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ABSTRACT 

Measurements were made of the radiation-dose distributions in facsimiles of Japanese 
dwellings as a function of house size, orientation, and mutual shielding. Collimators were used 
in determining the angular distribution of neutrons and gamma rays incident on the point of 
measurement relative to a line between the point and the detonation. The relaxation length for 
fast neutrons measured for three nuclear detonations was 210, 218, and 205 yards, reduced to 
standard temperature and pressure. Criteria have been established to calculate the fast- 
neutron-dose distribution in Japanese houses for a given geometrical configuration and free- 
space dose. 
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Chapter 1 

INTRODUCTION AND OBJECTIVES 

1.1 INTRODUCTION 

Early in 1956 a program was initiated to determine the radiation doses received by sur- 
vivors of the nuclear bombings of Hiroshima and Nagasaki, Japan. The feasibility of such a 
program had been indicated by the successful dosimetry experiments during Operation Teapot1 

in 1955 and by examination of the records accumulated and maintained over a period of years 
by the Atomic Bomb Casualty Commission. A series of field experiments was completed at the 
Nevada Test Site (NTS) during Operation Plumbbob in 1957 to provide basic information concern- 
ing weapons radiation.2 This information included air-dose measurements, angular distribution 
of radiation incident on the point of measurement relative to the point-to-burst axis, and slab- 
penetration measurements as a function of these angles. The effects of distance from the point 
of burst and of type of nuclear device were investigated for each type measurement. The angu- 
lar distribution was found to be an insensitive function of type of device and distance from the 
burst. In addition, dose distributions were measured in two replicas of typical Japanese dwell- 
ings. These experiments indicated that the dose at any point in an isolated medium-size Japa- 
nese type house could be approximated by a simple parameter, i.e., the distance along a line 
through the burst point and the point of interest, equal in length to the distance from the sur- 
face where the line enters the house to the point of interest. From the experiments it was also 
concluded that, with additional measurements, the dose at any point in more complex houses or 
arrays of houses could be related to a few simple parameters. 

1.2 OBJECTIVES 

The chief objective of Program 39 was to determine the neutron- and gamma-ray-dose dis- 
tributions in near replicas of Japanese type residences as a function of three parameters: (a) 
house size, (b) house orientation, and (c) relative position with respect to other houses. A sec- 
ondary objective was the refinement of angular-distribution measurements made during Opera- 
tion Plumbbob and the measurement of attenuation by slabs of house material as a function of 
angle with the burst-to-point-of-measurement axis. 

REFERENCES 

1. P. S. Harris, G. S. Hurst, H. H. Rossi, S. C. Sigoloff, and W. H. Langham, Operation Teapot 
Report, ITR-1167, April 1955. (Classified). 

2. G. S. Hurst and R. H. Ritchie, Operation Plumbbob Report, WT-1504, Sept. 19, 1958. (Classi- 
fied). 
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Chapter 2 

INSTRUMENTATION 

2.1    NEUTRON INSTRUMENTATION 

The threshold detector system developed at Oak Ridge National Laboratory1'2 was used for 
neutron measurements. Use of these detectors in the field has been described in detail.3 The 
detector system included a set of fission foils surrounded by B10 (2 g/cm2) and detectors of sul- 
fur, gold, and gold with cadmium covers. 

Neutron effective thresholds and cross sections for the various detectors currently used 
were as follows: 

Detector Threshold Cross section 

Pu239 ~4 kev 2.0 x 10"M cm2 

Np23T 0.7 Mev 1.6 x 10_M cm2 

JJ238 1.5 Mev 0.55 x 10"21 cm2 

s 2.5 Mev 0.224 x 10~M cm2 

Au and Thermal Direct calibration 
Au+ Cd 

After exposure the detectors were placed in a scintillation counter, and the net count was 
used to determine the neutron flux in the energy region above the threshold. The counting facu- 
lties were mounted in a van type trailer equipped with a-c voltage regulators and air condition- 

ing. 

2.2    GAMMA-RAY INSTRUMENTATION 

The anhydrous tetrachloroethylene chemical dosimeter system4»5 was used to measure 
gamma radiation. Ampoules containing the chemical were packed in Styrofoam, which was 
placed in a can designed to establish secondary-electron equilibrium and to attenuate thermal 
neutrons. This can, containing lithium between double walls of aluminum, was usually placed in 
an aluminum blast-proof container. The container system has been described previously. 
After exposure the chemicals were analyzed in special spectrophotometers.* 

In addition, a limited number of silver-activated metaphosphate glass rods5 7 were placed 
in the lithium cans with the chemicals on the goal-post line of event X. The 1-mm-diameter by 
6-mm-long rods were read on a commercially available! fluorometer. 

*The gamma dosimeters were furnished by the Nucleonics Group of Edgerton, Germeshausen 
& Grier, Inc.; evaluations ofthe doses were also made by this group, 

t Bausch and Lomb Optical Co. microdosimeter reader. 
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Chapter 3 

DESCRIPTION OF FACILITIES AND PROCEDURES 

3.1    HOUSES 

3.1.1    Construction of Houses 

*These dimensions are applicable to Johns-Manville Transite. The density of cement - 
asbestos board by other trade names is slightly different. 

14 
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Owing to the uniformity of materials and construction techniques used in typical Japanese 
dwellings, it is possible to measure radiation-attenuation characteristics of a few sample 
houses and to apply the resulting information to a large number of houses.1'2 However, to con- 
struct several exact replicas of Japanese houses at NTS would have been prohibitively expen- 
sive and time consuming. The use of a suitable domestic material, especially one that could be 
utilized easily in sheet form, would materially reduce both cost and time. The typical Japanese 
residence has exterior and interior walls of mud, fiber, and oyster-shell composition and a 
roof of wood, mud, and tile.2 

Neutron- and gamma-ray-attenuation measurements had been made previously for wall j 
and roof sections of Japanese residences. These sections were fabricated at ORNL from mate- j 
rials imported from Japan. In addition, slabs of many domestic construction materials were I 
procured for testing. Neutron- and gamma-attenuation measurements were made for all these 
materials.3 A polonium-boron neutron source was used with an ethylene-polyethylene abso- 
lute dosimeter.4 Sources of Co50, Cs137, and Ra224 and a C-C02 ionization chamber were used 
to make the gamma-attenuation measurements. Cement-asbestos board, under several trade 
names, was found to approximate closely the neutron-attenuation to gamma-attenuation ratio 
of both Japanese walls and roofs. The radiation-attenuation of the Japanese exterior walls 
and roofs was equal to that of 1.75 in. of the cement-asbestos board; 2.00 in. of the cement- 
asbestos board was needed to simulate the interior walls of a Japanese house.* 

Basic Japanese design was followed throughout the construction of the houses, but details 
were simplified. The typical framing used 4-in. by 4-in. vertical wood on approximately 3-ft 
centers. Horizontal 4-in. by 4-in. beams were placed in typical positions, and roof framing 
was of typical Japanese structure. Nailed joints were used instead of the more complicated 
Japanese joints. Figure 3.1 shows the framing of one of the houses. The wood frame was filled 
with cement-asbestos board of the appropriate thickness, the board being held in place by 1-in. 
by 1-in. strips of wood, as shown in Fig. 3.2. The diagonal bracing shown in Fig. 3.2 was used 
to strengthen the house during transportation and was removed when the house was in place. 
Recovery of the detectors postshot was facilitated by kerfing, or scoring, the wall panels on 
both sides (Fig. 3.3) to weaken them and decrease the coarseness of the debris. The parts of a 



Japanese house which would contribute negligibly to the attenuation of radiation were omitted 
(Fig. 3.4). These included thin wood and/or paper doors, paper or glass windows, and the thin 
wooden ceilings. The floors were constructed of plywood. No mats, plumbing, or other furnish- 
ings were included in the structures. 

Three types of houses were selected for this study. The first type, type A (Fig. 3.4), was 
a facsimile of the single-story houses of medium size used in Operation Plumbbob. Type B 
houses were larger two-story residences, and type C houses were small one-story structures 
(Fig. 3.5). Seven houses were constructed for the experiments; two type A houses, two type B 
houses, and three type C houses. The houses were constructed at a central location and were 
transported by truck to their exposure positions. 

3.1.2    Installation of Instrumentation 

A V2-in. steel cable was strung through each to form a three-dimensional grid to distribute 
the detectors throughout the volume of each house and to facilitate recovery of the detectors 
following the detonation. A minimum of 100 ft of cable extended from each house to ensure that 
it would be accessible for recovery. The detectors were clamped to the cables with U bolts, as 
shown in Fig. 3.6. The detectors were always mounted on the side of the cable toward Ground 
Zero (GZ). The detectors were recovered after the explosion by pulling the cables out of the 
houses with six-wheel-drive military trucks to areas where the radiation intensity was suffi- 
ciently low to permit removal without excessive personnel exposure. The detectors were then 
detached and sent to the counting facility. 

3.2 COLLIMATORS 

The collimators used in Operation Plumbbob1 were reconditioned and used during Operation 
Hardtack, Phase II. The collimators were placed at 20-ft intervals along arcs at 750, 1000, and 
1020 yards from GZ and were oriented at various elevation and azimuthal angles. Figure 3.7 
shows a typical installation of collimators. One pair of gamma collimators was placed face-to- 
face to shield the detectors completely and to allow a determination of the shielding efficiency 
of the collimators. The openings of some of the collimators were covered with slabs of cement- 
asbestos board or boxes of sand; collimators with identical orientations were covered with 0, 1, 
2, 3, or 4 uniform slabs of cement-asbestos board or 0, 3, 6, or 9 in. of sand. The unit thick- 
ness of the cement-asbestos board slabs was 1.75 in., the thickness of the roofs and external 
walls of the houses. These slabs of cement-asbestos board on the collimator openings were 
used to determine the radiation-attenuation characteristics of this material as a function of the 
angle of incident radiation. The sand attenuators were used to relate Operation Hardtack, Phase 
II, measurements to the measurements made in Operation Plumbbob. 

3.3 GOAL POSTS 

Detectors for determining the air doses (gamma exposure dose and neutron first-collision 
tissue dose) were placed on appropriately positioned goal posts2 (Fig. 3.8). Recovery of the 
detectors from the goal posts was achieved by removing the entire crossbar. 

3.4 PLACEMENT OF HOUSES, COLLIMATORS, AND GOAL POSTS 

3.4.1    Event X 

This device was detonated on a balloon 1500 ft above Yucca Flat. Seven houses, ten goal 
posts, and fifty collimators on the 1000-yard arc (gamma ray only) were used. 

(a)   Goal-post Placements.   The air dose at the houses and collimators was measured using 
goal-post assemblies located as shown in the vicinity map, Fig. 3.9. The placement permitted 
dose and flux measurements as functions of distance and angle of arc. 
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(b) House Placements.   Figure 3.10, the plot plan of the house area for this event, shows 
the location and orientation of the houses. Houses 5, 6, and 7 (types C, A, and B, respectively) 
were oriented with side 1 toward GZ. Side 1 is the open or windowed side of the house. In Japan 
such a side characteristically faces south. These houses were used to study the effects of size 
of house on dose distribution. Houses 1 and 3 (types A and B, respectively) were oriented with 
side 1 rotated 90° clockwise from GZ. These houses could be compared with houses 6 and 7, 
respectively, for determining the effect of orientation on the dose distribution. Houses 2 and 4 
(type C houses) also with side 1 rotated 90° clockwise from GZ, were located directly behind 
houses 1 and 3, respectively. The separation distances were 4 ft. This arrangement was used - 
to study the effect of mutual shielding. The centers of houses 1, 3, 5, 6, and 7 were located at 
150-ft intervals on an arc of radius 1000 yards from GZ. A view of the houses is shown in 
Fig. 3.11; the camera faced the houses on the GZ side at an angle of approximately 45°. 

(c) Collimator Placement.   Because all the available neutron detectors were used in the 
houses in this event, only gamma measurements were made in the collimators. The 50 colli- 
mators were located on two arcs with radii of 1000 and 1020 yards from GZ. Figure 3.9, a 
vicinity map, shows the location of the collimator lines. 

3.4.2 Event Y 

All seven houses were repaired and used on event Y. In addition, 62 gamma collimators, 10 
neutron collimators, and 10 goal posts were instrumented. 

(a) Goal Post Placement.   Figure 3.12, a vicinity map, shows the placement of the 10 goal j 
posts instrumented for this event. 

(b) House Placement.   As shown in Fig. 3.13, a plot plan, house 1 was rotated clockwise in 
place through 45°. House 2 was moved to a position 4 ft from house 4, the original orientation 
having been retained. This arrangement permitted the determination of effects of lateral shield- 
ing by comparison of the results with those from the direct shielding investigation in event X. 
Houses 3 and 4 remained in place. House 5 was retained with its previous orientation and loca- *- 
tion to determine the reproducibility of measurements. House 6 was moved to a position beside, 
and 4 ft from, house 7. This configuration permitted the effect of lateral mutual shielding be- 
tween a two-story and a one-story house to be studied. An aerial view of the houses and colli- 
mators in position for this event is shown in Fig. 3.14; GZ is to the left. 

(c) Collimator Placement.   The gamma collimators were arranged along the same lines 
as in the previous event (Fig. 3.12). 

3.4.3 Event Z 

Only six houses were available for use in event Z. They included two type A houses, one 
type B, and three type C. One A house was modified by closing all the openings with cement- 
asbestos board, thus producing a closed shell. Because only six houses were used, more neu- 
tron detectors were available to be used in collimators. The vicinity map is shown in Fig. 3.15. 

(a) House Placements.   House 1 was rotated 135° counterclockwise so that side 1 faced GZ, 
as shown on the plot plan, Fig. 3.16. It was compared with the other A house, house 6, on which 
the exterior openings had been closed, Fig. 3.17. House 6 was moved back to the position it had 
occupied in event X, with side 1 toward GZ. The original orientation and position of house 7 was 
not changed. House 5 was rotated 180° in place. Houses 2 and 4, the other C houses, were placed 
along a radius passing through house 5 at distances of 1500 and 1250 yards, respectively, and 
were rotated 90° clockwise. This group was used to study the effects of a change in angle of 
elevation of the burst point with respect to the house. The ratio of the percentage of the radia- " 
tion incident on the walls and the roof would vary among houses 2, 4, and 5. 

(b) Collimator Placement.   Neutron and gamma collimators were used along the arc of 
radius 1000 yards as in events X and Y, as shown in Fig. 3.15. In addition, 20 neutron colli- 
mators and 21 gamma collimators were placed on an arc of radius 750 yards from GZ. 
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Fig. 3.2— Method of holding panels in place. 
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Fig. 3.3—Typical kerfing of house panels. 
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Fig. 3.9—Vicinity map, event X. 
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Chapter 4 

PRESENTATION OF DATA 

4.1 NEUTRON AND GAMMA-RAY MEASUREMENTS IN AIR 

Goal posts were positioned along a radial line passing through GZ and between the arc seg- 
ment occupied by the houses and that occupied by the collimators (Figs. 3.9, 3.12, and 3.15). 
Installations were made at points from 600 to 1750 yards from GZ and also along arcs at 900 
and 1000 yards. R20 and R2D, where <t> is neutron flux, D is neutron dose, and R is the slant 
range (distance from burst to detector) as functions of distance from burst, all normalized to a 
dose of 1000 rads at the 1000-yard arc, are given in Figs. 4.1, 4.2, and 4.3 for events X, Y, and 
Z, respectively. The gamma-ray air-dose data are given in the same manner but are normal- 
ized to 1000, 2000, and 4000 r at the 1000-yard arc for events X, Y, and Z, respectively, in 
Fig. 4.4. Glass dosimeter readings for event X normalized to 500 r at 1000 yards also appear 
in Fig. 4.4. 

4.2 NEUTRON AND GAMMA-RAY MEASUREMENTS IN COLLIMATORS 

Neutron dose and spectrum as functions of polar angle were measured at 1000 yards from 
GZ on event Y and at 750 and 1000 yards on event Z. Angular distribution, as measured at 1000 
yards, on event Z without inserts in the collimators is shown in Fig. 4.5. The neutron-energy 
distributions as functions of polar angle, distance from GZ, and thickness of slabs of Transite 
and sand are shown in Figs. 4.6, 4.7, 4.8, and 4.9. 

Gamma-dose distribution was also measured as a function of polar angle. Figure 4.10 
shows angular distribution at 750 yards for event Z. Some slab penetration measurements are 
given in Figs. 4.11 and 4.12. 

4.3 NEUTRON AND GAMMA-RAY MEASUREMENTS IN HOUSES 

4.3.1    Event X 

The house array is shown in Fig. 3.11. Neutron- and gamma-dose distributions for all 
houses in this event are shown relative to air dose at 1000 yards from GZ as indicated by the 
key (Fig. 4.13) in Figs. 4.14 through 4.22. Typical neutron-flux and dose histograms are pre- 
sented for points in air (goal posts) 4 ft in front of the house, in the center of the house, and 4 
ft behind the house in Figs. 4.23 through 4.26, respectively. "Front" and "rear" of house as 
used here refer to the side of the house nearest and the side of the house farthest from GZ, re- 
spectively. In addition, a composite of neutron-flux and -dose measurements made in type B 
houses on the several events is plotted against slant penetration (distance from detector to point 
where radiation enters house along line to burst point) in Fig. 4.27. 
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4.3.2 Event Y 

The house array is shown in Fig. 3.14. Neutron- and gamma-dose distributions for each of 
the houses in this event are given in Figs. 4.28 through 4.36. 

4.3.3 Event Z 

Neutron- and gamma-dose distributions for the houses in this array, Fig. 3.16, are given 
in Figs. 4.37 through 4.43. 

33 



600     800     1000    1200     1400     1600 
R (SLANT RANGE-yd) 

1800    2000 

Fig. 4.1—R20 and R2D vs. slant range for neutrons, event X. 

34 



600     800     1000     1200     1400     4600 
R (SLANT RANGE -yd) 

1800 2000 

Fig. 4.2—R20 and R2D vs. slant range for neutrons, event Y. 

35 



M 

600     800    1000    1200    H00    4600 
R (SLANT RANGE -yd) 

1800    2000 

Fig. 4.3—RJ0 and R2D vs. slant range for neutrons, event Z. 
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Fig. 4.4—R D vs. slant range for gamma rays, events X, Y, and Z. 
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Fig. 4.5—Angular distribution of neutron dose at 1000 yards. 
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Fig. 4.6—Neutron attenuation by Transite at 750 yards, 0° polar angle. 
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Fig. 4.7—Neutron attenuation by sand at 750 yards, 0* polar angle. 
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Fig. 4.8—Neutron attenuation by sand at 1000 yards, 0* polar angle. 
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Fig. 4.9—Neutron attenuation by Transite at 750 yards, 36* polar angle. 
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Fig. 4.10—Angular distribution of gamma-ray dose at 750 yards, event Z. 
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Fig. 4.11—Gamma-ray attenuation by Transite at 1000 yards. 
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Fig. 4.12—Gamma-ray attenuation by Transite and sand at 750 and 1000 yards. 
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Fig. 4.24—Flux and dose histogram at 4 ft in front of house. 
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Fig. 4.25—Flux and dose histogram at center of house. 
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Fig. 4.37—Relative gamma- and neutron-dose distributions in house 1, event Z. 
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Fig. 4.41—Relative gamma- and neutron-dose distributions in house 6, event Z. 
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Chapter 5 

ANALYSIS OF DATA 

5.1 NEUTRON MEASUREMENTS IN AIR 

For the case of nuclear devices detonated above an air-ground interface, it has been shown1 

that the dose-distance relation for gamma rays and fast neutrons can be expressed by 

Ke-R/L 

D(R)=~^- 

where K is a function of device yield and design, L is the relaxation length for the radiation in 
question, and R is the slant distance from the burst point to the point of measurement. Under 
certain conditions this simple relation does not hold, but, for the conditions under which the de- 
vices were used in this experiment, the equation is adequate. For a given nuclear detonation, 
the value of L will depend on air density and, to a lesser extent, on humidity. The value of L as 
a function of air density can be expressed as 

L     p L0 

where p0 and L0 refer to the values of the quantities for standard conditions, i.e., 1.29 g/liter. 
The measured values of L for neutrons for the three detonations studied were 275, 283, and 257 
yards for events X, Y, and Z, respectively. Correcting for air density, these values become 
210, 218, and 205 yards, respectively. The total range of values is approximately 6 per cent of 
the mean value. 

The range of dose values along the arc of 1000-yard radius containing the houses and colli- 
mators, approximately 550 yards, was not greater than ±3 per cent of the mean value. 

5.2 GAMMA-RADIATION MEASUREMENTS IN AIR 

The general discussion in Sec. 5.1 applies also to gamma radiation. However, the accuracy 
of measurement was less than for the neutrons, as indicated by the greater spread of points 
about the curves in Fig. 4.4. The measured dose values varied by ±10 per cent along the 550- 
yard arc of 1000-yard radius. 

5.3 ANGULAR DISTRIBUTION OF NEUTRONS AND SLAB PENETRATION BY NEUTRONS 

The angular distribution of neutron dose shown in Fig. 4.5 is typical of that measured dur- 
ing both Operation Plumbbob and Operation Hardtack, Phase II. Table 5.1 shows the energy dis- 
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tribution of neutrons as functions of distance, polar angle, and collimator acceptance angle. 
Figure 5.1 depicts the smoothed-out distribution of the product of neutron dose and solid angle 
as a function of polar angle. It is synthesized from measurements of angular distribution made 
during both Operations Plumbbob and Hardtack. An adjustment was made in the forward direc- 
tion (small polar angle) to obtain agreement with duplication of house field measurements, de- 
scribed in Sec. 5.5. Table 5.2 shows the integral fraction of neutron dose within the solid angle 
determined by the rotation of the polar angle about the 0 direction. 

The neutron attenuation by slabs of Transite and sand placed over the collimator openings 
was measured for events Y and Z. Attenuation curves for sand were identical, within the exper- 
imental limits of error, with those made during Operation Plumbbob. Transite, which had not 
been used on Operation Plumbbob, yielded the neutron-attenuation data shown in Fig. 4.6, which 
agreed well with the measurements made for sand. 

5.4 ANGULAR DISTRIBUTION OF GAMMA RAYS AND SLAB PENETRATION 
BY GAMMA RAYS 

Although the angular-distribution data for gamma rays were less reproducible than those 
for the neutrons, the data obtained agree well with the measurements made during Operation 
Plumbbob, as shown in Fig. 4.10. However, measurements of the attenuation of gamma rays in 
Transite did not agree with the measurements for sand when cross sections and density were 
normalized or with values obtained in the laboratory. The measured values for sand did agree 
with measurements made during Operation Plumbbob, and the discrepancy between measure- 
ments of Transite and sand may be attributed to effects of neutron radiation coexistent with the 
gamma rays. Correction of the responses of the chemical dosimeter for the response due to 
thermal-neutron penetration of the protective lithium cans was insufficient to account for the 
increased response in the collimators behind Transite slabs and in the houses. The fast-neutron 
response of the chemical detectors had previously been established to be negligible. There- 
fore, it is assumed that the increased response is due to neutrons at energies greater than 
thermal and lower than the threshold of the plutonium fission foil contained in B10 (~4 kev). 
This is consonant with the neutron cross section of the materials composing Transite in the so- 
called epithermal region. In this energy region the response of the chemical dosimeters is un- 
known, but, even if it were known, there were no measurements made of neutrons in the region 
between thermal and 4 kev. As a result of these uncertainties, further experimentation is nec- 
essary to determine the attenuation of gamma rays by Japanese building materials and Transite. 
Also, as pointed out in Sec. 5.5, the gamma-dose distribution in Japanese houses should be 
studied in detail. 

5.5 FLUX AND DOSE DISTRIBUTION IN JAPANESE HOUSES 

The estimate of the dose at a given point in a structure must be made by means of only a 
few parameters if such an estimate is to be of practical use in determining the doses received 
by the survivors of the Hiroshima and Nagasaki bombings. The problem is, then, one of mini- 
mizing the number of parameters used while keeping the uncertainty of the estimate reasonably 
small. A probable error of ±10 per cent was considered acceptable. 

The first approach was the use of a single parameter, slant penetration, i.e., the distance, 
along a line from the burst point to the detector, between the detector and the first house sur- 
face intercepting the line. Figure 4.27 illustrates that this treatment is inadequate. The dose 
values at a given slant-penetration distance were sometimes found to vary by more than a fac- 
tor of 2. 

It was evident that the angular distribution of the radiation and the house configuration were 
the important parameters. The empirical angular distribution of neutrons shown in Fig. 5.1 was 
used. In addition, a spherical coordinate projector in the form of a transparent plastic spheri- 
cal segment was constructed. On the surface of the projector, lines of latitude and longitude 
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were inscribed at 10° intervals. The axis of the sphere is defined as the line passing through 
the center and the point at which the longitudinal lines converge.  Zones are areas between con- 
secutive parallels, and sections are areas between consecutive longitudinal lines. A small lamp 
in the center of the sphere made it possible to project the lines. The radiation incident on the 
point represented by the center of the sphere through each of the projected zones was evaluated 
from the angular distribution; this included the condition that the radiation incident from above 
the effective horizon was twice as intense as that from below, as indicated by the angular dis- 
tribution measurements with collimators. It was further assumed that the effective horizon was 
4° below the true horizon. 

A scale model of each of the three types of houses used in the test was constructed of clear 
plastic. The sphere, with its axis pointing in the direction of the burst point, was placed with its 
center at a point in the model corresponding to a detector station; the latitude and longitude 
lines were projected on portions of the model house (walls, roof, etc.), and the number of sec- 
tions of each zone subtended by each portion of the house was counted. Figure 5.2 illustrates 
this type operation. These data and the angular-distribution data were used to calculate the 
radiation incident on any given component of the house. 

The radiation measurements at stations in a single-story house that has no houses suffi- 
ciently near to perturb the radiation field significantly can be closely approximated by making 
the following assumptions: there is no attenuation of radiation entering through a window or 
door; 30 per cent of the radiation incident on the roof is transmitted; 50 per cent of the radia- 
tion not accounted for by these parameters is transmitted; there are no internal walls. If there 
are internal walls, say 2 yards from the station, a 20 per cent reduction for a wall in front (be- 
tween the station and the weapon) of the station and 10 per cent for a lateral wall must be made. 
Exposure doses calculated with these assumptions agree with the experimental values to within 
±10 per cent in most cases. Figure 5.3 illustrates this agreement for a type A house. In this 
figure the measurements at the 3-ft-level neutron-detector stations are designated by M; the 
calculated values, by C; and the calculated values corrected for internal walls, by C\ Except 
for one station, F-3, the deviations greater than 10 per cent all occur at stations where the 
measured dose is estimated from flux as measured by S only (indicated by parentheses). Table 
5.3 shows the comparison of calculated and measured values for a type A house. The ratios of 
calculated to measured values for all complete neutron-detector stations at 3 ft inside the house 
average 0.962 ± 0.031. Table 5.4 shows a similar comparison for a type C house. In this case 
the average of the ratios on complete neutron stations inside the house at 3 ft is 1.005 ± 0.052. 

The type B house presents a somewhat different case. The second story may be treated 
essentially as a single-story house, but the ground-floor shielding is more complex. In addi- 
tion to the three parameters, window, roof, and wall transmission, which were sufficient to de- 
scribe the single-story house, one must consider separately the additional attenuation by the 
second floor. Any radiation entering through this second floor must also have penetrated some 
portion of the upper story. An average total transmission factor of 0.2 for the radiation inci- 
dent in areas above the walls of the first floor yielded the best results. Since the floor area in 
a type B house was large compared to either that of type A or type C, it could not be ignored as 
it was in the small house. The reflection factor from the floor can be approximated by 0.04. 
Table 5.5 shows the comparison of this type of calculation with the measured values for corre- 
sponding stations in a type B house (lower floor). The ratio of calculated to measured values 
for complete neutron-detector stations at the 3-ft elevation averages 0.951 ± 0.069. 

The next case considered is the shielding of a house by another. This is probably the most 
important case because it is most representative of the situation in a city. Table 5.6 gives the 
doses, relative to air dose, of the various neutron-detector stations in type A houses having 
similar orientations for the different events, except that house 6 for event Y was placed within 
4 ft of house 7. House 6 for event X and house 1 for event Z show the reproducibility of meas- 
urements. This table shows that the effect of lateral shielding is important only on the side of 
the house which is nearest the neighboring structure, small along the center line, and negligible 
on the opposite side. A similar pattern is shown in Table 5.7 for house 7, a type B house. 
There is no direct comparison for measurement of shielded vs. unshielded values for type C 
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houses in the same orientation, but on events X and Y, type C houses were similarly oriented 
behind a type A house (house 2, event X), and behind a type B house with (house 4, event Y) and 
without (house 4, event X) lateral shielding by another type C house. The results are shown in 
Table 5.8. 

Approximation of measured values in a house shielded by another was tried by the method 
of calculating the values in the shielded house as if it were in the open, calculating the values 
in the radiation shadow cast by the shielding house at the station locations, and multiplying the 
respective values occurring at corresponding station locations. The agreement with measured 
values was poor. 

The models were then set up in the pattern that obtained in the field, and the radiation 
blocked by each house was determined for each detector station. Under these conditions five 
parameters were required. In addition to the previous three (window, wall, and roof), the radi- 
ation transmitted by the shielding house and that reflected from the floor had to be considered. 
If 13 per cent is assumed as the transmission factor for the shielding house (and the exterior 
wall of the house being measured) and 5 per cent is assumed for reflection from the floor, good 
agreement is found for stations measured in house 4 on events X and Y, except for station J-3, 
which is in a narrow outlying projection. The results are shown in Tables 5.9 and 5.10. 

5.6    GENERAL OBSERVATIONS 

The field readings of all the complete neutron-detector stations in each of the houses ex- 
pressed as decimal fractions of air dose were averaged, and the probable error was calculated. 
These, together with maximum and minimum readings, appear in Table 5.11. From this table 
it can be noted that where a side of a house with considerable window area faces GZ, as houses 
5, 6, and 7, event X, the average dose increases inversely as the size of the structure and that 
the upper story of a two-story house behaves much as the medium single-story house (type A). 
It can also be seen that, if a less-open wall faces GZ, as house 1, event X, compared to houses 
6, 3, and 7, event X, and house 5, events X and Z, the average dose and the range of values are 
both decreased. It also appears that laterally shielded houses have lower average readings but 
a greater range; whereas, houses shielded from the direction of GZ show a large decrease in 
both the average dose and the range of doses. 
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TABLE 5.3—COMPARISON OF CALCULATED DOSES WITH FIELD MEASUREMENTS 
FOR A TYPE A HOUSE* 

Radiation incident 
1.00 x window Internal-wall 

inrougn: 
+0.30 x roof correction Corrected Field Calculatedt 

Station Window Roof Other +0.50 x other factor value measurementt Measured 

A-3 0.368 0.341 0.291 0.616 0.616 (0.699) (0.881) 

B-3 0.454 0.375 0.171 0.652 0.652 0.692 0.924 

B-5 0.161 0.600 0.259 0.471 0.471 0.514 0.916 

C-3 0.372 0.333 0.295 0.620 0.620 (0.718) (0.864) 

D-3 0.094 0.496 0.410 0.448 0.448 0.454 0.987 

D-5 0.055 0.593 0.352 0.409 0.409 0.422 0.969 

E-3 0.148 0.559 0.293 0.462 0.462 0.481 0.960 

E-5 0.084 0.645 0.271 0.413 0.413 0.448 0.922 

F-3 0.096 0.500 0.404 0.448 0.448 0.523 0.857 

F-5 0.047 0.597 0.356 0.404 0.404 0.417 0.969 

G-3 0.216 0.431 0.353 0.522 1 front 0.80 0.418 0.438 0.954 

H-3 0.103 0.585 0.312 0.435 2/2 lat. 0.90 0.392 0.392 1.000 

H-5 0.067 0.660 0.273 0.401 2-2 lat. 0.90 0.361 0.344 1.049 

1-3 0.101 0.559 0.340 0.439 1 front 0.80 0.351 0.338 1.038 

J-3 0.134 0.551 0.315 0.457 1 lat. 0.90 0.411 0.427 0.963 

J-5 0.092 0.608 0.300 0.425 1 lat. 0.90 0.383 0.421 0.910 

K-3 0.098 0.596 0.306 0.430 2 lat. 0.80 0.344 0.347 0.991 

K-5 0.062 0.644 0.294 0.402 2 lat. 0.80 0.322 0.336 0.958 

L-3 0.046 0.489 0.465 0.425 "7*0.70 
1 lat. 

0.298 (0.275) (1.084) 

♦House 6, event X. 
tParenthetical values are estimated from sulfur flux only. 

TABLE 5.4—COMPARISON OF CALCU LATED DOSES 1 WITH FIEL] 0 MEASURE MEN TS 
FOR A TYPE C HOUSE* 

Internal- 
Radiation incident 1.00 x window wall • 

tnrougn: 
+0.30 x roof correction Corrected Field Calculatedt 

Station Window Roof Other +0.50 x other factor value measurementf Measured 

A-3 0.253 0.315 0.432 0.564 0.564 0.601 0.938 

B-3 0.364 0.286 0.350 0.625 0.625 0.652 0.959 

B-5 0.197 0.359 0.444 0.526 0.526 0.546 0.963 

C-3 0.114 0.279 0.607 0.502 0.502 0.564 0.890 

D-3 0.187 0.483 0.330 0.497 1 front 0.80 0.398 (0.405) (0.983) 

E-3 0.126 0.355 0.519 0.492 0.492   • 0.455 1.081 

E-5 0.078 0.547 0.375 0.430 0.430 0.426 1.009 

F-3 0.090 0.367 0.543 0.472 0.5 front 0.90 0.425 (0.477) (0.951) 

G-3 0.204 0.501 0.295 0.502 0.502 (0.397) (1.264) 

H-3 0.099 0.525 0.376 0.445 0.445 0.404 1.101 

H-5 0.085 0.622 0.293 0.418 0.418 0.389 1.075 

1-3 0.167 0.495 0.338 0.484 0.484 0.435 1.113 

J-3 0.262 0.264 0.474 0.578 0.578 0.625 0.925 

K-3 0.038 0.451 0.511 0.429 2 lat. 0.80 0.343 (0.369) (0.930) 

* House 5, event X. 
tParenthetical values are estimated from sulfur flux only. 
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Appendix A 

Events X, Y, and Z designate Mora, Lea, and Socorro, respectively; the yields were 2.0 ± 
0.1, 1.4 ± 0.14, and 5.7 ± 0.6 kt, respectively. All detonations occurred at the balloon site in 
Area 7. 

Table A-l shows the scaling factors for reducing the ordinates of the normalized data plots 
to actual values (Figs. 4.1 through 4.4). 

TABLE A-l—SCALE FACTORS (MULTIPLICATIVE) TO REDUCE THE ORDINATES OF 
NORMALIZED DATA PLOTS TO ACTUAL VALUES 

Mora Lea Socorro 

Figure Neutron         Gamma Neutron         Gamma Neutron         Gamma 

4.1 0.95 
4.2 1.21 
4.3 0.314 
4.4 0.81 0.291 0.499 
4.4 (glass) 1.62 
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174 Commander-in-Chief, EUCOM, APO 128, New York, N.T. 
175 Commander-in-Chief, Pacific, c/o Fleet Post Office, San 

Francisco, Calif. 
176 U.S. Documents Officer, Office of the United States 

National Military Representative - SHAPE, APO 55, 
New York, N.Y. 

177 SAC (SUP3.1), Offutt AFB, Neb. 

ATOMIC ENERGY COMMISSION ACTIVITIES 

178-180  U.S. Atomic Energy Commission, Technical Library, Washing- 
ton 25, D.C. ATTN: For DMA 

181-185  U.S. Atomic Energy Commission, Technical Library, Washing- 
ton 25, D.C. ATTN: For DBM 

I86-I89  U.S. Atomic Energy Commission, Technical Library, Washing- 
ton 25, D.C. ATTN: For R. L. Corsble, CETG 

I9O-I9I  Los Alamos Scientific Laboratory, Report Library, P.O. 
Box 1663, Los Alamos, N. Mex. ATTN: Helen Redman 

I92-I96  Sandia Corporation, Classified Document Division, Sandia 
Base, Albuquerque, N. Mex. ATTN: H. J. Smyth, Jr. 

197-206  University of California Lawrence Radiation Laboratory, 
P.O. Box 808, Livermore, Calif. ATTN: Clovls G. Craig 

207  Office of Technical Information Extension, Oak Ridge, 
Term. (Master) 

208-240  Office of Technical Information Extension, Oak Ridge, 
Tenn. (Surplus) 
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