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ABSTRACT 

■*s 
Actual methods used to evaluate total radiation doses received 

by personnel operating in residual fallout fields are questionable, 
due to the limitations of present radiac monitoring equipment. The 
military, in order to plan better operations in nuclear warfare, must 
have accurate knowledge of the hazards to be encountered. The planned 
objectives are aimed at evaluating the total energy absorbed; pointing 
out the inadequacies of present field instruments and the existence of 
an additional hazard to personnel. 

Phantoms, resembling humans and made of tissue equivalent materi¬ 
als, were placed in prone and upright positions in a fallout field. 
Keasurements of dose received were taken over the surface and at 
several internal locations corresponding to the positions of vital 
organs . 

The presence of a soft component, strongly indicative of beta 
radiation, was found which gave a surface dose, in many cases, 50 times 
the average internal dose for a man lying prone. This factor can be 
reduced approximately 50 percent by brushing the ground, but this 
apparently has little effect on the internal dose. The upright man in 
such a field received doses differing by a factor of eight between feet 
and head. Although the internal doses agreed favorably with standard 
radiac equipment, the surface dose was found to be significantly 
greater. 

It is concluded that a fallout field delivers a large dose of 
absorbed energy to the body, which is not usually measured. Further 
study is required to determine the biological hazard of the unmeasured 
components. 

3 

CONFIDENTIAL-RESTRICTED DATA 



FOREWORD 

This is one of the reports presenting the results of the 1*7 
projects participating in the Military Effects Tests Program of 
Operation TEAPOT, which included 14 test detonations. For readers 
interested in other pertinent test information, reference is made to 
WT-1153, Summary Report of the Technical Director, Military Effects 
Program. This summary report includes the following information of 
possible general interest: 

a. An over-all description of each detonation, including yield, 
height of burst, ground zero location, time of detonation, ambient 
atmospheric conditions at detonation, etc., for the 14 shots. 

b. Discussion of all project results. 
c. A summary of each project, including objectives and results. 
d. A complete listing of all reports covering the Military 

Effects Tests Program. 
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CONFIDENTIAL 

CHAPTER I 

INTRODUCTION 

1.1 OBJECTIVES 

The objectives of Project 2.6, Operation TEAPOT, were to 
(l) measure surface dosage and depth dosage in unit density simulated- 
human phantoms, in order to estimate the relative contributions of beta 
and gamma radiation to the total surface dose, and obtain the total 
dose received at the locations of the various vital organs of the 
human body; (2) aid in the interpretation of the physical character¬ 
istics of the residual fields encountered; and (3) compare the estimate 
of radiological hazard, as indicated by the results of this experiment, 
with the estimate of radiological hazard, as indicated by existing 
radiological survey techniques and hazard criteria. 

All these measurements were coordinated to several variables: 
vertical gradation of dose, change of character of radiation with time 
and distance from ground zero, and changes in the beta to gamma ratio. 

Accurate knowledge of both the quantity and quality of radiation 
is essential to effective personnel dosimetry and to the prognosis of 
calculated risk exposures, which may under certain conditions become 
predictable. A proper estimate of the total radiation hazard may 
revise some present estimates of human tolerance and may also have a 
bearing on the future design of certain dosimetric instruments. 

1.2 BACKGROUND 

In any consideration of the problems of radiological defense, the 
personnel hazard of a fallout field deserves a position of prime 
importance. The work reported herein is considered a realistic approach 
to the evaluation of the relative hazards of the various nuclear 
radiations present in such a field. It is well known that both gamma 
radiation and beta particles are emitted by radionuclides formed in a 
nuclear detonation. Hence, anywhere within the air range of the most 
energetic beta radiation present the possibility that a hazard exists 
must be considered. 

CONFIDENTIAL 
RESTRICTED DATA 



Considerably less attention has been paid to beta particle 
exposure in comparison to gamma ray exposure. It has been assumed in 
the past, to a great extent, that exposure to beta radiation is 
relatively non-injurious unless the dose received is unusually large. 
This assumption probably has been based on consideration of the relative 
non-penetrating power of beta particles and the shielding afforded by 
the normal covering of clothes. Condit, Dyson, and Lamb (l) questioned 
the validity of these assumptions on the basis of theoretical calcu¬ 
lations . 

Reference 1 based its conclusion (that a significant beta hazard 
exists) on the assumption that: (l) the contaminated area must be 
considered an infinite plane surface only, so that self-absorption is 
negligible; (2) the average energy of all beta particles emitted is 
1 Mev; (3) fission products produce two beta particles per gamma photon; 
and (4) fission beta particles are almost completely absorbed in 
transversing 2 meters of air, which absorbs a negligible quantity of 
gamma radiation. 

Parker's (2) data shows that the ionization per unit path length 
of a beta particle is approximately 75 times greater than a gamma of 
similar energy. Adding this to the aforementioned points, a beta dose 
rate at any surface point is derived which is I50 times that of a gamma 
ray dose rate from a point source of fission products. 

1.2.1 Reduction of Beta Hazard. Brennan (3) has discussed six 
factors which tend to reduce the possible beta hazard: (l) The normal 
clothing of a person may provide some shielding from beta radiation 
with the degree of shielding directly dependent on the energy of the 
beta radiation; (2) The small percentage of bremsStrahlung produced by 
high energy beta radiation will be measured by most personnel-monitoring 
instruments; (3) The cornified layer of human tissue, approximately 
7 mg/cm2 thick, does present an effective barrier for betas of less than 
0.1 Mev energy; (4) The idealized plane of uniformly spread fission 
products does not actually exist in the field; (5) The accepted per¬ 
missible dose for localized beta radiation is larger than the per¬ 
missible whole body gamma dose; and (6) Beta radiation (unlike gamma 
radiation) presents a possible hazard, in a fallout field, only to the 
body surface facing the beta emitting fission products. 

Further consideration of these factors are necessary in order to 
bring beta hazard into proper prospective. Unfortunately, clothing may 
increase rather than decrease the beta hazard, since it is likely that 
clothing may collect contaminated dust or dirt and localize it near the 
skin, thus becoming a contact source. Since bremsstrahlung is only 
produced by high energy beta radiation, and then only to a small percent, 
it is not a suitable index of quantitative detection for the lower beta 
ray energies (0.5-1.0 Mev) which still possess body damaging power. 

The tiny crevices of the cornified layer of human skin provide an 
ideal depository for the collection of contaminated dirt. This con¬ 
dition provides the situation where it would be possible to suffer an 
incapacitating localized beta burn while receiving a relatively low 
whole body gamma dose . This phenomenon was observed on the Marshallese 
natives (4). 

10 
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The actual radiation hazard, resulting from the unmeasured beta 
radiation by most detection instruments, is not as large a factor as 
might be supposed by theoretical calculation, but is a factor of 30:1 
or less. However, Brennan states that his surface measurements were 
made above a manikin's surface which led to low surface-to-vital organ 
dose ratios because the geometry does not provide for saturation back- 
scatter . 

The scattering of beta radiation is one of the principal reasons 
why a surface dose is much larger from a source of beta radiation than 
that from a gamma source. Although the ionization along the irregular 
track of the beta particle is much greater than that produced along the 
forward track of the photon, it is this irregularity of the beta 
particle track which causes it to deliver its dose much closer to the 
surface. 

1.2,2 Previous Work by Others. Dahl (5), although engaged only 
in the assay of residual gamma radiation, found results that he believed 
could be most plausibly explained by the presence of large amounts of 
beta radiation. He would not eliminate the possibility of the presence 
of low energy gamma rays (5 to 15 kev) but he suggests that their 
presence is unlikely. 

Much evidence has been cited to support the conclusion that the 
use of unit density material for the determination of effective gamma 
ray energy by depth dose curves is impossible. This is due to the 
actual energy absorbed per unit mass being nearly constant over a wide 
range (6o to 2000 kev) of gamma ray energies (5). 

This project, although in agreement with this, have included a 
depth dose determination in phantoms for the purpose of predicting 
dose-at-a-depth based on surface dose readings. Thus, this project 
is concerned with total radiation dose rather than effective energy of 
that radiation. 

Tochilin (6) has provided much physical data regarding both beta 
and gamma radiation in a fallout field. These results indicate a beta 
energy of 1.7 Mev max., an effective gamma energy of approximately 
130 kev, and a beta-to-gamma ratio of 19:1. These values were stated 
to be estimates, because the wave length response of the film detectors 
was such that the specific density of the film per roentgen-equivalent- 
physical was unknown, unless the spectrum of the radiation was known. 
It will be shown later in this report that the use of such physical 
data in the interpretation of biological dose is difficult. 

11 

CONFIDENTIAL-RESTRICTED DATA 



CHAPTER 2 

THEORY 

2.1 PURPOSE OF HUMAN PHANTOMS 

Generally, the quantity and quality of a source of radiation can 
be determined by many known methods of evaluation in use today. With 
knowledge of the scatter cross-sections and attenuation coefficients of 
several different materials, it is theoretically possible to calculate 
these values for tissue, hence providing a means for calculating the 

?°Se‘ The aPPlication of Phis procedure becomes prohibitively 
difficult when the multidirectionality of radiation, the complex beta 
and gamma ray spectrums, and the geometry presented by a human beintr 
in a fallout field are considered. 

Therefore, the ultimate answer to the evaluation of tissue dose 
is to use a human body well instrumented with finite size detectors 
which in themselves are also composed of tissue in order not to 
introduce into the absorbing system any foreign material. Since this 
is neither possible nor practical to date, a substitute method must be 
found, this is the purpose of the human phantoms used in this work. 
These phantoms, in order to closely approximate the ultimate aim, must 
be fabricated of tissue-equivalent material in the detailed shape of a 
human and must be well instrumented with small, low atomic number 
detectors. 

2.2 DETECTORS 

The detector should be composed of material of essentially the 
same effective Z-number as tissue and be physically small, in order not 
to disturb the geometry of the human body any more than necessary. 

All normally available radiation detectors were eliminated for 
use by Project 2.6, primarily because: (l) the physical size of almost 
every common detector is prohibitive since it would destroy the geometry 
of the hiunan phantom; (2) the high Z materials used in the construction7 
of most instruments will set up scattering processes unlike those of 
tissue; 3 most detector walls are too thick to provide entrance to 

is Undesirable5 ^ ^ ^ ^ length response of most detectors 
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Project 2.6 haß attempted to construct and use a detector which 
substantially overcomes these four objections to available detectors. 

2.3 ABSORBED VERSUS DELIVERED DOSE 

A hazard may exist at any time tissue is exposed to electro¬ 
magnetic or corpuscular radiation, because of energy absorbed within 
the tissue due to the ionization produced by the interaction of these 
radiations with the tissue. The concepts of "energy absorbed" and 
"ionization produced per unit volume" have been treated synonymously. 
In actuality, since one is the cause of the other, the proper evalua¬ 
tion of tissue damage can best be expressed in terms of energy ahfinrhgd 
The precise biological significance of energy absorbed is not entirely 
clear. Whereas a large portion of the incident energy may be utilized 
in the production of ions in the medium, there is an appreciable 
fraction of the absorbed energy utilized by processes in which no ions 
are formed; e.g., excitation of atoms and decomposition of complex 
molecules. Although energy absorbed and ionization produced per unit 
volume are absolute measures of tissue dose (true only within the 
definition limits of several dose units) there still remain important 
uncertainties in the actual measurement of ionization and in both the 
physical and biological significance of energy absorbed. 

The roentgen, by its definition, is only a partial description of 
the electromagnetic radiation at a point measured in terms of ionization 
produced in air. The relationship that does exist between the energy 
absorbed in air corresponding to 1 r and energy flux demonstrates a 
complicated dependence upon photon wave length. The roentgen, which 
is only applicable to X or garnira radiation, is only a partial 
description of the radiation at any specified point. This point need 
not necessarily be within the absorbing medium itself. The roentgen, 
by definition, refers to ion pair production (and consequent energy 
absorption) in air; however, a material of high Z and high density will 
absorb more energy for the same flux of radiation that produces the 
83 ergs/gm of air which constitutes a dose of 1 r. Therefore, a dose 
expressed in roentgens is dependent on the absorbing medium and, hence, 
the amount of energy that particular medium absorbs. 

Many units of dose have been proposed to circumvent the limita¬ 
tions of the roentgen; e.g., rep, rem, gram-roentgen, etc. These units, 
although enjoying widespread usage, have not been accepted by 
international agreement; the roentgen has. The International Commission 
on Radiological Units recommended that a distinction be made between 
dose in the general sense and absorbed dose, the unit recommended being 
the rad. The rad is defined as an absorbed dose of 100 ergs/gm imparted 
to any matter by an ionizing radiation at the point of interest. 

Inasmuch as the fission fallout field has present both electro¬ 
magnetic and corpuscular radiations and a wide variety of spectral 
complexities of each, it is logical to evaluate total human dose in 
terms of energy absorbed. Since modern day standards of instrumentation 
are based upon measurements utilizing the roentgen, an evaluation of a 
tissue equivalent reading device is not possible. An ionization 
detecting device composed of tissue equivalent materials within a 
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tissue medium would afford the closest approximation to recording a true 
tissue dose. This is the approach followed by Project 2.6. 

2.4 RADIATION MEASUREMENT PROBLEMS 

Most radiation survey meters, often beta detecting, are wave 
length independent to gamma radiation only above 80 kev. The reasons 
underlying the selection of 80 kev as the lower limit criteria, or 
specification, of satisfactory instrumentation is not apparent to 
Project 2.6. Much work is now in progress attempting to evaluate the 
biological hazard of gamma energies lower than 8o kev. Until the 
results of this work demonstrate a relative insignificance of hazard 
from this low energy radiation spectrum, it would be more scientific to 
assume the existence of a hazard rather than to subrogate it to un¬ 
importance. In consideration of the high specific ionization of this 
energy gamma radiation, it would appear speculative as to whether the 
unimportance of this radiation to biological hazard can be substantiated. 
Therefore, it is highly desirable to lower the 80-kev cutoff of wave¬ 
length independence in so far as possible to better evaluate human 
radiation dosages . 

Because of the corpuscular nature of beta radiation, proper 
dosage measurements are sufficiently difficult to the extent that they 
are often by-passed. 

Radiation survey equipment generally is limited for two reasons: 
(l) the manner of absorption of beta radiation eliminates the extrapo¬ 
lation of a dosage reading for a point of interest from a reading taken 
at some other reference point; and (2) the design of a single unit to 
properly record dose from all energies of gamma radiation is practically 
impossible. 

In view of the choice of a poor unit of dose (the roentgen), the 
gamma wave length dependence of most detectors, and the difficult task 
of measuring beta radiation, it appears that present day human hazard 
instrumentation is in need of much revision. Because of the relative 
biological effectiveness of beta and gamma radiation, not to mention 
the effects of different energies of each, a cooperative consolidated 
effort on the part of both the physicist and the biologist is indicated 
to resolve these difficulties. 
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CHAPTER 3 

INSTRUMENTATION 

Each phase of the instrumentation used in the collection of data 
will be described separately. The manner in which this equipment was 
used will be explained in Chapter 4. 

3.1 FIELD UNITS 

The experimental design for this project involved the use of 
simulated human phantoms made completely of laminated, pressed wood 
(density approximately 1.()8). These phantoms were constructed to 
conform rather closely to average man dimensions and featured a 
hollowed chest cavity filled with plastic sponge to simulate lung 
material and a flat-front side from sternum to ankle. The latter 
feature made it possible to place the phantom on short pegs in a prone 
position and maintain the front surface equidistantly parallel 5 cm 
above the ground. These phantoms were 5-feet, 10-inches tall and 
weighed l6o pounds each. 

lype-A phantom (Figure 3-1) was routed to accommodate a system of 
pressed wood blocks (Figure 3.2) and plugs (Figure 3.3), which were in 
turn drilled to accommodate miniature ionization detectors. Each block 
when embedded flush in the phantom surface, displayed five detectors ’ 

for the measurement of surface radiation. Surface blocks were situated 
Flocations over the phantom. Removable pressed wood plugs were 

used to position additional detectors within the phantom at locations 
approximating those of the principal vital organs. A removable pressed 
wood bar (Figure 3-3); drilled to accommodate detectors at several 
depths through the body, was positioned through the lower abdomen to 
permit a conventional depth-dose study. This location provided the 
most uniform scatter environment available and represented an average 
height with the phantom in an upright position. 

The Type-B phantom (Figure 3.4) was designed to obtain basic 
absorption data using several sets of absorbers (Figure 3.5), each set 
of a different atomic number. Again the abdominal surface was chosen 
to provide the most uniform scatter and backing environment. Using a 
full-scale model phantom provided a realistic, or practical, aspect for 
any data taken. Removable pressed-wood blocks, each containing five 
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detectors, were mounted flush with the phantom surface. All were 
fashioned with uniform area and varied only in thickness. The intended 
normal position of this phantom was prone on short pegs, with the filter 
section parallel to the ground. 

The final field unit was called the "kite'’ (Figure 3.6) and con¬ 
sisted of a lightly constructed wooded framework designed to accommodate 
43 of the previously described exposure blocks. These blocks were 
arranged and fitted to provide absorption curves in both tissue equi¬ 
valent material and gold, each at two heights of approximately 5 cm and 
100 cm. Also thin-walled detectors could be exposed at various heights 
above the ground from 5 cm to I80 cm for the purpose of studying the 
vertical gradation of air dose. 

3.2 IONIZATION CHAMBER 

The principle radiation detector used throughout this work con¬ 
sisted of a miniature ionization chamber (Figure 3.7), featuring tissue 
equivalent material walls (hard gelatin). The removable wall or cap 
(Figure 3.8) was fashioned in several different thicknesses ranging 
from 6.35 mg/cm to 13.02 mg/cm2. When placed in a pressed wood 
exposure block, which was covered with a 2 mg/cm2 Saran plastic window 
a minimum of 8.35 mg/cm¿ effective wall thickness was realized. ’ 

This chamber is a modification of the detectors described by 
Chambers (7), which were successfully used in several previous field 

,86081166 of the chamber's small ionizing volume of approximately 
0.08 cm3 and relatively thin chamber-wall construction, a smooth 
response to beta or very soft gamma radiation was anticipated A 
condenser-type construction employing Kel-F insulation and a ¿roperly 
chosen antenna and outer wall diameter provided a detector with 
excellent stability and good radiation-response characteristics. The 
sensitivity limits could approach s span of three decades; 0.2 to 200r. 
By using five detectors for each experimental point, with agreement 
quite often within 10 percent, it was surmised that the statistical 
value of the data obtained would appear adequate. 

¿•2•^_Beta Response of the Chamber. This chamber was empiri¬ 
cally calibrated by using an extrapolation ionization chamber. The 
chamber is wave length independent of energy in terms of esu/cc 
corrected for wall absorption. 

An inspection of Figure 3.9 shows that this chamber, operated at 
full saturation voltage, will detect over 70 percent of all beta 
par tides with energies exceeding 0.5 Mev, and 30 percent of those of 
0.2 Mev. In as much as the epidermal layer of the standard man is 
7 mg/cm¿ thick, it is not reasonable to attach great importance to 
those beta particles having energies of less than 0.2 Mev, because of 
their low penetration into the dermis. 

hh2_Gamma Response of the Chamber. This detector used by 
itself (i.e., not in a masonite block) is wave length dependent, as 
shown in Figure 3.10. However, when exposures are made in a masonite 
block, the wave length response becomes quite good, as shown in 
Figure 3.11. Actually, it can be shown that the peak of wave length 

16 

CONFIDENTIAL- RESTRICTED DATA 



dependence between 15 and 50 kev ie not particularly serious for gamma 
measurements in a fallout field, since several investigators have shown 
that there is little gamma radiation within this energy region (6). 

The loss in voltage per unit quantity of radiation received by 
the detector is quite linear, as shown in Figure 3.12. 

Dose rates as high as 50 r/min have been applied to these chambers 
without any breakdown of response. Rarely, in actual practice, would a 
chamber ever be placed in a field greater than 5 r/min. 

3-3 AUTOMATIC READER 

Inasmuch as 2,000 miniature ionization chambers were employed in 
each run, it became imperative to provide an automatic method of record¬ 
ing this data. Since these chambers work on the principle that a loss 
in original voltage is directly equivalent to a calibrated quantity of 
radiation, the system of reading steps must be employed either manually 
or automatically in the following order: (l) read the residual charge 
left on the detector after exposure to radiation; (2) recharge the 
chamber to full voltage; (3) read the fully charged chamber; and (4) 
recharge the chamber to full voltage. 

An automatic reader (Figure 3.13) was designed to read 6OO 
chambers/hr and graphically record the data on Esterline-Angus charts. 
The system is composed of two identical units, each consisting of an 
electrometer, a precision capacitor, an Esterline-Angus recorder, and 
a charging supply. These two systems, while working independently of 
one another, must be perfectly synchronized so that the starting point 
of the two recorder traces are congruent. That is, the first unit 
performs Steps 1 and 2, recording the residual charged voltage on the 
recorder s tape. Four minutes later the second unit performs Steps 3 
and 4 and the second recorder must superimpose its trace on the 
original. 

The capacitors used are precision variable air condensers 
General Radio, Model 722 DQ, with a range from 25 to II50 uuf. ^These 
capacitors are fixed at 80 w.f for all use. The function of these 
capacitors is to act as splitting condensers, so that the electrometers 
^percent 8 PartiCUlar Percentage of the total charge, approximately 

The electrometer used was a Keithly Model 210 with a variable 
range of 0.8, 2.0, 8.0, 20.0, and 80.O volt. This electrometer was 
specifically selected for several reasons: its good stability high 
sensitivity, ac-operation, and physical construction. 
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Figure 3.11 Gamma wave length dependence of miniature 
ionization chamber in masonite block. 
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CHAPTER 4 

OPERATING PROCEDURE 

4.1 LOADING AND PLACEMENT 

Immediately after H-hour all chambers were charged, placed in 
their designated positions in their phantoms, carried to the field, 
and placed (Figure 4.1) as soon as the On-Site Rad-Safe Organization 
would permit entry. 

Prior to actual placement of the station, two men preceded the 
truck carrying the phantoms and located the site of exposure. The 
fallout area selected was unobstructed by brush, of level terrain, 
and had a gamma radiation intensity of approximately 2 r/hr at 1 meter 
from the ground. Radiation intensity measurements were made for both 
beta and gamma radiation at three different heights from the ground: 
38 cm, 67 cm, and 100 cm. The phantoms were then placed in this 
surveyed area. Table 4.1 lists the actual locations of the various 
stations for the different shots. 

An area of ground approximately 4-by-8 feet was lightly brushed 
with a board covered by the sleeve of a wool shirt. A Type-h phantom 
was laid prone over this area (brushed-prone man). The prone man, 
which was identical in every respect to the brushed-prone man, was 
placed within a distance of 10 feet. The Type-B phantom (upright 
phantom) and kite were placed nearby. 

4.2 RECOVERY AND READING 

After a period of time determined by the 1-meter gamma reading, 
the station was recovered and retùrned to the field laboratory for 
evaluation. 
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TABLE 4.1 LCKATIONS OF STATIONS FOR EXPOSURE

Shot Time
Distance from Ground 

Zero (yards)
Gamma Reading at 
i meter (r/hr)

4 D day 3,000: 0° azimuth 0.6

4 D + 1 day 2,800: 0° azimutii 3.5

4 D + 1 day 2,750: 0° azimuth 3.0

7 D day 3,100; 150^ azimuth 1.1

7 D + 1 day 700: l80° azimuth 2.4

7 D + 1 day 63O: 180° azimuth 2.3

7 D + 2 days 525: l80° azimuth 2.3

8 D day 2,600: 0° azimuth 1.6

^ ^ ^ 

■ 1

J.'- 1^

•'« ■ jsL'G"5ff•"'»f ' ®

Figure 4.1 Complete station as placed In the field.
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CHAPTER 5 

RESULTÓ AND DISCUSSION 

5.1 INTRODUCTION 

The purpose of this work has been aimed at the determination of 
energy absorbed, stressing human hazard irrespective of the character 
quantity, or quality of the fallout field radiation. ’ 

Although much of the data will be given for specific shots, the 
greatest and most meaningful part of it will be the composite data 
from several shots. 

It would be impractical and cumbersome to report all of the 
data taken by Project 2.6, since approximately 20,000 ionization 
chamber measurements were recorded. All of these measurements were 
used to make the composite data given in this report. However in 
the interest of clarity and statistical evaluation, Table 5 1 is a 
complete copy of one page of the raw, unedited data as it was 
originally taken. 

5.2 UPRIGHT MAN 

The human phantom was placed in the fallout field in a standing 
position, and the dose measurements are illustrated in Table 5.2. 

int,erior (dePth) doses were identical regardless of the site 
within the upright man. Inasmuch as the thinnest depth dose was 
completely surrounded by a minimum of 4 cm of tissue equivalent 
material, no original beta radiation could be present at these 
locations. Further, since it is known that the multiple scatter 
processes, created in a low-Z material by almost any energy gamma 
ray above 0.06 Mev, are such that little attenuation is provided by 
these low-Z materials, little difference would be expected in dose 
measurements taken at various depths within the body. However the 
importance of the identical readings is the fact that the height 
above the ground (within the height limits of a man) has no bearing 
on the dose. Hence, it must be assumed that the bulk of the gamma 
dose received by an individual from a fallout field originates from 
the overall active area and not necessarily from where the man is 
standing and that the radiation from the very immediate vicinity of 
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the subject may make only a small contribution to the gamma dose 
received by the individual. This is in contrast to the limited 
range of beta radiation, which requires that any beta dose received 
must come from the immediate vicinity of the receiver. 

V , Z* M0rgan (8) hae calculated the dose as a function of 
Íníí1 “i076 8n infinite Plane 8a tura ted with gamma emitting contam- 
inates of various energies. The solution of these exponential in- 

grais indicates that the dose 6 feet above the ground should be 

îanure 0fPepCef ^ 8t 1 f°0t 8bove tbe «-und The 
rJi ^ f l°il 2,6 t0 get 8 difference in the gamma dose, 
regardless of the point of measurement in the phantom, was probably 
due to radiation from the ground Just below the man passingPthrough 
o/th* greater thickness of tissue than radiation which fell normally 

nur8ce- < 500 ^Cm point of Fi8ure 5.6 tends to sub- 
w^rp Í8 vievpolnt’ since the da* was collected in free air 

date T L“ VaS dlStanCe fr0m the «round- Rega^in« this date, it is shown by Figure 5.13 that practically all of the soft 
component of the total radiation is removed by 5OO mg/cm2 of poly- 

aa^eraH^ :8dlation sti11 bein« read “ust bfconsidered as 
gamma radiation. Then the dose at 5 cm above the ground is 2k percent 
higher than that at 100 era above the ground. 

af+ tí8111’® l’'1 J6 8 comP°site of several shots on different days 
fter the shots showing the percentage of surface dose for each 

chamber location, taking the average internal dose as 100 percent 

íei htn0íeW0 y t0 COrnpare a Pl0t 0f these value6 at the respective 
ï 8 normaiized curve vertical air dose readings (Figure 
aie in HigUre 5'2 6h0WS thSt the 6Urface readings of the upright man 
ihl kî+p1 Ma!rr^?nt With the vertical gradation of dose taken on 
HttiP -rfV +C indicatee that the particular geometry of a man has 

a îanouî Heid0 ' ^ °f rS,ilatl0n reCelved ^ hl" ' 

, a 8urvey-meter reading is usually taken at waist height 

wítí tí? f g,10 COnipare the readin«6 for the body extremitifs 
tee feet ^ ^ VaÍ6t helght- The eUrface dOse Of 
dnRpfi 1 ÍS timeS that °f the W8i8t> whereae the head surface dose is one-half that of the waist. 

thP mnJVrr'T’ althou«h the internal dose is constant throughout 
the man and is in fair agreement with that indicated by a normally 
use survey meter, the surface dose is variable over the body 
dependent only upon the distance of the area from the ground; tee 

internal d°oseCrenaSn¡S ^ ^ °f hlgher th8n the 

5.3 PRONE MAN 

Ihepr?i!e W8S 8 Phantom identical with the upright 
teïprii6 U tî^C!6e WÍth the upri8ht it was found that the8 
í?£p + aePÍÍ 8 Were the S8IDe- Inasmuoh as these points are at 
ifferent depths within the body and are in parts of the body of 

of dente «Sape an? ext!rior Gize> the Saffima dePth dose is independent of depth and geometry of the body. F 
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TABLE 5.2 POSITIONS FOR DOSE MEASUREMENTS 

Purpose and Position 

Surface Dose 

Top of Head 
Nose 

Rear of Head 
Neck, front 

Left & Right Shoulder 
Chest (sternum) 
Navel 

Lover abdomen 

Upper Femur Front 
Upper Femur Rear 
Knee 
Calf Rear 
Shin 

Foot, Outside 

Interior (Depth) Dose 

Brain 
Heart 
Liver 
Kidney 

Center of Abdomen 

Femur (Center of Thigh) 

Height above Ground (cm) 

ISO 
167 
167 
153 
133 
133 
115 
97 
75 
75 
51 
36 
23 
6 

170 
130 
115 
100 
90 
65 
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The surface dose on the roar side of the prone man is in close 
agreement vith the interior dose, whereas the surface dose readings 
on the iront side were often ?0 times higher than the interior doses. 

There apparently exists a rapid decay of the soft component of 
the fallout radiation. This is indicated by the change in the ratio 
of front surface dose to internal dose in Table 5.3. 

TABLE 5.3 TIME VARIATION OF SURFACE DOSE 
TO INTERNAL DOSE 

Time Ratio 
(afiys)_(Surface dose to internal dose) 

D 20:1 

D + 1 10:1 

D + 2 s • I 

As will be shown later, the penetrating power (energy) of this 
soit component does not appear to change with time. Therefore it 
must be concluded that the mechanism involved is a more rapid decay 
of the beta emitting isotopes which may be responsible for the high 
surface dosage than those which are responsible for the gamma 
component. 

5.4 BRUSHED-PRONE MAN 

There has been considerable interest in the possible existence 
of a simple effective means of reducing the radiation hazard incurred 
when a man is forced to lie in a fallout field of radiation. Such 
a situation might well develop in the tactical phases of nuclear 
warfare. Infantry troops might be required to "hit the dirt" for a 
few minutes at a time; the advisability of this procedure in an area 
covered with residual fallout radiation is questionable. Project 2.6 
has endeavored to evaluate this as a possible hazard. 

An area approximately L-by-8 feet was lightly brushed, as might 
be done by a soldier with his arms prior to hunching himself forward 
into that area. The aata collected here was compared to the nearby 
prone man, who was laid over an unbrushed area. The exposure geom¬ 
etries ior the brushed-prone and prone men were identical exceot for 
the difference created by brushing. 

Figure 5.3 showo that approximately 50 percent of the surface 
dose to the front side of the body can be prevented by this brushing 
process. In doing this, the internal doses, like the surface doses 
at the top side of the phantom, are decreased by only about 10 percent 
since only a small percentage of the total gamma dose is contributed , 
by areas immediately adjacent to the body in the field. Data taken 
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from the feet, shoulders, and top of the head were relatively high, 
since these chambers were essentially directed toward the small pile 
of contaminated dirt on the periphery of the brushed area as a result 
of the brushing process. 

A reading taken by a normally used radiation survey instrument 
is much closer to the true surface dose over the brushed area than a 
reading taken over the non-brushed area. 

Although no attempt was made to evaluate the efficiency of 
brushing an area, certain observations can be made. Brushing can be 
quite efficient on a sandy, dry area; however, rocky shale or marble¬ 
sized gravel presents a difficult condition for brushing efficiency. 
A smooth surface like concrete or a dry hard lake bed presents a 
situation in which contamination is not readily removed by brushing. 

5.5 KITE 

The purpose of the kite was two-fold: (1) to evaluate the 
change in the penetrating power of the radiation at two distinctly 
different heights and (?) to determine the air dose variation with 
height above the ground. These measurements have little or no bio¬ 
logical significance, but they do indicate certain physical character¬ 
istics of the radiation which will aid in the evaluation of other 
data of this work. 

S.5-1 Absorption Measurements. Absorption studies were made 

with polyethylene and gold, up to thicknesses of 5OO and 3000 mg/cm^, 
respectively, at distances of 5 and 100 cm from the ground. Little 
difference in the slopes of the curves was observed for different 
shots or different days after the shots. Therefore, for better sta¬ 
tistical evaluation, composite curves of the data were made as 
follows: 

1. In a comparison of gold and polyethylene absorption at 
5 cm, the slopes of the two curves (Figure 5-M are substantially 
identical, indicating that the soft radiation component is probably 
corpuscular rather than electromagnetic in nature. The difference in 
attenuation between polyethylene and gold at any particular mass- 
thickness of absorber is in substantial agreement with the a/z varia¬ 
tion of absorption of beta particles. Concerning a tissue dose, 
assuming that polyethylene is tissue equivalent, 1 mg/cm^ is equiv¬ 
alent to a 10-micron thickness of human tissue. An examination of 
the polyethylene curve shows that the first 1,000 microns of tissue 
would absorb approximately 40 percent of the total ionization present 
and the first 2,000 microns of tissue absorbs about 55 percent of the 
total ionization. Finally, 5,000 microns of tissue is responsible 
for the absorption of 75 percent of the dose. Since most radiation 
survey meters in use today have wall thicknesses equivalent to approx¬ 
imately 10,000 microns of tissue, it is apparent that only a small 
amount of the total absorbed dose is being measured by these instru¬ 
ments . 

2. For a comparison of gold and polyethylene absorption at 
100 cm, the curve in Figure 5.5 is essentially identical with 
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Figtre [>.k; all statements true of Figure 5.4 apply, with less than 
5 percent dilference in any of the tissue absorption values. 

3- Figure 5.6 presents a comparison of absorption curves in 
polyethylene at two different heights from the source at 5 and 100 cm. 

4. Figure 5.7 compares absorption in gold at two different 
heights at 5 and 100 cm. These curves, for which enough gold absorb¬ 
ers were utilized to completely absorb the soft component of radiation, 
shov the penetrating power of the radiation in addition to the effect 
of increased height from the ground. The air dose is approximately 
six times the hard component dose at 5 cm from the ground. This 
factor drops to about four at 100 cm. Only the hard component appears 
to remain after the radiation has penetrated 500 mg/cm^ of gold. 

5. To compare gold and polyethylene absorption at both 5 and 
100 cm, Figure 5.8, a composite of Figures 5.4, 5.5, 5.6, and 5 7 is 
presented. ' ’ 

Vertical Gradation 01 Dose. Air readings (wall thick¬ 
ness, 8 mg/cm?) were taken at nine different heights above the ground 
in order to interpret better the dosage of radiation received at 
various surface points over the body of an upright man. This data 
was obtained for two primary reasons: (l) the source was a distrib¬ 
uted rather than a point source and (?) the effect upon the dose 
created by beta radiation as a function of height was not known. 

Figure 5.9 is a family of curves from data taken on several 
shots. The staggering of these lines may be due in part to terrain 
and other effects encountered in the field. 

Figure 5.10 is a composite curve of all the data of Figure 5.9. 
Also shown is a plot of the inverse square law, in order to point out 
the radically different type of radiation and source geometry present«! 
by a fallout field. For convenience in expressing the data, both 
curves in Figure 5.10 were normalized to 100 percent at 100 cm above 
the ground. From the point of view of human hazard, the variation of 
dose between the feet and head of an upright man may be about a factor 

5.6 ABSORBER MAN 

Absorption studies were made, not in a particular effort to 
determine energy, but rather to evaluate better the characteristics 
of the radiation in terms of tissue penetration. However, in so doing 
this study has provided much information regarding the physical char¬ 
acter of the radiation. 

2c.0-1-Radiation Absorption in Tissue Equivalent Material for 
Several Shots. An examination of Figure 5.11 shows that the character 
of the radiation of several shots on several different days follows 
essentially the same attenuation through 500 mg/cm2 of tissue equiv¬ 
alent material. To suffer this degree of attenuation through the 
equivalent of 5,000 microns of tissue, the radiation must be soft, but 
nevertheless damaging. The shape of the curves does not answer the 
question as to whether or not this radiation is beta or gamma radiation 
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If gamma, it must be quite soft ( 10 kev), in order to be attenuated 
by so little mass. On the other haniT, one would surmise a l-to-2 Mev 
beta, if it can be shown that this radiation is corpuscular in nature. 

5-6.2 Copper Absorption of Radiation for Different Shots on 

Different Days. This data (Figure 5.12) is presented to show the 

thickness of material required to absorb completely the soft component 
of radiation that is not usually measured with a field survey instru¬ 
ment. This curve shows complete absorption of the soft component by 
about fOO mg/cm2 of copper. If this soft component is assumed to be 

beta radiation, rather than soft gamma rays, then TOO mg/cm2 of copper 
is in fair agreement with the stopping power of TOO mg/cm2 (T,000 
microns) of tissue. At any given thickness, the extremes of varia¬ 
bility in dose readings do not exceed ± 30 percent of the mean. 

5.6.3 Composite Absorption Curves. Composite curves (Figure 

5.13) were made for the attenuation of radiation by each metal from a 
group of curves of individual shots, such as Figures 5.11 and 5.12, 
These composites were then plotted on one graph in order to compare 
the attenuation of the radiation by different metals. The curves show 
close similarity of the absorption processes regardless of the Z- 
number of the absorber. Only gold and copper absorbers were used in 
thicknesses sufficient to absorb all the remaining soft component. 

The gamma component of the curves, 800 mg/cm2 to 3,000 mg/cm2 
show that the energy of this radiation is sufficiently hard so that’ 
tissue in any normally found body thickness will cause negligible 
variation in dose within the body. The ratio of surface to depth dose 
is about six to one. 

Figure 5.11* is a plot of the data of Figure 5.13, with the gamma 
component subtracted in order to consider the soft component separ¬ 
ately. These curves are quite characteristic of beta-particle absorp¬ 
tion. Beta-radiation attenuation is relatively independent of the 
atomic number of the absorber, being primarily a function of mass per 
unit area. The dependence of beta-particle absorption on atomic 
number varies roughly as the ratio of atomic weight to atomic number 
(A/Z). Hence, beta absorption by heavy elements is expected to be 
slightly greater per unit mass than by light elements. Figure 5.14 
within the accuracy of this experiment, shows that such a rule is fol¬ 
lowed . 

5-T LOW-ENERGY COMPONENT OF RADIATION 

The discussion in Chapter ? pointed out that from a biological 
standpoint it makes relatively little difference to dosage measurements 
and human hazard whether the soft component of fallout radiation is 
beta particles or soft gamma radiation. This is not true in the case 
of instrumentation. Though gamma radiation is recorded as a result of 
the secondary electrons produced by gamma interaction with matter, the 
quality and quantity of those secondaries produced is dependent on the 
construction and composition of the detector walls. This is not true 
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in the case of beta radiation. Hence, a knowledge of whether one must 
measure beta or soft gamma radiation has a definite bearing on the 
design of instruments to evaluate properly the activity of this radia¬ 
tion. 

Further, while not of specific interest in evaluating human 
dosage, a knowledge of the energy of this soft component is helpful in 
the design of instruments and particularly useful to the biologist to 
provide a simulated source of this radiation for laboratory measure¬ 
ments. Therefore, Project P.6, with the cooperation of the Oak Ridge 
National Laboratory, set up an energy-calibration system for beta- 
radiation exposure. As far as practicable, every effort was made to 
duplicate exactly the geometry of exposure, using a distributed source 
of radiation such as that found in a fallout field. Large sheets of 
filter paper were saturated uniformly with a solution of pure beta- 
emitting radioactive material. After drying and making an assay of 
the quantity of isotope on each sheet (usually about 100 ..r/cnf'), these 
sheets were spread over the ground, covering an area of approximately 
4 by 8 feet. For beta radiation the center of the area was essentially 
equivalent to an infinite plane source of beta radiation. 

The human phantoms and the kite were exposed at the center of 
this area exactly as they were exposed in a fallout field. It was 
intended that data derived by this calibration system could duplicate, 
in so far as possible, the beta radiation within a fallout field. 

The isotopes used and their energies are shown in Table 5.4. 

TABLE 5.¾ ISOTOPE ENERGIES FOR CALIBRATION 

Isotope 

Pdl°9 

P32 
Y90 

Energy (Mev) 

0.95 

1.70 

2.20 

Figures 5-15 through 5.19 present a comparison of p32 ¿ata for 
various metal absorption systems in the absorber man. The similarity 
between the apparent energy of the soft component of fission fallout 
radiation and the beta radiation of p32 iS evident. The field data in 
each case is a composite of all shots for that particular metal. The 
gamma component is subtracted as in Figure 5.14. In each case, the 
field data indicates a slightly softer radiation than p32 Up to approx¬ 
imately 100 mg/cm2, at which point it tends to become slightly harder 
than the 1.7 Mev beta radiation of P32. Effectively, however, the 
curves indicate a beta-radiation energy quite close to that of p32. 
Figure 5-20, which is a composite of all the absorption curves of each 
metal combined into one curve, is presented to show how closely similar 
the field radiation energy is to that of p3?, 1.7 Mev. 

The determined half-value thickness of the radiation in each metal 
absorbing system is further support of the opinion that the bulk of the 
soft component of fallout radiation is corpuscular rather than electro¬ 
magnetic in nature. 
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between the apparent energy of the soft component of fission fallout 
radiation and the beta radiation of p32 is evident. The field data in 
each case is a composite of all shots for that particular metal. The 
gamma component is subtracted as in Figure 5.14. In each case, the 
field data indicates a slightly softer radiation than p32 up t0 approx¬ 
imately 100 mg/cm?, at which point it tends to become slightly harder 
than the 1.7 Mev beta radiation of p32. Effectively, however, the 
curves indicate a beta-radiation energy quite close to that of p3¿. 
Figure 5.20, which is a composite of all the absorption curves of each 
metal combined into one curve, is presented to show how closely similar 
the field radiation energy is to that of p3?, I.7 Mev. 

The determined half-value thickness of the radiation in each metal 
absorbing system is further support of the opinion that the bulk of the 
soft component of fallout radiation is corpuscular rather than electro¬ 
magnetic in nature. 
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TABLE 5.5 CALCULATED VERSUS MEASURED HALF-VALUE LAYER 

Material Calculated HVL Measured HVL 

_ (w'V) (mg/cm2) 

Polyethylene 
Aluminum 
Copper 

Tin 
Gold 

Considering th-ut the a/Z rule is little more than 
nation, the agreement of the field half-value layers with the . 
lated half-value layers is striking. To further justify these ^ 

statements, calculated half-value layers for gamma radiation are X.tec 
from White (9) in Table 5.6. 

TABLE 5.6 HA Jl 
I 4 TALUE LAYERS 

Energy Polyethylene AT 
(kev) mg/cm^ J / j w j Copper Tin Gold 

/ jig/cm2 mg/cm2 

10 
15 
20 
?5 

146 
h6?j 

j 9“ if' 
i L. ry> 

The ha If-valu »avers in 
ite the foilov; .v, gamma n 

each metal a!s shown in Table 
■ay energies: I indicate 

TABLE 5.7 INDJCATTP SAMMA RAY ENERGIES BASED OMTTABLE 5.6 DATA 

would 

Idterial Energy 
(kev) 

Polyethylene 
Alurainum 

pper 

8 
13 
29 
21 

35 
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It is highly doubtful that the accuracy of the absorption data 
taken by this project could be so greatly in error as to not be able 
to differentiate an 8-kev gamma ray from a 35-kev gamma ray. 

5.8 SURFACE VERSUS INTERNAL DOSE 

As discussed in Section 5-3, the internal doses of the prone man 
were essentially the same regardless of the internal site of the 
measurements. The surface doses on the under side of the prone man 
from chest to shin were equidistant from the ground and hence were 
identical. Therefore, ratios of the average of these particular 
surface doses to the average of the internal doses, should be reliable 
surface to internal dose ratios, Table 5.8 lists the calculated 
surface to internal dose ratios for several situations. 

TABLE 5.8 dURFACE TO INTERNAL DOSE RATIOS 

Shot and Time Ratio 

Shot h, D day y¡1 
Shot 4, D + 1 day, 1st Run 7:1 
Shot 4, D + 1 day, 2nd Run 2:1 
Shot 7, D day 2:1 
Shot 7, D + 1 day, 1st Run 2:1 
Shot 7, D + 1 day, 2nd Run 1:1 
Shot 7, D + 2 days 2:1 
Shot 8, D day 

Figure 5.1 Composite of shots showing percentage of surface dose 
using average internal dose as 100 percent for an upright man. 
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Figure 5.4 Gold and polyethylene absorption in air at 5 cm. 

Figure 5.5 Gold and polyethylene absorption in air at 100 cm. 
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Figure 5.6 Polyethylene abeorption in air at 5 cm and 100 cm. 

Figure 5.7 Gold absorption in air at 5 cm and 100 cm. 

Figure 5.8 Composite absorption of gold 
and polyethylene at 5 and 100 cm. 
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Figure 5.9 Vertical gradation of air dose. 

Figure 5.10 Vertical gradation of air dose 
compared with inverse square lav curve. 
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Figure 5.11 Composite polyethylene absorption curves. 

Figure 5.12 Composite copper absorption curves. 
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Figure 5.13 Compoaite absorption curvea. 

Figure 5.14 Composite absorption curves minus gamma component. 
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Figure 5.16 Aluninun absorption versus P^. 
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Figure 5.17 Polyethylene absorption versus F^. 

Figure 5.18 Tin absorption versus P^. 
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Figure 5.20 Composite metal absorption versus P^. 
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CHAPTER 6 

INFLUENCE OF GEOMETRY ON OBSERVED DOSAGE 

After participation in Shots 4, 7 and 8, from which the data of 
this report is taken, it became apparent that the geometry of the 
chambers might not be representative of an actual point on the surface 
of a human body. Therefore this was checked on Shot I}. The results 
are given in this chapter. 

6.1 THEORETICAL GEOMETRY 

The masonite block, (Figure 3.2) described in Section 3.2 was 
used as the ionization chamber holder for all data taken for this 
report. An inspection of a cross sectional scale drawing, (Figure 
6.1), of this confined chamber illustrates the limited solid angle of 
geometry presented to soft radiation. 

Considering the tip of the antenna (A) is the effective elec¬ 
trical center of ionization within the chamber, then the solid angle 
(XAY) defines the geometry of this arrangement to non-penetrating 
radiations. If the total solid angle about a point is defined as 4 n 
steradians, then the geometry of this chamber in its holder subtends 
a solid angle of 31 percent of ? , steradians. This figure is calcu¬ 
lated on the basis that the distance of the tip of the antenna under 
the surface of the block is 2.5 mm and the radius of the hole in the 
masonite block is 2.6 ram. 

Figure 6.2 illustrates the effect of this geometiy factor on the 
measurements of surface dosage as reported in the preliminary report 
of this project. 

A distance of 5 cm between the ground and phantom surface was 
the closest distance used in any measurement. Angle XAY defines an 
area (MN) on the ground of 91* cm2. A soft radiation originating at 
point Z and traveling directly towards point A will be effectively 
blocked from entering the chamber due to the masonite walls of the 
exposure block. Obviously the parameters of material thickness in this 
entire consideration are such that this discussion is true only for 
beta radiation. Gamma radiation of almost any energy would not be 
shielded from entering the chamber by the few millimeters of masonite 
which comprise the edge of the exposure block. 
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6.2 EXPERIMENTAL GEOMETRY 

A masonite block loaded with one ionization chamber was placed 
5 cm above a point source of p32. Measurements were made with this 
chamber when the source was moved various horizontal distances from 
the perpendicular projection of the center of the chamber. This 
arrangement is shown in Figure 6.3. 

The experiment was repeated in all details except that the 
masonite block was removed, leaving the chamber open from all direc¬ 
tions. Figure 6.4 contrasts the results and clearly points out the 
"limiting" effect of the masonite block to beta radiation as this 
geometry was used in the field. 

6.3 FIELD STUDY 

Groups of five chambers were placed at each point of data collec¬ 
tion over the human phantom. These chambers were placed longitudinally 
in contact with the body surface and as close as practical to the 
normally used masonite block chambers. Only two phantoms were used in 
this experiment, one upright and the other in a prone position. 

Since the absolute readings are unimportant the data is given 
in Table 6.1 in terms of the ratio of the open chambers to the reading 
of normally used masonite block chambers. 

Since this new interpretation of surface dose substantially 
changes all of the data presented in this report it was deemed advis¬ 
able to make an absorption study with these "open chambers." Sheets of 
polyethylene film were laid over the group of five detectors and the 
unit taped to the front surface of a prone man (Figure 6.5). 

The results of this absorption study are graphically given in 
Figure 6.6. The slopes of these curves are in excellent agreement with 
those of Figure 5.11, and hence it is felt that the "restricted 
geometry" in no way effected the estimation of the penetrating power 
of this soft component. 

A further effort was made to clarify the data by the use of 
lucite caps (Figure 6.7) to determine the absorption of radiation from 
a fission fallout field. These caps varied in wall thickness from 
0.5 mm to 16 mm, or a range of 59 to 1,888 mg/cm?. In order to elim¬ 
inate any geometry effect produced by the varying physical size of the 
lucite caps themselves, these measurements were made 100 cm above the 
ground. The results are graphically shown in Figure 6.8. 

6.4 SIGNIFICANCE 

It must be realized that the work described in this chapter was 
performed only on Shot I3, since the role played by chamber geometry 
was not fully appreciated until after data was taken on Shots 4, 7 
and 8. As stated in Chapter 5, there appeared to be little change in 
radiation quantum energy between D day and D + 2 days, and the shift 
in beta to gamma ratio was not drastic during this time. Further, it 
appeared that the differences in field quantum energy and beta to 
gamma ratio with respect to the shots participated in were small. 
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TABLE 6.1 RATIO OF UNRESTRICTED TO RESTRICTED GEOMETRY 

Phantom Ratio, Open Chamber to Restricted Chamber 

D day D + 1 days D + 2 days Average 

Prone man 

Nose 
Neck 

Chest 
Navel 

Abdomen 
Femur 
Knee 
Shin 
Foot 

Average 

2.38 
2.12 
2.22 
2.21 
1.91 
2.59 
1.8U 
1.49 
3.06 

2.31 

Prone man, rear 

Head 

Femur 
Calf 

Average 

Upright man 

1.10 
1.03 
1.16 

1.10 

Nose 
Head, rear 
Neck 
Chest 
Navel 

Lower Abdomen 
Femur 
Femur, rear 
Knee 
Shin 
Calf 

Foot 

Average 

3.23 
3.25 
3.14 
3.21 
3.25 
2.23 
2.34 
2.44 
2.93 
2.48 
2.02 
2.I8 

2.73 

3.52 

2.57 
2.29 
2.9O 
2.71 
2.20 
2.45 

2.66 

3.11 
2.80 
2.72 
2.84 
3.00 
2.26 

3.51 
2.72 
3.24 

2.91 

3.17 

3.19 

2.93 
3.03 
3.13 
2.25 
2.45 

2.37 
2.92 
2.90 
2.31 
2.62 

2.77 
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Thus, it would seem plausible that certain data presented in this 
report should be corrected or modified by the results of the work 
described in this chapter. 

The calculated figure of 31 percent of 2 7/ steradians given in 
Section 6.1 can be converted into a factor of 3.22 for comparison with 
the experimental determined factors. This calculated value of 3.22 
is higher than those found experimentally because the calculated factor 
is based on a pure beta-radiation source, whereas the experimental 
factors have a constant gamma radiation component. 

An analysis of the three different beta-radiation geometries 
presented in this discussion indicates a difference in beta-gamma ratio 
in the order anticipated, (Figure 6.9). All three conditions are 
subject to recording the same gamma radiation dose, because of the 
high penetrating power of this radiation present. However, the nor¬ 
mally used chambers "see" a restricted beta radiation field, the 
polyethylene-covered chambers in contact with the down side of a prone 
phantom "see" a 2 w beta field, while the lucite-capped chambers "see" 
nearly a 4 77 beta field. Little difference would be expected between 
the polyethylene-covered chambers and the lucite-capped chambers, since 
little beta radiation will approach a detector from the top hemisphere 
of a 4 7; condition when the activity is confined to the ground itself. 

The authors feel that it would not be justifiable to modify all 
the data of this report by the information reported in this chapter, 
inasmuch as this wouid introduce a controversy regarding the degree of 
validity one might attach to the work of this project. However, the 
authors are of firm opinion that all the surface doses reported should 
be elevated by a factor of approximately 2.5 in order to provide a more 
realistic estimate of the surface-to-internal dose ratio. 

/ \ 
/ \ 

/ ^ 
y A CHAMBER ANTENNA \ 

X 6 CHAMBER GELATIN CAP \ 

/ C • CHAMBER BODY \ 

D • MASONITE EXPOSURE BLOCK 

X - EXTREME CORNER EDGE OF MASONITE BLOCK 

Y ■ EXTREME CORNER EDGE OF MASONITE BLOCK 

Figura 6,1 Cross section of ionization chamber in 
masonite block depicting restricted radiation geometry. 
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Figure 6.2 Typical exposure condition 
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illustrating gecnetry deficiency. 

A - IONIZATION CHAMBER 
B ■ PROJECTED CENTER OF CHAMBER 
« - POINT SOURCE OF P32 
M - MASONITE BLOCK 

_' I S I I I I I I I I 
O I 2 3 4 5 6 7 8 9 10 
B 

Figure 6.3 Determination of chamber geometry. 

<r 

Figure 6.4 Ratio of restricted geometry to 2 -steradian geometry 
with respect to horizontal displacement of the source. 
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POLYETHYLENE 
I 

Figure 6.5 Abeorption study with unrestricted gecnetry. 

Figure 6.6 Abeorption of radiation by 
polyethylene in unrestricted geometry. 
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1—i—I—I—I_I_I cm 

Figure 6.7 Lueite cape fitted to Ionisation 
chambers used In absorption studies. 

(mg/cm1 POLYETHYLENE OR LUCITE) 

Figure 6.8 Absorption of radia¬ 
tion by luclte caps in unre¬ 
stricted ge cne try. 

Figure 6.9 Comparison of the 
three geometrically different 
absorption systems using poly< 
ethylene. 
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CHAPTER 7 

CONCLUSIONS AND RECOMMENDATIONS 

7.1 CHARACTER OF THE RADIATION 

7-1.1 Hard Component, Gamma. The absorption studies made with 

copper and gold indicate a moderately energetic gamma radiation. In 
no case did 3,000 mg/cm? of either copper or gold attenuate this hard 
component by more than 10 percent. 

Dose determinations made at several different interior locations 
in the human phantom gave identical readings, irrespective of the 
depth within the body at which the determination was made. Only 
relatively energetic gamma radiation could give rise to such data. 

7.1.2 Soft Component, Beta. One of the more important consider¬ 
ations of this work was the question of whether low-energy gamma radia¬ 
tion or high-energy beta particles were predominantly responsible for 
the high surface dose to a man in a fallout field. The data strongly 
suggest substantial quantities of beta radiation whose effective energy 
is quite similar to that of radioactive phosphorous, p32> 1,7 Mev. 

7.2 UPRIGHT MAN 

A man standing upright in a radiation fallout field would receive 
a dose at internal points of the body, regardless of height above the 
ground, roughly equivalent to the reading of the average gamma reading 
survey meter. However, the surface dose at any part of the body is a 
function of distance from the ground and can be as much as an order 
of magnitude higher than the internal dose. Further, the geometry, or 
shape, of the body has little to do with either the surface or internal 
dose received at any point. 

7.3 PRONE MAN 

A man lying prone in a fallout field of radiation is subject to 
an intense ground-side surface dose in comparison to the internal dose 
received. This surface dose may be as high as 20 to 1 over the 
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internal dose during the first day after a nuclear explosion, and 
decreases thereafter as a function of time. The top surface of a 
prone man will receive approximately the same dose as the interior. 

7.4 RENOVAL OF GROUND CONTAMINATION BY BRUSHING 

Brushing of the ground, such as might be done by an infantryman 
with his arms, is quite effective in substantially lowering the front 
surface dose when he is in a prone position. Light brushing of the 
soil, if the soil is of such composition as to facilitate significant 
top soil removal, can be responsible for lowering the bottom surface 
dose by as much as 50 percent. However, brushing has little effect 
upon the internal dose and the top surface dose of the prone man, 
lowering these doses by less than 10 percent. Therefore, only a small 
fraction of the hard component, which is responsible for the dose to 
the internal organs and top surface of the prone man, is originating 
from that area that has actually been brushed. Also, the remaining 
bottom surface dose is primarily gamma radiation coming from areas 
other than that which was brushed. 

7.5 VERTICAL GRADATION OF DOSE 

Measurements of vertical gradation of dose show a factor of four 
differential between 5 and l80 cm. Any observed factor-relationship 
for a distance between two heights will be dependent upon so many 
variables that the data presented in Chapter 5 regarding this is little 
more than informative in nature. Only by measuring each particular 
situation for the data desired will vertical gradation of dose have 
meaning. 

7.6 APPLICATION TO HUMAN HAZARD 

A potential hazard may be presumed in the presence of any 
ionizing radiation; it is the penetrating power in tissue of these 
radiations which is the primary determining factor of the degree of 
hazard imposed. The surface doses observed, often 20 times higher than 
the gamma reading, may constitute a serious radiation dosage. The data 
presented here shows that this surface dose penetrates to the depths of 
known radiation-sensitive tissue. However, the relative hazard of the 
surface dose in relation to the internal dose of a man exposed to a 
residual radiation field is a difficult medical problem and cannot be 
evaluated here. 

rne specitic Ionizing strength of most beta radiation is approx- 
mately 50 to 100 times that of most gamma rays. However, beta radia¬ 

tion loses its energy by ionization rapidly in transversing tissue, 
rarely penetrating deeper than 10 mm from the surface. It becomes a 
point of conjecture as to which is the predominant mechanism affecting 
the hazard; the high specific ionization or the limited maximum range 
of beta particles. Each tends to compensate for the other. 

4-^ i! n0t dit’ficult t0 evaluate the tissue penetration of beta 
iation from a fallout field, but the proper interpretation of the 
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11 i ni 11 UMIil lim1 11 i by the penetration Is difficult. Each dif- 
ferent degrer of P0868 ® distinct biological re¬ 
sponse problem in Itself. 

7.7 RECOMMENUATIOMS - 

The project work has provided much necessary data regarding the 
character of the radiation and Its penetrating power In several geo¬ 
metrical situations typical of fallout, In order that an investigation 
of the human hazard resulting from such radiation might be Initiated. 
A collaborative and practical project should be initiated with the 
biological and physical scientists participating to evaluate the degree 
of human hazard prevailing in a fission-product fallout field that is 
not now being measured. 

If such a project is undertaken, a new approach to instrument 
design 1« indicated. Inasmuch as a surface dose, per se, has little 
meaning without knowledge of the penetrating power of this radiation 
in tissue, little will be gained oy a combination of "open-window" and 
"closed-window" readings. It appears that tnix-c distinct radiation 
readings taken on any source will be necessary to evaluate piwpcrTy 
the human hazard. There should be a surface reading (open window), a 
gamma reading (closed window), and some intermediate absorber-thickness 
reading to evaluate the penetrating power of the surface dose. With 
these three readings a nomograph system to evaluate the human hazard 
could be utilized. Considering Figure 7.1 and Figure 7.2, if point A 
Is a surface reading, point B some intermediate thickness, and point C 
a gamma-only reading, it is obvious that while the ratio of A/C will 
be Identical for each of the two figures, the ratio of B/C will be 
different. Further, It is obvious that the theoretical dose origi¬ 
nating from Figure 7.2 will be much more body damaging than the dose 
of radiation stemming from the field creating Figure 7.1, owing to the 
greater penetrating power of the soft component of Figure 7.2. The 
relationship between the ratios of A/c and B/C could be correlated to 
human hazard. 

Although the work described here has been confined to fission 
fallout field, the above-mentioned instrument design should be appli¬ 
cable to all radiation measurements. 

The results of this and other work suggest that there is little 
more to be gained from the future use of phantoms for such measure¬ 
ments. If, however, a biological evaluation of the degree of hazard 
caused by this usually unmeasured soft component indicates a serious 
situation, more extensive phantom measurements might be indicated for 
solving some specific problem, rather than the generalized type of 
study done in this work. 
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