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RADIOLOGICAL IKSTRUMENTS
FOR
CIVIL DEFENSE
Your school has received a kit of radlological instrumeuts designed
by the Federal Civil Defense Administration. The following instructions
aad the booklets, which are in the imstrument box, are intended to give
you guidance in the operation and use of these instruments and are not

-

intended to give guidance as to how they might be utilized in your clasa-

room. Tn the fubure, you will receive materiale published jeiwtly by the
U, 8. Office of Education and the Federal Civil Defemse Administratiom
vhichk will furnish you guldance on using these instrumgnts in four classroom.
In the inmterim, hcwe#er, the following iﬁfornmtioﬁ will help you irn under-
standing the function of the instruments.

included in the kit are imnstruments which can be divided ;ﬁto two
different types depending on the purpose for which each was. desigmed. The
first class of imstruments, called dosimeters, meesures snd indicates total
accunmulated, ioniiing—radiation exposure, or, more commorly, total exposure
dose. However, the dosimatgr cannot be used to measurs the radistion a
person has received umless it is wora by him during exposure. By keeping
records of his dosimeter readings, the vearer can theréby keep track of
his total exposure dose. The second class of ipatruments, called survey
meters, messures and indicates the dose rate at the time amnd place of
exposure. These instruments are desigmed to indicate how fast (or the rate
at which) e person is being exposed to lomizimg radiatiom.

The relatiopships between totai exposure dose, dose rate, and time
are similar to the relationships between a car speedometer, a car odometer,

and time. Let us agsume that 2 driver maintains 2 speed of approximately
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50 m.p.h., 8s indicated on the speedometer, for a pericd of eight hours.

At the end Of this time, the total distance covered, ss indicated by the
odometer, will be approximately 400 miles. Similarly if an individual enters
& radiocactive contaminated area where the dose rate, as measured By &

survey meter, iz 5 roentgens per hour and remains in the ares for 8 hours,
his total exposure dose, sz measured by a dosimeter (gasuming no radioactive
decay) would be approximately 40 roentgens, Hewever,-in elli-practicsal

cases allowances must be made for the natural decay of the radicactive

material,

Each instrument in the kit has & nmumber stamped on its side ‘or’top.

£

This pumber hasz the prefix CD V. For example, you will find thgkﬁﬁ;hgfi

V=700 on the instruments with the detachable probe. On each inatfﬁﬁéﬁﬁ‘you

will also find a model pumber. In the discussion of the theory of
of the instruments that follows,.egch ingtrument will be referréa

CD V number. However, there will be no attempt to discuss’théaéﬁeréti B’

of each model in & particular series of instrumenta since the:g_is“g xadea
quate operational procedure outlined in the instrument mﬁhuﬁiéfﬁﬁfé@*ﬁ?cempany
each instrument. ‘ 7

Included in the kit of instruments are two small metal cans labeled
CD V-787. The CD V-787 15 a harmleéa radicactive source that will act;vjte

the CD V=700 (Geiger Counter). However, the source will not operate the

CD V=710 or the CD V-T720.

Below iz a chart that summarizes the characteristics of the FCDA

radiological instruments you have been sent.
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CDh V720

Ttem CD V=TOO Ch V-TiQ
Type of detector Geiger tube .IQh chamber Ion chaﬁbér
Measurement Dose rate Dose rate Dose rate
Units of messuremenut Millircentgens/hr Roentgens/hr Roentgens/hr
or counts/minute
Kind of radiation Beta and gamme Ganma Beta and Gamma
detected -
Beta shield Yes No Yes
Range XI 0 « .5 mr/hr 0 =« .5 r/or 0 -5 r/hr
X10 0 - 5mr/br 0 - 5 r/hr 0 - 50 r/br
XI00 0 - 50 mr/hr 0 - 50 r/ar 0 - 500 r/br
Power source Batteries Batteries Batteries

Battery types

Battery life (min-
1mum for countinuous
operation)

Weatherproofed &
shockproofed

Audible indication

Circuit check
Zero adjust

Calibration source
attached

Error

1.5V flashlight
(NEDA 13)
L5y ‘NEDA 213

D cells 160 hours

B Batt's 100 hours

Yes

Yes (earphones or
speaker)

No*

No

Yes

+
- 15% true 0060
dose rate

1.5 volt, flash-
light (NEDA 13)
223V NEDA 215

200 hours
Yes
No

Yes
Yes

o

4

- 20% of jrue dose

rate Co

1.5 volt, flash-
;;§nt;(mﬁna_;3)
225V NEDA 215

150 hours
Yes
o

Yes
Yes

No

4

- 15% of gaue dose

rate Co

* However, background count will indicate whether or not the instrument is operating.



Iten

D V=-TCO

CD V=-TiC

CD V=720

Type of use for
eack instrument

Energy deépendent

Training, decontami-
nation, operationsl,
persounel monitoring,
and food and water
monitoring

Resaponds to beta
energy avove 175 Kev
with gamma slightly
energy dependent

Training

Geueral Ares sure
ey

Operational

Service monitoring
Interim a=zrial sure
vey '

154 erzor between
8 Kev and 1.2 Mev

High level radia-

“icu

Area purvey
Operaticnal
Emergency services
Fire,police,res~
cus

15% ervor batween
8 Kav end 1.2 Mev

Jamming Yes. If teken imto Fo Ho
Tields greater than
1 r/hr
Ttem ¢D v-138 €D V-T30 CD V-Tho
Type of detector Cumulative fon chem~ Cumulative iom Cummlative ion
ber ' chamber chamber
Heazurement Doze Pose Dose
Rauge 0-200 millircentgens 0-20 roeuntgens 0100 roentgsbs

Kind of radiafion
detected

Power socurces

Type of use for
sach Instrument

Weather and
shockproofed

Error

Leakage

Weight

Gamms

External charge

Training avd per-
sopnel

Yes

+ 10% true dose Cof0

29 full sgalelah brs

1% ounces

Gamma

External charger

Operational
Yes

&
- e do
éggotrue_ae

1% full scale/2k
hrs

14 ounces

Garra

Ertarnal Ahnrgeg

e, o —

Cperatiomal

Yoz

+
- 10% of true dose
for Cob0

1¢ foll sexle
2h/prs

13 cunces
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Prineiples and Types of
Radilation Measuring Devices

PRINCIPLES OF RADIATION DETECTION

1. Radiations are detected and measured by chserving their effects on mstier.
2, Baéis for detection is always ionization, -

3. Main classes in general use today:

a. Phptographic emuleions.

b. Radiophotoluminescence.

c. Secintillation.

d. Chemicals.

e. Enélosed volume of gases: the only practical method uzed in
instruments under major FCDA procurement.

k., Description of each prineiple of detection iu the above classes.

a. Photogréphic emulgions. Interaction of radiation with the silver
halide in the emulsion causes ionizafion which forms & pétential
imege., Déveloyment of the film converts this potential image
black deposits of metallic silver. The degree of darkening is
related to the amount of radiation exposure.

b. Radiophotoluminescence (phosphate glass). The amount df radiation
exposure is proportional to the fluorescence under ultraviolet light.

¢. Seintillation. Ionization in the crystsl produces & flash of
light. The light is converted to electrical current by the photow
multiplier tube and the electricel current is amplified.

d. Chémicgls. Ion pairs produced by radiation combine chemically
to form new compounds or change chemical characteristics from

those existing before being exposed to radisticn.
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e. Eunclosed volume of gases. In passing through a gasecus medium

radiation loses epergy by ionizing the ges molecules. The

amount of radiation exposure can be determined by collecting and

i
i

measuring the charge asssociated with these ionized particles.
B. DOSIMETERS
l. HMost practical kind is the eleetrostatic, which iz a cumulative ion
chamber.
2. Tais dosiaeter is basically an electroscopé.‘
3. The electrostatic dosimeter and how it functions.
&. A parallel supporting rod is at the same voltage ss the fiber. It

_ repels the fiber in the same way leaves of the electroseope repel

%ﬂ’ each other.

: b. Collection of ions from the chamber reduces the charge on the fiber.
mhis reduces the electrostatic force ou the‘fiber and'it gtexrts to
return to the uncharged position.

4, Dosimeters memsure total radiation exposure doge rather than dose rate.

5. The FCDA dosimeter; are designed 80 the scales read in roentgens or

mitliroentgens directly.

6. Dosimeters measure gamma radistion only.
7. Other dosimeters not currently used in eivil defense and their disad- i
vantages: }

2. Fhotegrephic dosimeters are not self reading, enevsy dependent,

not easily calibrated; temperature dependent. Also they must be

developed individuslly, csn be used only once, and have a short

ghelf life.
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b. Fhosphate glass dosimeters must be read on a specisl instrument,
are a high Tange instrument » are not self reading, are radiation
dose cumulative.
¢. Chemical dogimeters dependent upon color chsnge, are a high range
ingtrument; exre energy dependent, have a definite shelf life s and

can be uged only onee.

1, A device to charge the dosimeters to zero.
2. Approximately 180 volts are required to charge a dosimeter to ZETO.
D, SURVEY TRSTRUMENTS |
1. Geiger type
a. Operation
(1) A geiger tube 18 a two-element electronic tube which gives a
large, wniforn-size current pulae when an lonizing event occurs
within its sensitive _volgme. In essence, it is ap electronic
amplifier tube which produces the same size pulse regardiess
of the initial ion'iz.iﬁg_ event.
(2) The output pulse from the geiger tube is fed into ap am;_pliff_igr
viick ip turn activates s aj)eaker or easrphone and & metering
eircuit, Zseh pulse preduces ome click in the earphoﬁes and repre=
sentsy one ionizing event in the geiger tube. The meter reading
is proportional to the number of ionizing pulses occn;'ring pei-
unit time. For aversge fission product energy of 0.7 Mav
gamme radiation, thie ingtrument indicates the intensity of ionizi_ngi
radiation in milliroentgens per hour.

't_:". Geiger tubes are often sensitive to ultraviolet iight and, therefore,

are usually peinted black to keep light from entering. Scratches
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in this paint covering can allow a response to intense light sources,
The earphones enable the monitor to detect smell changes irn radistion
intensity before the meter has a chance to respond.
¢. Lowest rangé and the most sepsitive civil defense survey instrument.
2. Ionization chamber typee
&. Operation
(1) Small ionization currents are collected from an_enclosed
2o chamber of air.
(2) An electronic circuit is used to ampiify the small current.
(3) The amplifieﬁ_output current read on 2 meter is proporticnsl

to the current produced by radiation in the ionlzation chewber.

H {4) The survey instrument is designed for the meter to read directe i
1y in roentgens per hour.
(5) The réngg switch changes the smplification of the giggtronig
amplifier by factors of ten.

. The CD V?TlQ measures only gemma radiation. Essentially none of the
fallout beta particles can penetrate the instrument case and produce
ionization in the chamber.

c. The CD V-T20 measures ionization from both beta particles and gamma
radiation with the absorbing beta shield open. With the beta
shield closed only gamma radiation is measured.

d. TIonlzation chambers are medium and high range survey instruments.
They are nct the most sensitive type.

3. Other Survey Instruments not currently used in civil defense.

a. Scintiliation counters.

(1) The output electrical current pulse can be used in a circult

gimilar to that of & CD V700,
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(2} Mcre sensitive than gelger coun't_ef 5 slgo graater range.
(3) More expensive than other types.
(+) May be used in aerial monitoring.
Proportionel counters. More expensive and of 1limited value for

¢ivil defense work.
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