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PREFACE

T™is report covers the operations of Project 6.1, Evaluation of
Military Radiac Iquipment, at the Huclear Weapons Tests held at the
Nevada Proving Grounds of the Atomic Hnergy Commission during the
months of April, May and June, 1952, It is organized in three chapters,
corresponding to the principal portions of the project, namely:

(a) Radiac Survey and Dose-Alarm Equipment Bvaluation, (b) Dosimeter
Bvaluation and (c) Rapid Aerial Survey,
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CHAPTER 1

Vv SE- EQUIPMENT EV T

1.1 ABSTRACT

Badiac equipment of current military interest was evaluated to
determine its adequacy under representative field conditions. A
1limited amount of information was obtained on the maintenance and
spare parts burden occasioned by field use of radiac equipment.

The following equipments are considered to have reached develop-
mental maturity: AN -T\B, AN/PDR-18, AN/PDR-27 series and Tracer-
l‘b 80-130

The following radiac equipments are considered to require further
development work, and to erhibit sufficient promise in their present
form to Justify priority treatment in programming development work:
IM-71/PD(XB-1), IM-70/PD(XE-1), NRDL $472 Recycling lonisation Chamber
Dosimeter and Alarm, and AN/PDR-37,

Radiac equipments observed which are unsatisfactory in their
current form but which may, nevertheless, be capable of development
in a satiefactory form are: RD-102, AN/PDR-31, and AN/PDR-32(KN-2),

Modifications were developed which eliminate current operational
and maintenance troubles with the AN/PDR-T1B and AN/PDR-27. Design
and construction faults which became manifest in maintenance of the
AN/PDR-18 are listed.

1.2 QBJECTIVE

The circumstances of a nuclear weapons test program offer a
unique opportunity to obtain large scale usage of radiac instruments
under conditions which approximate military operationa. The objective
of this portion of the project was to furnish radiac equipment of
current military interest to users at the Nevada Proving Grounds,
maintain service and maintenance facilities and records, note and in-
vestigate failures and inadequacies of the equipments, and try out
such improvements as may be indicated by the investigations. The obdb-
Jectives were not fully realised since the principal users of radiac-
meters (the Radiological Safety Organization) had established the
policy of employing only the AN/PDR-T1B and the Beckman MX-5 meters
for day-to-day operations., As a result, project personnel, as their
dose tolerances permitted, were employed in survey exercises in
available contamination fields to obtain as much operational use of

11




other military radiac equipment as possible under the circumstances.
1.3 BACKGROUND AND THEORETICAL DATA

The Radiac Evaluation Project is a project which has been included

in the Military Effects Test for each of the recent nuclear weapons
test progranms.

A historical survey of military radiac development appeared in
the report Operation JANGLE, Project 6.1, "Evaluation of Military
Badiac Bquipment.®” In addition to those radiac instruments whose de-
velopment was traced in the referenced report, two Signal Corps
Engineering laboratories' experimental radiacmeters, the IM-70/PD(XE-1)
and IM-71/PD(XE-1), and the NRDL 472 dosage alarm were evaluated.

The IM-71/PD(XE-1) radiacmeter is a miniature ionization chamber
device employing a modification of the "floating electrode” chamber to
drive an inverted vacuum tube electrometer voltmeter. Twenty-five (25)
Prototype models, constructed between January, 1952, and March, 1952,

at the Signal Corps Engineering Laboratories, were available at the
Nevada Proving Grounds.

The IM-70/PD(XB-1) radiacmeter is an ionization chamber device
employing an orthodox chamber with an inverted vacuum tube electro-
meter voltmeter. Its high voltage power supply includes a transistor
oscillator used as a d.c. converter. Twenty (20) prototypes were

built during the same period as the IM-71/PD(XE-1) and brought to the
Nevada Proving Grounds.

The NEDL $472 is a recycling dosimeter dose-alarm device employing
an ionization chamber which is alternately discharged by radiation and
recharged by a relay operation, the relay cycles being counted by a
register which sums and indicates the total dose received. An adjus-
table alarm is provided which is set off by the register at any de-
sired dosage. This instrument was evaluated in a very preliminary

fashion at BUSTER-JANGLE and re-engineered prior to Operation TUMBLER-
SHAPPER by USNRDL.

1.4 INSTRUMENTATION

1.4.1 Set AN/PDR-

The radiac set AN/PDR-T1B is an ionization chamber type,
gamma survey equipment. Information on the evaluation of the T1B is
availadble in the 6.1 report for Operation JANGLE., The instruments
tested during this operation were modified in accordance with the
findings of that report. (See Fig. 1.1).

12
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1.4.2 Trecerlad SU-13 Radlacmeter

The radiacweter SU-13) is an {onisation chamber camma {n-
strument. It hae a logarithmic scale meter reading from 25 mr/hr to
500 r/hr. Te dimensions of the unit are 74" X 44" X 3" and 1t weighs
approximately 6 lbe. (See Mg. 1.2).

The circuit of the SU-13 employs three subminiature
vacuum tubes, two of which constitute a linear feedback electrometer
voltmeter measuring the voltage developed acrose the third tube which
ie operated as a logarithmic input element.

The battery complement consiste of two #5-volt "B" bat-
teries and four sise "D" 1§ volt flashlight cells.

1.4.3  RR-102

The RD-102 is an ionigation chamber type gamma survey in-
strument. It s a floating grid electrometer inetrument having a two
range logarithmic scale meter reading 1 mr/hr to 1 r/hr and 1 r/hr to
2000 r/hr. (See Mg. 1.3).

1.4.4  Radlacmeter IN-20/PD(XB-1)

The rediacmeter IN~P0/FPD(XE-1) is a small ionisation cham-
Yer gamma survey instrument weirhing approximately three pounds. It
employs a etandard ioniszation chamber and an inverted triode electro-
meter tudbe. It provides scale switching with five linear meter rangee
of 0-0.05 r/hr, 0-0.5 r/hr, 0-5 r/hr, 0-50 r/hr, and 0-500 r/hr. One
important feature of thie instrument {s the use for the firet time of
a transistor power supply, which supplies a 400-volt sweep-cut voltage
for the chamber. (See Fig. 1.4).

1.4.5 BRadiacmeter IN-71/PD(XE-1)

The radiacmeter IN-71/PD(XR-1) 1s a emall beta-indioating,
ganma measuring ionisation chamber type inetrument employing an inverted
triode electrometer tube circuit with a floating control elecvrode., It
has a total weight of 1 1b. 2 ox. and uses two mercury batteriee with a
11fe of approximately 200 hours. It has a five decade pseudo-logarith-
ic meter scale reading from 0.02 r/hr to 500 r/hr. The inetrument
containe a thallium-204 source for calibrating in radiation fielde.

The calibration source is mounted on a rotating aluminum disc on the
outeide of the inetrument case which, when rotated to the proper po-
sition, places the source over the fonisation chamber window. Another
position of the diec opens the window of the ionisation chamber for
beta indication. A carbon-14 source inside the chamber provides con-
tinuous fonigation to inocrease the atability of the instrument. (See
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1.4.6 Radiac Set AN/PDR-18

The radiacmeter AN/PDR-18 ie a high intensity scintilla-
tion type gamma radiation survey meter. The detection of radiation is
accomplished by means of a phosphor element. Impinging radiation
causes the phosphor to fluoresce. Thie fluorescence is measured by a
Photomultiplier tube, the output of which is directly connected to the
grid of a pentode comprising one arm of a balanced dridge. The degree
of unbalance of the bridge is proportional to the radiation deing
measured. (See Fig. 1.6).

1.4.7 Badiac Sets AN/FDR-27 and AN/PDRE-27%C

The radiacmeter AN/FDR-27 s a Geiger-Nueller type inatru-
ment for measuring gamma or indicating beta radiation. It has four
ranges: 0-0.5 mr/hr, 0~5 mr/hr, 0~50 mr/hr, 0-500 mr/hr. The two more
sensitive ranges are obtained dy using a thin, end window tube (BS-1)
in a probve. The end of the prove is protected by a shield which is re-
moved for indicating beta and gazma. The two higher ranges are pro-
vided by)u second tudbe (BS-2) inside the case of the instrument. (See
H.(. 1-? &

1.4.8 Radlac Set AN/PDR-32(XN-2)

The radiacmeter AN/PDR-32(XNK-2) is a portable survey meter
velghing 2 lbs. 2 os. designed to measure gamma or indicate beta radia-
tion. The senasitive element of the instrument consists of two minia-
ture halogen-qwnoched Geiger-Mualler tubes. The average current, re-
sulting from the pulses in the tubdbes, is converted to a pulsed current
by means of a chopper, fed through an impedance matching step-down
transforner, and rectified by a half-wave crystal rectifier in the
meter circuit. A current gain of the order of 8C results from the in-
verter-transformer-rectifier operation.

The powver supply of the AN/PDR-32(XN-2) utilises two BA-30
flashlight cells in series to drive a 3-volt vibrator which has an out
put of approximately 750 volts. This output is rectified dy a cold
cathode half-wave rectifier and regulated dy means of two adjustadle
oorc;u regulator tubes, one for each Geiger-Meuller tube. (See Mg.
1.8).

1.4.9 NEEDL 472
The NRDL #472 recycling ionization dosimeter and alarm ie

an electronic dosimeter providing an audibdle alarm, adjuetadble from
0-25 r. The sensitive element of the instrument is an ionisation

=




Fig. 1.5 Radiacueter IN-71/PD(XB-1)

¥R .‘36

stLEerg,

Q@

NATTERY
A~20)

Mg.




Tig. 1.8 Radiac Set AN/PDR-32(XN-2)
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chamber with a collection voltage of approximstely 90 volts. When the
collection voltage is reduced to approximately 65 volts, as a result
of ionization in the chamber, the cathode current of the electrometer
tube, which is used inverted, is sufficient to operate a micro-relay.
This relay in turn operates a power relay. The dose required to pro-
duce this drop in collection voltage is 5 mr.

When the power relay closes, two operations result: (1) an
escapement 1s actusted through one cycle which allows a spring loaded
drum register to advance; (2) a 90-volt bdattery is placed across the
chamber to recharge it. When the chamber is recharged, the cathode
current of the electrometer is reduced and the micro-relay cpens.

Each cycle is made evident to the user by the advancement
of the drum regieter and a neon flasher., Exposure may also be called
to the attention of the user by making use of an alarm buzser which
can be set for any doge within the range of the instrument.

The drum register is divided into major steps of 1 r and
subdivided into 200 mr divisions. One of the instruments tested was
pmodified to have a total range of 4 r with scale subdivisions of 20 mr.
(See Fig. 1.9).

1.5.10 Badiac Set AN/FDR-3]

The AN/PDR-31 recycling ionisation chamber dosimeter and
alarm is similar in operstion to the NEDL #472 described above. Three
basic differences are: (1) the range, 0-200 r and 0-1000 r with a 3 r
piniwum alarm setting; (2) the use of a gas-tube relay in place of the
sicro-relay, and (3) the use of an orthodox electrometer circult in-
stead of the inverted triode electrometer. (See Fig. 1.10).

1.4.11 Radiag Set AN/PDE-37

The radiac equipment AN/PDBR-37 is a portable, meterless,
¢smma survey instrument. It is a Geiger Mualler tube instrument opera-
ting on a three-volt vibrator power supply.

The principal of operation of the instrument is based on a
thyratron fed back in such a way that the circult oscillates at and
above a given grid bias. The grid bias is determined by the radiation
rate at the Geiger-Musller tube and by the setting of a potentiometer
voltage divider in the tube circuit. The potentiometer setting 1s
used to determine the bias at which the circult Just begins to oscil-
late, being calibrated in r/hr. 3Zarphones are used to determine the
point of oscillation. (See Fig. 1.11).







1.5 OQPERATIONS
1.5.1 Discuasion

Evaluation of radiacmeters by Project 6.1 involved two
phases. (1) A radiac instrument shop and calibration facility was
saintained at building #CP-2, in which maintenance and calibration
service was provided for all radiac instruments employed in the opera-
tion. Records were maintained on maintenance operations and any un-
usually frequent failures were investigated for thelr causes. In
addi tion to msintenance, this shop expended approximately six man-
months in installing modifications in AN/PDR-T1B's owned by the Radio-
logical Safety Organization. Shop experience resulted in investigation
of T1B and PDR-27 troubles for which corrective measures were found.
(2) The field phase of radiac evaluation was originally intended to
include extensive use of project instruments by Radiological Safety
personnel and by troops engaged in Nuclear Weapons maneuvers in addi-
tion to smaller scale radiac fleld drills by project persomnel. The
latter type of operation proved to be the only means available to ob-
tain field hours on equipment and obtain opinions on their adequacy.
Thie portion of the program was carried out by project personnel who
were brought on the site decause of their persanent interest in fleld
operations, assisted by such casual visitors and observers as were
available. Approximately 500 equipment use hours were obtained in
soderate fields (up to 10 r/hr), the limiting factor being the maximum
allowable dose for the persomnel involved.

1.5.2 Recommendations

The sponsoring military agencies have indicated interest in
evaluation of radiac equipment for operational adequacy in the hands of
typical end users (as distinguished from technical adequacy). To ac-
complish this, it is recommended that all military orgsnisations using
radisc instruments at Nevada Proving Grounds (Radiological Safety,
Camp Desert Rock, etc.) be given specific participation in a program
for providing sufficient usage hours on service type equipments to
satisfy project requirements. To facilitate record keeping, it 1is
recommended that issus of all Nevada Proving Grounds' radiac equipment
be made a Project 6.1 responsibility in charge of a military officer
with enlisted assistance as required.

1.6 BADIAC TRAINING SET AN/PDR-TIB

1.6.1 Regulta

'The radiscmeter AN/FDR-T1B, having been tested on Operations
GRERNHOUSE and JANGLE, was not evaluated on this operation in the same
gense as the other instruments tested. It became involved in Project







6.1 for two reasons: (1) as a result of information obtained at Opera-
tion JANGLE, two modifications were performed at the site on those
AN/PDR-T1B 's used by the Radiological Safety organization, (2) all in-
struments used by the Radiological Safety organization were maintained
by the instrument repair shop of this project.

The instruments modified were used continually by the on-
site and off-site monitors and not one failure resulting from either
modification occurred. The maintenance records kept on the AN/PDR-T1B's
indicate that the only outstanding maintenance problem on the modified
instruments was failure of the meter movement. Six meters were replaced
in the T1B's. The same meter movement was used in the IM-70/PD(XB-1)
and the IM-71/PD(XE-1) and several meter fallures resulted. In a few
cagses, iron filings were found in the meter movement.

1.6.2 Diacussion

Two modifications were performed on the radiacmeter u/mx-
T1B to reduce maintenance and to eliminate the ewitching transient
characteristic of the instrument, @especially on the sensitive ranges.

The first modification was to replace the "telephone type"
leaf switch with a conventional rotary type switch. This modification
arose from the fact that during Operation JANGLE, over 50 per cent of
the maintenance performed on the T1B resulted from malfunctioning of the
leaf switch. (See PFig. 1.12),

The second modification resulted from an investigation,
during this operation, of the transisnt that occurs when the meter is
switched from one range to another. It has been found that while g
some T1B's have little meter movement in swi tching from one scale to i
ano ther, moet of them have erratic deflections with various recovery
times. In some cases the switching transient caused the meter to be
unreadable for periods up to 25 seconds. The apparent cause of the
transient was a signal on the grid of the electrometer tudbe producea §
by electrostatic induction between the bound charge distridutions on
the ceramic rotor and the radial guide prongs of the stator -- both |
parts of the range switch. The effect was such that the transient oc-
curred even though the high-megohm circuit was wired to by-pass the
swvitch, showing that the cause was not within the conductive circuit
1tself. By removing the guide prongs of the switch stator and farsten- |
ing the rotor to the shaft for mechanical strength, the transient was |
reduced to an almost undetectable amount. In a few cases a minor |
residual effect remained and this was eliminated by conductive painting f
of the peripheral surface of the rotor ceramic to form a guard ring
wvith respect to the stator charge distribution. (See Mg. 1.13)e
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1.6.3 Conclusions

The radiacmeter AN/PDR-T1B, with two modifications previoue-
ly discussed, constitutes, exclusive of form-factor, weight, and range
1limi tation, a satisfactory interim survey instrument and warrants no
further development due to the anticipated availability of newer light-
weight, high-range instruments in the near future.

The excessive occurrence of faulty meter movements indicates
that improvement in quality control is needed in this component if ad-
ditional instruments are procured.

1.6.4 Recommendations

It 18 recomrended that a modification work order, with the
required modification kits, be initiated to modify those AN/PDR-T1B's
novw in the field and in service depots in accordance with the findings
of this report. It is aleo recommended that this modification be in-
cluded in any of these instruments produced in the future. Because of
the significant number of fallures of meter movements in this equip-
ment it is recommended that better quality control be exercised on
this component in future procurements.

1.7 ZIRACERIAB SU-13
10?c1 m
The radiacmeter SU-13 proved to be a relatively rugged,

reliable, and generally satisfactory instrument with a few exceptions
as noted below:

1. It is too heavy.

2. The luggage type fasteners on the case are not
satisfactory.

3. The calibdbration procedure was not satisfactory.

4, The "ad/ust 500 r" knob was frequently disturbed

accidentally.
5. The instrument should have a better "on-off"
indication.
1.7.2 Discuasion

Although the SU-13 is smaller and lighter than gamma survey
instruments in present military use, development models of survey in-
struments nov being tested indicate that even much smaller and lighter
adequate survey meters can be made., Aleo, compared to newer types of
instruments, the ocircuit of the SU-13 is unnecessarily complicated.
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The luggage type fastener used to hold the instrument in
’, the case encourages tampering by unqualified personnel. In one case,
| the lug, cast as a part of the face of the instrument, broke during a
norral closing operation.

The calibration procedure, though straightforward, is com-
plicated by the fact that it is necessary to remove the instrument from &
the case and remove the batteries in order to adjust the decading of
the instrument. However, once calibrated, the instrument retained its
calibration well.

| The "adjust 500 r" knod should be modified in such a way as
to decrease the poesibility of accidental movement. The "on-off" kmob
should be modified in a manner which would give a more positive indica-
tion of its setting. MNumerous cases of operators failing to turn the
inetrument off resulted from the lack of such a positive indication.

1.7.2 Conclusions

Although the radiacmeter SU-13 was found to be a fairly
satisfactory gamma survey meter, it is concluded, in light of the de-
velopment types of radiacmeters tested, that it is not an instrument of
mili tary interest. It has been shown that a smaller, lighter, and
considerably cheaper instrument will better meet military requirements.

1.7.4 Becommendations

It 18 recommended that no emphasis be placed on the SU-13
as a military instrument.

1.8 RD-102
1.8.1 Results

The radiacmeter RD-102 was found unsatisfactory as a gamma
survey meter in the following respectes:

1. Poor readability.
2. Poor reliability of readings.
3. No external "gero" adjustment.

1.8.2 Discussion

The most frequent comment by users of the RD-102 was that
the meter scale was difficult to read. The scale 1s bdoth small and
printed in such a way as to not be conducive to easy reading. The
close proximity of the high and lov scales was confusing.
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It was found, during those field exercises in which the RD-
102 vas used, that the readings were not consistent. Thes readings of
one given instrument were sometimes higher and sometimes lower than a
group of instruments with which its readings were being compared.

The fluctuation in readings described above prompted com-
ments from users that an external "zero” adjust is needed.

1.8.3 Conclusions

It was concluded that the RD-102 is not a satisfactory
instrument for military use.

1.8.4 Regommepdations

It 1s recommended that the RD-102 not be considered for
pilitary use. It is felt that it does not warrant any military develop-
ment.

1.9 BADIACMETER IM-70/PD(XE-])
1.9.1 Results

The 1imited testing to which the Radiacmeter IM-70/PD(XE-1)
vas subjected indicetes the following results:

1. Sise and weight satisfactory.

2. Bange satisfactory.

3. Time-constant unsatisfactory.

4, The transistor powsr supply, though it showe promise,
requires further development to increase stability.

5. General packaging unsatisfactory. However, it is
realized that this instrument is a laboratory dbuilt
model designed to test basic ideas and not engineering
design.

1.9.2 Discussion

The size and weight of the IM-70/PD(I3-1) are small enough
to be classed ae satisfactory. However, it is felt that 1ite sige
could be further reduced.

The strongest objection to the IM-70/PD(XE-1), in the form
in which it was tested, was the long time-constant of the meter. In a
number of cases the time-constant was so long, erroneous readings were
obtained by the operator failing to wait until the meter had reached
an equilibrium reading. During this operation a circuit change was
developed which improved the time-constant to an extent that was con-
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sidered satisfactory. Thie circuit change was made on one instrument
only, however, and was not subjected to sufficient tests to allow com-
ment on its adequacy in other respects.

The transistor power supply, which operated on three small
mercury batteries, did not give the stability obtained by operating the
instrument on a battery supply. In addition, several of the transistor
power supplies failed. However, sufficient operation on this power
supply was obtained to indicate that the development of such a power
supply may be possibdle.

1.9.3 Congclusione

The IM-?0/PD(XE-1) is of sufficient interest to warrant
further research and development in this approach to the problem of
producing & small, light weight, survey meter. The transistor power
supply shows sufficient promise to warrant further development.

1.9.4 Recommendations

It is recommended that development of an instrument to in-
clude the basic ideas incorporated in the Radiacme ter IM-70/PD(IR-1) be
conducted on a priority bdasis.

1.10 RADIACMETER [M-7)/PD(XE-1)

1.10.1 Results

The Radiacmeter IM-71/PD(XE-1) received varied usage
during the operation including a parachute jump in Nuclear Weapons
maneuvers by Desert Rock troops. The tests performed indicate the
following:

1. Sige and weight satisfactory.

2, Readability and reliability satisfactory.

3. Calibration procedure satisfactory.

4, Rotating aluminum disc for operating beta shutter
and placing calibrating source in front of ionisation
chamber not satisfactory.

5. Calibration adjust knod too sensitive.

6. Charge on meter glass produced by rubdbing caused
instruments to become inoperative.

7. General packaging not satisfactory. However, 1t is
realized that the instruments were laboratory bduilt
and were not intended for testing engineering design.

8. Many troubles resulted from the Tl3 meter movements
used in these instruments,

9., Porm factor satisfactory for belt operation. Namer-




ous suggestions for other form factors were received.

1.10.2 pPiscussion

The sise, weight, and eimplicity of the Radlacmeter
IM-71/PD(XE-1) represents a distinct improvement in the design of a
survey meter for military use. The models tested lesave much room for
improvement, principally in the form of proper mechanical engineering.
However, the instruments tested were generally satisfactory.

The readability of the instrument was good.
ment was most reliadble between 100 mr/hr and 100 r/hr.
range of greatest prodadble operational use.

The inetru-
This is the

The calibration of the instrument is a simple procedure.
However, the caps for the holes in the case, through which a screwdriver

18 inserted for adjusting the internal calibration potentiometer, were
easily lost.

The rotating disc which operates the beta shutter and
Places the source over the window of the ionigation chamber was not
considered good mechanical design. It also affects the energy depen-
dence adversely. There was some question as to the practicadility of
using a source for calibrating the instrument. If a source is used it
should be placed inside the instrument with a shutter device.

The reactions to the form factor were divided between
those who favored belt operation and those who favored an instrument

that could be carried in a Jjacket pocket. Many suggestions were re-
ceived and passed on to the intearested laboratory.

Comments with reference to packaging and components are
not stressed because of the fact that the instruments were produced
solely to test basic ideas.

1.10.3 Conclusions

It 1s concluded that the IM-71/FD(XE-1) is a realistic
approach to the problem of developing a small, inexpensive, light-weight
survey meter. It was found satisfactory for both beta indication and
gamma measurement. The results odbtained, from the varied usage to
which the instrument was subjected, indicate that such an inetrument
shows great promise for military use. It is felt that future research

and development efforts in the survey meter field should be channeled
along the lines of this or similar instruments.
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1.10.4 Recommendations

It 18 recommended, in view of the succeseful operation of
the IN-71/PD(X8-1) that emphasis in the survey meter field be placed
on that research and development required to put this instrument into
production. The size, weight, and low estimated production cost of
the IM-71/PD(XB-1) are such that it is recommended that work on this
problem be given the highest priority.

1.11 BADIAC SET AN/PDR-18
1.11.1 Regults

The radiac set AN/PDR-13 received approximately 150 ser-
vice hours, all in the hands of project personnel. Results of evalua-
tion are tabulated:

1. Sigze and veight are excessive as noted in the
JANGLE Project 6.1 report.
2. Carrying means (handle and shoulder strap) are
acceptable. i
3. Bange switching is unsatisfactory.
4. Calidbration procedure is unsatisfactory.
5. Decade accuracy and scale linearity are satisfactory.
6. Case and chassis design is deficient in minor items.
7. Time-constant is satisfactory.
8. Condition and adjustment as received from the
manufacturer are unsatisfactory.
9. Satisfactory performance at 15,000 feet altitude
was obtained.

1.11.2 Diecuseion

AN/PDR-18 radiac instruments were employed in fields up
to 400 r/hr, the maximum field being obtained during an airborne pass
over ground gero. Only a few seconds of service at this highest in-
tensity was observed. Performance in fission product fields of the

order of 1 r/hr was satisfactory, parallel to that of air ionisation
chamber equipments.

The equipments on receipt vere calibrated, inspected, and
ad justments made as necessary. It was found necessary to clean and lu-
bricate all "0" ring shaft seals, since a moderate amount of binding
was evident. The range switching mechanism is coupled via an inter-
rupted tooth gear train to the optical shutter which (1) exposes the
photomultiplier to the standard light source in the "Cal" position
and (2) exposes the photomultiplier to the light from the scintillant
in the reading positions. The gear train and shutter required con-
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siderable driving torque, and the indexing detent mounted on the range
swvitch does not have sufficient locking torque to provide positive in-
dexing. Calibration error may result.

Consideradble trouble was found in adjusting the optical
geometry of the standard light source. The difficulty stems from ]
lack of rigidity in the source mounting, so that the adjusting screw
cannot be locked up without disturbing the adjustment.

One unit vas received wvith the rear sub-panel hanger
bracket carried away from its welded anchorage on the battery case, ap-
parently from a dowvnward shock which caused no other damage.

= SR

Cover screws thread into aluminum dbushings in the instru-
ment case. The dushings are installed wvith screw driver slots facing
the case bottom, so that they cannot be easily removed or tightened.
Binding occurs in the cover screw-to-~bushing fit, and repair is quite
difficult,

Equipment serial numbere are so small as to be unreadabdle
in many cases.

1.11.3 Conclusions

The AN/PDR-18 radisc set is cousidered to be, with the
exception of sise and weight, an adequate interim equipment for mili-
tary use. It requires minor redesigs of unsatisfactory mechanical de-
tails. No further development effort in the field of portadble scin-
tillation-photomultiplier equipments is indicated. Availability of a
sul table high gain gas-multiplying phototube could, however, revive
development interest in scintillation type equipment.

1.11.4 Becopmendations

It 1s recommended that:
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1. No further development be undertaken on ‘he AN/PDR-18
except to remove present engineering deficiencies.

2. Silicone grease lubrication be applied to all shaft
seals.

3. Range switch be modified so as to include a high
torque detent.

4, Standard light source mounting and adjustment mecha-
nism be redesigned to provide positive micrometer ad-
Justment.

5. Shutter drive gearing be redesigned.

6. MNounting of sudb-panel be strengthened.

7. HNoted deficiencies in cover screwv bushings bde elimi-
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; nated. Anodizing or substitution of gray iron may be
i satisfactory. "

1.12 BADIAC SETS AN/PDR-27 and AN/PDR-27C
1 1.12.1 Results

A total of 120 AN/PDR-27 geries radiacmeters were made
available to the project. Approximately 175 hours of use were obtained
in the hands of project personnel. The equipments had not been modi-
fied in any way to remove the deficiencies noted in the Project 6.1
Report, Operation JANGLE. These deficiencies were so objectionadble to
the Radiological Safety Organization that it would not consider the e-
quipment usable for its operations. As a result, an opportunity to
observe large scale usage under typical field condi tione was regrettably
lost. Results of observation are tabulated:

1. Deficiencies noted in the Project 6.1 Report,
Operation JANGLE, are reaffirmed.
2. No means of obtaining sufficlent sensitivity range
in the probe is available except by replacement of o
the BS-1 Geiger-Mueller tube.
3. The "canned” univibrator and voltage regulator unite
Z-101 and Z-201 are unsatisfactory. »
4. Calibration provision ie unsatisfactory.
5. The thin end window Geiger-Mualler tube is unsatis-
factory as a probe, being both inconvenient and
fragile.

1.12.2 Discussion

T™he greatest single item of diessatisfaction in the entire
project was the inability to obtain large scale operational employment
of the AN/PDR-27 as had been anticipated. The Project 6.1, Operation
JANGLE Report recommended that such modificstions as extending probe
range, providing vindow protection, improving carrying strap, reloca-
ting probe cable, etc., be made. The fallure to effect these improve-
ments 18 responsible for the low acceptability of the AN/PDR-27 at the
Nevada Proving Grounds.

A few crude attempts were made by the project to improve
sarple instruments. Two equipments were modified by reducing the trig-
ger palr threshold voltage to 0.6 volts to extend the linear rsuge of
the BS-1 Geiger-Mualler tube. A 10 mr/hr range was desired, bdbut only
about 8 mr/hr was obtained with negligible non-linearity. Another e-
quipment was modified by replacing the BS-1 Geiger-Mueller tube with an :
Anton #106 and also reducing the trigger threshold voltage as noted. A
linear probe range was obtained to 20 mr/hr with a total (non-linear)




range of 50 wr/hr. A Beckman MI-5 probe was rebuilt for thias equip-
ment. Radiological Safety personnel interviewed indicated some ap-
pProval of the modified instrument. It was quite apparent that the end-
window tube, per se, is not convenient for personnel or vehicular beta
monitoring. Use of a thin wall tube of the Eck-Krebs form may reduce
moni toring time by a factor of two.

A persistent failure (10 were noted) of the AN/PDR~-27
series was evidenced by the appearance of a meter reading on all scales
in the absence of radiation. The cause, uniform in all cases noted, is
the loss of insulation in the Z-101 or 2-201 "plug-in unit®, the re-
sult of the deposit of a low resistance film from the potting wax oa
the surface of capacitor C-202, tube V-202 or the phenolic base of the
unit itself, thus applying B plus to the V-202 grid. V-202 is main-
tained in conduction by the reduction of grid dias, and its steady
Plate current is metered. Clean-up with a brush and solvent, or simply
by scraping, restores the unit to service.

Calibration of the 27 series is very time consuming,
since each of four decades must be calidbrated independently and the
chassis replaced in the case for exposure to the source. A jig or
dummy case has been designed to permit access to the calibrating po-
tentiometers but this equipment was not made availadble to the project.

1.12.3 Conclusiona
It 1s concluded that:
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1. The AN/PDR-27 and 27C would be adequate interim
radiac equipments for military use provided the
modifications suggested in the report of Project
6.1, JANGLE were made.

2. The beta prode is unsatisfactory on grounds of con-
venience in use and sensitivity range.

3. Potting compound in 2-101 and Z-102 units is elec-
trically unetable and a prime cause of unnecessary
maintenance.

4, Calidbration provisions are inconvenient.

1.12.4 Recommendationa

It 18 recommended that:

1. The beta prode be redesigned and field modification
initiated promptly. A Geiger-Mueller tude of smaller
volume and/or shorter dead time is required. The
product of volume and dead time should be of the
order of 1/8 to 1/10 that of the BS-1 to provide
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linear response at 50 mr/hr. A side window or
thin wall form s recommended. If an end window
tube is retained, window protection muet be provided.

2. The potting compound used in Z-101 and Z-201 units be
eliminated or replaced by a stable wax.

3. A deelgn study be made to improve calibration pro-
vislions. For example, calibration potentiometers
could be replaced by fixed resistors and calibration
accomplished by adding two variable capacitors (one
for each decade pair) connecting the grid of V-102 or
V-202 to ground via the range switch. KExternal cal-
ibration controls protected by water tight caps are
recommended.

1.13 RADIAC SET AN/PDB-32(XN-2)

1.13.1 Bagulta

A total of nine AN/PDR-32(XN-2) radiac instruments were
nade availadble to the project at about midpoint of the operation, A
negligidble amount of operational use was obtained, both because of the
short period on site and because troudles developed immediately in the
process of putting the equiyments into service. HNone of the equipments
were successfully calidrated or could be kept operative for a sufficient
time to permit operational use and evaluation. The operational die-
orepancies odbserved during calidbrating range operatione follow:

l. At constant intensity, the meter indication varied by
as much as 50 per cent for different geometric
orientations of the radiac.

2. Random variations of meter indication occurred with
the radiacmeter resting untouched on the range.

3. light tapping with a pencil produced sudden changes
of meter reading of as much as 2.5 to 1.

4, Some voltage regulators had insufficient range to
permit cslidration; that is maximum setting on the
regulator did not bring the meter to full indication
of the radiation field intensity..

5. Some vibrators were in marginal operating condi tion
as received and failed to start after a few starting
cyclee. Bench adjustment was successful in every
case in obtaining dependable starting.

6. Tracking of the radiacmeter indication with the cali-
brating gamna field was poor in those cases in which
calidration at 100 r/hr and 0.1 r/hr was obtainable.
Maximum tracking error appeared at about 5 r/hr
field.

UNELASSI71ED

Y PRI DT " T W i e Ko ks




LM é .
VUL VIO

-

7. Calibration, when obtained, was not in general,
stable from day to day.

8. Neter readability was unsatisfactory. It was neces-
sary for the calibrator to accept considerable dose
on the range in the calibrating process, in order to
assure himself that readings were correctly obtained.

9. Two instances of case breakage occurred from falls
of a few feet.

1.13.2 Discussion

As & result of the immediate operational troudles en-
countered with the AN/PDR-32(XN-2), it was considered necessary to in-
vestigate their causes and, if possible, to put the equipment into
operational order.

Three vibrators, which had become inoperative were ad-
Justed on the bench, observing the waveformes with an oscilloscope.
The element adjusted was the arrest or detent which restrains the mo-
tion of the "fixed" contacts. The intent was to eliminate contact
"bounce” 1f possible and to odtain a large reed amplitude. Dependadle
running and reasonably good waveforms were easily obtained.

Investigation of the positional vagaries of the radiac
disclosed that the vibratoris decidedly geotropic, ite frequency vary-
ing as it 4{s rotated about a line parallel to the reed. No effect on
the regulated high voltage supply resulte from the frequency shift,al-
though the current imput to the vidrator varies as much as 30 per cent,
Chopper contact frequency is identical with reed frequency and the
variation here produces serious results. Investigation of eight unite
disclosed an average variation of plue or minus 14 per cent in meter
current with position. The resulting variation in meter indication
(r/hr) may be as high as 70 per cent.

The Geiger-Mueller tude response is independent of po-
sition, s0 long ae it 1s not in circult with the chopper. However, in
1ts normal circuit, the positional variation of chopper contact fre-
quency results in variation in the time-averaged Geiger-Nueller tube
current. This resulte from the fact that there are voltage pulses on
the Geiger-Mueller tubes at the chopper frequency. These are 10 volts
high in a 10 r/hr field. A change in the chopper duty cycle is thus
reflected through the tube duty cycle on the time integrated Gel ger-
Mueller tube current. It may be noted that the contact closure period
is hardly affected--the effect being due to variation in repetition
rate alone.

It was found that some of the equipments as received,
would respond to light tapping on the case with a large shift in vidra-
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tor frequency, accompanied by a change of 2 to 1 or more in meter indi-
cation. Oscillographic exarination disclosed a family of extra con-

tact pulses associated with the frequency shift.

It {e presumed that

the cause lies in the exclitation of stable higher modes of oscillation
in the reed, although the lack of stroboscopic equipment made the
diagnosis uncertain. This effect was cleaned up by adjustment of the
contact arrest in two equipments.

lecking tiwe, no investigation could be made of the sta-
bility of Geiger-Mueller tubes and corona regulators with reference to
long term drift in characteristics. These are suspect, since (a) the
meter scaling function (meter indication as a function of meter current)
is not at present identical to the inverted sensitivity function (the
radiation field as a function of total Geiger-Mueller tube currents),
and (b) the corona regulators do not in all cases nave sufficient

range to calidrate the Geiger-Mueller tubdos.

It must be presumed that

these tw discrepancies were not present when the manufacturer shipped
the equipments; thus the conclusion is inescapable that drifts have

ocourred.

Minor difficulties were experienced with operating con-
trols--erratic operations of the on-off swlitch, binding of the beta
shutter operating mechanism, and meter light switches that can be
turned on by the weight of the radiac. The voltage regulstor tube ad-
Justing screw and housing are not securely clamped, and during adjust-
ment may move the tube enough to short the high voltage terminal.

Shorts also occurred on the high voltage supply dus to failure of poor
insulation on hook-up wire used.

1.13.3 Conclusions

The brosd conclusion is inescapable that the AN/PDR-32 is
enmeshed in too many unsolved components problems to permit sensible
operational evaluation of the equipment as a whole. Conclusions indi-
cated by project experience are:

1.
2.
3.
b,

S

6.

The case form factor deeign is superior to any
radiscme ter observed.

The case material is not sufficiently rugged for
ni 11 tary use.

The vibrator-chopper unit is not sufficiently stadle
to perform its sssigned function reliabdbly.

Operating mechanisms (controls) are unnecessarily
elegant and expensive.

Geiger-Mueller tubes and voltage ragulating tudbees are
possibly unstable in characteristice with respect to
m.

Meter readadility is poor.
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7. Voltage regulating tubes have insufficient range.

8. Development status i{s an illogical mixture of highly
developed finished package engineering with unproven
components and circuit engineering.

9. In summary, the AN/PDR-32 is not a technically ade-
quate radiac instrument for military use in its
present status.

1.13.4 Recgopmendationa
It is recommended that:

1. The basic design philosophy of the output current am-
Plifying system and of the high voltage regulating
system used, be reexamined competitively with other
potential designs.

2. BExtensive stadility studies be made of (a) halogen-
quenched Geiger-Mueller tubes employed and (b) the
adjustable voltage regulators.

3. A design study be made, aimed at & high stability
vibrator drive.

4., Metal or laminated plastic case construction dbe con-
sidered.

S. Operating controls be redesigned and simplified.

6. Meter scale be redesigned for easier reading.

7. Solution of components problems and examination of
design philosophy be given first priority.

l.14.1 BRegults

The #4472 Dosimeter saw only limited use at the Nevada
Proving Grounds by project and senior Radiological Safety personnel as
an adjunct to high-dose quarts fiber dosimeters on early survey and
other high intensity field operations. Comment of using personnel in-
dicates that a radiac instrument of this type may have a field applica-
tion in the basic mission of supplying tactical information to troop
units {n nuclear wespons operations. A desire was evidenced to develop
the unit in a package which could be carried in a pocket or as an item
of bdelt equipment. It may be desirable to incorporate this type of
dose information with a high range dose-rate information--perbaps 5-10
r/hr sinimux indication. The instrument as delivered to the project
had too coarse resolution for Nevada Proving Urounds use, where the
operational tolerance is set at 3 r. One unit was project modified to
indicate 4 r total dose with 20 wr scale graduations and thie unit was
well received.
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Units vere calibrated after receipt and found to be quite
stable and reliadle. Calidration and alarm set controls were inconven- .
fent to use. Projecting switch toggles and rewind knobs were objection- i 9
able since they were easily snagged on clothing, vehicles, etc. —- ac-
cidental turning off or disturbance of dose indication resulting. No .
service failures occurred resulting from circuit malfunction or compo-
nent failures. Air operations and rough country operations in vehicles }

resulted in no malfunction or damage.

1.14.2 Disguesion

The #472 is a development radiac instrument, rather
crudely engineered and packaged, primarily to illustrate at Nevada
Proving Grounds a type of radiac vhich has had 1ittle developmental at-
tention. Better foresight in design would probably have resulted in
msuch more extensive use during operation. Poor form factor resulted
from overemphasis on minimising the cycle increment of dose (5 mr was :
used), which required a large ioniszation chamber of low capacity. A =
sui table micro-relay could not be obtained and pilot relaying was em-
Ployed, making further demands on cubage.

Maxizum dose indication was chosen at 25 r, a figure
having some standing as a possible military tolerance. Resulting dose 8
resolution was not satisfactory for Nevada Proving Grounds operatioa
vhere only about 10 per cent of the whole scale length was of any util-
ity.

Calibration was performed on a collimated 0060 range »y
timing a few cycles at a known dose rate, and adjusting the spring tea-
sion on the micro-relay as required to bdring the increment to 5 mr.

The operation is tedious, requiring the use of earphones to count the
cycles and a very critical adjustment to be made internal to the case.

1.14.3 Conclusions
It wvas concluded that:

T S — e a2 ~

1. The cycling ionization chamber dosimeter is a type
of instrument that may have some troop operational
utility.

2, The combination of this inetrument with high level
dose-rate indication should be further studied.

3. The current model is excessively bulky and heavy

1.14.4 Eecommendations

It 1s recommended that: &
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1. Development of the #472 type of radiac be assigned
priority.

2. Means of combining with high level dose-rate indica-
tion be investigated. 1t is possible that relay
operations can be rate-counted by means of simple
rate-me ter circultry.

3. Scale changing facility be included in design so that
the same instrument is usable both for nuclear wea-
pons test and maneuvers, and for war operations.

4., Use of 1gniter gas tube and hard tube trigger circuit
relaying be investigated.

1.15 MISCRLLANEOUS
1.15.1 Radlac Set AN/PDR-3)

The radiac equipment AN/PDR-31 was not extensively tested
for two reasons: (a) only two instruments were availabdble, (b) the dose
range and resolution are comple tely unsuited for weapons test use at
the Nevada Proving Grounds.

1.15.2 Radiac Set AN/PDE-3?

One unit was available. This radiac instrument is inten=-
ded only as a model to {llustrate the feasidility of a meterless radiao

equipment design. Operation was in general satisfactory. The follow-
ing recommendations are made:

1. The feasidility of a miniaturised radiacmeter of
4 or 5 decades range, employing potentiometer read
out with message register type drum dials indication,
be investigated.

2. Design studies be made of potentiometer read out sys-
tems, varylng types of threshold signal and dial in-
dications to determine if reduction in size, weight
or power are available over D'Arsonval meter read out.

1.15.3 Alr Sampler Jig for Radiac Set AN/PDR-27

A plastic reading jig for application to the AN/PDR-27
probe for determining activity of air filter samples was developed at
USNRDL and submitted to Project 6.1. It ie adapted to filter holders
of the Chemical Corps Portable Air Sampler and of the NRDL - General
Rlectric "“vacuum cleaner" type. Interpolation of sample activity be-
tween known activities of Sr’0 is made. No operational use was ob-
tained--samples collected at Shots 7 and 8 being below minimum sensi-
tivity of the device, although countable with good significance on a
be ta counter of 40 per cent geometry.
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Recoxmendations are:

l. Jig be redesigned to increase geometry.
2. A Jig for use with a thin wall Gelger-Mueller prabe
be designed, since this type of probe is decidedly

superior for general purpose personnel and vehicle
moni toring work.

1.16 BADIAC INSTRUMENTS - GRNERAL
1.16.1 Conclusions

At the present time, there are no radiac instruments a-
vallable to the military services which can be considered entirely sat-
isfactory for their use. There are, however, instruments currently in
Production which, with relatively minor modifications, are adequate
interim inetruments. These are the AN/PDR-T1B, the AN/PDE-27 series,
and the AN/PDE-18. Although these instruments are inadequate as stan-
dard items due to size, weight, range, complexity of circui t, produc-
tion coet, or othsr reasons, they are, on a limited basis at least,
avallable to the armed forces; and they will measure radiation.

In recent months considerable work has been done on
miniaturization and simplification of radiac instruments. Results in-

dicate clearly that small, relatively inexpensive instruments can be
Produced which will meet mili tary requirements.

1.16.2 Recommendations

It 18 recommended that the modifications outlined in thig
report bde made on the AN/PDR-T13, AN/PDR-27 series, and the AN/PDR-18
in order to provide the mili tary services with adequate interim instru-
ments. It is felt, however, that no major development work should be
done on any of these instruments and they do not warrant the expendi ture

of any funds other than those necessary for making them truly adequate
interim instruments.

It is further recommended that emphasis be placed on the
development and production of selmple, light-weight, inexpensive survey
instruments. All instruments Presently being developed by or for the
mili tary services should be reconsidered competitively, with the inten-
tion of determining how mili tary requiremsnts can be met in the shor-
test time with a minimun of effort and expense.
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CHAPTER 2

V. ON OF DOS ND A TE ME

2,1 ABSTRACT

Nine dosimeters, or associated components, of current military
interest were tested at the Nevada Proving Grounds during operation
TUMB LER-SNAPFER., Results indicate that none of the dosime ters tested
are entirely satisfactory for military use. The DT-65/PD with its as-
sociated holders, PH-650/PD and PH-656/PD, is, however, satisfaciory
for interim use.

The charger FPP-3540/PD was subjected to limited tests. For the
conditions that existed at the test site, it operated satisfactorily.

2,2 (BJECTIVE

The dosimeter phase of Project 6.1 was conducted in order to sub-
Ject those dosimeters of present military interest to the high dose
rates and the energy spectrum characteristic of an atomic explosion.
It wvas desired to determine the accuracy of dose indication, as com-
pared to a standard, and the consistency of the indication among dosi-
meters of the same type. Both development and production type dosi-
meters were tested.

2.3 BACKGROUND AND THEORETICAL DATA

The dosimeter evaluation program is a continuation of the tests
begun at Operation GREENHOUSE and continued at Operation BUSTER-JANGLE,
The development types of dosimeters tested are those presently being
examined as part of the Army Signal Corps dosime ter program, with the
exception of the Taplin dosime ter, which is being developed under the
auspices of the Army Chemical Corps.

2,4  JESTRUNENTATION
2.4.1 DT-65/PD Photographic Dosimeter

The DT-65/PD Photographic Dosimeter is a "dry" developing
device using the Polaroid-Land process. The dosimeters used on thie
operation provided dose readings from 25 r to 675 r in 12 non-uniform
steps. Readings are obtalned by comparing the darkening, due to radi-
ation, of a photographic emulsion, with a step wedge. This dosime ter
is presently under production.
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2.4.2 -4 /PD

The DT™-64/PD Photographic Dosimeter is identical in
operation with the DT-65/PD,

The range, however, is 1 r to 60 r. ‘This
dosime ter is still under development and not considered ready for pro-
duc tion.

2.4.3  PH-650/FD Dogiweter Holder

The dosimeter holder PH-650/FD is a plastic holder for
use vith the Polaroid type Photographic dosimeters. It is the non-de-

veloping counterpart of the PH-656/PD metal dosimeter holder in that 1t

does not contain means for squeesing the chemical pod and spreading the
developing chemicals. It is

designed to carry three dosime ter rlaques.
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