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FOREWORD

Classified material has been removed in order to make the information
available on an unclassified, open publication basis, to any interested
parties. The effort to declassify this report has been accomplished
specifically to support the Department of Defense Nuclear Test Personnel
Review (NTPR) Program. The objective is to facilitate studies of the low
levels of radiation received by some individuals during the atmospheric

nuclear test program by making as much information as possible ivailable to
all interested parties.

The material which has been deleted is either currently classified as
Restricted Data or Pormerly Restricted Data under the provisions of the Atomic
Energy Act of 1954 (as amended), or is National Security Information, or has
been determined to be critical military information which could reveal system

or equipment vulnerabilities and is, therefore, not appropriate for open
publication.

The Defense Nuclear Agency (DNA) believes that though all classified
material has been deleted, the report accurately portrays the contents of the
original. DNA alsoc believes that the deleted material is of little or no
significance to studies into the amounts, or types, of radiation received by
any individuals during the atmospheric nuclear test program.
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ABSTRACT

This proJject was conducted (1) to provide gamma support
measurements for other projects, (2) to determine the inte-
grated gamma dose as a function of distance, and (3) to verify
the changes in gamma mea.sureinents , caused by neutron inter-
actions with the shields, soil, and the gamma detectors.

To accomplish these objectives, the gamme dose was
measured bty film badges, glass microdosimeters, formic acid .
chemical dosimeters, cobalt glass, and thermoluminescent
dosimeters.

Project 2.b4 provided gamma support measurements for
other projects for Shots Small Boy, Little Feller II, and
Johnie Boy. |

Gamma measurements, as a function of distance.from
ground zero, were made from 450 to h,OOd feet for Shot
Small Boy, and from 30 to 2,400 feet for Shots Little
Feller I and II, and Johnie Boy. Measured values of gamma
dose vere higher by at iecst a factor of 2 than predicted
doses for Shots Small Boy, and Little Fellers I and II.

Theoretical calculations of neutron interactions with

blast shields and soil were verified.

In addition, an experiment was performed to determine
the initial radiation-measuring capabilities of the U. S.
Army Quartz-Fiber Dosimeter (IM-93/UD) and to compare it to

its Canadian counterpart, the IM-5013.
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CHAPTER 1
INTRODUCTION

1.1 OBJECTIVES
The objectives of Project 2.4 were (1) to provide gamma

support measurements for other projects, (2) to determine the
integrated gamma dose as a function of distance, and (3) to
verify the changes in gamma measurements,caused by neutron

interactions with the shields, soil, and the gamma detectors.

1.2 BACKGROUND
Altbough the major portion of the energy release of a

nuclear detonation in the atmosphere is in the form of blast
and thermal rediation, the integrated nuclear radiation yicld
is an important factor in the employment of nuclear devices .-
In fact, in the case of very-low-yield devices, the nuclear
rediation yield is considered to be the controlling criteria
for safe employment (Reference 1), since the effective radius
of the blast and thermal effects may be less than that of the

nuclear radiation effects. In addition, shielding calculations

of ordnance equipment, structures, and fortifications are
dependent upon knowledge of the radiation characteristics of
tactical nuclear weapons.

Although many techniques have been used to measure gamm

radiation, the film badge was used at all operations where
11
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gamma measurements vere made (References2 through 28). 1In
conjunction with film badge measurelitents, a number of different
£11m holders were used to provide energy independence and
electronic equilibrium. Among the more common types of holders
were the National Bureau of Standards (¥BS) holder, the los
Alamos aluminum-wood holder, and the Edgerton, Germeshausen and

Grier (EG&G) modified NBS holder.
Additionally, various glass dosimeter systems were employed

e I e e v o an v A Ll B0 e W B Ol T Ve, s TR o A A A T

to measure gamme radiation. The DT-60/PD (Personnel Dosimeter)

wvas used at various times before Operation Plumbbob (References 6,

p i s

21, and 29). At Operations Plumbbob and Hardtack, silver phosphate i

glass microdosimeters were introduced and used with some success
(References 23, 25, and 27).

Then, too, & number of chemical dosimeter systems, including
chloroforr (References 11, 15, 16, and 21), tetrachloroethylene,
single and double phase, (References 11, 15, 21, 23, 25, and 30),
and trichloroethylene (Reference 30), were used with varying

degrees of success.

S NS o A R A, Yy e Y
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However, the results obtained from all these systems wvere

)

J
N

|
E

questioned because of the neutron response of the detector i{t-

® ® A A eme W O SM W am S 8 W 8. ANy Ny W,

self, as well as the interaction of neutrons with the shields
used to protect the detectors from blast and thermal radiation.

In many cases, this interaction produced sufficient secondary

P

4ArIa rays to cause an appreciatle increase in the total dose

measured by the detector.
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Previous measurements of gamma radiation emitted by a
low-yield surface detonation were restricted primarily to
measurements made at the Nevada Test Site during the surface
shot (Shot Sugar), Operation Jangle (References7 and 31). The
dose-rate messurements were restricted to a time resolution of
0.1 second and recorded data up to 24 hours. Because of recovery

: problems, the film used for total gamma dose remained in a fall-
out-contaminated area up to 50 hours after deionation. Thus, the
gamm neasurements reported were a combination of initial and
residual radiation.

Since Operation Plumbbob, recovery techniques have improved,
and informatioa is available fo correct the gamma results obtained
by detector; vhich are also neutron sensitive.

The Nuclear Defense laboratory (NDL) obtained the direct

. interaction correcticn factors for most doiimetér films (Reference
32), while the neutron interaction factors for glass micro-
dosimeters have been evaluated by other investigators (References
33 and 34). Also, the correction factors for the secondary gamma
rtdi‘fion produced by neutron interaction in the shields and soil
vere theoretically obtained (References 35 and 36). However, it
remains to determine experimentally this effect.

It wvas for this purpose, as well as to determine accurately
the integrated gamma dose obtained from a low-yield land surface

detonation, that this experiment was directed.
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1.3 THEQGRY

The gamna component from a nuclear detonation is generally
divided into two categories, initial and residual. Arbitrarily,

“ the initial gamma radiation will be considered to be that which

is emitted during the first minute after the explosion. This
initial radiation results from many nuclear reactions and effects,
of which there are four that predominate. Three of these reactions
and effects have been extensively discussed (References 37 and 38),
while the fourth one, the gamma arising from neutron interactions
with the environment, has only recently been given a closer
examination (Reference 36).

These four major contributors to initial gamma radiation are:

1. The gamma rays produced by the fission process and by
neutron interactions with the materials in the weapon. These
rays are emitted within the first few microseconds and are kncwn
as prompt or instantanecus gamma rays. This radiation is heavily
absorbed in the bomb materials and casing which still surround
the nuclear fuel. |

2. ﬁiéh energy (4.5 to 10.8 Mev) photons emitted frem the
interaction of thermgl and fast neutrons with nitrogen in the
air and the nitrogeﬁ in the weapon's high explosives. This
radiation occurs from a millisecond to a quarter of a second
after detonation. The fast neutron interaction is particularly

important in the case of boosted devices.

3. Fission-product gamma rays emitted from the fireball
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and cloud. These gamma rays have a mean energy of about 1 Mev
and are responsible for almost all the initial gamma dose after
1/4 second.

4. The garmma dose arising from neutron interactions with
the environment other than air. ‘Ihis\ga.nm dose can be produced

by various neutron interactions but one predominates; the (n,7)

interaction with the ground. This capture-gamma dose is a minor

contributor to the overall gamma radiation at the greater distances,

but at the closer stations it may be the major contributor. This

radiation is considered to occur in the same time frame as the
nitrogen capture gamma.

The residusl gamma radiation is defined as the radiation
emitted after one minute following the detonation. This radi-
ation can result from deposited bomb residues and from activity
induced by neutrons captured by various elements present in the
earth or in substances in the vicinity of the detonation. A
complete discussion of induced activities in soil may be found
in Iie{greme 39.

' The gamma-ray exiaosure dose is dependent upon distance from
the point of detonation. There is the general decrease with
distance due to the geometrical spreading of the radiation over
larger and larger areas as it travels away from the point of
detonation. The dose received is thus said to be governed by
the inverse square law. Also, the intensity of the dose is

diminished because of absorption and scattering of the rays by
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the intervening atmosphere. If the burst is close to the surface
of the ground, the presence of dust and debris will cause a
decrease in the expected initial garma dose at any particular

location.
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CHAPTER 2

PROCEDURE

2.1 SHOT PARTICIPATION

Pro.ject; 2.4 participated in four shots during this operation
(Table 2.1). The primary objective of the participation in Shot
Small Boy was that of support for the Program 6 projects (Electromag-
netic). However, the primary objective of the remaining three events was

to document the gamma dose versus ground range.

2.2 OPERATIONS

All the Project 2.4 gamma detectors, with the exception of
one station at Shot Small Boy, were placed in blast shields and
attached with wire rope clamps to the wire rope or manila rope
recovery lines of Project 2.3 (Neutron Flux Mea'lurementl)‘. The one
Small Boy station that was not attached to the recovery cables was in a low-
overpressure area andwas therefore taped to a wooden stake. Clear line of
sight to the point of detonation was insured by elevating each
statfon slightly with sawv horses and sand bags. Recovery of
the detectors, made in conjunction with Project 2.3, was effected
by using a tractor or truck to pull the recovery line out of the
surrounding high radiation field. The detectors vere then de-
tached from the recovery line and transported to NDL. The dose
to vhich the glass and chemical dosimeters wvere exposed was

determined at NDL vhile the exposed f{lm was sent to the
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U. S. Army Signal Corps Research and Development Laboratory (SRDL)
for processing and interpretation. The Naval Research Laboratory
(MRL) determined the dose that the thermoluminescent dosimeters
received.

Support for other projects and the station locations are

presented in subsequent sections.

2.2.1 Shot Small Boy. Table 2.2 gives the various stations

and the types of dosimetry used o measurg.the gamma dose versus
distance. Figure 2.1 shows the relative positions of these stations.

Experiments to determine the effect of shields upon the gamma
detectors were conducted at stations 512.06a and 512.07. These
experiments consisted of exposing sev?ral shielded and unshielded
detectors at each location. In addition, one detector at each
of the above two stations was positioned over 24- by 24- by 5-1ncf1
lead shields in an attempt to ascertain the capture gamma con-
tribution from the soil. Table 2.3 gives the detector array
exposed at stations 512.06a and 512.07.

Support vas provided for Proéram 6 projects by supplying
approximteif i25 detectors wvhich were installed at various
locations wvithin their bunkers. An additional 100 detectors

were supplied to Project 7.2 (Experimental Confirmation of Theoretical
Developm~ut on Radiological Armor) for external and internal gamma
measurements in connection with shielding studies of several M-48 tanks
and a Radiation Protective Pod (RPP). One set of detectors was also
supplied to Project 7.8 (Arming and Fuzing Component Test) dose inside
a missile component.
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2.2.2 Shot Little Feller II. Table 2.4 gives the various

stations and the types of dosimetry used. Figure 2.2 shows the

relative positions of the stations.

‘ In addition, 25 detectors were supplied to Project 1.1 (Airblast Measure-
ments from Small Devices). These detectors were placéd in tanks and on a
balloon line. Installation and recovery were effected by Project 1.1 personnel.

Project 2.20 (Transit Radiation Dose Rate) was supplied with 50 film
badages that were used in studies of the transient gamma dose.

Appendix B contains a comparison of U.S. and Canadian dosimeters
exposed during Little Feller II. '

2.2.3 Shot Little Feller I. Project 2.4 participetion

consisted of instrumenting four lines of stations as shown in
Figure 2.3. Table 2.5 contains all pertinent station information.

2.2.4. Shot Johnie Boy. Project 2.4 participation in

Shot Johnie Boy consisted of a line of stations. from 90
to 3,000 feet at an azimuth of 188 degreés. Table 2.6 contains
all station information. Figure 2.4 shows the relative positions

of the stations.

In addition, 58 film badges were supplied to Project 2.20
for transient gam'-dos'e measurements. Installation and recovery

of these detectors were effected by Project 2.20 personnel.

2.3 INSTRUMENTATION
The integrated gamma dose (i.e. the initial plus the residual
up to the time of recovery) was measured by using dosimetric

1 film-badges, glass microdosimeters, oxygen-saturated formic acid
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dosimeters, manganese-activated calcium-fluoride thermoluminescent
dosimeters, and cobalt-activated borosilicate-glass dosimeters.

2.3.1 Film Detectors. The gamma film dosimeters employed

were similar to those used at past weapon tests. These dosimeters
consisted of a NBS film holder loaded with two dental-size
dosimeter film packets. The NBS holder (Reference 40) consists
of a bakelite container with an 8.25-mm wall thickness covered
with layers of 1.07 mm of tin and 0.30 mm of lead. A lead strip
approximately 0.75 mm thick is wrapped around the outer edge of
the holder to cover the seam. The holder was placed in a plastic
cigarette case for protection from dust and moisture in the field.
The film packets used were the Dﬁpont SX-231 packet, con-
taining Bmulsions 508, 510, and 1290, and the Eastman Kodak
packet containing Emulsion 649-0. This oombination of ermlsions
covers the dose range from 0.1 to T x 10* r. .Table 2.7 gives
the sensitivity ranges of the various dosimeter films exposed.
Since film sensitivity is affected by environment and
manufacture, each batch was calibrﬁted at the same time that
the experimé;;;i gamma exposures were made. This was accomplished
by calibration of the film at the test site Jjust prior to shot
time. The control, calibration, and experimental films were
developed at the same time and their densities measured. The
films were processed for 5 minutes at 20.8020.20°C with Kodak
liquid X-ray developef. The density of the experimental film

was then converted to dose by comparing it to the film that had

.4




been exposed to calibrated amounts of Co°° gamma radiation.
Neutrons will directly interact with the film, and thus
yleld readings that are higher than the true gamma response.
Correction factors for the effect of neutrons were determined
and were applied to the film data when the neutron spectrum and

# integrated flux were known. Table 2.8 lists data on film

sensitivity to neutrons (References 32 and 41).

2.3.2 Glass Microdosimeters. The glass microdosimeters

used were precision glass cylinders of silver-activated phosphate
glass, l-mm diameter and 6 mm long, manufactured by Bausch and
Lomb Company. The basis of this system provides for the creation
of new, stable luminescence centers in the glass rods by the

action of ionizing radiation. The irradiated rods are evaluated

by measuring their luminescence under ultra-violet radiation.

Although the glass rods are energy dependent for energles below

L

100 kev, shields have been designed to make the response of the
dosimeter uniform for all energies (References 42 and 43).
Eowever, due to the short lead time as well as the economics
1nvolved, lead and teflon shields were used as a field expedient.
The shields were composed of a tight fitting 2-mm-thick teflon
tube into which 2 glass rods were inserted end to end; a O0.75-mm
lead strip was then wrapped once around the teflon, and the edges

of the lead were crimped shut. The lead suppresses the lower

U R W PR T F - TS

energy radiation sufficiently to keep the response linear above
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115 kev. Below 115 kev the gamma radiation is attenuated
excessively. The teflon tubing was added to establish electronic
equilibrium.

The range of the microdosimeters is 10 to 10,000 rads
(Reference ik). With appropriate heating and readout techniques
(Reference 45), the range can be extended to approximately 10°
rads. The glass rods were calibrated at NDL and the Nevada Test
' Site. The calibration of the rods consisted of exposing them to
known doses of radiation from either a 280- or 100-curie Co*°
source. A calibration curve was then constructed by a plot of the
; difference in fluorescence between exposed and nonexposed rods
versus dose. The cobalt sources wer~ calibrated with standard

Victoreen ion chambers that had been checked against dosimeters

calibrated by NBS. The fluorescence of the exposed rods was
measured with a Turner Model 110 Fluorometér and a Bausch and
Lomb Microdosimeter Reader modified by the Electronics Branch
of KDL in accordance with specifications determined by Oak
Ridge National laboratory (CRNL)..

COrr‘ec-tionl for fast and thermal neutron interactions with
the glass rods were made according to data obtained from References
33 and 34 and arelisted in Table 2.8.
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