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‘;\“"‘.L‘w;lsa SA.4
EVALUATION OF RADIOLCCICAL SURVEY INSTRUMENTS USED FOR HEALTH PROTECTION
DURING OPERATION SANDSTONE

APONIC ENERGY ACT - 1948
T ABSTRACT @RBIPIC MRSTRICYED DATA CLEARANCE B0T RIQUIRED

WD SEAITARY CLASSIFICATION
Task Group 7.6, with.aaslemd responsibilities for radiologicsl health

protection during Operation Sandstone, conducted certain tests and made observations
on field performance of a mumber of miscellsneous instruments including Ceiger-
¥usller survey instruments, ionization chamber survey instruments, and integrating
dosimeters,

This report contains observations on the mumbers and types of instruments
required for operations of a similar nature to Operation Sandstons., Certsin design
defects are noted in the instruments used, ana same corrective recommendations ‘are
made,

In general, the performance of the instruments used during the operation
was pood, Serious lenkap? prablems were encountered with pocket dosimeters. Some
troubles were encouniered in the use of instruments in aircraft,

Information is given in Appendix B on the processing of film badges used
for health protection,

II PROCUREMENT OF INSTRUMENTS

Instruments capable of detecting and measuring ionising rediatiom will
have great importance in future national defense, and since health protection required
certain instruments during the Atomic Weapon tests of Operation Sandstons, it was
considered desirable to utilize the experience of the operation to obtain information
on field performance of wvarious 1nsf.runontl. The ndﬁlopinl safety organisation,
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Task Group 7.6, was the logionl organization to carry out the studies, and on
18 September 1947 Golonel James P, Cooney (MC) USA appointed a proup consisting

of h’BLu‘fﬂrf'Tlfm C. Campbell, USN, and Dr. Ralph E. Lapp

JRIS, t>,gtudy the availshildty of muitable survey instruments smd to meke certain

The group was warned by Colonsl Cooney that the instrument testing progms,
although highly desirsdle and important, must not jeorardise the main mission of
Task Group 7.6 which was the protection of the pereonnel of the Task Force against.
over-exposure to radistion, With this thought in mind, apd after a rather thorough
study of the then commercially available instruments, the group submitted its fimsl
report to calouolc”nyontmtob-g 1947. A copy of this report will be found ia
Appendix A, In making recommendations for procurement, the group advised the purchase
in grestest mmbers of those instruments which were presumabdly improved models of

previocus reasonably reliable desigms, New relatively untried instruments were recom- f

mended in quantities sufficient for adequate testing purposss only. ?
After conferences with members of the group, the Victoreen Instrument |

Company agreed to supply a modified ionization chamber instrument capable of reeding

to 25,000 mr per hour, and the National Technicel laboratories desigmed and comstructed

an entirely new ionisation chamber instrument. This group also stisulated the pro-

duction of pocket dosimeters, particularly in the 0-10 r and 0-5) r ranges,

Instrunents were purchased by the Instruments Branch, Washingtom Division :

of Production, U, 3, Atomic Energy Commission, upon request of Colomel Coomey,
Delivery of the majority of the instruments was made to Task Group 7.6 at the
Terminal Island Naval Shipyard prior to the departure of the USS Bairoke for Bniwetek.
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In eddition to the purchased instruments, the Bureeu of Ships, U. S.
Navy, loaned a number of Ceiper-Mueller survey instruments snd portadle alpha
detectors which they had been developing, These instruments, which were then ]
in the developmental stage, were taken for testing purposes only and were set
issued to monitors for use in radiation health protection,

III FACILITIES AVAILABIR

The after resdy room of the USS Bairoko, CVE-115, was made available for
instrument storage, repair, and testing. This room was an air-conditioned space
of about 615 sq. ft. which allowed room for storage racks, instrument repair fecili.
ties, and the mdiation counting laboratory. Instruments used by Task Unit 7,6,1
in limited quantities for health protection of the air opantim from Kmjalein
were stored in a refrigerator with a volume of appraximately 165 cubic feet, The
refrigerator was kept at a temperature of 105° F by means of s 150-watt light Mmlb,

Silica gel bags nlaced throurhout the interior kept the relative humidity generelly
in the range of 15 to 20 per cent. Only minor repairs and adjustments were aoccome
plished at Kwajalein, All major work was taken to the laboratory on the USS
Bairoko,
The following personnel were given full-time assignments to instrument

repairs and testing and to the counting laboratorys

Andrews, Howard L,, CDR, USPHS

PFasio, Vichsel, CETH, USK

Kramer, Harry, CETM, USK

¥ademann, Psul F,, CE™, USN

Nenger, Carl, civilian
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Murphy, Norris F., LT, USK
Furphy, Raymond E,, civilian
Schappacher, Robert K,, ETMI, USN
This group wes supplemented by nersonnel having additional duties to thelr
nermal assigrments and an oooasional individual sssigned from time to time.
¥r. Adrian R, Dahl, Chief, Instruments Branch, USAEC, although preseat for a shers
period of time, made a valuable written report on his observations on instrumsat
performance (1).# At Kwajalein, Mglcolm A, Hormats, Capt,, USAP, snd William S.
latthews, Capt., USAF, were charged with the responsibility of testisg instruments
in the air. A chief electronics technician's mate was assigned ed itionmal dutise
from time to time for maintenance of instruments at Kmajalein,
Instruments were c-librated in terms of radium sealed in the equivelemt
of 0.5 mm of platimm, Sources of nominal velues of 25, 50, 100, end 290 milligrams
were available, Each of these had been calibrated by the Natiomal Buresu of Standards
within the previous year, The after end of the flight deck of the USS Bairoko mas
used for calibrations, This provided a satisfactory sp:ce relatively free from
scattering, exceot on oceasions when airplanes were stored close to the onlibrating

area

IV INSTRUMENTS AVAILABLE

The following instruments were delivered to the USS Bairoko for testimg
and for use in rsdiological monitoring operations, The detailed charscteristics of
some of these instruments are given in Tables I, II, and III, Fipures 1 through 9
are photogrnphs of the instruments, A tabulation of mumbers and types of instrumemts
is given below,

#unbers in parentheses indicate references on Pape 35 of this report,
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FIGURE 1 - INSTRUMENT DEVELOPMENT LABORATCRY MODEL 2610

This Geiger counter has a detachable probe mounted vertically
at one end of the instrument case, The operating switch is at
the opposite end of the case top from the meter,

FIGURE 2 - NATIONAL TECHNICAL LABORATORIES MOTEL MX-5

The probe on this Ceiger counter instrument is housed hori-
gontally in a well along the top cover of the case. The
flexible handle covers the ear phone receptacle.

RN 5.
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FIGURE 3 - VICTOREEN INSTRUMENT COMPANY MODEL 263A

This Geiger counter has a detachable probe mounted verti-
cally along one end of the instrument case, The switch
and phone jack are located mid-case under the handle,
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A GEICER-MUELLER SURVEY INSTRUMENTS

MANUFACTURER TYFR NUMEER RANCES (mr/hr)
1 Instrument 2610 25 0.2
: Development 2.0
1 Laboratoriese 20
’ National .5 25 0.2
4 Technical 2.0
E Laboratories 20
i Victoreen 2634 100 0.2
3 Instrument 2.0
: Company 20
; Bureau of AN/FDR-1 15 (halogen G- tube)
Ships
~ AN/FDR-8 1 (halogen G- tube)
B IONIZATION CHAMBER SUINVEY INSTRUMENTS

MANUPACIURER  MOIEL NUMEBR  SENSITIVE TO0  RANGES (mr/ar)

Natiomal M2 10 X-ray, gamma, 20

Technical beta 50

Laboratories 200

500

2000

) &S 20 Xeray, gAEEA 53

500

5000

Rauland Z-100A 20 XeTay, gamma 1
:umrum 28
i 100

2-100 20 x-ray, alpha, 1

beta, gavma '3

20

100

#0n 1 September 1948 the Instrument Development Laboratories changed their name
to the "Nuclear Instrument and Chemical Company,® ]
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FIGURE 4 - NATIONAL TECHNICAL LABORATORIES MODEL MX-2

An ion chamber with a thin window capable of measuring beta

rays 1s shown, with gamma shield removed on the end of this
instrument.

FIGURE 5 » NATIONAL TECHNICAL LABORATORIES MODEL MX-6

! This instrument contains a sealed ion chamber located beneath
‘ the meter. The control switch is at mid-case, Full scale
ranges are 5, 50, 500, agd 5000.my per hour,
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FIGURE 6 - RAULAND ZEUS

The Model Z-100 shown here has movable shields on the bottom
of the instrument which cover a chamber capable of alpha,
beta, and gamma measurements, The Model Z-100A is a chamber
for gamma measurements only,

FIGURE 7 - VICTOREEN INSTRUMENT COMPANY MODEL 247A

This instrument contains a gamma chamber directly beneath the
meter, Switches under the handle are for battery check, range
set, and zero adjustment. The top reading on this instrument
4s 2500 mr per hour, The Model 247A(Special) was designed for
s top reading of 25,000 mr per hour,
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MANUFACTURER TYFE

i Victoreen 247

? Instrument

Company 247

i

1 247A
(Special)
I

E

f 3%

C INTEGRATING DOSE METER

i FANUFACTURER  MODEL

A, O, Beckman
Company
Cambridge
Instrument
Company
Kelley-Koett K-100
Mamfacturing
Company
K-150
K=160
Natiomel X7
Technical
f Laboratories
’ Victoreen 300(Protexe
Instrument imeter)
Company
W '-‘N--—«-—* chd

! UNCLASSIFIED (petl?

12

10

13

25

SENSITIVE TO

X-Tay, pamma
X-Toy, gemma

X-Tay, gaane

X-ray, alpha,
beta, ganma

0.2 r

02 r

0.2 r

10r

5 r

silver

erey

black

blue

full scale

]

-
\ Y

U i

RANGES (mr/hr)

2.5
25
250
2500

25
250
2500
25000

40000 S2pnaaia.

DESCRIPTION

Direct resding quarts
fidbre ion chamber,
hermetioally sealed,
charged through mov-
able diaphregm, '

Essentially the same
as ‘.m.

Mrect reading quarts
f£ibre ion chamber,

Same as K-100 with
condenser to reduce
sensitivity,

S»me as K-100 with

A ,jl"‘m‘ .
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FIGURE 8 - GAMMA DOSIMETERS AND CHARGER

Lower left is a Kelley-Koett Model K-100 dosimeter
having a full scale range of 200 mr, The sise and
shape is identical to the Kelley-Koett Models K-150
and K-160 having full scale readings of 10 and 50 r.

The Cambridge Instrument Company 200 mr dosimeter is
shown at the lower right,

The Kelley-Koett dosimeter charger Model K-135 is
shown at the top of the figure. For charging, the
dosimeter is placed in the receptacles at the far
left top of the box, Control of charge is mainteined
by the large knob next to the charging receptacle,
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FIGURE 9 - A, O, BECKMAN COMPANY 200 mr DOSIMETER
(PICTURED WITH CHARGER)

This is a direct reading pocket electroscope four
inches long and 0,5 inches in diameter,
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D OTHER INSTRUMENTS
3 MANUFPACTURER MODEL NUXEER DESCRIPTION
3 A, O, Beckman 5 Dosimeter Charger
3 Company
Z
Cambridge 10 Dosimeter Charger
Instrument
Company
Kelley-Koett K-135 72 Dosimeter Charger
Nanufacturing
Company
E Los Alamos S10-7 2 Modified Cutie-Pie
Area, AEC ("atts)
SPC-1B 2 Survey meter insorporating
(Pee-"06) a proportional counter detector.
R.CA, - AN/PDR-11 2 Photomultiplier alpha detsctor.
Bureau of Ships
Victoreen 35 20 Portable alpha air ionisation
Instrument (2Zute) chamber - 8000, 80,000 urenium !
Company dis/min,

¥ RESULTS OF FIELD LXPERIERCE "ITH RADIOLOGICAL SURVEY INSTRUMENTS

Careful records were kept of all repairs made on the survey instruments
in order that statistics might be compiled showing the weak points of the warious
; types. Practically every instrument showed the ssme tyve of repair history. The
first field use showed weak points which were then correctsd for all instruments
of that type. After the initisal changes had been made, the imstrument performance
was, in general, satisfactory.

g A USE AND REPAIR RECORDS

A summary of the repair records of the Geiger-lueller and ionisatios
chanber survey meters which were used contimuously throughout the opereatioa are 4

INCLASSIFED




13 subject to some error in collection. Due to recording omissions, the times
fiven are probably low; however, they give an order of magnitude which should be
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Flven below. The informetion on the length of time of use, as piven in these data,

constant between instruments.

1 CEIGER-MUELIER COUNTERS

@ Instrument Development Laboratories Model 2610

(1) Usesge Record
Instruments 15
Hours of operation 478
Average hours per instrument 2

(2) Repair Record for 25 Instruments
Replaced C-M tubs (IDL D12) 20
Replaced 1§ v battery 5
Replaced 67> v battery 4
CK-522 tube out of socket 2
Replaced all batteries (one 1} v, one 674 v,

three 300 v) 1
b National Technical Laboratories Model MX-5

(1) Useage Record
Instruments o
Hours of operation 654
Averape hours per instrument 65

N [

L bl




(2)

(1)

(2)

i

- ot

o UL

Repair Record for 25 Instruments

Replacoed G-Y tube (RCL Ikl Mdl 20)

Replaced 45 v battery

Replaced 1} v battery

Replaced 105 amplifier tube

Replaced all batteries (one 14 v, two 45 v,
three 300 v)

Defective power plug

Bent tube shield

Replaced meter (100 ua)

e Victoreen Instrument Company Model 263A

Useage Record

Instruments

Hours of operation

Average hours per instrument

Repair Record for 100 Instruments

“axed amplifier umit

Modified with ,0025 ufd range coupling
capacitor

Replaced meter RC 100 ufd cspacitor

Replaced Gt tube

Replaced 1} v batteries

Replaced entire amplifier unit

Mheoa 300 v batteries

”,""" Aald
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Repinced 67 v batteries 7
Repleced meter (50 ua) 4
Repleced all betteries (one 13 v, ane
C7% v; thres 300 v)

Neter slunt lead defective

Righ voltage cable insulation trouble
Replsced VILAIA multivibrator tube
Defective probe connestion

= N W W

4 Bureau of Ships Types AN/FDR-1 and AN/FDR-8

These instruments had not campleted laboratory testing prior to being
sent on the operation, and certain difficulties developed which prevented the
conduct of any field teats, Information on these instruments has been reported
separately (2),

2 IONIZATION CHAMBER SURVEY VETERS

a National Technical laboratories Nodel MXe2

This instruwent, designed for laboratory use, was fatnd not satisfactory
for field survey work,

b Natiomal Technical Leboratories Model MX<6

O e

(1) Useapge Record

Instruments
Hours of operation
Averape hours per instrument

g B g
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(2) Repair Rocord for 20 Instruments
As received, the chamber voltage was not suf'ficient to produce
saturation currents when exvosed to high mdiatiaen intensities.
This was remedied by installing en emtre 90 volts which could
be readily nlaced {nside the case.

Replsced gll batteries (four 1% v, ome 3 v,
e 22§ v, two 45 V)

Defective dattery contact

Replaced 2532 tube

Short ia 2532 tube bdase

Replaced 15 v battery

Repleced 22% v dattery

o o = w0 N @

.¢ Reuland Namufacturing Corporation Yodels 2100 and 2-100A (Zeus)

This instrement wes dssigned for laboratory uss amd therefore was
found unsuited for fisld survey work,

d Victoreen Instrument Company Hodel 247

The obsolete 247 was sent to the operation as an emergensy measure
<o cover possidble malfunctioning of the new and untried instruments. These instru-
sents were neither used in the fisld operations, nor were any tests condusted,
since the experience of Operation Crossroads indicated them to be unstable and
not desiradble for field operatioms,

o Visctoreen Instrument Company Model 2474

(1) Useage Record

Instruments 28
Bours of operation - 1196
Average hours par instrument [\
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(2) Repair Record for 50 Instruments

The selector switch of the Victoreen type 247A ha” stops of
inndequate strength so that it was very easy to set the
switch contacts to an incorrect position., This applied a
high voltage to the fllament of the electrometer tube which
proumptly burned cut. The repsirs required were major ones
since the tube was loceted inside the iomigzation chamber.
This defect wns easily corrected by ‘nstalling positive stop
pirs, A modified eddition of a feeddack circuit was made to

all instruments upon recommendation by the mamufacturer,

Replsced 45 v battery 7
Repleced chamber }7A
Replaced 223 v battery 12

Renlacec all hatteries (four 22} v,
one 45 v)

Broken handle

Replaced meter (20 ua)

o = W O

Replaced "~41A-C tube

£ Victoreen Instrument Company Model 247A (Special)

(1)

(2)

Useage Record

Instruments L)
Hours of operation an
Average hours per instrument 24

Repair Record for 10 Instruments
Modify selector switch stops
Replace 45 v battery 7

-
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Replaced 300 v battery 3
Replaced chamber 1

g Viotoreen Instrument Company Model 356

This instrument was included with those for Operation Sandstone for
emergency use in the event s serious hazard by slpha activity developed without
the presence of beta and gamma. The instrument received no use or formal testing,

3 INTEGRATING POCKET GAMMA DOSIMETERS
a A, 0, Beckman Company = 200 mr Full Seale

(1) Useage Record
Number of instruments 43
Number of issues 3%

(2) Waintenance Record for 43 Dosimeters
Fumber of calibrations 32

Brokea fibres

-

b Cambridge Instrument Company - 200 mr Full Seale

(1) Useage Record
Number of instruments 67
Number of issues 91

(2) Maintenance Record for 153 Dosimeters

Number of ecalibrations 110
: Bad leakage 65
i
! Unable to focus on fidre 3%

"
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Seale burned (by sun) 12
Failed to zero 9

¢ Kelley-Koett Manufacturing Company Yodel K-100 « 200 mr Full Tcele

(1) Useare Record
Numder of instruments 362
Nunbor of issues 1683

(2) Maintenance Record for 457 Nosimeters

Nunber of cslibrations 255
Scale burned (by sun) N
Fidre broken 5
Bad leakage 3
Falled to szero 3

4 Kelley-Koett Mamufacturing Company Model ¥-150 = 10 r Full Seale

(1) Useage Record

Number of in_au*monts

g s

Number of iséuos

(2) Veintenance Record for 111 Dosimeters
Nunber of calibmtions
X Excessive leakage
Failed to operate - cause unknown
Scale burned (by sun)
Capacitor separated from electrometer
Fibre broken

v dese g
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e Kelley-Koett Manufacturing Company ¥odel K-160 - 50 r Full Scale
§
‘ (1) Useage Record
Number of instruments 25
= Fumber of issues 39
k-
| (2) Maintenance Record for 25 Nosimeters
Number of calibrations 18
Seale burned (by sun) 5
; Fibre broken 2
_‘ Excessive leakage p
d
Unable to focus on fibre 1
In practically every case the instruments tested during Operation Sandstone
are being redesigned by the mamufacturer., Therefore, these repair statistics have
3 been furnished the mamufacturers to assist in their new desigms,
B DESICN DEFECTS
Important for future operations are the fundamental design defects which
may or may not mave an instrument inoperable tut which should be improved in future
designs, The most important of these defects, which depend on observations rather |
than the personal preferences of monitors, are listed belows:
|
1 GEIGER-MUELIER SURVEY INSTRUMENTS
a2 Instrument Development Laboratories Model 2610
. G-} tube easily knocked ocut of holding clips on fromt of instrument,
Ca) tube mounting susceptible to spray with resulting short circuit,
! Meter scale divisions too close for rapid reading,

S 1)) ss
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b National Technical Laboratories Model MX-5

Non-rigid handle not satiafactory.
Zero set knob too small for operation with gloves,

¢ Victoreen Instrument Company Model 263A

Narrow case too unstable for field operatioms,
Range switch poorly placed.

JIONIZATION CRAMBER SURVEY INSTRUMENTS

National Technical Laboratories Model MX-2

Non-rigid handle not satisfactory,
Instrument t0o heavy for field use,

b Natiomal Technical Laboratories llodel MX-6

Non-rigid handle not satisfactory,
Zero set knob too small for operation with gloves,
Battery connections not sufficiently rigid,

¢ Rauland Mamufacturing Cc:poration Kodels £-100 snd 2-100A

Operation unsatisfactory because of moisture entering throush and
around the thin window,

d Victoreen Instrument Compeny Models 247A and 247A(Special)

Instrument too heavy for field use,

Zero set knob located in a relatively immccessibdle position and 4ifficult
to operate with gloves,

Narrow case too unstable for field operations.
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§ e Victoreen Instrument Company Model 356

'1 Unsatisfactory for alpha measurements of fission producis beceuse of
' substantial beta-gamma response,

3 INTEGRATING DOSE METERS
a A, O, Beclman Compary - 200 mr Full Scale

E Difficult to charge exactly to sero.
Considerable peotropic effect,
: Somewhat too fragile,

b Cambridge Instrument Company - 200 mr Full Scale

Scale easily burned by the sun,
Too much light required to read scals,

¢ Kelley-Kostt Menufacturing Company Model K-100 = 200 sr Full Scals

Secale easily burned by the sun,
Instrument very sensitive to moisture,
Too much light required to read soale,
4 Kelley-Koett Manufacturing Company Model K=150 = 10 r Full feale

Scale easily burned by the sun,
Vox'y M w.

e Kelley-Kostt Manufacturing Company ¥odel K-160 = 50 r Full ®eale

Scale easily burned by the sun,
High leakape,

u f’{’?,’f”:’ AeerErs
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f Rationel Technical Ladorstories Model ¥X~7 (Pocket Alarm)

Fallure to trip alarm under field conditions,
Alam scldom heard under field conditions.

€ Victoreen Instrument Company ¥adel 300

Instrument satisfactory but of little practicnl use,

VI TESTS AND RESULTS

A few simple tests were conducted to bring out various specific charac-
teristics, Some of these, such as life tests, could not be completsd, because
it was not posaible to start them until the mein phases of the operstion had been
conpl.otod. A surmary of detailed characteristics is given of three types of
Geiger<iueller survey instruments in Table I, of four types of ionisation chamber
survey meters in Table II, and of five gamma pocket dosimeters in Table III,




CHARACTERISTICS

A FHYSICAL

Yeight (pounds)

Tilt from vertical to
tip-over (degrees)

Cese dimensions - length x
t’ width x height (inches)

Probe - length x diameter
(inches)

Case finish
Handle
B EIECTRICAL

Radiation detected
_G<M tube

Tube wall thickness (mm)

Ranges o; gauma sensitivity
ar

Headphones
Ability to sero in field

Metering time constant
(seconds)

Microphonics

—I"

TABIE 1

Instrument
Tevelopment
Labs, 2610

11,6
28

11x4x6(exclus-
ive of probe)

9x:}

smooth paint

smooth paint

beta pamma
IDL D-12

¢lass-30
0.2, 2.0, 20

erystal
none
6

_iCLASSIFIED,

i CHARACTERISTICS OF GEIGER-MUELLER SURVEY MNETER

National
Technical
labs, KX-5

9.0

¥
8x1

smooth paint

hinged smoeth
plastic

beta gamma

RCL ¥K1,
Kdl 208

glass-30
plastic-17

0.2, 2,0, 20

magne tic
none

2

B (NCLASSIFIED

Vietoreen
Instrument
Co. 263

13.4
17

12x34x10(exclus-
ive of probe)

™1}
smooth paint

hinped shiny
leather

beta gamma
VG-13

glass-30
002. 2.0’ 20

erystal
none
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' CHARACTERISTICS Instrument National Victorese
Developnent Technical Instrument _
Labs, 2610 Labs, MX-5 Co., 263 i
Zero flucstuations per second O o 4]
(G-¥ tube detached)
Zero drift per hour 0 0 o
Temperature effect none noted none potad none noted
Light sensitivity some C-¥ tubss nome eoms Gl tubes
¥ind sensitivity faone Bone Bnond
Air pressure sensitivity none nons Done
Useful operating life (hours) 230 200 &5
Saturation effects none none none
i Wara-up periocd 0 o o
(per cent per hour)

e

It
3
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CHARACTERISTICS OF IONIZATION CRAWEER SURVEY VETERS

CFARACTERISTICS

A PHYSICAL

Weight (pounds)

Tilt from vertical to
tip-over (degrees)

Case dimensions - length
x width x height (inches)

Case finish

Handle

Radiation detectsd

Ranges of gammm
sensitivity (mr/hr)
Abi1ity to sero in field
Netaring time constant

{ seconde)

Zero flnetmations per

Hatiomal
Techmical
labs, M2

52
124§x7ix6}
ssooth
paint
hinded
smooth
plastic

beta,

20, 50,
200, 500,
2000

Rational Rauland Efg.
Technieal Corp. Z-100
labs, ¥X-6 and Z-100A

8.0 10.3
40 50
2::.-1/0
smooth smooth
paint plastic
hinged rigid
smooth anadised
plastis notal
geamg alpha, beta
gusma, and
gumma only
5y 50, 25, 100,
500, 5000 500, 2500

satisfac- satisfec-

tory tory
1 i
nons pone
o [

Victoreen
Instrnumest
Co, 2L7A anmd
247A(Special)

1.8

10-3/8x5-3/8
213

saooth
print

rigid
painted
metal

2,5, 25, 250,
2500 and 2% f
2%, 2%00, |
25,000 i

satisfeo-
tory
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CHARACTERISTICS

Zero Arift per hour (per
cent of full scale)

Temperature effect
Light sensitivity

"ind sensitivity

Alr pressure sensitivity

Seale linearity

Useful ting 1ir
’zhourgg". - ;

Warm-up period (minutes)

Sensitivity variations
(per cent per hour)

Saturation effects noted

.

National
Technical
Labs, MX=2

#1

nons
none
none
sensitive

linear

less
than .05

-
_UNCLAS&&*&D f

National
Technical
Labs, MX=6

-1

reduced

(after
added
voltage)

less
than 0.1

(after
voltage)

Reuland Mfg,
Corp. 7=100
and Z-100A

N

none
none
bad

sensitive

linear

less
than .02

Victoreen
Instrument
Co, 247A and
247A(Special)

+

very
sensitive

linear

less
than 1,0
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CHARACTERISTICS OF GAMMA POCKET DOSIYETERS

CHARACTERISTICS

A PHYSICAL

%eight (ounces)
Length (inches)

Outside diameter
(inches)

Case finish

Clarity of scale

Effect of sun
on scale

Drop test

Spin stability

Ease of repair

B OPERATIONAL

Radiation detec-
ted

Full-scale sensi-
tivity (r)

Calibration
correction
factor (%)

A,0,Beckman
Company

0.6

4

0.5
smooth
metal
excellent
none
unable to
withstand 3-
foot drop
excellent

not
repairable

Cumdridge
Inst. Co.

some loose

with
difficulty

0.2

-2

.. NCLASSIFED

Kelley-Koett Kelley-Kostt Kelley-Kostt

Mfg. Co.
K-100

0.6

0.5

anodized
metal
gnod

burned

good

some loose

vith
difficulty

0.2

- [’
maes g - .
Wl

TR

Mfg. Co,
X<150

0.6

0.5
anodiged
metal
food
burned

good

some loose

with
difficulty

¥fg, Co.
Kiéo -

0.6

0.5

anodized
metal

good
burned

Food

some loose

with
difficulty

gamma

IR e
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CHUATACTIRISTICS A.0.Beckman Cambridge Kelley-Koett Kelley-Kostt Kelley-Koett
Company Inat, Co. ¥fe., Co, Mfg, Co, Mfg. Co.
K-~100 K.150 K-160
Lirearity of frlls off good pood good good
enlibraticn i19% of full
scale Trom
nid-3scale 4
full seale
"ave length gsuspec ted APLO&TS appears appears appears
characteris- ol having independent irdependent independent 4independent
tics some depen-
dence
Charping .apacity 3.6 3.5 2.6 less than less than
shift (% fuld 1.0 1,0
scale)
Craduation shift 7.0 2.6 2.0 2.7 2.3
due to 90°
rotation (% of
full scale) ,
Leakare zero 1.9 2.2 1,0 1.0 less than :
drift in 24 1.0 |
hours (% cf 1

full scale)

Yaterproofirg excellent none none none none

i ol
R
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A USEFUL OPERATING LIFE

Fresh batteries (and C-M tubes) were installed and the meters put ina
fixed peometrical relation to a radium source so that about half scale deflection
was obtained. The meters were left on contimuously until failure or the termimee
tion of the test. The sero was reset before each reading so that the curves shown
in Figures 10 through 16 represent chanpes in instrument sensitivity with life, It
should be noted in Pigure 11 that the test of the MX«5 is not representative beceuse
of the failure of the G<M tube and lack of time to-complete the tests.

Instrument Pigure

Geiger-lueller counters

Instrument Nevelopment Laboratories Vodel 2610 10

National Technical Laboratories Fodel MX=5 1n

Victoreen Instrument Company Model 263A 12
Ionization chambers

Nationsl Technical laboratories Model 1X-2 13

National Technical Taboratories Model MX«6 1

Rauland Manufacturing Corporation Vodel Z-100A 15

Victoreen Instrument Company Model 247A (Special) 16
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B LINEARITY OF RESPONSE

Using standard sources of mdium and carefully measured distances, esch
scale range was checked for linearity cf .esponse., The results are shown in

Fipures 17 through 22, After the tests were completed, the lack of linsarity in
the Type 263A was found to be “ue to a factory-installed long time constant elsce
tronic circuit combined with a poor amplifier tube, Many of these instfiments
were assembled in this fashiosa, Yhenm an amplifier tube of proper sensitivity wms
inntalled, the circuit time constant could be reduced, and the respanse becare
much more linear., Unfortumately, the data for the irproved-resvonss curve are mot
available,

It will also be noted in Figure 21A that the MX<6 as received from the
factory wmas quite nmon-linear on the urper ranges., This was corrected by an addi-
tional 90 volt battery as shown in Figure 21B,

Instrument Figure
Geiger counters
Instruwent Development laboratories Model 2610 17
National Teclmical Laboratories )odel X5 18
Victoreen Instrument Company lNModel 263A 19

Ionisstion charbers

Kational Technicel Laboratories Nodel ¥X.2 20

NRational Technical Lebormntories Model MX-6 214
(as received)

Fational Technical Laboratories Model ¥X-6 2B
(90 v added)

Viotoreen Instrument Company 247A 2

|
4
|
|
|
g
1
|
o
]




ysana snaas sasgsasan g T e aasssannes ] ] H w; 1888 » T
1328 s8sse 33531203 sassdneg: JSESERE SRR ERERE RASERLS: t4sass asstedascs adesiaseie ses HH HiH 1 nﬁmﬁ
S $3528520808 Sasst thit R jadss sasasasash sssassas: ] % H
T et b 2 5 : 3 R+ < ¢ 3 T + HH T + T

a A aadEEaaia Rianasagnsssssaseny R R R e HHIH 3

343583 i e T G S R e ey 85 H

b8 84 R4 sRsasans 3 he b ISRS SRRRS BE! 4 T 34

iisaaea: F33888353 EEEREEaL IETS IEERE SRR BACHE BSOS HH BHIE R T B FISERERE : HH
famgaaaas: HE T HH T e R T e HHH .

- 1 - 1988 8888+ B T 8 8 . X 3 pt T 3
sassanas: TR R R R R R R HHIHH R T 1
s gasads saassags dadatansaysassasatssansannadannssssnages sencsastssasontuncdcs snasasascassanstasaes ! H R

+ trefitr . 4 IRES Ba pess R - 4 +4
\Boas bunas HHH i me Tk 1 ‘ﬁ* 1 ”wﬁ fats jSYas s T H T $EsERe RBaR
b HH eoissnanatasEsan 3303 aaassasassssssziatess : :
el snass 194 1T §S8 888t H,L‘ eassss wmﬁ «HL T M 471 1 1 ] tHHH
EHEH T 533 R T T 28] d8asazssas s T :
8 18 i ig8sede auass suss 3 H H HIFHHHHHB
i HHHE R i i T
s nass S0 3a3as i 2 “rm .Wl 113 m i ! M. i T A FHH R R
Sassaaag] He t 3asaaigasaiandtane aagans: T R R R 1
ssess T 289e 8 T ) e 3 .
21 15 T T uw “M t B 88 a4 1 T 1 gses 113
Sasea Seass e + b ‘o s
FeeHH TR H t SEEsEstatesstised Hassdns SSsasaagaassassanes {HiHh t HHH
§gagsgasenasansaazsan sanse TR {EEd Bassnanaas B S38zaasesens san g
INH H S R R i S L (L R e CEERRIERL
> nE
TH HETT 1 Qw, ¥ i S :
1t 1 H HHHT
h B 28 58588 84 ~ ] ij H H Axxx HH s
1 i : i R 1
i 2 isassdscet : H :
19 88 - I .Wv 198 8888
138 HH sssseass 1 8! 5
839 22 8s H 4 H- H e85 H +
IT 8881 38 gaazs  dugs .mumm HE R
i + +
w + t 1 ’e 1 [§au) $881 . & H W
Hi s e HH
T .m m W«Mx oa o $
asas: HHHEH T - B :
e mx . | & aat FHHHEREHEHH
eSS S ¥ +
i3 T Pl B0
+ ;- ] 1 m it Tﬂ 4 33 4
8 T
rHH : - 4 T R
} b
L Seew '8 1 8 mu AUAL‘..I Am - 1T
t S8 B eSS
8888 28 asws HHHHT AHH
sadessean suslans I YHHH THIHHH THE
JESSS Susaa stnis 4088 + T 444 11
e Rt : 5t 3
909322285 Resat - so e : s Sasassssau’ saaaesss s
-3 4 4
easaaanan tanas iab: 3 T sssssesse g
R Sl SRdR . R RERE ooy
1+ 1 H
pe By 1 HH He » ssna 8E0EE08000EA0NES 50N
Frt NN t : H
ﬁ:uf E - 1
- . a 1 e E a8
.
swsew 9 8 8 888 c
ans oue 3 S S88s
- e 2ase 88 sgeaassas se
& H H

+ o
Saes T 1  §

193 o 1

) | b
H
&
+ i M e
t pe
VT -4 .
:
¥ NU80SANATSNENS DESRY RSN IS GEEEERS ABREREE |
e 9S8 sesAenaas ssaeas ST IEEB NSRS
23 338383388880 $a2205eS: HEHHEHHHIY

g



1Y
13
s
o
<
e S—————

132220 0avansxsas cseganacan 13 sananss
2
: 1
35583212808 0000d Satgadanasasnadt: i
18222 255020088 s2000 20020 2888 ;
R R i H sisssssateals
adsad0e sasassass e ens. o BHEH 1 a8 sases H
j9888 s gu jesagess sas w B 8888 T i 3 88888 A
s I 1a09a RoTa ass sss 8
4322q0s sassa ates easasacs 322812 £ 1 it §is : j
88 88988 a8 SRS + 8nssss + +1 T i t 11 41 -1 +4-4 4 4 3 .
152848080 T TR R T m,«.m 1T s H HHHA ! Sesssssss 8
1T + 1 T Spass gs = H
- JSSS anaas ot 7 + 108 88088 & v b
5 S S S 28 §iisaaanatantananatang sRteRaRIRE AR, Hinsa 0t gt H m
13222443 200202000 sasnaas . H 8 SEsSsaseasss seassansessnans a8 8e :
2aa3sedaniasiadass aasa: R T T e HHHH 8825 saasass Sbsasssaassanss asaasass !
] a5
yea saysEaRssndEsEs saER N 1 188 soapaenass \ 1paL vasas =88 10w o4 sescusnss
saisasdasaaaadaataassatzasasaiss B EINGING : s HH H
S8S885882S 8000050840 s0088 S8 88 SSsssspsas pos oml o) h sa; H HH HHH T 28 asasssass,
Frovrrdorrodorerpeies S SSO8S 88 8 SRASE SS08E S80S ST §84 pe x « { 1 1 1
- raoa issansay jas & v o jS Se0ay 18 4
o R R R R T T INGHY T H sssass
aa 233222900 sadaanaand s 3asaasaaas anaasasda: T Het T
oS 186 1&11: S 50sss0ss: x 888 532880358 HHTINONG 111 T 4
SSsasaasassassssanas sans H34+ e 84 pn ¥ 3 1 e =
o e e e R agsss 2ss, § HH mﬁ% 28
2dasssdanaan 3t 281 iaaaasss .
m T H HrHr T H H y
T v TIT 8 sssssa 5 -
1%adas H«H:.i 8 aa lasacssassas seans s . 1 80 HH - p
T )38 anane s t t+ M +1 .
ot 4
II.IA\U S 25228 52233 23233 3 r gs s T - 9
Sassassasaasasas: 88 888 838! + + H3H
g T 11+ 3 H
S - T nad 88 1 4 1
s Y inas anwe - THHH 8 » 3
1 sssaa3ss: iqasaas H H : ,
o L - a8 H T
C.d Sesssssss ot HH
- . 1 T T T ea
& R T T )= s
! : e . ;
T
4 < 8
- b+t “ ~
-
13 1
T saa
Tt sa 8
- esa p
1 H HHHH H
- e -4
l} 11
I 88 ! 2 1 =8
33 4 1] A » as
2 as T
ages 4+
o + a8
+ + e S8 & 4
Had
11
e " - -
: g2
: T H
3 3
bt 3
e as 1
1 < e
IS 8 3
+
3
1
: B3 HH
ks -
il -
-+ 1
+ 3 + 1
T - I _. s
NS O ®S
AT : 1
T - e
18 - " ¥ b e
o +H
T ye
e 4
: :
In e . 8
2
INEN &
s $




o UNCLASSIFIFD

C DIRECTIGNAL RESPONSE

The instruments were located at a fixed distance from a point sourve of
rdium and rotated, and resdings were taken at regular interwals, The respomse
curves are showmn in Figures 23 throush 32,

Instrument Figure

Geiper countars
Instrusent Development Laboratoriss Nodel 2610

|
(normal orientation) 3 |
; Instrusent Development lebarstories Nodel 2610 {
; (on side) 2 ;
f Fatione] Technical Laboratortes Model M5
i (norwel ortentation) 25
National Technical laboratories Nodel XS q
(on side) 26
Victoreen Instrument Company Nodel 2634
(normal orientation) xn
Victoreen Instrument Company Model 2634
(on s1de) = |

Jonisation chamders
Nationsl Technical laboratories Model MX<6

(normal orientation) 29
Fetional Tecimicel laboratories Bodel X6

(on sde) : 30
Viotoreen Instrunent Companyy Nofel 247A and

247A(Speatal) (norwal ortentation) 1
Vietoreen Instrument Company Nodel 2474 and

247 (Special) (on side) »
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D ALTITUPE EFFECTS

Using a standard radium source, instruments were calibrated in the air to
determine altitude effects. Due to space limitation, the radium source was attached
to a wire so that 1t could be drawn from the tail section of the plane toward instru-
ments in the radio compartment of s B-17G,

It should be noted that the Victoreen 747\ ionisation chamber survey meter
as received was useless for air monitoring due to severe distortions of the plastie
chamber wall, In order tn nrevent chamber distortion, a 1/8 inch diameter hole
was drilled through both the instrument case end the chamber cover so that the
instrument would react as an open chamber, This modification had two undesirable
resultss (a) molsture was allowed to enter the chamber, and (b) the slope of the
uuhrrntioﬁ curve of the open chamber waried inversely with altitude. These con-
ditions were found to be far less seriocus than those resuliing from pressure changes
on closed chambers,

Variation of results from instrument to instrument within a single model
and between models was such as to produce only the ennclusion that there is an
altitude effect, Nuch more data is required for intellipent interpretation. Figure
33 11lustrates this point but should not be considered as representative of this
type or of other types of instruments, The Air Instrumentation Report of Task Unit
7.6.1 (3) is on file in the Radiologicel TNefense Nivision of the Armed Foroes Special

Yeapons Project,
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E SHOCK RESISTANCE

Instruments were dropped a distance of one foot onto a steel deck in normal

orientation., If they were then operable, they were dropped in other orientations
and the height raised until failure occurred,

TR 2 Tt R IR AT

On Type 263A the indicating meter broke loose from its housing on the
first drop,

Type MX-5 survived all one-foot drops with variable shifts of sero and
E sensitivity after each drop.
: Type 2610 survived all one-foot drops with not over 10 per cent of full
4 scale sero shift and no chanpe in sensitivity, Two-foot drops in normal positioa
sprung the probe clamps, A two-foot drop on the side bent the meter needls, tut
the instrument was operable,

Type 247A survived sll one-foot drops with not more than 10 per cent
f change in sero, A one and one-half foot drop on the top broke the handle, but the

instrument was operable,

On Type ¥X=6 the shock tests were not satisfactory, because each drop shook
loose the battery contacts, When the contacts were fixed, the instrument was operable

after all one-foot drops,

F DIWERSIN

Only three survey instruments and one model of the dosimeter were suitable
for immersion testing, The others had obvious leaks,

Two meters of the National Technical lLatésatories Model MXe5 were sutmerged
with the top about three inches below the surface of sea water. One meter failed
after 30 minutes and was restored to service by drying, The second meter operated
properly and was completely dry inside,
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The Victoreen Instrument Company 'odel 247A was submerged in sea water

TR

and floated upside-down with about three inches of the bottom protruding, After

30 minutes of imrersion the instrument functioned properly and was completely dary
E inside,

The Nationsl Technical Laboratories Modol MK<6 was sutmerged with the top |
about three inches below the surface of sea water. There was no failure, and the
instrument remained dry inside

Six of the A. O, Beckman 200 mr dosimeters were immersed about six inches
] below the surface of sea water. After two hours two had leaked and failed; after
four hours three had leaked and failed; after eight hours four had leaked and failed;

- after 10 hours five had leaked and failed; and after 40 hours five had leaked and !
failed, One instrument was tight and serviceable at the end of the tast,

G TILT FROM VERTICAL

In determining the tilt from the vertical required to tip over the instru-

ment, the instrument was placed in a normal operating position and then tilted from
the normal position to such an angle that the instrument tipped over on its side,
This pave an indication of the stability of the instrument when standing on the
deck of a ship or boat or on the bed of a truck, Results of this test are given

in Tables I and II, 9

B METERINC TIVE CONSTANT

The metering time constant (RC) was determined by introducing approximately
a full-scale meter reading and then measuring the amount of time required for the

meter to drop to approximately one-third of its wvalue when the radiation source was
renoved from the detector. The time constant was also studied as the time required
to reach two-thirds of its final average reading when a radiation socurce wes moved

- oussm
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fros a distance to a set point near the detector, The value given in Tables I and
II is the aversge of the two observations.

I N¥ICROPRONICS

The observations on instrument microphonics were made by allowing the
instruments to drop from ome to two inches onto & hard surface and then noting the
offects on meter readings., An examination was also made as to the response of the
instrument to sharp mmps on the side of the case. Obssrvations are tabulated ia
Tables I and II.

J NISCRLLANEQUS TESTS ON SURVEY INSTRUMENTS

Zero fluctuations per second and sero 4rift per hour were determined by
observations made over appraximetely 40 hours of contimuous operation immediately
following installation of new batteries.

The temperature, light, and wind sensitivities vere studied omly on the
basis of routine operation,

Alr pressure sensitivity i{s based on comments made by persomnel involved
in air operutions and doss not represent the results of any formal study,

The warm-up period was determined as the time required for the instrument
to stabilise to a point that the sero drift was less than one per cent of full scale
per minute,

K TESTS ON POCKET NOSIMETERS

Table III lists characteristics of the pocket electroscopes used for deterwe
ining individual dossges of gamma radiation., Certain observations have bLeen made
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which are obvious from their listing 1a the tables. The methods followed im come
ducting other tests are described below,

Comments on ruggedness were made on the basis of tests conducted st wamue
facturers' plants prior to shipment to Operation Sendstone, The Tuggedness tests
constituted a drop and spin test, The dosimeters were allowed to drop five times
through three feet so that the dosimeter fell a minimum of once on each end and
oncé on thé side, The spin test consisted of rapidly rotating the instrrment between
the palams of the operator's hende, An observation was then made as to whether any
units of the assembly were moved from normal positions by thess accelerating forees.

The dosimeter calibration correction factor was determined by calibrating
40 or more instruments by means of pamra rays from a radium source. After obtaim-
ing the average calibration curve of the instruments, a determination was mede as
to the aversge deviation from the calculated reeding.

During Test Zebra, 50-r dosimeters and fila badges were exposed to flash
radiation, Dosimeters snd film badges were located at stations at various distances
from the detomation, These instruments were placed in position on Z minus ome
moraing and recovered at approximately Z plus six hours, The results of these
exposures are tabulated in Tadble IV, Further information an the film badges may
be found elsewhere (4).

It will be noted from the date in Table IV that with s few exceptioms
the dosimeters read 10 per cent lower than the film badpes. Since this is fairly
uwiforn throughout the warious stations, it can be concluded that the differemce
between the film badpe and dosimeter is s matter of spectral responve. Musch more
significent is the faot that the dosimeters do not saturate at high flash intensities.

The leakage history of the dosimeters is such that one would immediately
suspect that factor to be responsible for the one high reading at Station "E* end
the reading for Statiom v,

. oo X
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TABIX IV
FLASH EXPOSURES OF KELIZY-KCETT MOSL £-160 (50 r FULL SCAIE)
GAMMA DOSIMETERS AND FIIN BADGES |
DOSIMETER FIIN BADGE
STATION READING (r) BEATMING (r)
A 40 50
45 50
50
5
3 7 n
30 N
b7
73
c 15 17
19
19
D ? 8.6
10,5
10,5
B 28 6.5
6 6.5 |
6.0
6.5
r 3 4.5
4.3
4.3
4.5
(] near sero 2.0
near sero 2.1
2.2
1.9
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VII CONCLUSIONS AND RECOMMENDATIONS

On the whole the instruments used for health protection at Operatiom
Sandstone were substential improvements over those used at Bikini during Opsration
Crossroads. Once the obvious design faults were corrected, all meters perforsed |
well and required omly moderate servicing. Several improvements in design can be
made in every case to make the instruments more serviceable for field tests. The
most serious defects occurred in the pocket dosimeter, This is a most useful
i instrument lll/l is essential to operatiums of this type. Only by intensive drying
by silica gel between issues was it possible to keep a sufficient quantity ia
working order to meet the requirements of the operation. Future designs must de
made campletely waterproof,

Any further operation of a similar nature should be equipped with a

S —

greater number of ionisation chamber instruments, and same of these instruments
should be capable of reeding 50,000 mr/hr. Geiger-Fueller counters were available
in sufficient quantity to meet all requests with a pood reserve to meet any failures,
On several cceasions every ionisation chamber instrument was issued, and some

prograa adjustments were mecessary to meet all requests. |
None of the survey instruments tested were completely satisfactory for
air use except when placed in constant pressure--comstant temperature chambers,

further study on instruments for use during air monitoring is neccssary.
A questionmaire submitted to the working monitors produced 1ittle in the |

way of comstructive suppestions, All wanted a smeller and lighter instrument, amd

there is no doudt that these are desirable charscteristics., It is also certaia,

however, that ruggedness and depandability must not be sacrificed for compastasses.

Sost momitors agreed that the protective covers designed to prevent instrumemt
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contamination were clumsy and interfered with proper manipulations of the contrels,
There was a universel feeling on the part of the monitors that an 1lluminsted meter
scale would be highly desirable. This was true even in an operatiom conducted
prizarily in the open, It would, of course, be more desirable when momitoring the
interior of ships or structures in an operation sush as Operation Crossroads,

In genersl, the instruments used during Operation Sandstone were setisfuc-
tory from a circuit standpoint or could be readily mede so, Radical changes do mot
appear necessary. HNore rugged construction based om JAN specificetions and changes
in mechanical design should produce very satisfactory instruments for field uee,

It should be noted that the monitors operating instruments were of higher
caliber than those who will generally operate them with militery field umits, Ia
eddition, the operation wes of relatively short duretion and had continued high
level maintemance emphasis, As a result, the reader should be cautioned not to
anticipate equal instrument abuse during future operations,

VIII REFERENCES

(1) *Results of Field Tests on Rediation Netection Instruments,®
Adrian B, Dabl, 30 June 1948,

(2) Tesk Group 7.6 letter to the Chief of the Buresn of %ips, ‘
"Experimental Radise Instruments, Report om," dated 5 May 1948,

(3) Instrumsntation Annex 8 to 7.6.1 Operatiomsl Report, dated
1 July 19%8. |

(4) "Cemma Radiation versus Distamce,” Froject 7.1-17/RS-1 by
Berbert Scoville, Jr., (DR B, J. Hoffman, USN, and IT B, C, Vicars, USH,
dated 30 June 1%8,
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APFENDIX A
TO0s Colonel James P, Cooney
FROMs Dr. R, B. lapp

COR H. L. Andrews
LODR D, C. Campbell

SUBJECTs Fimal Report of the Subcosmittee om Radsafe Survey Instruments
ENCLOSURE 3 Re Final Report

1, At its firet meesting on 18 September 1947, the Radsafe II Committee suthorised
the formation of a subcomrittiee on instruments for the purpose of determining
the types of radioloricel instruments that might be procured. CDR Andrews (NIN),
LCDR Campbell (APSWP), and Dr. R. F, lapp (JRDB) were appointed to the sube
committee and were directed to submit an interim repart as socon as poesible,
preferably within a week,

2, The Subcommittee held its first meeting on 20 September 19,7, As a result of
this meeting, the Subcommittee issued an interis report datsd 22 September
1947. It was decided that insufficient up-to-date information was available
on vhich to base conclusions in the interim report and that a committee survey
of the current development work in the Boston, Cleveland and Chicago Arees was
in order,

3. Betweea 23 and 27 September 1947, Dr, lLapp and LCDR Campbell visited Bostom,
Cleveland, and Chicago and made a gquick survey of the Radsafe instrument situwe-

and availadle
tion, both with respect to instruments immediately availsble/vithin one ywar.
Campbell and Lapp also made a visit to one company in Arlingtom, Virginia, oa
1 Ootober 1947. Andrews visited Philadelphia, Pa. on 27 September 197,

4. In addition to visiting instrument companies in the eastern U, S, areas, the
Subcommittee has contacted companies in other parts of the country to determine

mbﬂwﬂb‘""' Il r vy e
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the status of their development work in the field of survey instrumentatiom,
Contect has been made with interested agencies of the Army, Navy end Alir Fesove
a8 woll as the Atomic Energy Commission to determine what work of related mature
is being pursued by these agencies,

A final meeting of the Subcosmittee was held 4 Ootodber 1947, and the Fiml
Report, Enclosure A, which covers immediate requirements, was prepared, Longer
developments will be reported separately.

ALt

Bnel, A - Finmal Report for the Subcommitiee

CIR R, L, Andrews

LCDR D, C, Campbell (3)
CAPT F, I, Winsnt, Jr, (2)
¥ajor Daver

Col, Cooney (3)

. Jimnems Ry~ »
’u.’v. A3 1 .‘—.I
WIWUivowai |
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FINAL REPORT QN RADSAFE SURVEY INSTRUMENTS

1.  Purpose of the Repert

The purpose of this report is to vrovide a schedule for instrument pro-
curement, itemised by manufacturer and type which may be obtained in the quanti-
ties noted in Paragraph 2 prior to 15 Jamuary 1948, Some slirht modifications have
been made to the total quantities of general catalopues of ipstruments which were
determined by the Radsafe II Committee at its first meesting om 18 September 1947
and contained in the interim report of 22 September 1947.

2.  Eindins of the Committes
In order to arrive at its findings, the Subcommittee considered the
companies listed in Attachment I in order to make the following scheduls,

A. Gejger-Wusller Survey. Ipstruments

Nodel Prien Quantity
a- Instrument Development Labs, 2610 $250 25
be Vistoreen Instrument Co, 2634 200 100
ce National Technical labs, | ) &Y ] 200
31,250 lg

#llay be obtained from 300 to be delivered to the AEC by 15 November 1947,
B. Jop Chember Survey Instrumenis

a= Natiopal Technicel labs, X2 4300 20
be Victoreen Instrument Co. 247A 250 2
c=- Victoreen Instrument Co, Nod, 247A® 250 10
d- Reuland Co, Zeus 2100® 275 -

» 500 -g

#8¢¢ Paragraph 5 below.

Enel, A

._
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FHNEIL

~ -

Nodel Price Quantity

a- Landsverk Electrometer Co, L-200 443,20 300

b~ Landsverk Electrometer Co, L-10r 50.00% 50

¢~ Landsverk Electrometer Co. L-50r 75.00% 0

de Instrusent Development Lab, 3360 30.50 2000
e~ National Technical labe, m_’agj..”

f- landsverk Charging Boxes 435.00

g- IDL Charging Boxes 3360 35.00

he National Technical Lab, Charping Boxes

‘2310.00
Eetinated price.

#0250 nay be obtained from the Atomic Energy Commission from an
be delivered approximately 1 January 1948,

Y V™

D. Pirect Reading Dosimsters (Vacyum Tube Integration)
Model Price Quantity

a~ Victoreen Instrument Co, Proteximeter

%%,375 4

« Yhile the Sudbcommittee did not have sufficient time to draw up a camplete set
of specifications for any of the subject meters, only the above noted meters
approached acceptance under the following broad considerationss
a- Portability (weight not over 12 poundsy sise 4x10x10 inches;
carrying do'vi.eo: ete).
b- Charncteristics of the ssnsitive element (G-M tube, range 0-0.1,
0-1, 0-10 r/days or ion chamber ranpes; O-1, 0-10, 0=100, 0-1000 r/day).
c- Rugpedness (shock, vibration test)
d- Contaminability (disposable cover, smooth finish, mot painted)

11
At 1L
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e~ Temperature effect on sensitive element and components (ranpe
32-135° ¥ and lower if poasible).

f- Battery 1ife (120 hr. at 8 hr./day minimm).

g¢- Tropicalisation,

h- Hmidity effect.

i~ Circuit stability.

§= Mater proofing, immersion proofing, ete.

ke Time of resvonse (1less than 10 seconds).

le Accessibility for repair (easy bettery revlacement).

me Calibmtion-reliability,

a- Bgee of edjustment (dial set, zero set, range change). ‘*

o~ Photosensitivity, :’

p= Altitule effect (sealed ion chamber), |

Q= Quality of components (procurability and standerdizatiomn).
4. Possible Procurement Difficulties |
‘ As anticipated in the preliminary survey, the omnly mserious bottlensck is |
with the ls~dsverk Electrometers, At the time of the Subcommittee visit, Dr, O, G,
Landsverk was on the verge of msking a decision either to expand into a new plant
in Yest Chicago an’ retain his own facilities, or to join with some other company.
If he contimues with his own business, it 1s possiblo that 500 L." Meters can be !
obtained, from parts on hand, by 15 Jemuary, On the other hand, there is no promise
of delivery om 0-20-r or higher range meters, and Landsverk would went a development
or cost plus contract to do this work, Immediate action is needed to nrevent this item
from becoming a bottlemeck, It is the Conmittee's recommendation that an order less
g than 500 of the L-7 Neters be ordered, so that Landsverk may devote his time to the
‘ higher range meters,
f




Nelivery of the National Technical lLaboratory electrometers by Jamary 15

may not bs possible, but an order is recommended t> stimulate production socurces
more reliable than those of Lendsverk,

5.  lIsstrument Wodificgtions

The Viotoreen 247A ion chamber meter has four scale renpess 2.5 mr/hr
full scale, lx, 10x, 100x, and 1000x, It is desired to obtain ten instruments
modified to have four scale ranges: 2.5 mr/hr full scale, 10x, 100x, 1000x, and
10,000x. Thus, the Company has agreed to do without sdditional cost,

The Rauland Corp. Zeus is a portable alpha, beta, pamma meter, and it is
the Subcommittee's recommendation that this instrument be modified to gasma reading
only., It is further recormmended that the instrument be placed in a metal case,
These modifications, especially removal of thre alpha-beta feature, should simplify
the instrument and perhaps effect a recuction in price.

6.  Additicval Survey Instruments for Adrcraft
The quantities s>f survey instruments listed under Paragraph 2 do mot

include allowance for more than six mammed aireraft, Should more aircraft be
involved, it is recommended that the following quantities and types of instruments
be procured for each airerafts

1- Ionization Chamber Survey Meter

2« Ceiger-'ueller “urvey Peter

1- Proteximeter or equivalent

7.  Alpha Neasuring Survey Instruments
It 43 the Comittee's recommendation that 4O alpha measuring instruments
be procured, Twenty (unmodified) Reuland Zeus, in addition to those mentioned im
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Paragraphs 2 and 5, and that 20 AEC design Pluto Meters, Model 356,be obtained
from a lot of 125 mamufactured by the Victoreen Company and delivered appraximately
July 1947 to the Atomic Energy Commission,

It 1s known that there are in existence at the various sites of the Atomie
Energy Commission survey instruments which are more satisfactory than those listed
under Paragraph 2 above. For example, Los Alamos has developed the Patts metexn asd
Sendia has a modificatiom of his meter, but to date this has not been engineered or
produced by any company. It is not believed that these meters can be engineered
and placed in production in order to meet the present needs.

9.  Additional leboratory Instruments
It should be noted that this report covers survey instruments and does
not include any instruments required for laboratory purposes.

/s/R. ¥, lapp
R. E. LAPP
for the Subcommittee

Attachment 13
List of Radiological Instrument Companies

NCLASSIFIED
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Applied Physics Corp,

Atomic Instrument Co,
Berkeley “clentific Co,
Cambridge Instrument Bo.
Cyclotron Specialties
Dormitser Elect. & Ffg, Co.
Alan B, dulont Labs.

Edgerton, Germeshausen & Grier

Electronics Control Corp,
General Redio Co,
Geophysical Instrument Co,
Henson Co., Fred

Herbach and Rademan Co,
Instrument Nevelopment Labs
Kelley-Koett “fg. Co,
Tandsverk Electrometer Co.
HMacLleod and Hanopol
FRational Technical Labe.
North American Phillips Co.
Radiation Counter labs,
Reuland Corp.

Raytheon Ffg, Co,

Sylvania Electric Prod, Co,

SEN !/ SSIFIED

40 S, Osk Knoll

160 Charles °t,

601 Nevin Ave,

Crand Central Stetiom

782 Commonweslth Ave,

T7 Mass, Ave,

1573 E. Forest Ave,
275 Miass, Ave,
1820 N, Rash St,

517 Ludlow °t,
223 ¥, Erie St.

6030 Ellis Ave,
10 Joiner St.
814 Mission St.
100 E, 42nd St,
1844 v, 2lst St,
4245 R, Knox
160 State St,
70 Forsythe St,

s 7 2% <]

Pasadema, Cal,
Boston, Nass,
Richmond, Cal.
Now York, N, Y,
Moraga, California
Cambridge, Nass,
Passaic, K.J,
Cembridge, Nass,
Netroit, Nich.
Conbridge, Hass,
Arlingtom, Va.
Pasadema, Cal.
Philadelphia, Pe,
Chicapo, Ill.
Covington, Ky.
Chicago, Il1,
Charleston, Mass,
S. Pasedema, Cal,
New York 17, K.Y,
Chieago, I11,
Chicago, Il1,
Boatan, Nass,
Boston, Rass,




]

Technical Associates, Inc.
Tracerlad, Ine,

Victoreen Instrument Co,

UNCLASSIFIED

3736 San Fernando Rd.

55 Oliver St.
58n% Rough Ave,

Glondale, Cal,
Boston, Vass,
Cleveland, Ghio

The following additional companies are listed for future references

Bendix Aviation Corp,

Consolidated Enginsering
Cornell Fngineering
Gililan Redio

Hewlett Packard Co.

Special Products Div,
Fisher Bldp,

3
UNCLASSIFIED

Detroit, Nieh,

Pasaders, Cal,
Buffalo, N, Y,
Los /ngeles, Cel,
Palo Alto, Cel,

- & S s
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i“ APFENDIX B

PHOTOGRAPHIC FILM LABORATORY

The photopgraphic film laboratory for processing film badges was housed in the
regular photographic laboratory of the U,S,S. Bairnko, This space of about 600 eq. ft,
© 19 alr conditioned, and the processing tanks were installed in temperature controlled
baths, Personnel consisted of part-time assistance by Mejor J. T. Brennan (NC) USA,
and the following photographers mates:s Fletcher, James S,, AF 31 Liebe, Ernest B,,

PH 33 Rhenish, Edward J,, AF 3; and Varnum, James ¥., AFPAN,

A1l processing was done with psckaged developers to avoid the errors inhereat
in weishing and mixing. Calibrations were made with the standard radium scurces used
by the instrument laboratory., Two Weston Electrical Instrument Company photographie
densitometers were used for measuring the processed film, These densitometers were
preproduction models built to AEC specifications, They differed from procductiomn

: models in the design of the case,
The operation of the film laboratory was uneventful, but a few comments may be !

of help in future operations, In an operntion of this sort the film badge load has |

very high peaks, and a short nrocessing and reading time is essential. The personnsl

assipned to this job were not adequate to handle the pesk loads., On cscasioms they

were required to work as much as 36 hours without relief. This was done willingly,

but under these extended working periods, errors are very apt to cccur. In s future |

operation of comparable magnitude, six men should be assigned, and ome of these should |

be a chief netty officer,

i_ The routine film badges had two films with maximum ranges of 1.5 and 10 r res-

pectively, It is felt that in future operntions the routine badge should contais
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a third film sensitive to perhaps 100 r, This will rarely be needed,but on a few
occasions at Fniwetok this third f1lm could have been used to advantage,

Consideradble time was consumed in the laboratory in marking the films before
processing, This was done by pencil on the films. The efreatest care must be
taken to avoid errors in identification, and this point should be carefully studied
before another operation. Undoubtedly better methods can be devised.
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CRYSTAL DOSIMETERS

I ABSTRACT

A variety of crystals and Vycor glasses, which indicated the
amount of radiation to which they had been exposed by their degree of
coloration or color changes, were exposed at several levels of gamma
radiation. Coloration varied fram that which was barely perceptible
visually, to a very pronounced and deep rich hue. A preliminary esti-
mate of results obtained indicate that this method of radiation exposure
measurement shows promise of practical application and merits consider-
able attention to effects its perfection. Current problems presented by
the use of untreated crystals are: (a) crystal coloraticn lacks stability
and is affected by time and expostre to light; (b) visible color changes
occur within a range of exposures which is above the lethal dosage for
personnel and hence has no value as an indicating device in effecting

radiological safety for human beings.

II OBJECTIVE
The object of this project was to field test various crystals

for use as dosimeters to determire by visual observation of color changes

the radiation exposures in the lethal and sub-lethal range and to determire

the degree of exposure to gamma radiation of various biological samples.

III HISTORICAL
One of the prospective problems in radiological defense after
an atomic bomb attack will be to determine rapidly and with a fair degree

of accuracy, the extent of radiation exposure of personnel. This knowlecdge
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will peruit the most efficient use of medical supplies and talent during
recovery operations. It is possible that when efficacious medical treat-
ment is developed the treatment may depend upon the extent of exposure.

The requirements for an indicating device to measure this ex-
posure, are that it be light, easily carried, relatively inexpensive, op-
erate under field conditions, and be capable of being read by relatively
inexperienced personnel with little or no auxiliary equipment. Such
contradictory speciiications are not fulfilled by any devices now in use,

The coloration of various crystals and glasses by x-rays has
been known for i number of years. Some preliminary work was carried out
on several glasses by the waval research Laboratory for the Naval Medical
Research Institute prior to operation CROSSROADS. Vycor glasses seelued to
be the most practical of those used to determine the dosage received by
animals exposed at Bikini. Because of the samll dosage received by these
animals, completely satisfactory results were not obtained. These glasses
have since been investigated further by the liaval sedical Research Institute
and calibrated. At present they are read by means of a photoelectric densi-
tometer. haval Research Laboratory continued work on several other crystals,
particularly sodium chloride and lithium fluoride and Naval Medical Research
Institute has conducted some preliminary studies on activation of potassium
bromide to increase its sensitivity. . report on these materials will be

given at a later date of this report.

Iv EXPLRIMENTAL
The following crystals were exposed:

28 Lithium Fluoride.
18 Sodium chloride.
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6 Potassium bramide.
10 Potassium chloride.
56 Vycor glass rods.
5 Sodium chloride and Manganese chloride.
3 Sodium chlorice and Silver chloride.
15 Potassium Bromide activated.
In addition, the following materials were packaged in transparent
capsules in a powdered or granulated form and were also exposed.
8 Anzsioh

4 Zn Ba SiOh

2 Zn GeOh

5 NaCl

3 KC1

3 ZnS

2 Silver phosphorous glass.

The crystals were artificially grown and most of them were not
polished sufficiently high to obtain the best optical effect. They are
quite uniform in size being 1" X 1/16" long and 1/2" % 1/16" square and
were all colorless and transparent prior to exposure. Two crystals were
placed in a 1/8" thic¢ aluminum tube with a screw cap seal for field ex-
posure. The capsules were similarily mounted except that they were pack-
aged three to a tube. The Vycor glass rods, optically polished, 3/8" in
diameter and 3" long, were packaged in corked aluminum tubes. The acti-
vated crystals were 3/8" cubes. These were imbedded in a clear plastic
circular disc about 13" in diameter and 5/8" thick.

Approximate calibration colors for the more abundant crystals
were prepared by NRL and forwarded to the test area but they were never
received. In lieu thereof, an attempt was made to calibrate standards
aboard ship by exposing some crystals to a 250 mg radium souré; but this

D
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met with little success. Very light coloration was secured at exposures
of 100 r to 500 r. iith direct couparison it would have been very difficult
to determine the gradations of exposure. The lightness of color has since
been deterwined to have been due to the rapid fading that takes place with-
in the first few hours after coloration. Vith the radium source it was not
practicable to secure a rate of uniforu exposure of much greater than 20 r
per hour. The Vycor glass dosimeters were individually calibrated by ex-
posure to known quantities of x-rays at the Naval l.edical 'esearch Institute.
Their coloration is determined with an accuracy of 1% by photoelectric
means.

Although it was not possible to secure a satisfactory calibration
it was desired to test the crystals for uniformity and reproduceability
against the mixture of gamma rays and neutrons produced by the bomb. On
test A-ray one of each of the several types was mounted at 1400 yards and
at 8 yards from point zero to obtain a check on their reaction. The
cerystais, sxceyt ior the lithium fluoride, appeared to be saturated in
color at tlic cliser distance and to have just begun to show coloration at
the 140C ygrgi sgtation. The crystals were recovered and exumined at about
plus @h;rty-six hours., st the second test th”e pqatals were axpoa_od and
a large number recovered at about plus eight hours. It was desired to ob-
tain a permcnent record of their color changes so an attempt was made to
photograph them in color. !uring the short interval of several minutes
that was required to arrange them in the sunlight many faded completely.
it was therefore decided to bleach all the remaining crystals out by pro-
longed exposure to sunlight and re-expose them on the third test. after
recovery, accorplished at about eight hours, they were briefly examined
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and compared visually then sealed in their tubes for return to the Kaval
Research Laboratory and precise examination.i
;; The Vycor glass and activated crystals were returned to the

Naval Medical Research Institute for reading of the do.age received.

Visible color changes were noted.*

Table 1 lists the distances at whica crystals were exposed in

Test X-ray and Yoke and recovered with a description of the clor change.

In Table 2 the location for the Test Zebra samples are listed.

\ CONC.USIONS AND RFCOMMENDATICNS

artificial crystzls offer a promising method of determining de-
grees of exposure with what should be a fair degree of accuracy. Althoush
the results indicated in Table 1 are shown roughly, within each category of
color intensivy a gradation could be discerned and the grouping was purely
arbitrary. .hen several crystels of the same material were exposed at the
saue distance no visible color difference was noted. At the tines of re-

covery sodium chlcride appesred to be the most sensitive enz lithium fiuvcr-

ide the least. Lithium flcuride seemed to attain the most erranent c-lm1,
the remaining crystels fading completely in a few minutes upon exposure to
sunlight .

Continued investig:ztion at the Naval Reseurch Laboratery hac im-
proved the sensitivity and permanency of several of the crystals emplcyed

on these tests and they will be repcrted upon in the near future. then

these are develcied to a practicavle stage they shoul1 be tested in the

field in a systeiatic manner.

? ‘hen analysis of the results are obtuined a suj.leuentary report will
be subnitted.
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The following recommendations are made: (a) The sensitivity of
the crystals should be increased so that the one half maximum color density
exposure should occur at about the beginning of the lethal range. (b) The
crystals should be coated with a clear plastic to prevent sensitivity to
moisture. (c) Calibration of the crystals to fast and slow neutrons should
be accomplished. (d) At future tests only the most promising types of
crystals upon which complete calibrations are furnished should be exposed.
(e) The degree of color permanence should be as great as practicable to

achieve. (f) The crystal should be highly polished to obtain the best

optical surface possible with the material used.
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BXFCSURE TaSTS X-RAY AMD YOK=E

TaBLE 1
Material and Test and Distance Color Gamna
Characteristic color (Yards) Intensity Exposure
(r)
LiF Yellow Y-600, Y-700 medium 25,000-100,000
Y-500 1
Y-1000, Y-900 light 5,000=15,000 ,
£-800 k
Y-1100, Y-1250, Y-1300 very light 1,000~3,000 k|
NaCl anber  Y-1400, X=-1400 none visible €00 |
i~-€00, Y-1000 very deep 3,000-5,000 4
Y-1100 i
Y=1400 light £00 3
rel Blue  i-800, Y=900, Y-1000 very deep 44,000=9,, 000 1
Y-1100, ¥=1250 deep 1,300-3,000 - 3
Y-1250, Y-1300 medium 1,000-1,300 :
KBr Purple £-800, Y-1000 very deep 4,000~5,000 1
Y-1100, Y-1250, Y¥=1400 deep 800 3,000 : 1
‘; i
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ZXPOSURE TEST ZEBRA

TABLE 2 {

Number and Material

Distance (Yds) NaCl KBr KCl

400

LiF
4
500 L
600 2
700 2
800 2
900 1
1000

1100

1200

1300

1400

1500

1600

NN N NN NN
e R I = B " R W
= I = R

The remainder of the crystals were not recovered or were damaged

on previous tests., Coloration charts and color decay curves will be for-

warded in a supplementary report.
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REPORT ON NAVY RADIAC METERS

Introductory Remarks =

The Navy Models AN/PDR-1(XN~1), AN/PDR-8 (X) and AN/PDR-11(X)
Radiac Sets represent the first of their class to be designed by ar for
a branch of the military service for radiological survey purposes in the
field. As such, each has embodied same radical departures from similar
instruments which were designed purely for commercial or research wark in
the laboratory.

Parts I through VI of this report consist of all technical data
obtained to date on subject meters as well as the general concensus of
opinion on same by persommel who have had the opportunity to use or observe
one or more of the original experimental models shipped far test and
evaluation purposes to Project Sandstone,

**ﬂ-**%*****%*******4***%***#******##**
* #* * #*
* *
¥

INDEX

Part I Model PDR=-1 Portable Beta=Gamma Survey Meter
1, Case and Physical features
2, Probe and probe housing

3. Indicator
za) Microammeter
b) Audio output and headphones

4. Electrometer circuit
(a) Fundamental circuit features
(b) Electrometer tubes
éc Metering circuits
d) Components and controls
5. ¢+ 4 Tube’

(ag High sensitivity, type BS-
(b) Low sensitivity, Type 6C-




i Index (Continued)

6. Power Supply
(a) RP oscillator circuit

b) Filter network

¢) Components; accessibility of
d) VR tube, corona discharge type
e) Batteries

i

7. Calibration procedure and curves

8, Field test results and conclusions

9. Inclosures - Charts, Calibration Curves, Plateau Curves
Part II-Model PDR-1 - Suggestions and recamendations for improvement of

1, Case

2, Probe
3. Indicator
4, Electrometer and metering circuit
5. . G.M, tubes
6. Power supply
Part III - Model PDR-8; Portable Beta~Gamma Survey Meter

1. Case, probe, indicator, G tubes and VR tube subject to
same remarks as for Model PDR-1

2, Pulse and metering circuits
a) Fundamental circuit
b) Tubes
c¢) Multivibrator and metering circuit
d) Camponents and controls

3. Power Supply
a) Vibrator
b) Filter

c and accessibility of
d) Batteries

4e Calibration and procedures and curves
5. Field tests - None to date
Part IV = Model PDR=-8; Suggestions and recammendations for improvement of

| 1, Case, probe, indicator, G tubes, power supply and VR tube
: subject to same remarks as for Model PDR-1,




P Index (Continued)
2, Multivibrator and metering circuits -
Part V = Model FDR=11 Portable Alpha Survey Meter
l. Case and physical features
2, Probe
3. Indicator
4e Electronic ecircuit
5. Photomultiplier tubes
6. Power supply
7. Calibration - None
Part VI - Model PDR~-11; Suggestions and recommendations for improvement of
1. General remaris
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REPORT ON NAVY RADIAC METERS
PART I - Model AN/PDR=1(XN-l)

1, (a) Case and physical features. The carrying case and weight of
subject meter head the list of undesirable features, The shape of the case
alone invites criticism even from the casual observer. From the standpoint
of portability the case is strictly out of proportion, bulky and poorly
balanced. The latter defect is due primarily to the location of the shoulder
strap.

(b) A comparison of the weight of subject meter with that of
several similar commercial models indicates a negligible difference in the
actual weights, yet the former has the effect of being several pounds heavier
after a relatively short time of use in the field or in a vessel. On board,
it is noted that to carry subject meter in relatively close places such as on

* ladders or in passageways results in considerable shocks and jars both to the
man who carries same and to the meter itself., To transit a ladder or an
escape hatch is equivalent to blocking either off during the time of such

transit,

(¢) In addition to the major defect noted, several minor defects
are mentioned for future reference:
(1) End plate screw holes do not coincide with the tapped
holes of the case proper, '/hile it is realiged that a different method of

e

securing these plates is contemplated, it seems inexcusable for a reputable
manufacturer to allow this condition to exist even in a prototype model,
: (2) The center screw and its mut which holds the battery

‘, campartment terminal board in place both require grinding off to allow for
{ installation of the Eveready No, 412 battery,
{
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PART I Section 1 Continued:

(3) The cambination clamping and contact making screw which
holds the Eveready 412 battery in place requires the use of a pair of needle
nose pliers to tighten, Not even an off-set screw driver will suffice to
turn this screw,

(4) The shoulder strap location causes the bottom of the meter
to project fram the users body by approximately 15 degrees, tlms increasing
the space requirement in transit as well as throwing the entire meter off

balance,
2, (a) Probe and probe housing, Both the dimensions and the weight
are prohibitive,
(b) Method of insuring watertight integrity are inadequate,
i (c) Screw threads strip easily in the micarta piece which supporte
the ocuter end of the gm tube mounting and terminal board assembly., This is
a contributing factor in the lack of watertight integrity,

(d) Pull 360 degree rotation of the beta shutter likely to lead
inadvertently to leaving the apertures open.

(e) The necessity for the aperture at the end of the low sensitivity
gn tube is not apparent in actual use, It will be noted that this tube has
no mica window and is not sensitive to beta particles due to the thick glass
envelope; it is mounted in the opposite end of the probe housing which
increases the distance from the aperture by approximately 8 cm; and finally
the axis of the tube is perpendicular to the plane of the aperture., As a
consequence no beta particles have been detacted by this tube to date.

, (£) The probe housing and cable invite adverse camment from all who
‘ have observed same, The entire arrangement is awiward and impracticable for
‘ ¢
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PART 1 Section 2 Centimed:
efficient handling of the probe., With the probe unhoused and the cablse
extended through the hole in the lower end of the cover, the meter will
not seat squarely if it is desired to seat same down during a localised
survey,

3. (a) The microammeter indicator with the range dial shift
mechanism has received favorable camment from all sources, A direct
reading indicator dial is highly desireble, however, on the basis of
assigning a time limit to persomnel on a given mission, it is preferred
that the calibration be in terms of mr/hr rather than the existing r/2k hr,
rating. The method of accamplishing range shift in this case is quite
practical with the two qeeptim noted in the following:

(1) The open slots in the side of the indicator case allow
for entrance of iron filings and other forms of foreign matter which may
cause sticking of the pointer, It is noted that each of the meters has
required the disassembly of the indicator and its mechanism far removal of
iron £ilings, Not all of same have been adequately removed,

(2) Insulation on rear of the range dial plates is not
adequate, This results in contact of the dial plate with the magnet of the
indicator with consequent shorting of the plate supply voltage and violent
overthrow of the pointer,

(b) Headphones. Too heavy and lacking in sensitivity for this
application,

4, (a) Electrometer Circuit, Reference circuit schematic, Fig. l.
The circuit employed in subject meter is a conventional balanced direct
current amplifier, This type of circuit is commonly used where the input
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PART I Section 4 Continued:

voltags amd current are of extremely small value such that RC or impedance
3oupling cannot be used and wherein direct coupling of the input to the
firsv grid is required as in the Zeus and similar ionisation chamber type
instruments. Although the eircuit appears to be a simple, straight forward
amplifier, it is noted that any form of direct current amplifier is subject
to inherent disadvantages not encountered in other types. This is
Particularly true with regard to its instability and tendency to drift due
to leakage and to the use of tubes which do not have similar characteristics,
Considerably more care must be taken in the original mamufacture and in
subsequent maintenance work to assure proper operation. Highest yuality

camponents are required and the interior of the meter must be maintained
absolutely moisture free at all times if instability and drift are to be
prevented,

(b) AL that has been said of this circuit has been coafimed on
each of the 15 meters shipped for this operation, Drift and instability were
apparent fram the very beginning, Investigation revealed that the cause of
both was due to poor insulation and poor camponents in the grid circuit of
the input tube. Practically all insulation material used in the grid eircuit
proved to be defective with the resistance varying from 100 megohms to as
low as 20 megolms. It can be demonstrated that the resistance of this
E a circuit to ground and to other potentials must be of the order of 109 or '
' higher, depending on the input resistance, if leakage is to be eliminated |
for practical purposes, In Fractice, the insulating msterial of the input
grid circuit must have a resistance at least 100 times greater than that of
3 the input oircuit to insure that at least 99% of the imput current flows
" through the grid resistor, Any appreciable current which flows through a
1
|

— .
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PART I Section 4 Contimued:
lsakage path will decrease the sensitivity of the circuit as well as change

the calibration,

(e¢) The following materisl and emont.o' were fourd to be

defective for this application:

(1) A1l micarta or camposition terminsl boards,

(2), The fiber insulation bushings on the jacks between the
battery compartment and the chassis campartment,

(3) All calibration (Grid circuit R) potentiometers. The
potenticmeters are of very poor quality even if we neglect the leakage
factor.

(d) In addition to the foregoing, an apparent saturation effect
has been noted above the mid-scale point of the 0-10 scale. It is possible
that lsakagze is also causing this effect since it is possible to effect an
improvement by thorough drying of the unit prior to use, Additiomal tests
will be made to determine the source of troudble,

(e) The metering portion of the circuit is not entirely satisfactory.
The RC time constant of 1 second in this circuit permits fluctuations on the
arder of 30% to 50% of full scale on the most sensitive range at or near back-
ground counting rate, '

5. GM Tubes - Reference Charts 1 to 17 inclusive,

(a) The type BS, high sensitivity, mica window gm tube is considered
to be physically superior to the average of this class, For field use the
more rugged construction of the type BS tube is preferred over the more
conventional thin-walled glass tubes presently used in the commercial models,
Reference to Chart 15 reveals that three of the BS tubes have been broken in
handling; two had the mica window ruptured in some manner, possibly by thmb
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P 1 Section 5 Contimued:

or finger; cne was broken by applying excessive pressure on the 6-32 screw
on installation. The end mica window constitutes the weakest point in this
tube from a physical standpoint. The value of the mica window for ordinary
field survey work is subject to question in view of experience gained on the
present project. For localized survey work such as in close places in a ship
or plane or for point source determinations such is undoubtedly required,
However, as noted in Sestion 2, the present method of mounting the tube will
not permit efficient use of the mica window,

(b) Reference to Charts 1 to 16 inclusive reveals that the plateau
on subject tubes is on the average quite poor. A slope of 40% per 100 volts
is noted on two in particular while none have a slope of less than 104,

(¢) Reference to Chart 17 reveals that the voltage puls .sveloped
on the center electrode of subject tubes is on the average considerably
higher than on several conventional camercial type tubes, The voltage
noted on several in particular was unbelievably high and a close recheck was
made to confirm same, As a means of further confirming this fact, the
cmvntmmsuredsimlmlyinthecimitshwninmg\mz. In
all cases the sample used to excite the tube was placed equidistant from the
tube under test,

(d) Type 6C, low sensitivity GM tube, Reference to Chart 16
indicates the disposition of subject tubes fram a physical standpoint, This
tube is characterized by its relatively small diameter and in particular by
the relatively small cathode of sensitive area. It is also noud that the
possibility of obtaining a very rugged tube in this type offers mch hope for
its adoption in field type instruments, As noted on the chart, however, at
least two of the tubes were cracked in normal handling of the meters in which

AIRIM] AR

i

N

Sl dadf
e —" A




PART I Section 5 Contimued:
each was located, It is assumed that improper annealing is the cause of

this trouble since none of the tubes were dropped or otherwise subjected to
undue shock,

(e) Several of the type 6C tubes were too long to fit the clip
holder on the mounting board assembly in the probe housing. This necessitated
alteration of the location of the clip. It is assumed that future production
of this tube contemplates the sealing off of same at a point near the cathode
similar to the two which were received with two respective meters,

(£) Attention is invited to the apparent electrical effect created
by the extended insensitive end of this tube in the following and on the
plateau curve sheets, The ‘latt.:r will also reveal that practically none of
the 6C tubes had what migxt‘ be t:‘ermed a plateau on the initial count versus
anode voltage checks., Instead the counts increase on a relatively straight
line with an increase of voltage. In no case is there a plateau in excess
of 50 volts, In some cases a state of almost continuous discharge is reached

at or near the operating potential as fixed by the VR tube in the circuit,

(g) Of particular interest is the apparent change in counting rate
of the type 6C tube after a few mimites of operation, This increase was
noted only at or near the threshold voltage point, the latter of which did
not change with repeated rechecks, This characteristic did not become
apparent in time to check a greater number of the tubes for more conclusive
confirmation; however, four were noted particularly. Two of these were
stabilized in nomal counting and during the rechecking as indicated on their
respective curves, It was recalled that the halogen gases do not mix as
readily as other more cormonly used gasecs, therefore it was assumed that such
was the case here particularly in the "dead" or insensitive end of the tube,
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PART I Section 5 Continued:
Also the type BS tube, with prectically its entire volume comprising the

sensitive area, did not exhibit this characteristic. Working on this
assumption, two of the tubes were subjected initially to a flashover voltage
of approximately 100 volts in excess of their nommal operating potential for
a period of ten seconds, Repeated checks of the count rate at the threshold
voltage were made thereafter with no change occuring at any point,

(h) In the course of investigating the saturetion effect previously
referenced, one of the type 6C tubes flashed over in a field of relative
high intensity (within 1 meter of the 250 mg Ra source). The tube was
removed from the meter and tested on the bench with various potentials
applied. It continued to discharge contimiously even with the voltage
reduced to a value 200 volts less than the normal threshold potential, It
was assumed that the halogen quenching gas had been absorbed by the electrodes;
consequently the tube wauld contime in a state of discharge as long as the
voltage was applied,

(1) Reference to Chart 17 also indicates that the current drawn by
the types BS and 6C tubes 1s considerebly higher than that of other types of
tubes., It is noted that the indications for the 6C type show only that
current drawn at the same intensity of gamma radiation as was used with the
more sensitive type BS tube and the commercial types. With higher
intensities the 6C tube draws cwrrent, which suggests an answer to the
trouble experienced with the VR tubes as detailed in Section 6, This can
be said also of at least one of the BS tubes, It is also noted that‘ the type
6C tube can be direct connected to a microammeter of 20/uA fundamental
sensitivity rating and made to indicate gamma ray intensities on the order
of 2 to 40 r/24hr, The exposure figures havonotbmfun\voon:’.hmd. nor
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PART I Section 5 Continued:
has the linearity of the indications; however, it is suggested that the

possibility of developing a detector based on this idea warrants consideration,
It is realized that to do so the tubes themselves would have to be standard-
ized to a closer degree than now exists,

(J) With reference to the voltage characteristics of the 6C and BS
@Y tubes, the relatively high pulses developed on the central electrode can
only be explained in terms of a muich higher distributed capacity of the
electrode, It is noted that this electrode is considerably larger than that
normally used in the conventional type tubes. The size of the voltage pulse
appearing on the central electrode is determined by the distributed capu:ity.
of the center wire and anything connected electrically with it as weli as
to the number of charges arriving thereon.

(k) It is noted that all of the type 6C tubes have a higher count-
ing efficiency than would normally be expected considering the projectea cross-
sectional area of the sensitive portion of this tube as compared to that of
the type BS tube. This condition results in a counting rate which is not
proportional to that of the type BS tube. A limited amount of compensation
for this condition was effected in the PDR-8 by changing the sensitivity of
the high intensity circuit,

6. Power Supply.

(a) The RF power supply operation is satisfactory for normal use,
Some RF voltage is introduced into the electrometer circuit when the chassis
is removed from the case and the battery extension leads are not properly
placed, This leads to a perceptable amount of drift in the indications of
the microammeter indicator which can be the cause of unnecessary work unless
the trouble is recognized, No trouble has been experienced in this connection
with the chassis in the case in a normal operating condition,
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PART I Section 6 Contimued:
(v) No appreciable ripple voltage is apparent in the out-put of

the filter network,

(e) All components appear to be satisfactory for this application
and they are reasonably accessible for replacement or test purposes,

(d) VR tube, coronma discharge type. Considerable difficulty has
been experienced with several of these tubes, As indicated on chart 16 at
least two have failed while one was inoperative upon receipt, The latter
did not show any indication of taking over control at potentials well below
and above the normal regulating point., It is also noted that several have
experienced a decrease in the value of the control voltage to a point
below the threshold voltage of the GM tubes, One in particular has decreased
fram its former rating of 640 volts to a value of only 590 volts, This
Placed the regulating point below the GM tubes with which it was used,

(e) It is recalled that mention was made at NRL of the apparent
change in frequency characteristic of the RF power supply with a resultant
change of voltage. This condition has not been confirmed in a single case
and it is submitted that the change in the output voltage of the power
supply is due to the erratic characteristics of the VR tube, As suggested
in Section 5 (1) it is possible that the current used by the G tubes is
excessive for the VR tube, No information is available at present on the
current rating of the corona discharge type of VR tube, However, this may
find confirmation in the fact that the only VR tubes which have failed
while in use are those which have been wsed with meters exposed to
relatively high intensity radiations while checking the latter on the 0=-10

r scale.




.18 - e

PART I Section 6 Contimued:

(£) Batteries - Reference Chart 18, All batteries are satisfactory
for the application, however, the method of securing same in the battery
campartment is inadequate,

7. (a) Calibration Procedure. Ome only of the original (15) units has
been calibreted with any degree of success, This one was overhauled to
eliminate the leakage referenced in Section 4. This was accomplished by boiling
all of the fiber insulators in bees wax; replacing the micarta terminal boards
with lucite boards; isolating the anode connection of the type 6C GM tube
from the terminal board in the probe and finally by replacing all four of the
calibration potentiocmeters with Allen & Bradley or equivalent, This eliminated
leakage barring the entrance of moisture which was periodically dried out
prior to & calidbration check,

(b) It was not considered precticable to treat additional units in
the preceding manner due to the fact the potentiometers required were not
available except from the spares for other meters.

(¢) Calibration was effected by using two standard Ra sources,

48,7 mg and 231,7 mg respectively at distances of 20 meters to 0.5 meter,
As noted on the calibration Chart 19-22 saturation was indicated on the
upper portion of the O to 10 r/2, hour range at distance of 1 meter and
closer., Contimued investigation is being conducted to determine more
accurately the exact cause of same,

8., (a) Pield test results, The one unit in operating condition was
field tested with three similar commercial models namely, the Victoreen
Model 247A, the Zeus and Beckman's Model MX=6, Since the respective ranges
of the three meters do not coincide over a very wide range it was not
possible to obtain more than appraximately six readings that cm‘o
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PART I Section 8 Continued:

1 compared, The results indicated the PIR-1 to be within appraximately 10%
| of the readings of the other meters,

(b) No trouble of any kind was experienced with the model PDR-1
on this initial field test., There was prectically no sero drift after the
r initial warmup period of about five minutes which is quite normal for this
type of circuit, Since this is the only opereting unit, it was deemed
advisable.to prevent the possibility of contamination as mich as possible,
Consequently the entire unit was kspt inclosed in one of the plastic covers
provided for one of the commercial type meters, It is noted that two of
the plastic carrying straps were used by two of the party as belts with the
intention of checking for possible contamination of same. None was observed;
however, additional tests of this nature will be made during future field
tests of the meter.
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ON RAD METERS

PART II Model PIR=-1(XN-1) Suggestions and Recommendatiors for improvement of.

1. (a) Case - On the basis of the objections noted in Part I Section 1
and in view of experiences gained on the current project, it is recammended
that the entire case be redesigned, The revised design to include revision
of the probe and power supply as noted in their respective sections, The
latter will make it possible to reduce the over all dimensions by at lsast
25% while the probe revision will result in an additional 10% reduction. The
weight will be reduced 25 to 30% and an improvement will be gained in a
better balanced meter. ‘

(b) Figures - 3 to 8 * licate (2) suggested revisions,

2, (a) Probe - No effort will be made to revise the existing probe
as such, The necessity for replacing the type 6C tube in the probe is
seriously questioned in view of the fact it is not sensitive to beta particles

and will detect gamma rays of relatively high intens .ty only. It is recommended

that the type 6C tube be mounted permanently on the chassis of the electronis
unit. This will have the added advantage of elimimating the three condustor

cable presently used with the probe and making possible the use of a much lighter

and smller two-conductor eable or a single conductor with a grounded shield.
(b) Since the type BS, mica window GM tube is of relatively rugged
construction, it is considered that a probe for same can be reasonadbly light
and certainly not as large as the existing probe, It seems that this tube
is or can be more readily adapted to a stream lined housing than same of
the more camon-types. The provision .or using a 6=32 screw in the connect~
ing end to the central elestrode suggests the possibility of screwing a
standard type banama plug therein so tha. the unit may then be plugged
into the probe housing, This would make it possible to have a campletely
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PART II Section 2 Contimued:

inclosed probe with the rear end well sealed against water and moisture and

the exposed end with a screw-on type of cambination cap and beta shutter.,
(c) It is further recamended that the entire subject of probes

be more thoroughly reviewed before additional radiac meters for general use

in the field are designed,

3. (a) Indicetor - Microammeter - Provide suitable means for sealing
of the slots in the side, A suggested method is the use of felt or similar
material to be cemented on both sides of the slots so that foreign material
will be effectively filtered out, This is the more important in view of the
relatively strong magnets used in the Westinghouse microammeter. It cannot
be too strangly urged that some means for preventing the entrance of iron
filings be provided if this arrargement of scale shifting is retained.

(b) The question of headphones is subject to additional review,
Vihere urgency demands a quicker method of determining the existance of high
intensity fields of radiation and when it is not necessary to make a
quantative analysis of this field, the use of headphones or audible signals
seems adequate, At the same time it hardly seems necessary to have both
visual and audible signals, particularly when the latter generally entails

the use of separate headphones. In view of the development currently in progress

on several types of audio meters which can be very easily carried in the
pocket of the user, it is suggested that headphones be omitted from future
models of meters designed for general field survey use,

he (a) Electrometer and Metering Circuit -~ The inherent difficulties

encovntered in the d.c. type amplifier should serve to discourage its use
where input pulses of sufficient magnitudes are available for exciting the
hwtﬂdotacmﬂimlmcmphdtypo. It is noted that the pulses

DIV WL LG
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PART II Section 4 Continued:
fram the type of GM tubes used in the FPDR-1 are far above average, In fact

the value of the voltage pulses from the halogen tubes suggests the use of
a single tube amplifier for the more sensitive ranges while the amount of
current drawn by these tubes suggests the use of a direct-coupled micro-
ameter for the higher intensities, In any event, it is certain that a more
rugged type of meter will result from the use of the halog. - .ubas ir - iew
of the possibilities of using a less sensitive indicating meter such as a
O=1 MA movement with a conventional type of amplifier circuit to drive same,

(b) If it is desired to cambine the use of a GI tube and an
ionization chamber in a single survey meter, then it is suggested that the
d.c. type of circuit be retained, Otherwise it is strongly recammended that
the circuit presently used in the PDR=1 be replaced in the future production
models,

5, (a) QI Tubes = In the absence of qualifications on the subject,
no effort is made herein to suggest methods for the improvement of subject
tubes, It is submitted, however, that considerable improvement of both types
is required to effect standardisation to the point where reliable replacements
can be stocked for general issue,

6. (a) Power Supply - It is recamended the RF power supply be
replaced with either batteries or a vibretor and single battery for use in
subsequent models, The latter can result in a saving of space and weight
only in the event it is designed to provide B supply to mest all requirements
of the circuit., This includes both the GM tubes and the electronic circuit,
This is quite feasible as noted in the Model PDR-11,

(b) Where relatively low-voltage GM tubes, 600 volts or less, are
used, it can be demonstrated that a power supply consisting of all batteriss
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PART IT Soction 6 Continued:
throughout occupies no more space, and the weight will not greatly exseed,
the vibretor or RF Oscillator type.

L e

(¢) It is also recomended that the various battery manufacturer-
ing firms be extended same inducement to undertake the design of batteries
solaly for use in GM tube circuits, It is not unreascnable to assume that
the sise of an individual cell can be reduced to the appraximate size of a
shirt button thus making possible the camstruction of a 200 volt battery,
for instance, approximately one third the present sise, Noted also is the
% fact that the miniature and subminiature field is but in its infancy and
with the advent of printed circuits there will be an ever increasing demand
for smaller batteries,
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;| PART III - Model X le Be .

1 1, (a) The case, probe, GM tubes, VR tube, indicator and general
physical features of the PDR=8 are all subject to the same remarks as given
in Part I and II for the PDR=1,

{ 2, Multivibrator and Metering Circuit.

- (a) The firet stage of the electronic circuit of this meter
consists of a mltivibrator which can be said to be a circuit for converting
sandom pulses into pulses of uniform width and amplitude, The second and
output stage of the circuit consists of a frequency metering circuit wherein
th.avomgeofthomnborotpuhumoindhmmudbnsd.c.f-m
meter. The meter has a relatively high capacitance shunted across its

g

teminals in order to damp the movement of the meter sensitive element, The
latter action is a function of the time constant or the product of RC in
the circuit which in this case is 2 seconds,

(b) The type 3A5 dual triode tube appears to be satisfactory for
this application although the filament current required, as indicated in
Section 3(d), automatically limits the life of the filament battery to a

relatively short period as compsred to the life of the "B" battery in the

circuit, The pentode section of the type 1S5 tube operates in a satisfactory

mamner as the frequency meter tube and to drive the headphones,

‘ (¢) Considerable difficulty has been experienced in maintaining

the circuit in operating condition due to mmm minor defects. Frequent

’ failures have occured with the result that calibration and field test have
been limited in scope. After the minor defects were rcn.odiod, the sensitivity
was still poor, This was due in considerable part to the fact that both the

plate and screen supply were varied to effect sensitivity control, It is i
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PART III Sestion 2 Continued:
considered that this was the result of an error in wiring, consequently a
change was effected as indicated in Section 2 of Part IV,

(d) All components are satisfactory for this application. The
: value of Rll was changed fram 15 Megolms to 2 Megohms to improve the
3 indication of the sensitivity adjustment as detailed in Section 2, Part IV.
: It is also noted that the coupling of the headphomes to the screen grid of
the type 1S5 tube through C5 results in adequate volume on all renges and
represents considerable improvement over that of the PDR=1,

3. Power Supply.
(a) Vibretor-batteries as power supply for this application is

satisfactory subject to the remarks on same in Part II, Notroubhhu'bm

«xperienced with the vibrator proper nor the output of same. It is noted
that with inadequate shielding the audible component of the vibrator contactor
can be detected in the headphones,

(b) Filter network satisfactary.
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PART IV = Model PDR-8(X) Suggestions and Recommendations for improvement of,
1. (a) As noted in the index,
2, Electronioc Circuit,

(a) As indicated in Part I Section &4, an RC or impedance coupled
amplifier is to be preferred in this application in view of the characteristics
of the gm tubes which it is proposed to use in both the PDR-1 and PDR~8, In
spite of the nmumerous defects referenced previocusly, the circuit used in the
latter promises to give much more trouble free service in the long run than the
former,

(b) The defective control of sensitivity was remedied by changing
the circuit in a manner to vary only the screen grid voltage of the metering
tube, At the same time the “B" battery voltage check provision was changed
to include only that voltage which appears on the screen grid thus providing
an improved means of establishing a reference point for the proper adjustment
of the sensitivity control, This control was thought to be further improved
by substitution of the 2 megolm resistor for the 15 megohm in the meter
circuit for measuring the screen voltage, This results in approximately full
scale deflsction for the proper adjustment of the screen voltage and can be
used also as a check of the "B" voltage proper.

(¢) The improvement noted in (b) increased the sensitivity; however,
on the low scales there was still more required, Further tests indicated that
the grid bias on V102 and V103 was excessive, A value of 10} volts was
determined to be the most satisfactory, in lieu of the original value of 15 v,

(d) 1In view of the versatility of this type of circuit as well as
the economy of construction and maintenance, it is recommended tmt additional
developement work be conducted on this or a similar circuit with a view to
offecting additional improvements for a model which can be produced in quantity.
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PART IV Section 2 Contimved:
mmuﬂmmtm,simnsuuiummmw

should be replaced, It is further emphasised that with the relatively high
value of voltage pulse avallable from the halogen type gm tubes, there is
every indication that a single tube meter or a dual purpose tube can be used
with satisfactory resuilts,

3. VR Tube.

(a) Additional experiments with the VR tube in the circuits of
both the PDR-1 and the PDR-8 and with same removed, indicates that these
tubes are undoubtedly causing same of the trouble experienced in the
calibration of the meters, Reference to Charts 20 to 24 inclusive demonstrates
the apparent results most graphically, On the 0-10 scale curve of Chart 24
it may be noted that the indicated reading still does not meet the linearity
requirement; however, the trouble was apparently in the low sensitivity tube
itself as it has failed altogether, subsequent to the last calibretion,

(b) 1In at least one instance it was found necessary to change the
voltage control value of one of the corona discharge type of VR tubes in order
to bring same into coincidence with the plateaus of both the high and the low
sensitivity GM tubes in the circuit, This was done as indicated in Fig. 3
through the use of a shunt resistance net across the VR tube proper, A decrcase
of approximately 50 volts was required, It was found that the circuit used
gave exsellent results, Rurther tests indicate that a decrease of a hundred
or more volts is possible with no apparent effect on the ceontrol charecteristis 1
of the VR tube at the revised control value,

(e) Components used in power supply are satisfactory except for the
VR tube which has been discussed in Part II, Additicnal information on the
VR tubes will be ocutlined in Part IV Sectiom 3,

Mg
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PART IV ion 3 Contimued:
(d) Batteries - "B" batteries consisting of two Eveready Mi57,

67% volts, in series considered satisfactory in view of the relatively light
current drain of approximately 4 MA, The "A" batteries, with a drain in
excess of 270 MA even when connected in parallel will seriously limit the
period of time the meter can be in operation without having to replace same.
If a minimm of 1l.2 volts is set as the low voltage limit, the life of the
"A" battery will hardly exceed 16 hours of intermittenmt duty., The "C" battery
voltage was found to be excessive for this application with a resultant
decrease in sensitivity that required adjustment by changing the battery proper.
4. Calibration - In view of the difficulties involved in correction of
the circuit proper, calibration of this meter has been spotty and generally
unsatisfactory, Two curves have been drawn, however, which will indicate to
a limited extent the improvement effected in the sensitivity and linearity
as indicated on Charts 23 and 24, The first was made after the corrective
measures were applied, the second was made after the removal of the VR tube.
The improvement is evident in the case of the second particularly; however,
the final improvement will require an improved low sensitivity QM tube since
this is apparently the weakest spot in the circuit,
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PART V and VI - Model AN/PDR-11 Portable Alpha Survey Meter.

General Remarks - The compactness and relatively light weight of the
PDR~11 make for an ideal type of field survey meter, The extended probe with
a remote indicator built in is also a desirable feature although there seems
to be considerable question as to the reason for the odd shaped probe head,
The latter is due to the necessity for the light concentrating system, The
relative merits of the light collecting system will not be discussed herein;
however, suffice it to say that any such system is subject to a relatively
large loss of light by virtue of the distance from the source of the light
proper and the ﬁ.ml collecting plate or cathode of the photommltiplier tubes,

In general, the engineering of the PDR=11 is considered fair to good,
The desire to make the whole a very campact unit results in sacrifice of .
accessibility of components; however, it is thought that testing and replace-
ment of parts could be effected without too much loss of time, The present
model leaves much to be desired in the way of ruggedness and durability but
it is thought that the production model would include proper corrective
measures,

The principle of detecting alpha particles by a photomultiplier tube
has been demonstrated successfully by a number of authorities on the subject.
The detection of a relatively small mumber of alpha particles by this means
has not been demonstrated in a practical sense. That the latter statement is

true is demonstrated in the poor sensitivity characteristic of the PDR-1ll, It

can be demonstrated that this meter is not capable of detecting less than one
to several hundred thousand disintergretions per minute as compared to the
Model Di=4/FD which will detect and indicate with a fair degree of accuracy a
few hundred disintergrations per mimte,
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PART V and VI Continued:

In his paper on the subject of a scintillation counter for the detection
of alpha particles, Sherr states that calibretion of his instrument, which
formed the basis for the Model PDR-11, showed that 1 ua of current was
equivalent to 300 alpha particle pulses per second. Under the same conditions
the dark current was 0,5 ua so that 150 alpha pulses per second result in a
current equal to background. Using the latter figure as a minimum, the pulses
which can be counted per minute amount to 9000, This figure does nct take
into account the relatively poor efficiency of the light system nor the poar
sensitivity of the amplifier circuit of the PDR=-1l, Disregarding all other
factors and accepting the 9000 counts per minute still leaves the instrument
less sensitive than the top of the most sensitive range of the Ii=i/FD,

The difficulty in using the photomultiplier tube as an alpha detector
is due to a basic weakness of the tube itself, That is the presence of the
dark current or the emission of photons in the absence of any light on the
cathode and dynode surfaces, While the dark current is given as on'y a very
small fraction of the current occassioned by incident light an the cathode,
it assumes considerable proportions with the amplification necessary to raise
the incident photoelectrons to a workable level, The net result is that the
most energetic alpha particles and those appearing in relatively heavy
concentrations can be detected by this means. Through the use of a cooling
agent such as liquid nitrogen and an elaborate electronic system it is possible
to detect the heavier less energetic particles; however, such a method could
hardly be considered practical for a portable survey meter such as is desired
here,

To date no alpha particles have been detected by either of the two
units shipped for the current project, It is noted th.. the screens on both
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PART V and VI Continued:

have developed light lealms. In both cases the screen seems to have
deteriorated due to the effect of moisture or age. A nmapthalene screen was
prepared for ane of the units using 100% pure napthalene with no improvement
noted, The circuit of the amplifier was thoroughly checked with no trouble
indicated unless the threshold voltage was increased excessively in which
case oscillations occurred. Under normal operating conditions the only

] indications appearing on the grid and plate of the input tube were the
voltage pulses which were apparently due to the dark current., These appeared
E in the form of "hash" on the screen of an oscilloscope and would not appear
] with the excitation voltage removed from the photommltiplier tubes, On the

two referenced units it is also noted that the indicator meter was still in
the plate circuit of the preamplifier stage. This was admittedly a mistake
if for no other reason than that of having to read the meter in reverse,
that is, zero set was effected at full scale deflection,

In view of the preceding and equally as important, the relative minar %
role of alpha particle detection in initial field survey work, it is recommended
that production of the PDR-11 be suspended pending further developments and
improvements of the photomultiplier tubes,
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INDEX TO ILLUSTRATIONS

Plateau Curves for G Tubes
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Circuit for Lowering VR Tube Rating
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@i and VB tube history and placement data

PDR=-1 VR tube BEmx 6C BS

Ser, No, No.

8 20
Lh 18
23 22
15 9
30 7
47 26
48 18
38 *3
36 2
34 24
18 23
1 12

3 23
n 15
25 none
Spare +1,
PDR~3 460

Note: @ tubes have been removed from their respective meters for further |
I and E tests and for additional plateau studies except in the case |
of PDR=-1, Ser. No, 30 amil PDR~8 both of which are in operating i
condition amd to be used in future field surveys.

s s EBEEBEEEEERESEE

No.  Ho.
& 4
2z e
B 2
®*10 30
9 36
n 2
s =
15 28
7. 22
1 3%
5 &
W w7
2 35

3 =
10-57 A-L1
" 03
5e15 #A-11

Remarks

#Broken in handling-mica window
collapeed,

#End life reached in service.

#Cracked envelope-NG,
#Cracked envelope near cathode seal,

#Broken in installation at anode
connection seal,

#Broken during handling.
+No control on receipt.
#Failed in service.

"
4 bk il BB

"'w) L)




VG=13
HS Martin

UNCLASSIFIED
TR

- 48 =

GHART 17

Table of camparisons of GM Tube current and voltage
charecteristics,
Cwrrent Yoltage

5 uA 15
B 5l
3 0
3 9
2,5 K4
0.5 3
lu 39
3 69
3 69
0.75 32
2 T
L5 3
3 7

RCL-MK1, Mod, 20B Leakage across base of tube-not satisfactory

FIGURE 2~ Circuit For Determining E and I Values
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14

IIrE
. #67 (2)

EV. #22 (1)

Burg, #2 (2)

Battery camplement for Model PDR-1

E Rating
67.5 v,

L5 v.
22,5 Ve

L5v.

1 Drain
8 M

150 MA
0.2 MA

Hegligibls

Use Circuit

Two in series for ocsc. plate
supply in RP power supply.

All filaments

Plate supply for (2) type
CKSTOAX triodes in electramster
cirouit.

Bias supply to electromster
tubes,

Note 1- Weight of existing batteries combined equals 3 pounds, &
2 ocunces,

Weight of batteries required to supply sll power direct

is equal to 2,5 pounds t 2 cunces,

The space require~

ment will be approximately the same for both,

The latter provision for supplying power contemplates
the use of EV. #,93, 300 v, batteries for the GM tubes;

6

EV. m. 2.5 v, bat

for elsctrometer tube B+j
Mallory Bias cells, and (2) Mallory type RMB mercury

cells in parallel for filament supply to electrometer
It is noted that in the existing circuit the RP

tubes,
g Osc, power supply

tube requires approximately 4/5 of the
current used in the filament circuit.
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CORONA DISCHARGE TYPE VR TUBE

+1450 TO

2000 Vv
FROM RECT

OUTPUT TO

VR ANODE OF
20M TO
30M

FIG 3

SUGGESTED CIRCUIT FOR LOWERING THE
CONTROL VOLTAGE POINT OF A CORONA
DISCHARGE TYPE VR TUBE
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DENOTE OUTLINE OF NEW
SEE FIG 7 FOR DETAILS OF CARRYING HANDLE
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T T
S~ i e

GM TUBE - MICA WINDOW END

VR TUBE MOUNT REMOVED)

Ril2

FORWARD END VIEW OF CHASSIS
SCALE= It|
FIG 8

SUGGESTED DESIGN OF PDR-|& PDR-8 CASE.
TOP VIEW OF ELECTROMETER CIRCUIT CHASSIS
SHOWING PROPOSED LOCATION OF TYPE BS GM
TUBE.
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REPLAGE

] SEE FIG 7 ——
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BATTERY COMPARTMENT
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SCALE =11l
FIG 6

TOP OF METER AS IT WILL APPEAR WITH ADDITION
OF POWER SUPPLY OR BATTERY COMPARTMENT
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l CARRYING HANDLE
| SCALE Il
! FIG 7 :
PROPOSED NEW CARRYING HANDLE ARRG'T. PROVIDES ,
ADEQUATE PURCHASE AND PLACES RANGE SELECTOR :
SWITCH KNOB OVER HANDLE WHERE IT CAN BE OPERATED
-8Y THE THUMB; MOREOVER WHERE THE OPERATION OF g
' SAME WILL NOT INTERFERE WITH ZERO ADJUST CONTROL ]
KNOB. VARIOUS METHODS OF CONSTRUCTION OF THE FWD :
PEDESTAL ARE POSSIBLE HOWEVER THE ONE SHOWN i
PERMITS READY REMOVAL OF HANDLE IN CASE IT
BECOMES CONTAMINATED, METAL HANDLE AND CONTROL f
KNOB RECOMMENDED WITH SMOOTH FINISH ON BOTH. I
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REDUCE LENGTH OF SPACERS TO PERMIT
HORIZONTAL MOUNTING OF TB ALSO MAKES
TUBES VERTICAL WHEN IN NORMAL USE.

HOLE FOR GM TUBE
TYPE BS
ELECTROMETER CHASSIS
SCALE* It
FIG 8
BOTTOM VIEW OF GCHASSIS SHOWING
RELOCATION OF TERMINAL BOARD WITH EXISTING
COMPONENTS, AND FWD VIEW OF CARRYING

HANDLE MOUNT AS REVISED.
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