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PPZfAC~

This report covers th. operations of Proj ect 6.1, avaluation of
Itilitary Radiao Iquipoent, at the Iiucl.ar Weapons Tests held at the
Nevada Proving Ground.. of the Atomic ~~.rgy Commission during the
months of April, Xa~ and. Juno , 1952. It is organizid in three chapters,

I corresponding to th. principal portion. of the project , namely:
t (a) Badiac Survey and Dose-Alarm J~uipment avaluation, (a) Dosimeter

lvsluatjon and (a) Rapid Aerial 5urv.~’.
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CRAPZRR 1

RADI.A~ 5~JEV~T AND DOSI-ATARM B~ U1P~4~ NT R~AMILTlO1

1.1 AB STR.&CT

Badiac equipment of current mili tary interest was evaluated to
det.rmin. its ad.quacy under ropresentative field conditions. A
limited amoun t of information was obtai ned on the maintenance and
spare parts burden occasioned by field use of radiac equipment.

~~ f ollowi ng equipments are conside red to have reached develop-
mental maturity: AJfPDR-?].B, AZ/PDR-l8. AJ/PDR-27 ser ies and Tracer -
lab SU—l3.

The following rsdi ac equipments are considered to require further
development work , and to exhibit sufficient promi se in their present
form to ~nstify priority treatment in progra mmi ng development work :

• IM —71/PD( xI— l) , IM—70/PD(U-l) , NBDL #472 Recycling Ioni zation Chamber
Dosimeter and Alarm , and AJ/PDR-37. rI

Badiac equipments observe d whi ch are unsatisfactory in their
current form but which say, nevertheless, be capabl. of development
in a satisfactory fora are : RD-102 , u/PDa—31, and £IfPDR—32(XH—2).

Modifications were developed which eliminate current operational
and mainten an ce troubles with the AJ/PDR-Tl3 and AN/PDR—27. Design
and construction faults which became mani fest in maintenance of the

• AJ/PDR— ],8 are listed.

1.2 OBJ ICTITI

The circumstances of a nuclear weapons test pro gram offer a
unique opportunity to obtain large scale usage of rad.iac instruments
unde r coaLi tions which approximate mili tary operations . The objective
of th i s portion ‘,f th. project was to furni sh rad.tac equi pment of
current mi li tary interest to users at the Nevada Proving Grounds,
maintai n serv i ce and maintenance facilities and records , note and in—
v.stigate fai lure s and ina dequacies of the equipments, and try out
such improvements as may be indicated by the investigations. The ob-
jective. were not fully reali zed since the principal users of radiao—
me ters ( the Ra diological Safety Organi zation) had established the
policy of employing only the AN/PDR-TlB and the Beckman M1-5 me ters
for day—to—day operati ons , As a re sult , projec t personnel , as their
dose tole rances permitted , were emp loyed in survey exe rcises in
available contamination fields to obtai n as much operational use of

11
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other mili tary radiac equipment as pozeible under the circums tances.

1.3 BLCAGROTJ)~~ A)~~ THRORE TICAL DA~~
The Rad.iac evalua ti on Project is a project which has been inc luded

in the Mil i tary lffects Test for each of the recent nuclear weapons
test program..

A historical survey of mili tary radiac deve lopment appeared in
the report Operati on JAJGLZ , Project 6.1, ‘Rva luation of Mili tary
Ra d.ta c Iqui pment . in ad dition to tho se radiac instruments whose d.—
velopsent was traced in the refer enced report , two Signal Corps
Isgine.r in,g Laboratories ’ experimental ra diacme ter s , the IM- 70/PD(U-1)
and IM-7l/PD( XR-l), and the NRDL 4472 dosage alarm were evaluated.

Ph. IM—7l/PD (II-l) rad.iacmeter is a mi niature ionizatio n chamber
device employi ng a modification of the floa ting eleotro d. chamber to
dri ve an inverted vacuum tube electrometer voltmeter. Pw enty—fiv. (25)
prototype models , cons tru cted between January, 1952, and March, 1952 ,
at the Signal Corps Rngineering Labora tories , were avai lable at the
Jevada Proving Grou nds . •

The IM- 70/PD(XJ-l) radiacms tar is an ioni zation chamber device
employi ng an orthodox chamber with an inverted vacuum tube el.otro—
me ter voltme ter, it. high volta ge power supply inc lude s a tr ansistor
osci llator used as a d.c. converter. Twenty (20) prototype s were ‘4built duri ng the sa~~ period as the IM-7l /PD(x~-l) and brought to the
Jevada Proving Grounds.

The JBDL +472 ii a recycling dosimeter dose—alarm device employing
an ioni zation chamber which is altern a tely di scharged by rad iation and
recharged by a re lay ope ration , the relay Cycles being coun ted by a
register which sum s and indica tes the to tal dose received. An adjas—
table alarm i~ provided which is set off by the register at any de-si red dosage . This instr ument was evalua ted in a very preliminary
fashion at 8US~~R—.JANGLZ and re-engi neere d prior to Operation IUJ4 BLIR—
SILPPU by USJRDL.

1 .~e JJ ~~~~~~N~4~j ON

1.4.1 Badiac Trai njnz Set_ AN/YDR-T1B

The radiac set AN/PDR—T].B is an ioni zat ion chamber type ,
gamma survey equipment . in.formati on on the evaluation of the TlB is
availab le in the 6.1 report for Operation JANGLR. The instruments
te s ted during thi s operation were modified in accordance with the

• fimil ngs of tha t report . (Se. Pig. 1.1).

12
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1.4.2 ~E*Q*~rJAb .~~ -fl Ji~&i~~~Ltt~

~h. ract j ecn~~te r SU—1J is an ionization chamber çam~* in-
str um ent. It has a logeritbmio scale me te r r.adimg from 25 mr / hr to
500 v/hr . The dim ensions of the uni t ar e 74” 1 44” 1 3” and it weighs
approxImately 6 the. (Si. Pt1. 1.2).

The circui t of the SU—l 3 employ , three subminiature
vacuum tub.., two of which cons ti tu te a linear feedbac k electrome ter
voltmete r measu ri ng the volt age develo ped ac ross the third tube which
1. operated as a logarithmic input element.

Th. batter; complement consists of two 45—volt ‘B” bat-
teries and f our size ‘D” 14 volt flashligh t cells.

1.4.3 BD-lOZ

The RD-102 is an ioni zation chambe r type gamma survey in-
st r um ent. I t  is a floati ng gri d electrome ter instru ment having a two
range logari thmic scale mete r readi ng 1 ar/hr to 1 v/hr and 1 r/hr to
2000 v/hr. (S.. Jig. 1.3).

1.4.4 Ra& tacmeter IM-70/FD(J1-l)

The redisometer IM—70/PD( 1I—l) is a small ionization cham—
Sir gamma survey instru ment wei~ hi ng appr oximately three pounds . It
employ , a s tandard ionization chamber and an inverted tri ode electro-
mete r tub. . It provide s scale swi tchi ng with five linear meter * anges
of 0—0.05 v/hr. 0— 0.5 v/hr . 0—5 r/br , 0—50 rfhr, and 0—500 v/hr. Oe.
impo r tant feature of thi s ins tru ment is the use for the fi rst time of
a transistor power supply, which supplies a 4OG—volt eweep—~ut voltage
for the chamber. (See Ptj . 1.4) ,

1.4.c k~tiapmet.r I~-71IP1K1I-lI

The radtacme te r iN-7l/PD(I1- l) is a small bets-indicating,
gamma measuring ionization chamber ty pe instrument employing an inverted
t riode electrome ter tub. circui t wi th  a floa ti ng control elec Vrod. . It
has a total weight of 1 lb. 2 ci. and uses two mercury batteries wi th a
lit , of approil m*tel.y 200 hours. It has a five decade pseudo -logarith-
mic meter seal, reading from 0.02 r/hr to 500 r/hr. The instrument
contains a tha1ltum.~2OL1 source fo r calibrati ng in radiation fields.
The cal ibrat ion source is mount d on a rotatin g aluminum disc on the
outside of the inst ru ment case which , whe n rotated to the proper po-
si t ion , places the sourc e ove r the ionizat ion cham ber wi ndow . Ano the r
posit ion of the di sc opens the wi ndow of the ionization chamb er for
bet a indication. A oa rb on- l4 source inside the chamber provide s con-
t inuous Ioni zation to incre ase the s tab i li ty of the ins tru ment. ( See

111
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Pig. 1.5) .

1.4.6 Ra&tac Set £J J FDP.-1~
The radlacmet.r AN/PDR—l8 is a high intensity scint illa-

tion type gamma radiati on survey me ter. rhe detection of radiation is
accomplishe d by means of a pho sphor element. Impinging radiation
causes th. phosphor to fluoresce . Thia fluoresc.noe ii measured by a

• photomultiplier tube, the output of which is directly connected to the
• grid of a pentod e compri si ng one arm of a balanced bridge. The degree

of unbalance of the bri dge ii proportiona l to the radiation being
measured. (See Pig. 1.6).

1.4.7 Radtac Set. AS/PDR—27 and £1IP~I—27Q

The rsdiaomete r AI/PDR-27 is a Q.tger-Mu efl.r type ins tr u-
mint f or measuri ng gamma or indi cating beta radiation. I t has f our
ranges: 0-0.5 ar /br , 0..5 mr/br, 0—50 mr/hr . 0-500 mr/hr. The two more
sensi tive ranges are ob tai ned by using a thin , end wi ndow tube ( 38-1)
in a probe . The end of the probe is pro tected by a shield ~b.tch is re-
moved fo~ indicating beta and gasaa. The two higher ranges ar. pro-
vided by a second tube (38—2) inside the case of the instrument. (See

F Pi g. 1-7) ,

1.4.8 Radiac Set AN/PDR-32 (IN-2)

The radl aome t.r AJ/PDB-32(U—2) is a por table survey me ter
weighing 2 lb.. 2 ci. designe d to measure gann a or indi cate beta radia—
tion. The sensi tive element of the instrument consists of two mi nia-
ture ba1ogen -q~.nohed OeL ger-Nuall.r tubes. The av.rage current, re-
sulting from the pulses in the tubes, is converted to a pulsed current
by ean s of a choppe r, fed through an impedance matc hi ng s tep-down
tr ansforme r , and rectified by a half—wave crysta l r. ot ifter in the
meter cir cuit. A current gain of the order of 80 result. from the in—
verter -transformer—reotifier operation.

The power supply of the A1/PDR—32(U—2 ) utili ze s tvo BA-30
flashli ght cells in series to driv, a 3—volt vibrator whi ch has an out
put of approximate ly 750 volts. Thi s output is rectified by a cold
cathode half-wave rectifier and regulated by means of two adjustable
corona regula tor tubes, on. for each 0.iger-M.uller tube . (see Jig.
1.8).

1.4.9 ~~~L 44f l

Tb. ~~ L f472 recycling ionization dosime ter and alar m i~an elec troni c dowim.ter pr oviding an audible alarm , adjustable f rom
0—25 r. Tb. sensitive element of th. instrument is an ionization
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chamber with a collection voltage of approximately 90 volts. When the
collection vol tage is reduced to approximately 6~~ volts , as a result
of ionization in the chamber, the catho de current of the elec trome ter
tub., which is used inverted , Is sufficient to operate a micro—relay.
Thi s relay in turn ope rates a power relay. The dose requi red to pro-
duce this drop in collection voltage is 5 mr.

When the power relay closes , two operations result (1) an
escapement is actuated through one cycle whi ch allows a spring loaded
drum register to advance; (2) a 90—volt bat tery is placed across the
chamber to recharge it. When the chamber is recharged, the cathode
current of the electrometer is reduced and. the micro—relay opens.

~ach cy~l. is mad. evident to the user by the advancement
of the drum register and a neon flasher. Ixposure nay also be callsd
to the attention of the user by maki ng use of an alarm buzzer which
can be set for any dose within the range of the instrument.

Tb. drum register is divided into major steps of 1 r and
subdivided into 200 nr divisions. One of the instruments tested was
modified to have a to tal range of 4 r wi th scale subdivisions of 20 mr .
(See Pig. 1.9).

1.4.10 Isd1~~ Set AZ/PDR-31

The AJ/PDB—3l recycling ionization chamber dosimeter ant
alarm is similar in operation to the NBDL 4472 described above. Three
basic differences are: (1) the range , 0—200 r and 0-1000 r with a 3 r
minimum alar. setti ng; (Z) the use of a gas—tube relay ta place of the
,.iero—rela.7, and (3) the use of an orthodox electrometer circuit in-
stead of the inverted triode electrometer. (See Pig. 1.10).

1.4.11 Radian S.t IJJPDR-17

The radian .quipment AJ/PDR—37 is a portable , meter less,
gamma survey instr ument . It is a Geiger Mealier tube ins tru ment opera—

• ting on a. three-volt vibrator power supply.

The principal of operation of the instrument is based on a
thyratron fed. back In  such a way tha t the circuit oscillat es at and .
above a given grid bias . The grid bias i. determi ned by the radiation
rate at the Geiger-W seller tube and by the se tting of a potentiom.t .r
voltage divider in the tube circuit. The potentiometer setting is

• used to determi ne the bias at which th. circui t just begins to oscil-
late, being calibrated in r /br. Bs.rpbonea are used to determine the
point of oscillation. (See Pig. 1.11) .
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1.5 Q~~~ATIOJS

1.5.1 I~i.cu.asion

Ivalustion of radiacmeters by Project 6.1 involved two
phases. (1) A rad.tac instrument shop and calibration facili ty was
mai n tai ned at building #CP-2, in which maintenance and calibration
serv ice was provided for all radiac instruments employed in the opera-
tion. Records were maintai ned on maintenance operations and. any un-
usual ly frequent fai lure s were investigated for their causes. In
addi ti on to maintenance, this shop expended approximately six mac-
months in ins talli ng modifications in AN/PDR—Tl3’s owned by the Radio-
logical Safety Organization. Shop expe rience resul ted in investigation
of T1B and PDB—27 troubles for whi ch corrective measure s were found.
(2) Th. field phase of radiac evaluation was originall y Inte nde d to
inc lude extensive use of project instruments by Radi ological Saf ety
personnel end by troops engaged in Nuclear Weap ons maneuvers in ad &t
tto n to smalle r scale radiac field drills by projec t personnel. ~~
latter type of operation proved to be the only mean s avai lable to ob-
tain field hours on equip ment and obtain opinions on their ade quacy .
This portion of the program was carried out by project personnel who P
were brought on the si te because of their permanent interest In  field
operations , assisted by such casual vl si tors and. observe rs as were
avai lable. Approximately 500 equipment use hours were obtained in
moderate fields (up to 10 i/kr), the limiting factor being the maximum
allowable dose for the personnel involved.

1.5.2 Rocome.thationi

The sponsori ng ailitar7 agencies have indicated interest in
evaluation of radiac equipment for operational adequacy in the heads of
typical end users (as distinguished from technical adequacy). To ac-
complish thi s, it is recomeended that all mili tary organizations using
radtao instr uments at Nevada Provi ng Gr ounds (Radiological Safe ty ,
Camp Desert Rock, etc.) be given specific partic ipation in a program
for providi ng sufficient usage hour s on service type equipments to
satisfy project requirements. To facili tate record keepi ng, it is
recomeended that issue of all Nevada Proving Ground. ’ radiac equipment
be mad. a Proj.o t 6.1 responsibility in charge of a military officer
wi th enlisted. assistance as required .

1.6 RLDIAC TBA1~NING SIT AN/PDR-T].I

1.6.1 R~tu1t.

~ 
radiacmet.r AN/PDR-Tl-B, having been tested on Oper ations

GUUHOUS.I and JAII)L~. was not evaluated on this ope ration in the same
seas. as the othe r ins t ru ments tested. I t became involved. ii Project
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6.1 for two reasons : (i)  as a resul t of information obtained at Opera—
ti on JANGLI, two modifications were performed at the si te on those
AJ/PDR—T1B’s used by the Radiologi cal Safety organi zation. (2) all in—
struments used by the Radiological Safety organi zati on we re main tained
by the instru ment repai r shop of this project.

The instruments modified were us.d continually by the on—
si t, and off-si te moni tors and not one fai lure resulting from ei ther
modification occurred. The main tenance records kept on the AJ/PDP4-T1.3 ‘s
indicate tha t the only outstanding maintenance problem on the modified
instruments was fai lure of the meter movement. Six meters were replaced
in the T1B ’s • The same me ter movemen t was used in the IN— 7O/PD( ZN—i)
and the Ik—7l/PD(IZ—j ) and several meter fai lures resulted. In a few
case s, i ron filings were found in the meter movement.

1.6.2 Di .pus~~~j

Two modifications wire performed on the radiacmeter AJ~~DR—
P13 to reduce maintenance and to eliminate the switching transient
characteristic of the instrument, especially on the sensitive ranges.

The first modification was to replace the ‘telephone type’
leaf swi tch with a conventiona l rotar y type swi tch. Thi s modification
arose from the fac t that duri ng Operation JAM~L& , over $0 per cent of
the inten nce pe rf ormed on the 113 resulted from malfunctioning of the
leaf switch. (See Jig. 1.12).

The second modification resulted from an investigation,
during this operation , of the transient tha t occurs when the ter is
switched from ens range to another. It has been found tha t while
some 113’s have little meter movement in swi tching from one scal. to
ano ther , most of the. have erratic d.flectiona with various recovery
times. In some oases the swi tching transient caused the me ter to be
unreadable for peri ods up to 25 seconds. The apparent cause of the
transieat was a signal on the grid of the electrometer tube producee
by electrostatic induction between the bound charg. distributions on
the ceramic rotor and the radial guide prongs of the stator - - both
parts of the rang. switch. The effect was such tha t th. transient oc-
curred even though the high-megoha circui t was wi red to by-pass the
swi tch, showi ng tha t the cause was not wi thin the conductive circuit
i t self . By removi ng the guid. prongs of the switch sta tor and fasten-
tag the rotor to the shaft for mechanical s trength, the transient was
reduced to an almost undstectable amount. In a few cases a minor
residus1 effect remained and thi s was eliminated by conduc tive painting
of the peripheral •ur faoe of th. rotor ceramic to form a guard ring
wi th respect to the stator charge distribution. (See Jig. 1.13).
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1.6.3 Conclusions 
I -

The radtacmeter AN/PDR—TIB, Wi th two modifications previou s-
ly discussed , consti tute s , exclusive of form— factor, weight, and range
limi tation, a satisfactory interim survey instrument and warrants no
f urther developeent due to the anticipated avai labili ty of newer light-
weight , hi gh— range ins t ruments in the near future .

The excessive occurrence of faulty meter movements indicates
that improvement in quali ty control is needed in thi s component if ad-
di tional instruments are procured.

1.6.4 Recommendationa
- 

I t  is recomr.end. d that a modification work order, with the
require d m odification kits, be ini tiated to modify tho se AN/PDR— T’JJ3’s
now in the field and in service depots in accordance wi th the findings
of this report. It is also recommended that thi s modification be in-
cluded in any of these instruments produced in the fu ture. Because of
th. significant number of failures of meter movements in this equip—
aent i t  ii recommended tha t bette r quali ty control be exerci sed on
this component in future procurements.

1 • 7 ~~ACBRI ~ E SU-~fl

1.7.1 Ba,~]~~

Tb. radiacmeter SU-l3 proved to be a relative ly rugged,
reliable, and generally satisfactory instrument wi th a few exceptions
as no ted below:

1. It is too heavy.
2. The luggage type fa stener s on the case are not

sati sfactory.
3. The calibration procedure was not sati sfactory .
14~ The ‘ad ust 500 r ’ knob was frequently di sturbed

accidentally.
5. The ins trument should have a better ‘on— off ’

indication.

1.7.2 Discussion

Although the SU-13 is smaller and lighter than gamma survey
instruments in present mili tary use , development models of survey in-
str uments now being teste d indi cate tha t even much smaller and lighter
adequate survey meters can be made . Also , compared to newer types of
ins tr uments, the circui t of the SU—l3 is unnecessari ly complicated.
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The luggage type fastene r used to hold the instrument in
t he case encourages tampering by unqualified perso nnel. In one case ,
th. lug, cast as a part of the face of the instrument , broke duri ng a
normal closing ope ra ti on .

The calibratio n procedure , though straightforward , is corn—
plicated by the fact tha t i t  is necessary to remove the ins tru ment from
th. case and remove the batteries in order to adjust the decadi ng of
the instr ument . However, once calibrated , the inst rument retained its
calibration well.

The ‘adjust 500 r’ knob should be modified in suc h a way as
to decrease the possibili ty of accidental movement. The ‘on—off ’ knob
should be modified in a nia nne r whi ch would give a more positive indica-
tio n of its settin g . Numerous cases of operators failing to turn the
ins trument off resulted from the lack of such a positive indication.

1.7.3 Conc lusion.

Al though the red.iacmeter SU—l3 was found to be a fairly
sati sfactory gasuna survey meter , it is concluded , in light of the de-
velopment types of radtacrneters tested, that it is not an instrument of
mi li tary inte rest. It has been shown that a smaller , lighte r , and
con.id.rably cheaper instrument will better meet mili tary requirement..

1.7.4 Recommendation.

It is recommended tha t no emphasi s be placed on the SU—13
as a mili tary ins trument.

1.8 RD—102

1.8.1 Results

The ra&tacmeter ED-l02 was f ound unsati sfacto ry as a gamma
survey me ter in the followi ng respects:

1. Poor readabili ty .
2. Poor reliab ili ty of readings.
3. No external ‘sero’ adjustment.

1.8.2 Discussion

The most freq~~nt comment by users of the RD—l02 was that
the meter scale was difficult to read . The scale is both small and
printed in such a way as to not be conducive to easy reading. ~~
close proximi ty of the high and low scales was confusing.
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-It was found, during those field exerci ses in which the RD
102 was used , that the readings were not consistent. The readings of
one given instrument were sometimes higher and sometime s lowe r than a
group of instruments wi th which it. readin gs we re being compared.

The fluc tua tion in readi ngs descri bed above promp ted corn—
mints from users that an external ‘nero ’ adjust is needed.

1.8.3 Conclusion..

It was concluded that the RD—102 is not a sati sfacto ry
ins tru ment for mi li tary use.

l.8.Z~ ~~comeend.ation.

It is recommended that the RD—102 not be conside red f or ‘-f
mili tary use . It  is fe l t  that it  does not warrant an.~’ mili tary develop-
ment. f
1.9 RLDIACNN TZR Ik-701PD(XI-l) 1

1.9.1 Results L.

The limi ted testi ng to which the Radiacmeter IM— 70/ND (U—1)
was subjected indi cates the following results:

V
4

1. Sine and weight satisfactory.
2. Range sa ttafac tory .
3. Time—constant unsati sfactory.
1. The transistor power supply, though i t  shows promise ,

requires further development to increase stability.
5. General packaging unsati sfac tory . However , it is

realised, tha t thi s ins trument is a laboratory built
model designed to test basic ideas and not engineering
design .

1.9.2 Discussion

The sine and weight of the IM— 70/PD(U-l) are small enough
to be classed as sati sfactory. However , i t  is felt that its sine
could be further reduced.

The stro ngest objection to the IM—70/PD(zI—1) , in the form
in which it was tested, was the long time—constan t of the meter. In a
number of cases the time—constant was so long , erro neous readtngs were
ob tained by the ope rator failing to wai t until the meter had reached
an equilibrium reading. Duri ng th is operation a circui t change was
develope d which improved the time-constant to an extent that was con-
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si dere d sati sfactor y . This circuit change was made on on. instrument
only , however , and was not subjected to sufficient tests to allow corn-
mint on its adequacy in other respeots.

The transistor power supply, which ope rated on three small
mercury batteries, did not give the stabi lity obtained by operating the
instrument on a battery supp ly. In addi tion , several of th. transistor
power supplie , failed . However, sufficient ope ration on thi s power
supply was obtai ned to indicate tha t the development of such a power
supply may be po ssi ble .

1.9.3 Conclusions

The IM— 70/PD(U— l) is of sufficient interest to warrant
further research and development in th.l s approach to the problem of
producing a small, light weight, survey meter. Ph. transistor power
supply shows sufficient promise to warran t further development.

1.9.4 Recommendations

It is recommende d that development of an instr ument to in-
clude the basic ideas incorporated in the Rad.iacme ter IM—70 /PD(ZN— l) be
cond ucted on a priori ty basi -~.

1.10 RADIACI4JTZR~1K-7l/PD (~N-11

1.10.1 Results

The Eadiacee ter IM- 71/PD(IZ -l) re ceived varied mug.
during the operation including a pa rach ute ,jump in Nuclear leapons
maneuvers by Desert Rock troops. Th, tests performed indicate the
following;

1. Si ze and weight sati sfactory .
2. Readab i li ty and reliabili ty satisfactory .
3. Calibration procedure satisfactory.
4. Rotati ng alumi num disc for operati ng beta shutter

and placing calibrating source in front of ionization
chamber not satisfactory.

5. Calibration adjust knob too sensitive.
6. Charge on meter glass produced by rubbing caused

instruments to become inoperative .
7. General packaging not satisfactory . However, it  is

realised that the instru ments were laborato ry built
and were not intended for testi ng engi neer ing design .

8. )Iany troubles resulted from the T13 meter moveme n ts
used in these instruments.

9. Pore factor satisfactory for belt operation. Numsr..
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ous suggestions for othe r form factors were received.

1.10.2 Disci~ sLon

The size, weight, and simplicity of the Eadiacmete r
IK— 7 1/PD(U—l) represent . a distinct improve ment in the design of a
survey meter for mi li tary use . The models tested leave much room for
improvement, pri ncipally in the form of proper mec hanical engi neeri ng.
However, the instruments tested we re generally satisfac tory.

The readabili ty of t he  ins trument was good. The ins tru—
aent was most reliable be tween 100 mr/hr and 100 r/hr. This I s  the
range of greatest probable operationa l use .

The calibration of the instrument is a simple procedure .
However, the caps fo r the holes in the case , through which a screwdriver
is inserted for adjusting the interna l calibration po tenti ometer , were
easily lost.

The rotati ng disc which ope ra te s the be ta shutter and
places the source over the window of the ionization chamber was not
cons idered good mechanical design . I t also affec ts the energy depen-
dence adversely. Ther. was some question as to the prac ticabili ty of
using a source for calibrat ing the instrument . If a source is used it
should be placed inside the ins trume nt wi th a shutter device.

The reactions to the form factor were divided between
those who favored belt operation and those who favored an instrument
that could be carried in a jacke t pocket .  ~1any suggestion. were re-
ceived end passed on to the interested laboratory.

Comment. wi th reference to packaging and components are
not stressed because of the fact tha t the instruments were produced
solely to test basic ideas.

1.10.3 Conclusion.

It is concluded that the IM— 71/PD(XL—l) is a rea listic
approach to the problem of developing a small, ine xpens ive , light—weight
survey meter. It was found satisfactory for both beta indication and
gnmea measurement. The results obtai ned , from the varied usage to
which the instr ume nt was subje cted , indicate that such an instrument
show s great promi se for mi li tary use . I t  is felt that future research
and development efforts in the survey meter field should be cbann. l.d
slong the line s of this or simi lar instru ments.
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1.10 .11 Recomeendatj ons

I t  is recommended, in view of the successful ope ration of
the I t4— 7l/PD(U-l) tha t emphasis in the survey me ter field be placed
on that research and development requi red to put thi s instrument into
production . The size, weight, and low estimated production cost of
the III—71/PD ( U—l ) are such tha t i t  is recommended that work on this
problem be given the highest priori ty.

1.11 RADIAC S~T AN/PDR-]..8

1.11. 1 ~esultj

The radtac set L$/PDB—l3 received approxi ma tely 150 ser-
vice hours, all in the hands of project personnel. Results of evalua—
ti on are tabulated:

1. Si ze and weight are excessive as noted in the
JANOIIg Projec t 6.1 report.

2. Carrying means (handle and shoulder strap) are
acceptable .

3. Range swi tching is unsatisfaotory.
4. Calibration procedure is unsatisfactory.
5. Decad e accuracy and scale linearity are sat isfactory .
6. Case and chassi s design is deficient in minor i tems.
7. Time—cons tant is satisfactory .
8. Condi tion and adjus tment as r eceived from the

manufacturer are unsatisfactory .
9. Sati sfac tory pe rforma nce at 15,000 feet altitude

was obtai ned .

1.11.2 Disc ussion

AJ/PDZ-18 radiac instruments were employed in fields up
to 1100 r/hr . the maximum field being obtai ned during an airborne pass
over ground zero. On ly a f ew second s of service at this highest in—
tensity was observed. Performanc e in fission produc t fields of the
order of 1 r/hr was sati sfactory , parallel to tha t of air ionization
chamber equipments.

The equi pments on receipt were calibrated, inspected, and
adjustments made as necessary. It was found necessary to clean and lu—
bri cate all ‘O ring shaf t seal s , si nce a moderate amoun t of binding
was evident. The range swi tchi ng mechani sm is coupled via an inter-
rupted tooth gear train to the optical shutter which (1) exposes the

b 

photomultiplier to the standard light source in the Ca1 position
and (2) exposes the photomultiplier to the light from the sei ntillant
Ia the readi ng posi tions . The gear trai n and shutter required con-
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side rab]e driving torque • end the indexing detent mounted on the range
switch doss not have sufficient looking torque to provide positive in—
dexing. Calibration error may result.

Conside rable trouble was found in adjusting the optical
geometry of the standard light source . The difficulty stem from
lack of rigidity in the source mounting, so that the adjust ing screw
cannot be locked up without disturb ing the adjus tment.

One uni t was received vi th the rear sub-panel hanger
bracket carried away from its welded anchorag. on the battery case , ap-
parently from a downward shock which caused no other 1a age.

Cover screws thread Into aluminum bushings in the ins tru-
ment case . The bushi ngs ar e ins tal led with screw driver slots facing
the case bottom , so that they can no t be easily removed or tightened.
Binding occurs in the cover screw—to—bushing f i t , and repair is qui t.
difficult.

£quipment serial numbers are so small as to be unr eadable
in many oases.

1.11.3 Conclusi on.

The AN/PDR—l8 radi an set is oo~sidered to b. with the
except ion of size and weight , an adequat. interim equipment for mi li-
tary use. It requires minor redesign of unsatisfac tory mechanical de-
tails. No further development effort in the field of portable sot —
tillation—photomul tiplier equipments is indicated. Availabili ty of a
sui tabl e high gain ga s-mul tiply ing photo tub. could , howeve r , revive
development interest in scinti lla tion type equipment .

1.11.11 hoommeniationl

It  is recommended that:

1. No furthe r develo pment be undertaken on ~he ANfPDR-l8
except to remove presen t engineer ing deficiencies.

2. Si licone grease lubricati on be applied to all shaft
seal..

3. Range swi tch be modified so as to inc lude a high
torque detent .

• I .  Standa rd light source mounti ng and adjus tment macha
nisa hi red esigned to provide positive micrometer ad-
justment .

5. Shutter drive gearing be redesi gned.
6. Noun ti ng of sub—panel be stre ngthened.
7. No ted deficiencies in cover screw bushi ngs be elimi-
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mated. Anodi zi ng or substitution of gra y iron may be
sati sfac tory.

1.12 RLDIAC SR TS AJI/P~)R-27 and AN/PDR-27C

1.12.1 i~1~!i

A total of 120 AN /PDR—2 7 series radi acme to re were made
avail&ble to the project. Approximately 175 hours of use were obtained
in the band s of project pers onnel . The equipmen ts had not been modi-
f ied in any way to remove the deficiencies noted in the Project 6.1
Report , Opera tion JANGLI. These deficiencies were so obj ectionabl, to
the Radiologi cal Safety Organi zation tha t i t  would not consider the e—
quipment usable for i ts  operations . As a re sul t , an oppor tuni ty to
observe large scale Isage unde r typical field condi t ions was regret tably
lost. Result , of observation are tabula ted ;

1. Deficiencies no ted in the Project 6.1 Report,
Opera ti on JANGLI , are reaffirmed .

2. No means of ob tai ni ng sufficient sensi t ivity range
in the probe is avai lable except by replacement of
the BS— 1 Geiger—Mueller tube.

3. ~~ cann.d uni vibrator and voltage regulator unite
Z—1O1 and Z—20 1 are unsati sfactory .

1. Calib ration provi sion is unsa tisfactory.
5 . ~~ thin end wi ndow Geiger- J4nsller tube is unsati s-

factory as a probe , being bosh inconvenient and
f ragi le .

1.12.2 Discussion

~~ greatest single i tem of dissa ti sfaction in tb. entire
proje c t was the inabili ty to obtai n large scale opera tional employment
of the AJ/PDR—2 7 as bad been an ticipated . ~~ Project 6.1, Operation
JAJGLN Report recommended that such modifications as extendi ng probe
range , providing window pro tec tion , improving carryi ng strap , reloca—
ting probe cable , etc., be 4e. The fai lure to effect the se i~~ rov.—
ments is responsible for the low acceptabi li ty of the AN/PDR—27 at the
Nevada Proving Grounds.

A few crude attempts were made by the project to improve
sample ins truments. Two equipments we re modified by re ducing the trig-
ger pai r threshold voltage to 0.6 volts to extend the linear rs~ge of
the 38.1 Geiger—Nu*ll.r tube. A 10 mr/hr range was desired, but only
about 8 mr/br was ob tained wi th negligible non-linearity. Ano ther e—
quipment was modified by rep lacing the 38-1 Geiger-Mmeller tube with an
Anto n ~1O6 and also reducing the tri gger threshold voltage as noted. A
linear probe range was obtained to 20 mr/hr with a total (non-linear)
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range of 50 mr/br. A Beckman MX— 5 probe was rebuilt for this equip-
mcmi. Radiologi cal Safety personnel intervi ewed indicated some ap—
proval of the mo di fi ed instr um ent. It was qui te apparent tha t the end— 

r 
-

wi ndow tube, per so , is not conveni ent for personnel or vehicular beta
moni toring. Use of a thin wall tube of the Rck-~rebs form way reduce
moni toring time by a factor of two.

A persistent fai lure (10 were noted) of the AN/PDR—27
series was evidenced by the appearance of a meter readi ng on all scales
in the absence of radiation. The cause, uniform in all cases noted, is
the loss of insulation in the Z—10] or Z— 20l “plug—in unit” , the re-
suit of the deposi t of a low resistance fi lm from the potti ng wax on
the surfac e of capacitor C— 202, tub e V—2 0 2 or the phenoli c base of the
‘uni t itself, thu.. app lyi ng B plus to the V—2 0 2 grid. V—20 2 is mai n—
tam ed in conduction by the reduction of grid bias , and its steady
plate current is netered e Clean— up with a brush and solvent , or simply
by scraping, restores the uni t to service.

Calibration of the 27 series is very time consumi ng,
since each of four decades must be calibrated independently and the
chassi s replaced in the case for expo sure to the source. A j ig or
dummy case has been designed to permit access to the calibrating po-
tentiometers but thi s equipment was not mad e available to the project.

1.12.3 Conclusion s

I t is concluded that :

1. The AN/PDR — 27 and 27C would be adequa te interi m
radtac equipments for mi li tary use provided the
modifications suggested in the report of Project
6.1, JANGLI were made.

2. The beta probe is unsati sfactory on grounds of con—
venl eno. in use and sensi tivi ty range.

3. Potting compound in 1—101 and 1— 102 units I s  e ec-
tr ically un stable and a prime cause of unnecessary
mainte na nce.

i. Calibration provi sions are inconveni ent.

• 1.12.14 Recommendations

It is recommend ed that ;

1. The beta probe be redesigned and field modi fi cation
m l  tiated promptly . A Geiger—Mueller tube of smaller
volume and /or shorter dead time is required. The
product of volume and dead time should ‘be of the
order of 1/8 to 1/10 that of the 35— 1 to provide
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linear response at ~,O mr/br. A side wi ndow or
thi n wall form is recommended. If en end window
tube is retained , wi ndow protec tion must be provided.

2. The potting compound used in Z—lOl and Z—20l unite be
elimi nated or replaced by a stable wax.

3. A design s tudy be made to improve calibration pro-
visions. )‘or ezalLple , calibration po tentiomet ers
could be replaced by fi xed resi a tore and calibration
accocipflshe d by addi ng two variable capaci tors (on.
fo r each decade pair) connecti ng the grid of Y—l02 or
V—202 to groun d vie the range switch. Nxternal cal-
ibration cont rols pro tec ted by water ti ght caps are
recommended.

1.13 RADIAC SZT N/Pl)R- 32(X~i—2 )

1.13.1 R.iult,

A total of ni ne AS/ PDR-.32(IN.-2) ra&tac instruments ware
mad. available to the project at about mi dpoint of the operation. A
negligible amount of operational use was obtained , bo th because of the

• short peri od on site and because troubles developed immediately in the
process of putting the equ.ipe.nts into service . None of the equipment. P
we re successfully calibrate d or could be kept operative for a sufficient -

time to permi t operational use and evaluation. The opera tiona l di.—
orepancies obser ved duri ng calibratin g range operatio n. follow:

1. At cons tan t int ensity, the mete r indicat ion var isd by
as much as 50 per cent for di fferent geometric
orientations of the ra~ttao .

2. Random va r iations of mi ter indication occurred with
the ra.d ta cmeter resting untouched on the range .

3. Li1ht tapping wi th a pencil produced sudden changes
of meter reading of as much as 2.5 to 1.

4 •  8ome voltag e regulators had insuffici ent range to
permi t calibration; that is maximum setting on the
regvlster did not bring the mete r to full indication
of the radiation fie ld intensit y..

5. Some vib rator. were in marginal operating condi tion
as received and failed to start after a few startin g
cycles. Bench adjustme nt was succe ssfu l in every
case in obtai ni ng dependable starting.

6. Tracki ng of the radiacme ter indication wi th the cali -
brating gamma field was poor in those cases in which
calibration at 100 r/hr and 0.1 r/hr was obtainable .
Maxi mum tracki ng error appeared at about 5 r/br
field.
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7. Cali bra tion , when obtaine d , was not in gene ral ,
stab le from day to day .

8. Me ter readability wa, unsatisfac tory. It was neces-
sary for the calibrator to accept considerable dose
on the range in the caltbrs.ttng prccess . in order to
assure himself tha t readi ngs we re correc tly obtai ned .

9. Tim instances of case breaka ge occurred from falls
of a few fee t.

1.13.2 Discussi on

As a result of the immediate operationa l tro ub le s en-
countered wi th the AN/PDR— 32(xN—2 ), i t  was consid.r.d necessary to in-
ve stigate their causes and , if possi ble , to put the equi pment into
operational order.

Three vibrator. , which had become inoperativ e we re ad—
J usted on the bench, observing the waveforms with an oscilloscope .
?h. element adjusted was the arrest or detent which restrains the mo-
tion of the fixed contacts. The intent was to eliminate contact
bounce • if possi ble and to obtai n a large reed amplitude . Dependable

runni ng and rea sonabl y good. wa ’~efo rms we r e easily obtained.

Investigation of the posi tional vagaries of the rattan
disclosed that the vibrator is decidedly geotropic, it. frequency vary-
ing as it is rota ted about a line parallel to the reed. No effect on
th. regulated high voltage supply ~~sults from the frequency •hift,a].—though the current input to the vibrator varies as much as 30 per cent.
Chopper contact frequency is identical with reed frequency and the
variation her. prod uces serious re sults. Investiga tion of eight unit.
disclosed an avera ge variation of plu. or mi nus lhl. per cent in meter
current with position. The resulting variation in meter i ndication
(i/br ) may be as high as 70 p.r cent.

The Oei gsr—)(ueller tube respo nse is independent of po-
sitio n , so long as i t  is not in circui t wi th th. chopper. How ever , in
its normal circui t , the positional variation of chopper contao t fre-
quency results in va ri ation in the tine-av era ged G.iger-J ualler tube
current. This resu lts fro m the fact that there are vol tage pulse. on
the Geiger—Mue ller tubes at the chopper frequency . These are 10 volts
high in a 10 r/hr field. A change in the chopper duty cycle i. thus
r.flected through the tube duty cycle on th. tine integrated Geige r—
Mueller tube current . I t  may be no ted tha t the contac t closure peri od
is hardl y affecte d-—the effect being due to variation in repetition
Tate alone.

It was f ound tha t some of the equipments as received,
would respond to light tappi ng on the case wi th a larg. shift in vibra—
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tor frequency, accompani ed by a change of 2 to 1 or s~ore in me ter indi-
cation. Oscillogra~~.ic exami nation di sclosed a family of extra con—
tact pulses associated wi th the fre quency shift.  It is presumed that
the cause Lies in the exci ta tion of stable higher modes of oscillation
in the reed , although the lack of s troboscopic equipment made the
diagnosi s uncertain. This effec t was cleaned up by adju s tment of the
contact arrest tn two equi pments.

lacking time , no investigation could. be made of the sta-
bility of Geiger—Jtustler tubes and corona regulators with  reference to
long ter m drift in characteristics. These are suspect , since (a) the
meter scaling function (me ter indication as a func tion of ne ter current)
is not at present identi cal to the inverted sensitivity function ( the
radiation field as a func ti on of total Geige r-Muel ler tube currents).
and (b) the corona regulators do not in all case. nav e sufficient
range to calibrate the Geiger—MusUer tubos. It must be presumød tha t
these tim discrep an cies we re not present when the manufacturer shipped
the equipeient s; thus the conclusion 1. inescapable tha t drifts have
occurred.

kinor difficul ties were experienced with operating con-
trols——erratic operations of the on—off swi tch, binding of the beta
sha tte r operati ng mechani mm , and me ter light swi tche s that can be
turned on by the weight of the radiac. The voltage regu.lator tube ad-
jus tiag screw and housing are not secure ly clamped, and during adju st-
went may move the tube enough to short the high voltage termi nal .
Shorts also occurred on the high voltage supply due to fai lure of poor
insulation on hook—up wire used.

1.13.3 Couclu.siona

The bromi conclusion i. inescapable that the AS/FDR—32 is
enme shed in too many unsolved components problems to permi t sensible
operati onal evaluation of the equipment as a whole . Conclusions indi-
cated by project expe rience are :

1. The case form fac tor design is superior to any
rad.isca. ter observed.

2. The case material is not sufficiently rugged for
mili tary use .

3. The vibrator-chopper uni t is not sufficiently stable
to per form its assigned function reliably.

~. Operating mechani sms (controls) are unnece ssarily
elegan t and expensive .

5. Geiger-Mueller tubes and voltage regulating tubes are
possibly unstable in cha ra cteristics wi th respect to
age.

6. Me ter readability is poor.
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7. Voltage regulating tube s have insufficient range.
8. Development status is an illogical mixture of highly

develope d fi nished package engineering with unpr oven
components and circu.t t engineering.

9. In summary , the AJ/PDR—32 is not a technically ads—
quate radiac instrument for military use in its - 

-

pre sent status.

l.13.~e R.comm.ndationi

It is recomeended tha t :

1. Th. basic de sign philosophy of the output current am..
p ltfytng system and of the hi gh voltage regulating
sys tem used , be reexami ne d compe ti tively wi th other
potential designs . ‘-

2. Ixtensive s tabi li ty s tudies be mad e of (a) halogen—
quenched Geigsr—I~ sller tubes emp loyed and (b) the
adj ustable voltage regulators.

3. A design s tudy be made , aimed at a high stability
vibrator drive .

lê. Me tal or lamina ted plastic case construction be con—
sidered.

5. Operating controls be redesigned and simplified.
6. Meter scale be redesi gned for easier reading.
7. Solution of components problems and examination of

desi gn philosophy be given first priority. :1
1 .1t~ £8DL ~472 RZCTCI~IIG IONIZATION C~AMBU 1DOSIMITIR AND A LARM

1.lk.1 Results

The fu1 72 Dosimeter saw only limi ted use at the levads
Provi ng Grounds by proj ect and senior Radiological Safety personnel as
an adjunct to high—dose quarts fiber dostmet.ra on early survey and
other high intensi ty field operations . Comment of using personnel in—
dicates that a radiac instrument of thi s type may have a field app itca—
tion in the basic mission of supplying tactical info rmation to troop
units in nuclear weapons operation. . A desi re wa~ evidenced to develop
the unit in a packag. which could be carried in a pocket or as an item
of belt •4nip nt .  It may be desirable to incorporate this type of
dose informati on wi th a high range dose—rate information—-perhaps 5—10
r /br minimum indication. The instrument as delivere d to the projec t
had too coarse resolution for Ne vada Proving (~rounds use . where the
operational tolerance is set at 3 r. One unit was projec t modified to
indicate 1~ r total dose wi th 20 ur scal e graduations and this unit was
well received.
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Unit , were calibrated after receipt and found to b. qui t.

stable and reliable . Calibration and alarm set controls were inconvun-
lent to use. Projecting swi tch toggles and rewind knobs were objection-
able since they were easi ly snagged on clothi ng , vehicles , et c. — ac—
cidental turning off or disturbanc e of dos. indi cation re sulting . J o
service fai lures occurred resulting from circuit malfunction or compo-
nent fai lures. Air operations and rough country operations in vehicles
re sulted in no malfunc ti on or damage .

l.l~e.2 Discussi on

The ~472 is a development radj ac ins trument , rather
crud.ly engi neered and packaged , primarily to illustrate at Nevada
Proving Ground s a type of rad.tac which has had li t tle developme ntal at— - -i
tention. 3e tt .r fore sight in design would probably have resul ted in
much mere extensive use during operati on. Poor fo rm factor resulted
from overemphasis on minimizing the cycle increment of dose (5 ar was
used) , which req ui red a large ionization chamber of low capaci ty . A
sui table micro—r.la~ could not be obtained and pilot re laying was em-
ployed , maki ng further de mands on cubage .

Maximum do se indication was chosen at 25 r , a figure
having some s tanding as a possibl e mili tary tolerance . Resulting dose
resolution was not sati sfactory for Nevada Proving Grounds operation
whe re only ab out 10 per cent of the whole scale length was of any uti l—
lty .

Calibration was pe rfor med on a collimated Co~~ rang. by
ti mi ng a few cycles at a kno~ i dose rate , and adjus ting the spring tea-
sion on the micro— relay as required to bri ng the incre ment to 5 mr.
The opera tion is tedious , requiring the use of earphones to count the 

- 

-
-

cycles and a very critical adjustment to be made internal to the case.

l.1á .3 Concl usions

It was concludsd that:

1. The cycling ioni za tion chambe r dosimeter is a type
of ins trument tha t  may have s~~e troop operational
utility.

2. The combination of this ins trument wi th hi gh level
dose—rate indication should be furthe r studied.

3. The current model is excessively bulky and heavy

~~~~~~ Reconmandations

It ii recommended that :
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1. Development of the *is 72 type of rad1ao be assigned
• pri ori ty .

t 2. Means of combi ning wi th high level dose—rats indica—
t t on be investigated . L t  is possi ble that relay

E • operations can be ra te-counted by means of simple
f rate—me ter circuitry.

3. Scale changing facility be inclu.ded in dosi~n so that
the same instrun ent is usable both for nuc lear wea—
pons test and maneuvers , and for war operations .

~~. Use of igniter gas tube and hard tube trigger circuit
relaying be investigated.

1 • 15 ~~~ T T ~JZOUS

1.15.1 Radiac Set AJ /PDR—3].

The radiac equipment AJIPDB—3l was not extensively tested
for two reasons: (a) only two instruments were available , (b) the dose
rang. and resolution are comple tely unsui ted for weapons test use at
the Nevada Provi ng Gro unds. 

- 

-

1.15.2 Badiac Sat U/PD~J.~
One ii ~it  was avai lable . This r.4iac instrument is int en—

dad only se a model to tUustist. the feasibility of a neterless raAiao
equipment design. Operation was in general satisfactory. The follow-
ing recommendations are mad.:

1. Tb. feasibili ty of a miniaturized r.4iacaeter of
I~ or 5 decades range , employi ng potentiome ter read
out with message register type d.r~im dials indication,
be investigated.

2. Design stndies be made of po tentiome ter read out sys-
tems , varyi ng types of threshold signal and dial in-
dications to determine if reduction in si ze , weight
or power are available over D ’Arsonval meter read out.

1.15.3 Air Seauler Jiz for B~~tj&c Set PJ/PDP1-~~

A plastic reading jig for application to the AN/PDR-27
probe for determining activity of air f i l te r  sample s wee developed at
U$IRDL and submi t ted to Project 6.]. I t  i. adap ted to filter holders
of the Chemical Corps Portable Air Sampler and of the NBDL — General
lleotrt c vacuum cleane r type . Inte rpolation of sample activi ty be-
tween known activities of Sr~° is made . No operational use was ob—
talme sa~~)1e. collected at Shots 7 and 8 being below minimum sensi-
tivity of the device , alt hough coun table with good significan ce on a

— be ta counter of ~4.O per cent geometry .
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Recomeendations are:

1. Jig be redesigned to increase geometry.2. A j ig fo r use wi th a thi n wall Geige r—lineller probe
be designed , since this type of probe is decidedly
superior for gener a l purpose personne l and vehicle
moni to ri ng wo rk .

1.16 RADIAC I~~ T~J MZJT S -

1.16.1 Goncluajp np

At the present time , there are no radjac ins truments a-vailabl, to the military services which can be considered entirely sat-i sfactory for their use . The re are , however , ins truments currently inproduction which, with relatively minor modi fications , are adequateinterim ins trume nts . Thes, are the AH/PD~R..T1B, the AN/PDR_2 7 series ,and the U/PDR—]8. Although these ins truments are inadequat, as stan-dard i tem. du. to si ze , weight , range , complexi ty of cl rcu_j t , produc-tion coe t , or other reason. , they are , on a limi ted basi s at least ,availab l, to the armed forces; and they will measure radiation.
In recent months considerable work has been don. onminiaturizati on and simplification ~f radj ac instruments. Re sul ts in— •d toate clearly tha t small, relatively inexpensive ins tr uments can beproduced which will me et mili tary requirements .

1.16.2 Reconmenda tjp n~

It is recommended tha t the modi fication, out lined in thisreport be made on the AN/PDR-flB, AN/PDR-27 series , and the AN/PDR-18in orde r to provide the miUta ry servi ces wi th ade quate inte ri m inst ru -ments. I t is felt , however , tha t no major development work should bedone on any of these ins truments and they do not warran t the expendi tureof any fund. other than those necessary for making them truly adeq~iat.interim instrument s .

It is further recommend ed that emphasi s be placed on thedevelopment and production of simple , ligh t—weight , inexpensi ve surveyins trum ents. All instrume nt s present ly b.t ng developed by or for themilita ry serv ices should be reconsidere d competi tively, wi th the inten-tion of determi ning how mi li tary requi rement s can be met in the shor-test tins with a mini mum of effort and. expense .
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CILLPTRR 2

RVLWLTI ON OP DOSIM N TRRS AND ASSOClAT~D I(JJLPMLfl

_ _ _ _2.1 L8STRACT

Ni ne dosimeters , or associated compo nents , of current mi li tary
interest were tested at the Nevada Proving Grounds during opera tion
TWW LRR— SN~PP1R. Results indicate tha t none of the dosime ters tested
are entirely satisfactory for military use . The D T—65/P D wi th t ts  as-
sociated holder. , PR—650/PD and PH—656/PD, is , however , sa tisfac~ory
for interi m use .

T~ae charger PP—351e0/PD was subjecte d to limited tests . for the
conditions tha t existed at the test si te , i t  opera ted sati sfactori ly.

2.2 ~~JNCTIVZ

The dosimeter phase of Projec t 6.1 was conducted in order to sub-
( ject those dosimeters of present mi li tary interest to the high dose

ra te s and the ener~~ spectrum characteri stic of an at omic •Wlosion.
I t  was desired to de termine the accura cy of doss indica tion, as co.-
pared to a standard, and the consistency of the indicati on among dosi—
me te rs of the same type. Bo th development and producti on type dosi—
me ters were tested.

2.3 R&C~G~ )UND AID T~~OBKTLCAL DATA

The dosime ter evaluation program is a continuation of the tests
begun at Operation GBRNNROUSI and continued at Opera tion BUS~~R-JA1GLl.Tb. development types of dosime ters tested are those pre sently being
emined as part of the Army Signal Corps dosime ter program , with the
exception of the Taplin dosime ter , which i. being developed under the
auspices of the Army Chemical Corps.

2.14. IJS ThIJNU T~TION

2.14.1 DT—6~IP D Photo~~a~hjp Dosimeter

The DT—65/PD Pho tographic Dosime ter is a d.ry developing
device using the Polaroi d—Land, pr ocess. The dosimeter . used on this
oper ation provided dose read ings from 25 r to 675 r in 12 non—uni fo rm
s teps . Readings are obtai ned by comparing the darkening, due to radi-
ation , of a photographic emulsi on , wi th a step wedge . This dosimeter
is presently under production.
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2 .~4.2 D~— 6’+1FD I~hoto~ raphj p Doi21~etej~
The DT—614/PD Photographic Dosime ter is iden tical inoperation with the DT—6 5/PD . The rang., however , is 1 r to 60 r. Thisdosim eter is still under deve lopment and not oonaide r.d, ready for pro—due tion,

2.14.) ~~6~gL~p 
~~~~~~

The dosime ter bolder P~— 65O/PD is a plastic holder foruse wi th the Polaroid typ pho tographic dosism ter s . It 1. the non-de-veloping counterpart of the PB—656/P1) metal dosimeter holder in tha t itdoes not contai n mean s for squeezing the chemical pod and spreading thedeveloping chemi cals. It is desi gned to carry three dosimeter plaques.The top porti on of the holder is reinforced wi th metal to prevent thechemical pod from being crushed whi le th , dosime ter is worn.

2.4.14 Tinlin Dosimeter

The ?aplin dosime te r is a step type, color—cha nge dosi-me ter consi s ting of four glass vial , containing a two—phase , chloroformand wate r—alcohol system giving dosage steps of 50 , 200 , 1400 and 600 r .Th. color indica tion is produced by a PH indicati ng, aqueous dy. . Thedosimeter also contains t~~ con trol vials reproducing the colors beforeand afte r the change resulting from gamma radiation. The color changeis based on an end point reaction and thu, reading the dosiLe ter re—quizes only recogni zi ng the change of color and not  inte rpretatio~ ofshade s of the same color. On the inside of the aluminum case , whichhouse s the six glass vials descr i bed,, the dosimeter has a control spotwhich change. from pink to whi te if the vial s have been subj ected tosufficient ligh t to cause erroneous readings as a result of the chloro—fo rm having broken down . The dosimete r is , how ever , relatively insen—sitive to both heat and light in its present pac~~ge.
2.4.5 I~T-MJPJ) Color Ch&q~ø’in,~ Cry s~jj Dosi me ter

The DT— 5 1/PD color changing Crys tal dosi meter  is a d.-velopment form of a po tassium bromide, F-cente r colorati on sys tem. Itis designed to have a range of approxiii a tely 0—600 r . Ph. color ran g.resulting from radia tion is de termined in two way.. The color of thecrys tal is compared wi th s tandards in a smal l por table comparator. Thecolor change of the crys tal may also be de termined by a photo —electri creader which measure s the attenuation of a light beam in passage throu~~the crys tals.

2
~~~

6 D T 6 ?~~ Cp~~~~tipn Crys tal Dosimeter

The DT—67/PD conduc tion crystal dosime ter is also po t...—
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sium bromi de . It  is made up of small crystals in a glass vial. Sub-
je oting the crystals to radiation results in e lec tron t rappi ng. Af ter
exposure , the trapped elec trons are exci ted into th. conducti on bend by
an infrared source and the photoconductive change is measured. The
reading is then proporti onal to the radiation dose . The rang. of the
dosimete r i. approximately 0—350 r .

2.4.7 ~at te rso n-M oos ~Atome ter

The Patterson—Moos TM Ato me t.z is a color changing chloro-
form solution. Whe n subjected to radiation , hydrochloric acid is form-
id and the color of the solution changes from yellow to re d—yellow.
The color of the solution is compared wi th standards provided on the
packag. of the dosimeter to provide steps of 50, 150, 400 and 600 r.

2. 14.8 Pltter son—Kop . Phosphor Dosimeter

Anothe r type of dosimeter tested was a development mode l
of a Patterson -M oos infrared pho to-fluorescent phosphor. Gamma radia-
tion causes electron trappi ng. Whe n excide d wi th infrared , the dosi-
me ter fluoresce.. The yield of fluorescent radiation is measured by a
photoelec tri c reade r and the reading calibrated in terms of gamma dose.

2.4.9 Dosimeter Ch..ri.r PP-~~4C/P~
A portable batteryless dosimete r char ger , the PP—35kG/FD,

was given very limited tests. It is a miniature , pocket device , ap-
proximately 1 x 2 x 2 *,  using a hand operated, friction elec tro-
static generator to charge fiber -elec tro me ter , self—indicati ng dosi—
meters . The dosime ter being charged i. read in th. chargi ng posi ti on
by holding it up to the eye and allowing light to pass through the
charge r and dosimeter from the bottom.

2.14.10 ixuosure Standard.

in order to determine the amount of radiati on to which
the dosinieters were exposed , i t  was necessary to choose a standard to
be placed at each exposur. station. The .tandard chosen was the con-
ventiona l film badge in the National Bureau of Standards holder. For
more information see the report of Project 2.1, Operation ~JMBi1R—SNA.P—P21.

2.5 OPIRATIOI

The dosime ters to be tested were attac hed to stations as shown in
Figure 2.1. A 1116 aluminum shield was used to pro tect th. dosimeter.
f ro m thermal and blast •ffects . Th. dosi me ter stations were posi t ioned
along a line from ground zero at distances de te rmined from predicted

_ _ _ _ _  

__
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dose—distance curves to give desired doses. Fourteen stations were
used to obtain a sufficient range of dose s be tween 1 r and 1000 r , pre—
diote d To deter mine the doses to which the dosi~net ers were subjec ted ,
dental X—ray fi lm packets in NBS holders were placed wi thi n the sInai-

• mum shields wi th the dosime ter ..

The dosimeter . and standard s were posi tion.d in the s tations on
the day before a shot and were recovered on shot day as soon as possible
afte r de tonation. This was done for shots three through eigh t of the
TUMBLIR—SNAPPZR series.

The dosime tere were read as soon as was practical afte r .aoh shot.
in order to minimize human error, each self—indi cating dosimeter was
reed by 5 to 10 people . The data thus obtained was organi sed in such a
way as to show the accuracy of the dosime ter compared to the standard
and th. consistenc y within dosimeter. of the same type .

2.6 DT_61c/PD PHQIVGR&7gIc D0Sih~~~B

2.6.1 B.su] t.

Approximately 9~ per cen t of the DT-.65/PD’e exposed
(about 2000) gave dose read ing. wi thi n pl is or minus ~5 per cent of
their own mean reading at a given exposure . Also those dosimeter.
whi ch received approximately 250 r or less agreed wi th in  plus or mi nus
25 per cent of the valu. recorded by the National Bureau of Standards
badge for the samm exposure . However , those dosime ters which received
more than ~50 r gave doses less than those recorded by the Na tional
Bureau of Standards badges. The error increased wi th the dose, giving
an error of 50 per cent at 6oo r Thi s I. shown graphically in Fi gure
2.2. Table 2.] shows the da ta from Shot 3 in the form in which the
data was tabulated .

The readi ng of the DT—65/PD ’s was made somewhat diff icult
by the fac t tha t the sen siti ve st rips in the dosimeter did not give
true shades of black or gray , but contained a pink tinge . Determining
the dose reading required matching shades of two slightly different
colors , and not shades of the came color. Less tha n * of 1 p.r cent of
the DT—65/PD ’s tested had fsilures of the chemical pods.

2.6.2 Di scussion

When i t  was liarned that the DP-65fPD’s were giving low
readings at th. hi gh doses, the man ufac turer ’s calibra ti on was checked
by exposing groups of the dosime ters to various doses from a Cobal t 60
source. The dosimet.rs thus exposed agreed wi th the manufao t~zrer ’s
calibration wi thout a single discrepancy . This, ooupled wi th the fac t
tha t those dosimeter . whi ch received the high doses were .~~o se4 to
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TABLE 2.1

— . 1~esults DT—65/PD

Sta . 
- 

Dosi _____ Rep in~s Average Dose Per Cent
k. Stan r lumber Per Cent ~g. R g  !~ 8 Badzs Diff.
1 1—J 343 1 0.5 HJ 395 1140 69.5

1*45 33 16.4 ~i1~* 832
j _  495 27 - 11.1+ -_________ 

_________ ________2 I 290 3 1.5 48.0
J 395 191 9.7 395 560 29.5

____ 4—I 1*14 5 
______  1.5 

_______- ________  20.6
3 I 290 85 k1+.3 37.0I—.1 34.3 43 22.11. 3314. 1*60 25.11

____ ______ 395 64 13.~ ________ _________ 14.111 I 290 99 &.i.6 22.4
1.4 343 1) 11.2 300 3~*e 9.1

____ ______ _____ _______ 4.2 
________ _________ 5.6

5 0— H 150 14 2.2 35.3H 195 97 53.7 222 232 15.8li— I 2 113 30 16.6 *1.7
I 290 146 25.6 18.1

I—J 3*43 2 1.1 47.9
_ _ _  _ _ _ _ _  _ _ _ _  1. p.6 

_ _ _ _ _ _  _ _ _ _ _ _  70.11
6 a 105 - 

3 1.14. 42.14.
0—H 150 2 1.0 208 182 17.6H 195 1~ e 83.5 7.2

— H - I  243 2 1.0 21.4
I 290 27 iLO 

_________ _________ ________

7 0 105 72 31.8 21.6
0—li 150 30 13.3 16.6 143 11.9

I 195 120 53.2 115.5
li—I 243 1 0.4

_____ 1 290 
_______- _________ _________ - 116.0

8 C 50 2 1.35 30.2C—I) 55 2 1.35 60 73 211.7I) 60 140 911.6 17.8
D l  65 2 1.35 10.9
j .  70 2 1i c  

________ _________ 4.0
9 A 25 16 10.2 16.6

A— ].3 30 141 26.2 33 30 0.0
____ ______ 35 102 6*1 .0 

________ _________ 16.6

higher dose-rates , indicates that this dosimete r may be subjec t to rate
depend ence .

The results of th is test have been pa ssed on to the interested
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agency for investigation.

2.6.3 Conclusions

The DT-65/PD is an adequate interim dosime ter. The con-
sistency of the dosimeter , its accuracy up to doses of 350 r and it.
simplici ty make i t  worthwhi le for use as a mili tary dosime ter at the
present ties. However, i t  cannot in its present form be consi dered as
the final answer to the dosimeter probl.a.

2.6.4 Recommendation .

It is recommended tha t the investigation of th . failure
of the DT—65/PD at the high doses be given high priority. It is also
recommended that when the problem is so lved , thi s dosimeter be con-
sidered compe ti tive ly wi th o ther dosineteis , taki ng into considerati on
production status, cost , simplicity, etc.

2.7 DT-611/PD PE0~~~ 0RAPHI C DOSIMITU

2.7.1 kL~At.L

Tb. results of the exposure of the DT-61I./PD are given in
graphical fore in Figure 2.3. Approximately 53 per cent of the lost—
meters tested gave readi ngs withi n plus or minus 25 p.r cint of the
US reading. In one case as many as one half of the dosteeters at a
given exposur, gave valu es 67 per cent in error of the lBS va1~~ .
Table 2.2 gives the results of exposure for Shot 3.

2.7.2 Discussion

Th, dosimeter. tested did not show a pink tinge as did
the D~I-65/PD and consequently were easier to read. The poor reproduci-
bi li ty was, therefore, attributed to response of the emulsion and not
error. It was known before the test that the amount of development
work don. on the DT_6*1/?D was somewhat less than that done on the DT-
65/PD, however the test was performed to determine th. pre sent status.

2.7.3 Cpnc1usi~~~

The re sults of the test of the DT_6l4/PD photographic dosi-
meter indicate that it has not been developed to the point wher. it can
be conside red satisfactory for interim use.

2.7.4 Recommendations

In view of the present military requirements and the sta-
tue of the development of the DT— 6*4 /P1), i t  1. recommende d tha t oareful
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TA.Bl1 2.2

Results DT-64/PD 
—

St.. •~~~ j  _~~~~~~~~~~~~~~~~~~~~ dines Av.rag. Dose P.r Cent
EQ~__. Ste n r lumber Per Cent Dos Read lBS Bade. Diff .
9 1 50 60 4.3.2 38 30 26.6

J 40 48 34.5
4.5 19 13.7

1. 60 5 3.6
H 23 3 2.2

1.4 35 2 1.4*.
0—B 19 1 0.7

____ ______ 55 1. 0.7 _________ _________ _______

11 1 11 111 91.7 10.9 - 
9.4* 15.9

D l  9.25 9 7.5
____ _______ 7.5 1 0.8 _________ _________ _______

12 D 7.5 93 67.14. 8.2 6.6 24 .2
1 11 28 20.3

9.25 16 11.6c~.., 6.35 1 _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  ______

13 3 4.0 52 *13.8 4.0 2.5 60.0
c 6.0 37 31.1

B—C 5.0 13 10.9
D 7.5 9 7.6

A—B 3.9 6 5.0
C—D 6.35 1 0.8

•~~~~~. 9.25 1 0.8 
_________  ________  ______

consideration be given before placing more money or effort toward per-
fec ting this do sime ter.

2.8 PE-65o/P)~ ~DOSIkJTU EOLDRR

2.8.1 Results

Dosime ters exposed in the plas tic holder PH-65OfPD gave
identical results with those exposed in the me tal holde r PB—656/PD. I*
oases where holders were subjected to excessive thermal radiation, the
dosime ters in plastic holders survived be t ter than those in metal hol-
ders .

2.8.2 DIscussion

Dosimeter. DT—65/PD were exposed to the same doses and
under the same conditions in both the metal self—developing holder PH—
656/PD, teste d at 3US~~R-JAI~L1, and the plast ic, non self-developi ng
holder PB-650/PD. 1* no case could a difference be detec ted be tween
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those dosimeter. exposed in the P~—656/}D and the Pa—650/PD. In oases
where the dosime ter . were exposed to thermal radiation sufficient to
caus. heat dsr~g. to the dosime te r element in the metal bolder , those
dosimeter. in plastic holder . were not simi larly affected. Although
the plastic holders were fused and burned on the outside , the dosimeter
was not affected . Thu risulted from the poor heat conductivity of the
plastic and the short duration of the thermal radiation . The heat re-

~uired to ~~~~~ the plastic holder beyond use would, in every case ,
have caused seri ous casualt ie s to personnel.

No tests were made on the PH—650/PD with reference to
ruggedness , serv iceabili ty , and abi li ty to withstand no rmal use and a—
bus.. Thes. tests are prese ntly being conduc ted by Army Field Forces.
However, th. models used at the Nevada Proving Grounds were reinfor ced
as a result of previous tests by Army Field Forces to prevent the break-
age of pods In normal use.

2.8.3 Conclusions

It is concluded that the Dosime ter Holder FH—650/PD is
sati sfactory for use with the photographic dosime ter D T—65 /P1) with re-
spect to its response to the enerc spectrum of an atomic detonation.

2.8.4 Recommendations

It is recommende d that the production and proc ur ement of
the PH- 650/PD be given priority consistent with the application of the
photographi c dosime ter DT-65/PD.

2.9 b.ThIl DOSI14lT~~

2.9.1 ~~su1ti

Model I of the Tapl in Dosime ter was tested at Shots 14

and. 5, and models B and F were tested at Shots 7 and 8. Results are
given in Table 2.3.

2.9.2 ~i.ousiion

The model I dosimeter. were , ~heu exposed to Shots 11. and
5, the latest models availabl, for test. However, when it was shown
tha t the dose indicate d by these dosimeter . for Shots 11 and. 5 were con-
side rab ly lowe r than that recorded by the sta iard. certai n change.
were made in th. dosimeter by the manufacturer. The corrected dosi-
me ter was made ava ilable to the project as model 1. These dosimeters
were exposed to Shot. 7 and 8.

It will be noted from the results that in ma ny case s
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these dosi.eter s war . neither accurate nor consistent. Dosimeter, ex-
posed to the same dose varied by as many as three steps. Model 1 was
somew~*t more consistent than model I but was still lacking in accura-
cy.

Tb. packaging of the dosimeter is fai rly rugged, but
bu1k~ .

2.9.3 Conclu.st~~j

The b.plin Dosimeter iu not , in its present development
status , sati sfactory for mill tar7 use .

2.9.4. Recommendations

It is recommended that the development of the ~~plin
Dosimeter be continued, consistent wi th the military dosimeter program
as a who le .

2.10 QJ-cl /PD Q0I~ R CEL~~I~~ CRISTh.L D0SIM~~~R

2.10.1 kn~ .a
Approximately 4*0 D?—5l /P1) dosimeters war s tested at Shot

3. The re sults are given in Table 2.4.. Approximately 69 p.r cent of
the dosimeter. read wi thin 25 per cent of the BBS fi lm bad ge reading.

After Shot 3 these crystals became wet and , being hygro—
soopia , fai led to perform satisfactorily subsequent to tha t time.

2.10.2 DI scussion

A disadvantage of the DT—5l/PD is that it is sub jec t to
moisture . 0nae f ogged by moisture , they fai led to give satisfactory
results.

2.10.3 Conclusions

The results indicat, that the DT-51/PD in its present
f era is not satisfacto ry for mi li tary use.

2.10.4. B.ce~~~nd.ations

It is recommended that proposed work on the DT—51fPD be
reconsidered, consistent with the dosimeter program as a whole .
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TABLI 2.3

Re sults , Taplin Dosime ter

$ta. ?aplin D. Number of Ree4ints L3.3.
ReadiM Observe r #1 Observer #2 Readin~

1 > 600 21 2]. >2000

2 > 600 16 19 2000
600 3 -

3 > 600 17 20 1475
600 3 —

4. > 600 1 2]. 980
600 20 -

.5 > 600 — 600
< 600 1~i 1

- - >1100 - 16
400 1 1

_____  

< 4.00 5 1 
___________

6 ) 200 1 — 290
— 200 3 8

< 200 8 11
50 7 -

7 50 3 6 129
( 5 0 16 13

8 < 5 0  15 15 94.

9 < 5 0  15 15 57

— LO < 5 0  15 1.5 26

5,
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TABI~ 2.4

Results DT-5l/PD Crystal Dosimeter

St, . Crystal N.B.S. Per CentJo . Doscze Dpia,. Diff .
3 1 441 4.32 4- 2.12 146 —66.~3 441 

~~ 2.1L~. 4*04 —6.55 219 —4.9,46 4.52 -~- Le.6
7 — —
8 456 + 5.6

_ _ _ _  — 9 - - 
—

6 10 133 182 —26.911 163 —10.212 195 + 7.213 132 -27.4.114. 92 
~~~~~~~15 82 —54.816 175 -3.817 179 -1.618 94 —48.3

_ _ _ _ _  19 18o 
_ _ _ _ _ _ _ _ _

7 20 68 134 -49.021 136 + 1.522 129 —3. 723 137 4- 2.224 134 0.025 94 —29.726 140 + 11.527 116 —13.4
110 — 17.9

_ _ _ _ _  29 141 
_ _ _ _ _ _ _ _ _  4-

S.2

10 30 23 21 
~
- 9.531 20 —4.832 20 —44.833 21 0.034e 24. +14 ,2

35 18 -144.236 18
37 18 —14 .238 20 -4.8

________ 19 18 ______________ -14.2
54

~~~~~

~ ~~~~~~~

LL _ _ _ _ _  -



______________ 

..— ,—- --—
~~~~~ ~~~

.--

- 
:~ ~

2.11 Q1—62/JD GO~~~~TIo$ cRTS~~4.~ DOSIMIT*R

2.11. 1 Re.u.lt.

Approximate]y 30 DT—6 7/PD Dostusters were exposed to eac h
of five shots. ~Ihble 2 .5 shows the typical results obtained . The dose
i ndicated by the dosimet.rs exposed to the bomb spectrum gave results
up to 70 per cent higher than th. standard BBS ft In badges. The re-
suits were not consi stent, however, —

2.11.2 Discussion

The dosimeter , tested were calibrated before exposure
with a Cobal t 60 •oui-~e. After exposure, th, calibration was check.d.,
agai n wi th Cobal t 60 . and was in agreement wi th the first calibration.
Tb. high reading obtained, by exposing the dosimeter. to the bomb spec-
t rum would, then , indicate that the crys tal s are not energy independen t.

2.11.3 Cone lusign

— The Dosimeter DT— 67/PD is not, in its pr esent develop-
ment sta tus, satisfactory for military use .

2.ll.ii. Reaommen.da tiqns

It is recomme nded tha t th e propose d developme nt work bereconsidered consist ent with the dosimeter program as a whol. .

2.12 PATTIRSOW-)~ QS ‘A~ H4Z~~B.

2.12.1 ~e.g;~
Tb, •*to me ter was exposed to Shots 3 and 5. The resul tsare given in Table 2.6. The readings are neither consistent nor accu-rate . Th. differe nce in color be tween s teps is not sufficient to per-mi t  accura te read ing of the dose reg istered. The packagi ng wss not

sufficiently rugged for normal handling.

2.12.2 Discuss~ pn

The gr eatest difficulty enc ountered wi th the Atcm.t.r
was in determining the color ma tchi ng . In many cases two obs•rvers
read the dose ind icated by a difference of two steps . It was foundtha t color bli nd peopl. could not read the dosime t..rs at all.

Much difficulty was experienced wit h the packaging, In
a muber of oase• the fluid had leaked out of its containe r.
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TLBL* 2.5

Results , DT—67/PD Conduction Crystal Dosi.. t.r

Sta. lo. Crystal J o. Crystal J..B.8. Per Cent

~QaMLt_ Read1n~ Piff .

8 53 250 195 428.2
>250 —

46 210 -f 7.7
4.9 180 — 7.7
64 >250 --172 —— — —

9 170 105 6~ +61.5
62 90 -t 38.5
38 111 471.0
33 11.1 -+ 71.0
51 90 +38.5
63 -— --

23 105 +61.5

2.12.3 ~onc].usions

The Patterson-Moos ‘Atome ter’ is entirely enmatt.faet.ry
for silt tar y use .

2.12.4. Recomeendations

It is recommended that the ‘A tome ter not be considered
for mi li tary use.

2.13 PA~~~~~~LM0 L~~03J’~Qft p~SIM1~~~

2.13.1 Results

The Patterson—Moos Phosphor Dosimeter was tested at Shots
6 , 7, and 8. The results were so inconsistent that no correlation
could be made be tween the dose readings and th. values given by the ES
file badges. Table 2.7 shows the data for Shot 6.

2.13.2 Discussion

lb. results show tha t the Patterson-Moos Phosphor Dosi-
me te r is nei ther consistent nor accurate . It is realised , however ,
tha t the element tested i. in an early dev.lolment stag.. It would
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TLBLI 2.6

Results, Pat terson-Moos A tome ter

St. . A tosieter _ _Ji ~~ _ _ _ _ _ _ _ _ _  
I.R .S.

.ia. ,~...... ...ludLai.. ... .Qkatwz...tL .Qku. ux...tL. Obser v.r #3 kadin,

1 600 9 6 832
400 1 ‘1 5 

_________

2 600 4 - 1 560
400 6 10 9 

__________

3 4.00 5 5 5 460

4. 400 7 2 6 3~*l.
150 2 7 3

5 400 1 - 1 232
150 6 6 9
<150 1 1 -

________ 

50 1 3 —

6 150 7 6 182
50 — 2 1

7 150 8 - 1 134
50 1 8 9
0 0 2 -

8 150 8 — - 73
50 1 - ii

0 - 10 6

9 150 2 - — 30
<150 4 — -

50 3 2 -

o - 7 8

10 150 5 — — 21
50 5 3 -

0 — 7 10

11 150 7 — - 9.14
50 3 2 1
0 — 7 10

12 <150 2 - - 6.6
50 8 - -
0 - 10 10
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lABIa 2.7

Result . , Patterson-Moos Phosphor Dosime ter

St.. Atome ter ~ bqr~ f Readi~~s 1.3.8
~~~~~~~~ 

Reading Observer #1 O~~.rvei~ #~ Readi~~
1 600 2 2 Over

2000

3 600 5 1475

14. 600 Ii 3 980
1.00 1 2

600 — 1 600
400 3 2

6 150 5 2 290
50 — 3

7 50 5 5 129

8 50 4 4 95

9 50 5 4. 5?
150 — 1

not have been tested. if the fsctltti.s had not been provided for test-
ing other devices.

2.13.3 Conc lusions

The Patterso n—Moo. Phospho r Dosimeter in its pr esent
for m is not adequate for mi li tary use .

2.13.4 Recomeendetioni

It is recommended that the mi li tary participation in the
development of the Patterson— Moos Pho sphor Dosimete r be reconsidered
pendi ng olari ficat l on of th. dosime ter program as a whole.
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2.14.1 Results

Conclusive resul ts cannot be obtai ned fro m the liat tId
testing performed on thi s device . Rowever , for th. condi tions tha t an—
isted wi th  respect to humidi ty , tempe rature , etc.. and wi th th. limited
mae , no fai lures resulted. The size and operati onal simplici ty are en—
•ellent.

2.14.2 Discussion

Jo program for testing fiber type dosimeter. was con—
£nct.d as a part of Project 6.1 and no opportuni ty for extensive and
conti nuous use were avai lable . The chargers were used to servi ce those
fiber dosime ters which were used as a part of o ther pr ojec t func tions .

2.14.3 Conclu sions

The Dosims t.r Cbar gsr PP—3,54C/PD is superior in si so and
convenience to any charger present ly available . Th, unit was used
smfficiently to de te rmine its dependabili ty or maintenanc , problems .
lewever , the re was no evidence to indicate that i t  1. deficient in

- t - ‘ those respects .

2.14.4 3scomeendations

It is recommsnded that full testing of the Charger PP—
351,C/PD be conducte d to determine its adequacy for mi li tary use.

2.15 ~0SI$!TZ~S -  Q2J*J~ 2,~

— 2.15.1 Conclusions

1one of the dosimeter, tested can be considered ent i rely
sati sfactory for mi li tary use. The DP-65fFD wi th its metal and plastio
holders can be considered sati sfactory for int erim mili tary use and is
th. most promising of any dosimeter tested at thi s operation. The
fstlmze of this dosimeter above approximately 350 r , not evident in
previous model. because of their lover ranges, indica tes that further
analysis is required.

It  may be sta ted furth.r that the r. is no dosime ter a—
‘vsi lsble which can be considere d entirely adequate for mili tary its.
~~~ D?—6OfPD phosphate glass dosimeter gave excellent results during
its preltmt ma ry testi ng at 3USTZR and shows promis e. Row.ver , i t  is
still under development , and wss not avai lable for furthe r testi ng at
this operation.
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2.15.2 ~jpo..ei’A. 1~ign5

It is recommended that all dosimeters pres ent ly under de-
velopment for or considera tion of the mi li tary serv ices be analysed
compe ti tively with respect to cost, status, feasibili ty , eta., in order
tha t a more coordinated dosime ter program will, result. It is suggested
that th. requirements for a dose measuring device be made more fi rm to
guid. those agenc ies eageged in these activi ties. b r  instance , a do—
otsion shoul d be made as to whither or not a step—type dosime ter is
sati sfactory, and if so, what the steps should be. I t 1. felt that the
Polaroid dosime ter prob lem could be simplified considerably by going to
f our or six st.ps, for e mple. If twelve steps are requi red, o ther

- dosimeter. may automatically become imprac tical . All of the avai lable - 
-

facts should be considered to re duce cost and elimina te duplicate
effort.
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RAPID ARRIAL $TJRYH

3.1 A8$TRLCT

On Sho t 7 of Operati on S1~APPH a rapid aerial survey of the cot-taminated area was conducted using an LC— l26 Liaison type aircraf t  andexisting porta ble mi li tary radiac equipment. The results obtai ned in-dica te that using a survey mete r , such as an AJ/PDR-T3.B or AJ/PDR-18,and a stop watch it is possible to determ ine , well wi thin an order ofmagni tude , the contamination on the ground at a given spot . Th ismetho d shows pr omise for making an initial post—sho t survey for a fieldcommander, a radiological safety orga nizat ion , or civil defense .
3.2 OBJiCTITI

The objective of the rapid aerial survey was to further dsvelopthe techni qua employed during Operation JA~~LI to deter min, centers andextent of ground contami nation together wi th orders of magni tude ofthe se contaminated areas . It was desi red to further simplify the e—qutpment required by performing the survey using only an &J/PDR- TlB anda stop watch. The purpose of developi ng such a techniqu. is to pointeat a method for a survey by which a field commander can arrive at a vrapid determination of radiological hazards that c u t , should the needari se .

3.3 MC~~R0U~~ AID TEJORBTILCLL DATh

This teohni qua for conducting a rapid aerial survey was employedduri ng Operation JA~ }L*. The agreement attai ned with readings taken onthe ground by other independent means was sufficiently good to warrantfurth.r thought and testing. See report , Project 6.1, Operation JAJGLJ.
3.11 il3~~~lJJ~~~ pJ

The following equipment was used in conducting the survey:
1. A standard Rad.iao Training Set AN/PDR-T]$
2. A Radian Training Set AI/PDR-T1B modified to record the meterreadi ng by feeding the output through a d.c. amplifier to arecorder.
3. A lsd.tac Set AJ/PDR-i8 modi fied as th, above AI/PDR-T1B.
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3.5 ~~~RATI~~
The ra diological survey was conduc ted using an LO-326 at rcraft,an AN/PUR-TIB , and a stop watch.

In orde r to determine the contami nation at a given point on theground, it is necessary to fly over the spot at three or more ..lttt ude.and use the value s obtai ned to plot a curve which , when extrapolateddownward, gives a va lue for the dose—rate at the desi red point.
The actual patte rn used in a tactical, si tuation depsntt s on theinformation desired and the terrain. During thi s operation i t  wasnecessary to limit the survey in orde r to remain wi thin the tolerancelimits •.t by the Radiological Safety Organi za ti on,
In order to tie down the dose—rat, measur emen ts to specific pointsnear the ground, it was necessary to fly th. pattern empleytig constantspeed , altitude, and dire ction for each leg. Duri ng th . operationusing only a surv ey miter and a s top watch, it was necessary to selecta point on the ground as a zero posi tion. Taking readi ng, at speotfiatim. intervals , 5 seconds in thi s case , tied all readings to specifi cpoints on the ground. (See Pig. 3.1) .
To provide a chock for the results obtai ned two auto matic re- ‘cordi ng equipments were is.d. An AJ/PDK-TJJ and an AJ/PDR-18 weremodif ied slight ly to all•w th. signal at the meter to be recor ded. iaibi s case a zero time point and th. time ha.. of the recorder chartwe re need to tie down the recorded values to specific point. on theground.

Th. speed of th. plan. permi ts survey of high toss—rat e areaswi thout subjecting the operators to large doses. Although high toss—rates were enc oun tered the dose s obtai ned were approxima tely 2 r.
3.6 RLSW~~

Pigur. 3.2 shov, a graphical comparison of th. results obtainedusing the recording equipment and that obtained using a rad tacme tsr anda stop watch. Th. peak of both curves was obtaine d from a reading onthe A1/PDR-18 beøause of i t. rang.. The valu, of the contami nation atground level can be obtained from the peak readings and the readingsnear th. peak. Rowever the valuss on both side s of the peak are notsufficiently accurat e for such an extrapolation. Recant , of the shorttime involved in flyi ng over the area, range switching is not practical.ml. means i t  is necessary to choos. that me ter scale in which themoni tor is interes ted. Th. results shov~ were ob tai ned with the T1B onthe 50 r/br seals. One possible solut ion , which should be trie d , a theuse of an ins trume nt with rn logari thmic scale.
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3.7 DISCUSSIOX

~~ accuracy of the results obtained by the thod employed is
sacrifi ced to a certai n extent for speed and simplicity. Rowever, the
accuracy of such an operation depends to a large extent on the oper a-
tor and the pi lot. Prac tice is necessa ry before reliable results can
be expected.

It should be pointed out that this method has ~ limited, resolu-
tion , because of the time—constan t of the radi acmeter . It should not - 

-

be considered adequat. for determining with any accuracy the magni tude
of the contami nation of small isolated spots.

3.8 COICLUSIONS

A quick and. fai rly accurate survey of a contami nated area can be
made, using a small aircraft and simple radiac equipment, both avail-
able to the field commander. The speed with which such a survey can be
made more than compensates for the lack of accuracy. This technique 4 -could be employed by a ground commander in a tactical si tuation and
also offer. certai n advantages to Radiological Safety and Civil Defense

• organiza ti ons for ini tial po st—sho t surveys.

* 3.9 UCONMUDATIOlS

It is recommended that thi s arsa survey techni que be considered
for use as a standard tactical doctri ne . - 
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DIUCTLORA.LIT! or LNSTR~.MRITS

It  has long been reoognized that the necessary incl~~ion of ma.-
sly, electro ni c components in the radiac equipment , unsymmetrically ar-
ranged about the detector , makes the radiac equipment’s sensi tivity to
radiation as a function of the align ment of the ra.diac in the fi eld , as
well as of the angular dependenc e of the field itself. Purther , the
unavoidable partial shi eldi ng of the detecto r insures tha t th . .ner~~dependent response of the equi pment to rad iation is also a function of
angular position. The question arises whether current mili tary radiac
equipments are serious ly deficient in their task of measuring sos.ls.r
dose rate in typical weapons contami na tion fields on account of these
effects.

At Shot 3, a crude experiment was performed to peral t an estimate
of the importance of these factors. A TlB radi an chassi s was equipped
wi th an external 1. inch lead shi elded ioni zation chamber with a 1 inch
round collimation port and a plug for the latter. Sixteen azimuthal
readings of the field were obtained at a point 80 yards from ground. - ‘
sero wi th the directional instrumen t , an AIfPDR—1.8, end an A1/PDR—T13. •

The directional intensi ti es were obtai ned by zeroing the inat ru— A
ment with the collimation port plugged, unplugging the port , and read-
ing.

The aiimnt hal &trectiorialittee of the AJ/PDB-TIJ and the AJ/PDR—l8
wer e measured in the fi eld. The observed tt .ld. azi muthal directionali ty
is shown in Pigure A. l .

The directional variation of the instrument sensitivity is shown
in Pigures A.Z and A.3.
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