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FOREWORD

This report presents the final results of one of the 46 projects comprising the miiitary-effect
program of Operation Plumbbob, which included 24 test detonations at the Nevada Test Site in
1957.

For the overall Plumbbob military-effects information, the reader is referred to the “Sum-
mary Report of the Director, DOD Test Group (Programs 1-9), * ITR-1445, which includes:
(1) a description of each detonation, including yield, zero-point location and environment, type
of device, ambient atmospheric conditions, etc.; (2) a discussion of project results; (3) a sum-
mary of the objectives and results of each project; and (4) a listing of project reports for the
military-effect program.
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ABSTRACT

Objectives of Project 2.8 were to (1) develop suitable shields for Navy dosimster types IM-107/
PD (guarts fiber) and DT-60/PD (silver phosphate glass) in order to correct their response to
agree with that of standard depth dose detectors imbedded 4 cm in masonite phantoms and (3)
compare externally held ratemeter readings with that of a dose-rate standard also imbedded 4
cm in masonite phantoms .

Based on laboratory gamma shielding studies conducted in the range 80 kev to 1.25 Mev, ex-
ternal shields were developed for use with the above dosimeters. The masonite phantoms were
designed to simulate average human torso configurations. The effectiveness of the shields in
actual field radiological situations was determined in the distributed fields resulting from the
induced radiation from Shots Wilson, Priscilla, and Hood and the fallout field from Shot Diablo.

Studies were made of the correlation between dose rates as measured by the AN/PDR-43
(XN-1) and the AN/PDR-44 (XN-1) and the dose rates indicated by the Naval Material Laboratory
standard depth-dose ratemeter.

The results of the measurements performed indicate that the laboratory shields provided for
the IM-107/PD is adequate to provide good correlation with depth dose. Additional shielding is
required for the DT-60/PD. Shielding is needed for the AN/PDR-43 and the AN/PDR-44. Re-
sults were similar for both neutron-induced and fallout fields.
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Chapter |
INTRODUCTION

1.1 OBJECTIVES

The overall objective of Project 2.8 was to determine the accuracy provided by several types
of Navy radiac equipment in measuring radiological hazard in the field under atomic warfare
conditions.

Specifically, the objectives were to: (1) perform a laboratory study to develop suitable
shields for dosimeter types DT-60/PD and IM-107/PD to correct their response to agree with
the response of the standard depth-dose detectors at a 4-cm depth in simulated human torso
configurations (masounite phantoms) and to determine the effectiveness of these shields under
field conditions and (2) compare the readings obtained with ratemeter types AN/PDR-43 (XN-1)
and AN/PDR-44 (XN-1), when held by a phantom (to ensure shielding and backscattering com-
measurate with that resulting from the normal field use of these instruments) with the readings
obtained with a “deep™-dose-rate field standard.

1.2 BACKGROUND AND THEORY

The concept of determining the accuracy of information obtained with military radiacs by
comparison with a field standard (beta-shielded Victoreen gamma dose meter inair) was first in-
corporated into the field work of Operation Teapot, Project 8.1.2. The standard used in this
operation was designed to measure the gamma dose in roentgen units. In the time which
elapsed since Operation Teapot, it has become increasingly evident that this is not necessarily
an accurate measure of radiation hazard. Recent biological work (Reference 1) indicates that
the physiological effects of a given dose measured in roentgens may vary substantially with the
photon energy of radiation. Rt was shown that corrections should be applied to the roentgen
uanit at low photon energies, since a dose indication in roentgens at these energies would always
be somewhat higher than the biologically significant dose. Furthermore, good correlation has
been found between lethality in laboratory animals and the deep gamma dose; that is, the ioniza-
tion measured several centimeters below the surface of the skin. Separate criteria for the
surface or beta dose have also evolved recently. R has thus become important to redesign the
field standard apparatus used in the evaluation of military radiacs and to extend the measure-
ments made during Operation Teapot to encompass these biological concepts.

Prior to Operation Redwing, Project 2.7.2, (Reference 2), it was recognized that of the pos-
sible doses (air dose, surface dose, 5-cm dose, midline dose, etc.) which could be considered
in a residual field, the measurement of the dose received at a depth offered the best chance of
correlation with physiological damage. In substantiation of this, the following considerations
were given: (1) Measurement of the air dose implies replacement of the body by an instrument
in free air at that point (practical only in a laboratory case). (2) A comparatively large surface
dose, which could cause little acute biological effect, would occur in residual fallout fields
where the surface-to-depth-dose ratio is often 20 to 1 higher (Reference 3).

The dose selected for the Redwing measurements was that measured in 2 masonite “phantom
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man” at a depth of 3to 5 cm. This depth dose was selected because: (1) The National Bureau of
Standards (NBS) Handbook 59 (Reference 4) states that acute effects of radiation are due to dam-
age to the bone marrow whose average body depth is 5 cm. (2) The experimental work of
Chambers, et al, (Reference 5) and Imirie and Sharp (Reference 3) has shown that the dose re-~
ceived in a symmetrical residual fallout field is constant, within approximately 10 percent, at
all depths further than 3 cm, as opposed to a rise between 3 cm and the surface of a factor of
about 20 to 1.

Because of the noodirectionality of radiation, the complex beta ard gamma ray spectra, and
the geometry presented by an individual in a radiation field, it becomes exceedingly difficult to
calculate the tissve dose received from readings of an air or surface dose. Because of this,
measurements of the radiation received at a depth have been made by various investigators.
Since it has not been feasible to make these measurements in humans, various substitutes have
been used. Since water is the predominant constituent of tissue, it has been used as a tissue
equivalent medium, and the water bath has been used as a phantom man. Because of practical
considerations, the water phantom is not always coavenient or suitable for use in measuring
depth dose, and many materials, amoog them rice, powered materials, wax, and pressed woods
(masonite), have been studied to find a suitable substitute whose density and atomic number equal
those of water (Reference 6). Masouite, a cellulose material, has been found to be a suitable
replacement for water and has been used extensively in previous field tests (References 2, 3, 5,
and 8) in various shapes and sizes. The phantoms used by Project 2.8, Operation Plumbbob,
are of the same type as those used during Operation Redwing, Project 2.72, and are described
in detail later in this report.

The results obtained from Operation Redwing showed that the military dosimeters DT-60/PD
{(silver phosphate glass) and IM-107/PD (quartz fiber), when reading a surface dose, exhibited
wide differences, and that neither were in good agreement with standard dosimeters (shielded
pbosphate glass needles) imbedded in phantoms at a depth of 3 to 5 cm. The wide and varying
differences obtained between the surface and depth readings indicate that an error exists in any
attempt to measure and interpret the radiation dose received by personnel in a distributed field.
It was the aim of this project to extend the work started in Operation Redwing in order to cor-
rect the reading errors obtained with the above dosimeter types; and further, to include in the
overall experiment, comparison studies of the readings obtained with the Navy ratemeter types
AN/PDR-44 (XN-1) and AN/PDR-43 (XN-1) with readings of depth-dose rate for the residual-
induced and fallout fields of the type resulting during Operation Plumbbob.

Dsata wis obtained from four shots, which represented two types of residual fields. The
fields preseat following three shots were composed of the neutron-induced activities of Na and
Mn®™. The field present following the fourth shot was entirely due to fallout. For the case of
the induced fields, the Redwing effects noted in the dosimeters (beta sensitivity and backscatter)
were minimized since: (1) the beta radiation was negligible in comparison to the fallout type of
field and (2) the gamma energies were higher, thus backscatter was reduced.

However, the design changes indicated by Operation Redwing, i.e., increased shielding of
both the standard dosimeter types required field prooftests in induced fields as well as in fallout
fields. Since both type of fields were encountered during Operation Plumbbob, a complete eval-
uation of the shielded dosimeters was possible.

The discrepancies noted by Project 2.72, Operation Redwing, between readings of the surface
and depth detectors are coasidered to be due to a combination of backscatter and incident high-
energy beta-radiation effects, both of which tead to increase the readings of the surface dosim-
eters. Ia all cases cited, the agreement between the DT-60/PD’s and the depth~dose detectors
{Reference 2), while not good, was significantly better than the agreement obtained between the
IM-107/PD’s and the depth-dose detectors. This is attributable to the added shielding provided
by the case and the energy-currection shields surrounding the DT-60/PD’s. Under Project
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2.8, Operation Plumbbob, metailic shields for the two dosimeter types had been designed in the
lahouh)ry in an effort to correct their responses to agree with the response of the depth-dose

In the neld. the dosimeters, some selectively shielded, were mounted on the surface of the
masouite phantoms and racks, and their readings were compared with the depth readings
measured by the imbedded phosphate glass needles. The ratios obtained should allow evaluation
of (1) the corrective measures developed in the laboratory and (3) the performance of military

dosimeters in induced and fallout residual fields of the types resulting from Operation Plumbbob.

R was recogunized that for the induced fields, the quality of radiation would differ from that ob-
tained in a fallout field and that lower-energy radiniion would be absent.

13
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Chapter 2
PROCEDURE

2.1 OPERATIONS

The project participated in four shots. Chronologically, they were Shots Wilson, Priscilla,
Hood, and Diablo. The residual fields eacountered in the first three resulted from the neutron-
indoced activities in the soil. These were identified as being primarily the activities of Mn™
and Na™ isotopes. The residual field present after Shot Diablo was entirely fallout.

2.1.1 Shot Wilson. At approximately 45 minutes after detonation of the Wilson device, the
following equipment was transported into the field and located at positions where the field
strength (as measured in air) was of the order of 50 r/hr:

1. Two masonite phantoms loaded with standard depth-dose detectors and with DT-60/PD
and IM-107/PD dosimeters (Figure 2.1). These detectors are fully described in Sections
2.2.1, 2.2.2, and 2.2.3. In this report this type of phantom will be designated as the ‘dosimeter
phantoms. *

2. Ome masonite phantom holding both an AN/PDR-43 (XN-1) (Section 2.2.6) and AN/PDR-44
(XN-1) (Section 2.2.7) ratemeter. The phantom was also equipped with a standard depth-dose
ratemeter (Sectioa 2.2.8) with its detecting element imbedded in the phantom. This type of
phantom will be referred to as the “ratemeter phantom” (Figures 2.2 and 2.4).

3. A masouite rack assembly (Figure 2.3) consisting of four masonite (36 by 8 by 4%, inches)
sections on a wood mounting frame. The rack assembly is fully described in Section 2.2.5. The
IM-107/PD and DT-60/PD dosimeters were mounted on the surface of the four masonite sections,
while the glass needles were imbedded at a depth of 4 cm inside the masonite blocks.

After being exposed for approximately 53 hours, the phantoms and rack were recovered. The
instruments were read and the data interpreted in the quonset area following recovery.

2.1.2 Shot Priscilla. At H + 2 hours after Shot Priscilla, one dosimeter phantom and one
ratemeter phantom were located at positions where the field distribution was fairly uniform,
and the field strength (as measured in air) was between 10 and 20 r/hr. Recovery was made 52
bhours after placement, and readings were then taken and interpreted.

2.1.3 Shot Hood. Two hours after Shot Hood, two dosimeter phantoms, one ratemeter phan-
tom, and the dosimeter rack were located in a 2-to-3-r/hr field. Location in this low-intensity
field was doe to an erronecus AN/PDR-43 (XN-1) reading. About 30 minutes later, the dosim-
eter phantoms and rack were moved to a2 7-r/hr field. Rt was not feasible to move the ratemeter
phantom to a more-intense field, as the power trailer serving the ratemeter recorder was being
shared with another project and could not be moved. Recovery of the ratemeter phantom was
made at H+ 32 hours and recovery of the dosimeter phantoms and rack was made at H + 56 hours.

2.1.4 Shot Diablo. About H + 2 hours following Shot Diablo, two dosimeter phantoms, one
rack assembly, and a ratemeter phantom were placed in a field of approximately S0 r/hr.
Although the ratemeter reading on the hard-surface road leading toward ground zero had been
only 5 r/br, immediately off the road the dose rate jumped to 50 r/hr. The equipment would
have beea removed to a lower field, but the truck transporting the instrumentation became im-

14
CONFIDENTIAL




"(1-NX) $%-HQd/NV pue ([-NX)
CF-NAJd/NV sadL], 19jamajes Suipjoy pue J2)aWajes Isop
-qydap pawpue)s yis papeo] wojueyd ajuosely 2'Z g

‘feire xajouwrysop Juimoys ‘wojueyd ajjuosely 1°zZ InMg

\ -
SOIPION #80Q 4
Bupuioyuog S..ﬁ@

]
e rg O]

15

CONFIDENTIAL



vedded in the sand and could oot be moved., Therefore, the instrumentation was installed as
rapidly as possible and the personnel evacuated by jeep. Recovery of the dosimeter racks and
the dosimeter phantoms was made at H - 8%, hours. The ratemeter phantom was recovered at
H « 30%, hours.

3.2 INSTRUMENTATION

2.2.1 DT-60. PD-CP-95 PD System. The DT-60/PD dosimeter (Figure 2.5) contains a
sensitive glass square mounted in a lead-lined plastic case (Reference 11). The dosimeter is

Figure 2.3 Rack containing masonite sections showing
dosimeter array.

maaufactired by the Corning Glass Works and 1s a standard stock item in both the Navy znd the
Air Force. Tne sensitive giass square, which contains 8 percent silver phosphate, becomes
flucrescent 1n direct proportion *¢ the amount of radiation to which it has been exposed. The
dosimeter has a nominai range of 500 r, the reader being the limiting factor.

Tne CP-35 PD reader Fig.re 2.5 1s a flucrometer containing an ultraviolet light source to
stim.ulate the suver fluorescence ana a photomultiplier to measure the intensity of the fluores-
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Figure 2.4 Layout of phantoms and associated equipment.

M-1077PD's

Figure 2.5 Surface dosimeters used on phantoms and CP-95/PD reader for DT-60/PD’s.
17

CONFIDENTIAL



eace. The reader scale is calibrated directly in roeatgens, and the dosimeter-reader combi-

oation is designed to have an accuracy of approximately : 20 percent for gamma energies from
80 kev to 2 Mev. UmsedD'r-Go/PD'adnnmmstoekhnuavermm-dounluoota'lr,
which is automatically subtracted by the reader to give a aet total exposure.

An investigation of the accuracy of a large random selection of DT-60/PD’s indicated a wide
variation in the accuracy of the individual instruments, although for the most part the dosimeters
read within the specified limits. Since it was felt that the data desired might be obscured by the
inherent variation in the DT-60/PD’s, an attempt was made to calibrate the individual response
of instruments prior to their use. Approximately 700 dosimeters were given an accurate dose
of 100 r. As the resuit of this evaluation, 150 dosimeters whose accuracy was within + 5§ per-
ceat were selected for use in the laboratory phase of this work. Due to limitations in time and
in the availability of instruments, the dosimeters used in the field were not evaluated in this
manner, and for this reason represent the normal stock quality item. As indicated previously,
the accuracy of such instruments is quoted as + 20 percent.

Thirty DT-60/PD’s were mounted on each dosimeter phantom, and 64 were mounted on the
rack assembly (16 per individual rack).

2.2.2 IM-107/PD. The IM-107/PD is a C-t0-200-r quartz-fiber electroscope manufactured by
the Beadix Aviation Corporatioa (Figure 2.5). R is energy independent above approximately 35
kev, bas very low leakage, and is quoted as being accurate to within 20 percent over its entire
range (Reference 7).

The dosimeters, although designed to indicate gamma dose, were found to be sensitive to
beta radiation during Operation Redwing (Reference 2).

The IM-107/PD’s were selected for accuracy prior to use in the field. Of 200 dosimeters
tested, 80 were selected that had an indicated accuracy of i 5 percent, and 30 others showing
an accuracy of + 10 percent were also used.

Forty of the IM-107/PD’s were positioned on each dosimeter phantom, and 68 were mounted
oa the rack assembly (Figures 2.1 and 2.3).

2.2.3 Silver Phosphate Glass Needles and Reader. The glass needles used as the depth-dose
standard dosimeters in this project were made of the same 8 percent silver phosphate glass used
in the DT-60/PD. The needles are very small, measuring 1 by 6 mm, and were developed by
the Naval Research Laboratory (NRL). At present the needles are fabricated by Bausche and
Lomb. In the original design, the needle was encased in a cylindrical teflon sleeve whose ends
were capped with lead shields (Figure 2.6). A 0.2-mm gap existed between the inside edges of
the two lead caps whea the dosimeter was assembled. In this configuration, the response of the
needle was suppoeed to have been energy independent from 80 kev to 2 Mev. Needles with this
type shielding were used during Operation Redwing. A postoperational evalustion of the Redwing
oeedles and shields by the NBS indicated that a response of 4 percent above normal existed at an
energy of 250 kev. To correct for this error, new shields were developed by the Naval Material
Laboratory (NML). The changes involved were the increase of the base and wall thickness of the
lead caps by 1 mm and the reduction of the gap between the caps to 0.1 mm. As a result of these
modifications, the error at the 250-kev energy was reduced 80 that the response was within : 10
percent of the average response of the instrument over its energy range. The energy-dependence
characteristics of the needles with shield are shown in Figure 2.7,

Improved shields, coasisting of 2 molded gold-polyethylene structure, have been developed
by Frask Day of the NBS. These shields extend the energy independence characteristics to a
lower limit of 30 kev and provide a uniform response for a dose from 4 r irradiation. Despite
the fact that negotiations had been made to procure this type of shield, the contractor was un-
able to produce them in time for use in the field.
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Relative Response of Needle

Figure 2.6 Phosphate-glass needles and shields.
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Figure 2.7 Energy-dependence curve of shielded phosphate-glass needles in free air,
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The reader (Figure 2.8) for the needles operates on the same principle as that used with the
DT-60/PD dosimeters. R was developed by the NRL for use by Redwing Project 2.72. Figure
2.9 shows the calibration curve obtained with a set of ten needles which had been irradiated in
increasing increments of 50 r by the NBS.

The phosphate glass needles were mounted in three lucite slides and two masoaite sections
for insertion in the phantoms (Figure 2.10). Approximately 14 shielded needles were used in
each slide with about 36 more imbedded in each of the two special masoaite sections. An ad-
ditioaal 36 needles were imbedded in each of the four masonite segments of the rack assembly.

2.2.4 Masonite Phantoms. The phantoms are constructed of laminated pressed wood sec-
tions of approximately unit density. The phantoms counsisted of 20 sections, each 1%, inches
thick, to give a total torso height of 30 inches (Figure 2.1). Each phantom was supported by
a wooden platform about 30 inches high. The front-to-back thickness of the phantoms was 9
inches (23 cm) and the shoulder width was 18 inches (46 cm). The phantoms were designed so
that plastic slides and masounite sections containing the phosphate glass needles could be in-
serted into the phantoms at various angles and at various elevations from the ground (Figure
2.11). The DT-60/PD’s and the IM-107/PD’s were mounted on the surface of the phantoms as
described in Sections 2.2.1 and 2.2.2. The ratemeter phantom was equipped to hold one sam-
ple each of ratemeter types AN/PDR-43 (XN-1) and AN/PDR-44 (XN-1) and one standard depth-
dose ratemeter with its detecting element embedded in the phantom at approximately chest
heigit at a depth of 4 cm (Figures 2.2 and 2.12).

2.2.5 Masonite Rack. In addition to the dosimeter phantom, a masonite rack assembly was
used for the exposure of dosimeters and for measurement of the concurrent depth dose. The
rack was used for all shots for which dosimeter exposures were made with the exception of
Shot Priscilla.

The rack assembly consisted of four masonite slabs each measuring 36 inches long, 8
inches wide, and 4Y, inches high. The slabs were mounted on a wood frame so that the under-
surfaces of the individual slabs were 1, 2, 3, and 4 feet off the ground (Figure 2.13). The
individual slabs were identified as Rack I, Rack II, Rack ITI, and Rack IV, the numerical des-
ignation being indicative of the height of the particular slab above the ground.

The masonite slabs had a series of holes drilled at a distance of 4 cm from the front and
back and to such a depth that the glass-needle dosimeter would be located at the center height
of the slab (Figure 2.13). Wood dowels were used to close the holes after insertion of the
shielded needles. In this manner, the homogeneity of the rack was preserved as much as
possible.

2.2.6 AN/PDR-43 (XN-1). Radiac AN/PDR-43 (XN-1) (Reference 9) is a small, portable,
battery-operated (two BA-30 batteries in series) ratemeter manufactured for the Navy by the
Electronic Products Company, M. Vernon, New York, (Figure 2.14). The instrument is de-
signed to indicate within 20 percent the field intensity of gamma radiatior between 0.5 to 500
r/br in three ranges. Provisions are made for beta indication, and an internal beta source
was used for checking instrument operation. The AN/PDR-43 utilizes a pulsed Geiger-Mueller
tube as the detecting element. The tube is operated at a direct~current voltage below threshold
and is made seunsitive to radiation by means of a shaped voltage pulse superimposed on the
direct-current voltage. The voltage pulses are obtained from a relaxation oscillator circuit
operating at a pulse repetition rate of approximately 1,400 cps. The Geiger-Mueller (G-M)
tube is sensitive to radiation only for the duration of each voltage pulse. The duration of each
pulse is small compared to the dead-time of the tube, so that the tube can produce no more
than one count during each applied oscillator voltage pulse. This mode of operation permits
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Figure 2.8 Reader for phosphate-glass needles.

as — T T
‘ l !
| i ‘
| |
|
ae —t +
; i /ﬂ
! 1
; o
o;‘ +
a2
o1
- |
° S0 100 180 200 250 300 350 400 450
r/Hour

Figure 2.9 Calibration curve for phosphate-glass needles and reader, Co®,
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extending the useful range of the G-M tube from the mr/hr region to the r/hr region. The num-
ver of G-M tube pulses produced. is proportional to the probability of an ionizing event occur-
ring within the tube during the time the fixed, pulsed, overvoltage is applied (on-time). The
G-M tube pulse rate is therefore a measure of the radiation field. Range changing is effected
by changing the width of the on-time 1,400-cps pulse. Thus, the least range (0 to 5 r/hr) has

Figure 2.10 Slides and sections loaded with phosphate-glass needles
for insertion in masonite phantoms.

e

=€ greatest puise width to compensate for the reduced probability of an jonizing event occur-
iag 1z a fieid of this intensity. The wstrument 1s designed to give an air-equivalent response
witnin 20 percert for gamrma energies in the range, 80 kev to 1.25 Mev,

4]

2.2.7 AN PDR-4%4 ‘XN-1i. Radiac set AN/PDR-44 (XN-1) (Reference 10) is a portable,
cantery-operated .one BA-30 battery) ratemeter, designed by the Naval Radiological Defense
Labcratory NRDL: and manuractured for the Navy by the Admiral Corporation, Chicago (Fig-
.re 2.14 . The 1nstrument utiizes a pressurized gamma-sensitive ionization chamber for
cndicating garmma radiation in one of three ranges: 0to 5, 0to 50, and 0 to 500 r/hr. Read-
ings were Gisplayed over a 20-.a. linearly marked scale, equipped with a mechanical range-
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Figure 2.14 Photograph of standard depth-dose ratemeter
and ratemeter Types AN/PDR-43 (XN-1) and AN/PDR-44 (XN-1),
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Figure 2.13 Diagram of rack showing location of surface dosimeters and shielded needles.
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changing system. The meter is driven by a computer-indicator circuit consisting of a stable
differential amplifier type of electrometer vacuum-tube volt meter (VTVM) circuit using a
dual-tetrode electrometer tube. The reading accuracy of the instrument between 10 and 100
percent of full scale is + 20 percent for gamma radiation in the energy range 80 kev to 1.25 Mev.

2.2.8 Depth-Dose Ratemeter. A depth dose ratemeter (Figure 2.14) was utilized in this
operation as the standard against which the two ratemeter types under investigation (AN/PDR-
43 (XN-1) and AN/PDR-44 (XN-1) ) were compared. The depth-dose ratemeter had its de-
tecting element imbedded in the phantom at a depth of 4cm at approximately chest height, and
the dose rate obtained at this point was recorded and compared with the recorded readings
obtained for the above phantom-held ratemeters. The detecting element for the standard rate-
meter is a scintillon plastic phosphor 1 cm in diameter and 1 cm high. A strip of zinc-sulfide
(silver activated) 2mmwide was wrapped around the periphery of the phosphor at midheight to
correct the energy dependence of the bare scintillon phosphor. A lucite light pipe, 1 cm in
diameter and approximately 12 inches long, was used to transmit the phosphor response to a
LP21 photomultiplier tube located at the top of the phantom (Figure 2.12). The density of the
lucite is 1.18 gm/cm®, and it is considered that the lucite-phosphor combination does not alter
the tissue equivalence of the phantom. The photomultiplier tube output was read directly on a
100-mv Varian Associates recorder.

The respoanse of the instrument with the detecting element imbedded in the phantom (depth
4 cm) was compared to the air-equivalent respoase of a Victoreen ratemeter (similarly imbed-
ded) for gamma radiation (70 kev to 1.25 Mev) incident on the surface of the phantom. The
results are shown in Figure 2.15. The indicated accuracy of the instrument is within 10 per-
cent for energies between 40 kev and 1.25 Mev and within 5 percent for a Co*® air dose.

The range of the instrument is 20 r/br, with readings indicated linearly on 5-inch recorder
paper, allowing a reading accuracy of 0.1 r/br. The gero shift of the instrument was found to
be negligible for repeated 20-hour runs. The respoase of the phantom imbedded instrument
for Co® exposures in 2-r/hr steps up to 20 r/hr is shown in Figure 2.16.

The 4-cm-depth-dose ratemeter recording may be integrated over the exposure time and
the resultant dose compared with that recorded by the 4-cm needles that sustained the same
exposure.

2.2.9 Ratemeter Recording System. Because of the high fields required, the readings of
all Tatemeters used were recorded for later interpretation. A Varian Associates G-10, 100-
mv recorder (with 5-inch chart) was used. To facilitate recording the readings of the three
instruments on one recorder, a sampling system composed of motor-driven, cam-actuated
microswitches was used. This provided a cyclic reading of each ratemeter for approximately
18 seconds each minute. Provision was also made for a 5-second recorder zero check once
each cycle. The recorder and sampling system required 110-volt, 60-cycle power, which was
supplied by means of six 12-volt storage batteries and a 230-watt inverter. Six paralleled
storage baiteries were adequate to power the entire recording system for periods in excess
of 54 hours, which was the maximum recording time required (Figure 2.4).

2.3 DATA REQUIRED

2.3.1 Laboratory Data. Prior to the actual field work, external shields of various materials,

such as stainless steel, duraluminum, lead, and lucite were tested in an effort to correct the
response of dosimeter types IM-107/PD and DT-80/PD (while reading a surface dose) to agree
with the respoase of the standard dosimeters (silver phosphate glass needles) imbedded at
depths of 4 cm in a masonite phantom. Dosimeter readings were obtained with various shields
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and compared with the readings of the phosphate glass needies for bilateral radiation of energies
in the range of 70 kev to 1.25 Mev incident on the phantom. From this data the most effective
shields were determined to be 0.08 inch of stainless ateel for the IM~107/PD, and 0.012 inch of
lead for the DT-60/PD.

2.3.2 Field Data. In the field, the masonite phantoms and sections were loaded with the sur-
face dosimeters, IM-107/PD and DT-60/PD (some selectivity shielded), and with the phosgphate
glass needles as previously described. Following each exposure the surface dosimeters and
the needles were removed from the field and read. Due to nature of the response of the silver
phosphate glass to irradiation, the DT-60/PD’s and needles were read after a stabilization peri-
od of 24 hours. The accuracies of the needles and DT~60/PD dosimeters are considered to be
within 20 percent. The accuracy of the IM-107/PD’s (preselected as described in Section
2.2.2) is coasidered to be within 10 percent.

Readings of ratemeter Types AN/PDR-43 (XN-1) and AN/PDR-44 (XN-1) were recorded
while the ratemeters were undergoing exposure in residual fields. The recorded readings were
compared with the readings obtained with the standard depth-dose ratemeter, which had its
detecting element imbedded in the phantom as described in Section 2.2.8. The AN/PDR-43
(XN-1) and AN/PDR-44 (XN-1) ratemeters have a specified accuracy of : 20 percent for gam-
ma radiation in the energy range of 80 kev to 1.25 Mev. The depth-dose ratemeter had a
measured accuracy of within 10 percent for gamma radiation in the energy range 40 kev to 1.25
Mev and within 5 percent for a Co™ air dose. The recording system has a rated accuracy of
1 percent and produced no detectable distortion of the response of the three ratemeter types
involved.

The estimated accuracy of the field readings contained in the results is of the order of + 20
percent for both the dosimeter and the ratemeter readings.
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Chapler 3
RESULTS

3.1 DESIGN OF SHIELDS

Becanse of the erroneously high readings of both DT-60/PD’s and IM-107/PD’s reported
from Operatioa Redwing (Reference 2), shields were designed to bring the response of these
detectors as close as possible to the response of the standard phosphate glass needles imbedded
to a 4-cm depth in 2 masonite phantom.

As voted in Section 2.3.1, the optimum shield thickness selected were 0.06 inch of stainless
steel for the IM-107/PD dosimeter (1.65 grams/cm?) and 0.012 inch of lead for the DT-60/PD
dosimeter (0.346 grams/cm?).

Figure 3.1 shows the ratios of the response of the shielded and unshielded IM-107/PD to
that of the 4-cm needle for various energies. Figure 3.2 similarly shows the ratios of the
shielded and unshielded DT-60/PD. Values in each case are determined from the averages of
ten detector readings.

Figures 3.3 and 3.4 show the respoase cf both shielded and unshielded IM-107/PD’s and
DT-60/PD’s, respectively, to the air dose for various energies.

Tables 3.1 and 3.2 present the actual laboratory data obtained in this experiment. No single
thickness of shielding was found to bring the ratios in Figures 3.1 through 3.4 to unity for all en-
ergies from 80 kev to that of Co®. The shields chosen in both cases tend to reduce response to
low-energy (less than 100 kev) radiation to relatively low values. The indicated thicknesses of
shielding were chosen, bowever, based on the criteria that (1) shielding must be thick enough to
prevent passage of betas of energies up to several million electron volts, (2) a relatively minor
percentage of the dose is contributed by gamma energies below 100 kev, particularly in neutron~
induced fields, and (3) doses delivered at energies less than 100 kev is less significant
biologically.

The laboratory evaluation was performed with bilateral radiation in all cases. The IM-107/
PD’s and DT-60/PD’s (some selectively shielded) were mounted on the chest of a masonite
phantom (Section 2.2.4). The shielded needles were imbedded 4-cm deep in the chest and the
phantom was irradiated for a prescribed time. The phaatom was then rotated 180 degrees, so
the back was now in the position the chest had occupied. An identical exposure was made and
a correction factor applied to compensate for the increased distance from the source of the
needles and surface detectors. The phantom was removed and the air dose measured, using a
Victoreen r-meter placed at the position of the phantom’s chest. As described in Sections
2.2.1 and 2.2.2, dosimeters used in this experiment had previously been selected from a group
found to be accurate within 5 percent when tested with a radium point source.

3.2 CHARACTERISTICS OF SHIELDED DOSIMETERS

Figure 3.1 shows that the shielded IM-107/PD’s read slightly lower than the 4-cm needle
dose for the entire energy range between 80 kev and that of Co® (1.25 Mev) with relative response
very close to unity at higher energies. At Co®™ energies, the shielded DT-60/PD’s read 1.17
times the 4-cm needle reading (Figure 3.2). Thus, if energies encountered during Operation
Plumbbob had been approximately those of Co®, the shielded DT-60/PD could be expected to
read about 17 percent higher than the shielded IM-107/PD. Similarly, the laboratory data
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