75,000.

At all the ranges and cities, reducing the number of Monte Carlo histories required by
introducing the directional bias in the selection gave improved statistics. The calculational
efficiency for neutrons and gamma rays was about three times better. Calculations of gamma
rays produced in the houses by neutrons, however, had only a slight improvement in effi-
ciency. Furthermore, using the angle-differential fluence produced inside a house by this
method results in significant uncertainty reduction when that fluence is coupled with the
calculations for a phantom (Chapter 8). The reduction comes about because the fluences in
the house have less statistical uncertainty in the directions that contribute most to the dose.
The Monte Carlo statistical uncertainty in the coupling calculation is still much less than the
other uncertaintics associated with the calculation of house shielding.

SHIELDING MODEL FOR GLOBE DATA BASE SUBJECTS

The computerized data bases at RERF that provide survivor shielding information consist
of the nine-parameter data and the globe data. Research to develop models to provide
radiation fields for survivors who have globe data is described below. The globe data are
available for about 20% of those proximally exposed and were used primarily for survivors
in the open but shielded by houses or terrain,

Globe Data Base Description

The detailed description of the globe technique for calculating TF, given in Appendix
7-2, indicates how the globe data were derived from the shielding histories and how they
were applied in the T65D dosimetry system for the calculation of TE. A summary of the
globe technique and the globe data base is provided here to explain how the revised dosimetry
system will calculate the radiation fields for survivors whose shielding is described by this
technique.

The globe technique was developed prior to the BREN house shielding experiments in
Nevada and the subsequent development of the nine-parameter technique for describing the
shielding for survivors in Japanese houses. The development of the nine-parameter procedure
resulted from the difficulty in using the globe technique for a large number of different
situations arising from the house shielding. Strict application of the globe technique would
have required scale models of each survivor’s house and neighboring shielding to derive the
globe parameters. In the final T65D system, however, the globe method was applied to three
broad classes of survivors:

1. Survivors in the open shiclded by Japanese houses.
2. Survivors in the open shielded by terrain features.
3. Survivors heavily shielded by concrete buildings.

287



HOUSE AND TERRAIN SHIELDING
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Figure 33. Depiction of conditions for globe cases. a) Shielding must be
within 20 m in front or 10 m in back of location. b} Surviver must be more

than 1.25 m from the front shielding or 0.5 m from the back shielding. Not
shown the distance to the shiclding object muse be less than three times
the helght of the shield,

Of the approximately 4,500 survivors for whom the globe technigque was used, 73% were in
Hiroshima. Only 12% were located less than 1000 m from the hypocenter while 50% were
located 1500m or beyond. Furthermore, 84% were shielded by Japanese houses while just
8% were terrain shielded. All of those shielded by terrain were in Nagasaki and 77% of
them were located beyond 1500 m from the hypocenter,

The development of the model in the revised dosimetry system to account for shielding
for those survivors with globe data in the "open shielded by Japancse houses” and in the
"open shielded by terrain features” categories is discussed. To qualify for the first category,
the survivor must have been outside, with shielding present within 20m in front or 10m
in back as shown in Figure 33. The shield height must have been at least one-third of the
distance from the survivor to the shield, If the survivor was oo close to the shielding house
(less than 1.25m in front or (.5m in back), as shown in Figure 33, his shiclding assessment
was performed with the nine-parameter method.

Unfortunately, the computerized globe data does not contain any information as to
whether a survivor in the terrain-shiclded class was also shiclded by a house. The globe
shielding description for a survivor inside a house and shiclded by terrain does not reflect
the additional shielding provided by the roof and walls of the house. This is also true for
a survivor outside and shiclded by terrain yet near a house. Given these caveats, it should
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be mentioned that the number of survivors in such sitwations is small. However, since the
actual shield configuration is recorded in the survivor shielding files, new data could be
retricved and codified to account for such shielding. The modular architecture of the new
dosimetry system could be modified easily to improve the dosimetry for those survivors in
such situations.

The globe data give the fraction of the incident radiation directed at a survivor's location
that is shielded; that is, the fraction of the 4+ solid angle subtended by some object such as
parts of a Japanese house or a hill. Imagine a unit sphere with its polar axis the line between
the survivor and the bomb burst point. This unit sphere is then partitioned into 18 latitudes
(polar angle intervals) of 10° separation. Now depress the horizontal plane containing the
center of the unit sphere 4° in the vertical plane containing the polar axis. All points on
this sphere above this depressed plane are called above the horizon; all points below, are
called below the horizon. The globe data consists of 36 numbers that give the fraction of
the polar space above and below the horizon, respectively, that is blocked in each of the
polar intervals, NMNote that, depending on the angle of the source-detector axis (which is
ground-range dependent), the first few polar intervals may lie completely above the horizon
and the last few polar intervals may lic completely below the horizon. Since the globe data
are dependent on the ground range and the height of the burst, identical locations at different
ground ranges in either city will result in different globe parameters. Additional data given
in the globe data file for survivors in the open and shielded by Japanese houses, such as the
distance, in the front or the back, to the house was useful in deriving the shielding model
for the new dosimetry system,

One of the major drawbacks of the globe data for deriving detailed radiation fields for
shiclded survivors is the lack of azimuthal information concerning the solid angle blocked.
Thus, a person standing near a corner of the house such that the space blocked and unblocked
divides vertically may have globe parameters similar to those of a person shielded horizontally
by a single-story house. Although the globe data may be similar in these two cases, the TF
and kermas may be quite different. Furthermore, there is no accounting for the depth of
the shielding. A survivor in front of a row of two-story houses may have the same globe
paramelers as a survivor who stands in front of a single two-story house.

Objectives of the Globe Data Model

There arc several objectives for the model for survivors having globe data for their
shiclding descriptions. The primary objective, of course, is to exploit the available com-
puterized data to its fullest but to consider carcfully the inherent errors and biases in the
data base. Quantification of the precision or bias in the resulting model for the revised
dosimetry system can be achieved by making detailed state-of-the-art calculations for sur-
vivor situations that have globe data and comparing the results to those generated by the
model used in the dosimetry system. Another primary objective is to assure consistency in
the treatment of survivors with globe data with other shielding descriptions, notably the nine-
parameter technique. The T65D system has a marked inconsistency in the TF derived from
the nine-parameter and globe techniques. This is not surprising, since the nine-parameter
and globe techniques were derived using different bases and different approaches. In the
revised dosimetry system consistency is maintained by using the same technigues and data
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in deriving the radiation fields at the survivors locations.

Development of the Model for Globe Data Survivors

A data base was generated for the analysis of potential techniques for using globe infor-
mation in the revised dosimetry system, This data base consisted of a series of 26 calculations
for street locations in the six-house cluster and 10 calculations for locations near a modeled
hill. The street locations were chosen to provide a variety of different situations encountered
in the actual shielding histories in Hiroshima and Nagasaki. The street locations for which
calculations were made are shown in Figure 4, and the terrain locations are shown in Figure
34. In addition, other calculations were made for locations at various distances away from a
two-story house (house B model) to examine globe data for a single house. The additional
points are identical to the poinis representing the sweep across the street in front of house
5B in the six-house cluster. Modifications were made to the standard adjoint Monte Carlo
shielding analysis procedure to permit calculation of the globe data for each of the survivor
locations, ground ranges, and orientations chosen for examination. This modification con-
sisted of writing an additional file that gives the starting direction cosines for each Monte
Carlo adjoint history and indicates whether this source direction is blocked or unblocked.
The source location is blocked if, on extension of the ray to the cluster boundary, it encoun-
ters a wall, roof, or hill. It is unblocked if it encounters only air on its way to the boundary.
A code was writlen (o use this information to calculate the globe parameters.

The adjoint transport calculations were carried out for each of the locations specified in
Figures 4 and 34 and for those near the single house using the same radiation transport codes
that were used in generating the nine-parameter models. The leakage tapes obtained from
the adjoint transport calculations were then folded with the free-in-air fields for a series of
ground ranges and cluster orientations to generate a data base of TF for neutrons, prompt
gamma rays, delayed gamma rays, and secondary gamma rays induced by neutrons in the
house and ground. As in the nine-parameter model development, kerma TF were used o
study the shiclding vanation with globe data. The ground ranges and orientations used in
the calculations are given in Table 49. Owverall, the data base consisted of 2,304 different
(36 locations » 4 ground ranges x ¥ orientations » 2 cities).

Since the globe data can be calculated for each ground range and orientation, the model
development consisted of heuristic examination of various methods (0 manipulate the free-
ficld and shiclded-field information to exhibit consistency and provide reduced variation in
the TF as functionals of the globe parameters.

The simplest and most straightforward approach (the "direct” method) would be to con-
struct the energy- and angle-differential fluence for the shielded field from incident Muences
lying within the polar angle intervals of the globe analysis. Although conceptually simple,
this method has potential drawbacks. Although the incident radiation is forward peaked
along the line of sight from the bomb, the contribution from multi-scattered neutrons and
gamma rays is important. Thus, some of the shielded radiation field in any angular interval
is unrelated to the free field in the same interval. Additional complications arise because
the lack of azimuthal information in the globe data forces assumptions about the azimuthal
distribution of the blocked portion in any polar interval. Additionally, the direct method may
introduce inconsistencies with the techniques used in the nine-parameter models because the
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Table 49. Ground Ranges and Orientations in the Data Base

for the Globe Analysis
Ground Range Crreientation {Direction to Burst)
00 m 0 (West)
(L] 45
1500 907 (South)
20000 135*
1807 {East)
225°
2707 (Morth)
315°

direct method would provide a shielded field "artificially” constructed, not based on transport
calculations for given situations.

Mevertheless, an examination of the direct method was made by calculating the ratio of
the kerma produced by the radiation actually in a globe polar bin to the kerma produced
by the radiation in that bin in the free ficld {(a very specific, angular dependent TF) and
comparing it to the unblocked fraction given by the globe technique, Plots of these factors
are presented for sclected cases in Figures 35 to 40. The curve labeled "globe" is the
unblocked fraction from the special data saved in the Monte Carlo run. The curves labeled
neutron, prompt gamma, and delayed gamma are the values:

kerma due to shielded radiation in a globe bin 1
kerma due to free field in the same globe bin e @)

where TF is the kerma TF for the entire 4xr-ficld and is used o normalize the values for
plotting purposes. In analyzing these plots, only the relative variation between the globe
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data and the actual relative TF are important; the difference in magnitude between data in
different figures is irrelevant to the discussion at hand.

If the relative variation between the actual ratio and the unblocked fraction were constant,
or nearly so, the direct method would be a potential candidate for the revised dosimetry
system. Figures 35 and 36 show the comparison for the survivor in the open blocked by
a single house. For this situation, the correlation appears to be reasonably good only for
the back-shielded situation shown in Figure 35. The front-shiclded situation of Figure 36 is
highly noncorrelated because of the scattering of the azimuthally asymmetric shield presented
house 5B at this orientation. Figures 37 to 39 are situations in which survivors were in streets
surrounded by several houses. The poor correlation is primarily due to back-scatier and side-
scatter from houses, not accounted for in the globe parameters.

The approach of choice is an indirect or inferred method that uses the globe data to infer
a position from a series of street (terrain) positions. The radiation field of the survivor is then
calculated using the leakage tape from the shielding calculation for this position in a method
similar to the procedure for survivors assigned nine parameters. The problem then involves
derivation of the functionals on the globe data that best characterize these positions. Several
approaches were tried; the one that gave the best results used the "neutron free-field weighted
unblocked fraction”, denoted here by WUBF, The WUBF is defined by the equation;

{27 AQZ (1 - Bf) + 87 Anf (1 - BP))

WUBF =
B {of AQS + &F AP} 3

where the superscripts A and B indicate the portion above or below the depressed globe
horizon and

$; = the free-field neutron fluence in the globe polar interval i,
Afl; = the fraction of the solid angle in polar interval i, and
B; = the blocked fraction in polar interval i.

The neutron and gamma-ray TF computed for each of the ground ranges and orientations were
plotted against the WUBF to ascertain if there were a consistent trend in the variation of TF
with WURBF. Some of the results are shown in Figures 41 to 46 for the house shielding cases
and in Figure 47 for the terrain shiclding (only Nagasaki is shown for the terrain shielding
because there were no survivors with globe data due to terrain in Hiroshima). These figures
show the TF for neatrons, prompt gamma rays, and delayed gamma rays at selected ground
ranges. The solid line is the lincar regression representing the best fit to the data, while
the dashed lines represent lines with 15% larger and 15% lower slopes than the regression
line. The plots exhibit the fact that most of the TF fall within +15% of the regression of
TF versus WUBF. The regression curves only serve to guide the eye in examining the data.
They are not meant to represent, in any way, models for globe shielding.

Initial efforts at selecting a variable to correlate with the individual TF focused on a
gamma-ray weighting scheme because the gamma rays are the most important (in producing
dose) component of the free field at the ground ranges of interest. However, the globe data,
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lacking any azimuthal information, is only a gross indicator of the shielding surrounding the
survivor. The weighting of the globe data, in effect, filters for the more important incident
dircctions. However, the preliminary results, using gamma-ray distributions, were not as
good as those using neutrons, because the incident gamma-ray distribution is oo peaked (o
act as a reliable filter. The neutruns are a better choice, because their angular distribution
i5 more isotropic than cither the prompt or delayed gamma rays. The reason for choosing a
single variable, as opposed to separate variables for each component (e.g., a "prompt gamma-
ray free-ficld weighted unblocked fraction” for the prompt gamma-ray ficlds) is the need to
choose a single location for all components.

The correlation between the newtron WUBF and neutron TF at both Hiroshima and
Nagasaki (Figures 41 and 42) is very good. The TF for the prompt gamma rays (Figures 43
and 44} show more variance with the neutron WUBF than do the delayed gamma-ray TF
(Figures 45 and 46). This is because the delayed gamma rays are from a moving source,
which tends to reduce the anisotropy of the angular distribution.

Figure 47 shows the TF for terrain shielding at 1500 m for prompt and delayed gamma
rays versus neutron WUBF (note that all terrain shielded survivors were at Nagasaki and
most were beyond 1500 m), The different effective source heights of the prompt and delayed
gamma rays accounts for the different slopes of the regression lines, The more anisotropic
character of the prompt gamma rays accounts for the larger variation in the degree of corre-
lation seen for them as compared o the delayved gamma rays.

The data presented in Figures 41 to 47 lump all the locations together, whether the
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survivor is shiclded primarily by a one-story or a two-story house, or whether the survivor
is shiclded by the cluster or by a single house. Further partitioning of the house shiclding
data base can be accomplished by taking advantage of the information in the globe data that
indicates whether the survivor is front- or back-shiclded or both. Figures 48 1o 53 separate
out the variation versus WUBF as a function of whether the survivor is front-, or back-, or
both font- and back-shiclded in the six-house cluster.

The data shown in Figures 48 to 53 are [or the prompt and delayed gamma-ray TF versus
WURBF at Hiroshima and Nagasaki at a selected ground range of 1500m. The improvemeant
in the precision of the TF variation is sufficient to warrant future work to partition the TF
as a function of this globe information.

As previously mentioned, the globe data for a survivor does not contain any information
about the azimuthal distribution or the depth of the shicld. These drawbacks are illustrated
in Figure 54. Shown in the figure and in the accompanying tabulated data are the free-ficld
WUBF and the TF at 1500m ground range in Nagasaki for five location and orientation
combinations. All five locations have the same neatron free-field WUBF nominally and a
neutron TF in the range 0,56 to 0.6, yet the prompt gamma-ray TF vary [rom (.29 1o 0.56.
The prompt and delayed pamma-ray WUBF are tabulated also for each of the positions. It
is evident that neither fraction appears to comelate with the TF.

Locations 21/315° and 22/0° illustrate the effect of no azimuthal information. Since
neutrons are fairly isotropic at 1500 m, small changes in orientation do not significantly
change the shielding for outside locations. However, since the gamma rays are much more
directional, any change which unblocks an important portion of the shielded space can
significantly alter the TF. This is secen most clearly at location 22/0°, where the incident
forward-most radiation is blocked by the two-story house, as opposed to location 21/315°,
Even though location 21/315% is closer to the house, the incident radiation is no longer
completely blocked in the most forward directions.

Locations 15/225° and 24/45° (Figure 54) illustrate the effect of no information about the
depth of the shield. At 1500m ground range, the burst point is 18.5% above the horizon, and
a portion of the incidenl radiation must traverse the houses. Localions 15/225° and 24/45°
appear 1o be similar shiclding situations, in that approximately one-half of the surrounding
space is unobstructed, and the immediate shielding structure is a single-story house. The
highly directional gamma rays must traverse through the two-story houses at location 15/225°
whereas at 24/45° they are blocked by the single-story house only. This resulls in the
disparate prompt and delayed gamma-ray TF tabulated in Figure 54.

It is this inability to obtain any azimuthal or depth of shield information from the globe
data that is responsible for the variations in gamma-ray TF for a given WUBF. This inherent
deliciency in the shield description by the globe data 1s, therelore a limiting [aclor in using
the globe data in determining survivor radiation fields.

Globe Model Used in the Revised Dosimetry System

As a result of the analysis described above, a model was devised for those survivors who
were in the open but shiclded by Japanese houses or by terrain. The WUBF is precomputed
for 26 locations in the house cluster plug 10 locations in the terrain model for 8 different
orientations at 45% intervals for every 250m ground range from 700 o 2000 m at Hiroshima
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and Nagasaki,

The model is then used to compute the energy- and angle-differential fluences for subjects
having globe data. First the WUBF at the survivor's ground range is computed using the
surviver's globe data, Using the survivor's WUBF, the best match to the WUBF from the
precomputed data base for the closest ground range is determined. The radiation field for
the survivor is then computed for the ground range, location, and orientation selected. This
last procedure is the same as the calculation done for the ning-parameter survivors and it
does not require any major revision or modification to the dosimetry system; however it
does require addition of modules and fags to treat survivors that have the globe data.
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