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ABSTRACT

A basie electronic package for a portable multipurpose
radiation monitor was deslgned, fabricated, and field
tested. Transistorized plug-in clrcults powered by
rechargeable nickel-cadmium batterles, a readout meter,
and an electromechanical reglster are contalned in a

4" x 5" x 6" case. Three rate meter ranges, & battery
check poaition, and & register Integrater for low rates
are provlided. The c¢ircuiltry contains seven silicon
transistors on four plug-in cards. Neutron, alpha,
beta-gamma, or alpha-beta-gamms detectors can be indi-
vidually coupled to the electronic package. Calibration
for each detector is simple and stable because the pack-
age 1s unaffected by temperature changes between 20 and
100°F, The monitor weighs sbout seven pounds, can be
carrled in one hand, requires neo warmup perlod, and is
easy to operate and service.
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A PORTABLE MULTIPURPOSE RADIATION MONITOR

INTRODUCTION

Portable radiation survey instruments have been developed
that use a gingle baslc electronic package and yarious types of
radiation detectors. This basic package with a|series of detec-
tors can measure alpha, beta, gamma (semiquantipatively), and
neutrons. Plug-in electronic circult cards and rechargeable
batteries reduce and simplify malntenance and spare parts inven-
tory. The instrument weighs about seven pounds, and the basic
package 1s 4" x 5" x 67",

SUMMARY

Three electronic packages were designed and field tested with
different types of detectors. All instruments performed saftis-
factorily. These prototypes demonstrated that e single electronic
package can be used with four different types of radlatlon detec-
tors. The life of the instruments in fileld use was greatly
increased by using rechargeable batteries. During a 6-month
field test, the three instruments required neither recalibraticn
nor maintenance.

DISCUSSION
ELECTRONIC CIRCUIT OPERATION

The cirecuitry, Figure 1, uses a minimum of components and
cirecuits. To further aid in quick and easy repalr of the basic
package, almost all components other than the meter, register,
and selector swltch are on plug-in cards that can be replaced as
units. Silicon transistors minimize temperature-dependence
effects.

The Dumont 6291 photomultiplier (PM} tube, which is used
with three of the radiatlon detectors, and the high voltage
divider network are in a detachable probe comnected to the instru-
ment case by a coaxlal colled cord. Bypass capacltors in the
last two dynode stages of the PM tube ensure peak currents from
a detector scintillatlon that exceeds the average dynode string
current.

The preamplifier plug-in card contains the signal developing
resistor, emltter follower, and two stages of amplification. The
negative scintillation pulses develcped across the PM tube anode




AMLIND¥ID JOVIIVd JINOYLD33 DisVYY | "Oid

AAo? JIINMOI

N 'Se 4d T
a4
Y AQU =

———— = = - -

1azZ-Vd # A WiLNI> 9% fyis (Ve g

[
]
<
v
§

r§-————- e - -

g
L
T

48838

wd

o

L4
1k

_ l
1
. 1
u_...,ﬂ *ss --- — L G
1
] h -
Lt ozl
F Aiva - w007 |
|
i
RS
oy ”N?-Vﬂa
2

aNnoay

NOWMOZ Sy Q48N St +*
ANINNALEN 50 ASYD LN ——t
-DMISNOH 30 A4 —ay
1
1 39al W
| 1629 %A
= | L
s e
R B Ty w0 I % »
4 %6
L e !
{ ry W.
i | g
[
aims = 01t
Zilan7Yw s
2 { %
! SN O
| -2
d
[y h
| g
] . 4 Sq
san ot §
L] :
— %
auv? anv- = an
A e S o 23
. . = $ g
]
1 |zl Pmad
] Lo AR W3
o 4 . 2+ I 27 - { %a
B o ALy ” vi.enﬂ v
" | 1 .3.“.. AL tw 4 i 8
t IO
Tr« u.ﬂ | haf |
. ' {u,
AR I AR Ol § \j
ooy b v _ =3 M
[ —_ J'
w- poe, b1 __ y

[ 3]

ik b d
S
1 §
3 N tﬂ_oi J rwos ;
I % aun M Shy xocs
1 __ S s L iy |
| S0 1
e b I .
! T‘f. 1 |
__ 1 1
t ' i
) o ! ]
1 1 Ly 1
g ix
1 ] o &

R A " “

1
i “

&
4 d |
. I
llllllllllllllllllllll [ Jd

|.m\ -||
<207 NO? Qg HIHS



resistor R; are coupled to the base of Q;, an emitter follower
stage, via C;. D; prevents burnout of the trangistor by high
voltage transients that are generated when the Instrument is
turned off. The negative pulses are coupled from the emitter
follower to the first of two common-emitter amplifier stages, Q
and Qg. The voltage gain in these two stages ia approximately
60 and is controlled by potentiocmeter R,s; negative feedback in
the emitters of both Qp, and Gz ensures stabilitj. The output of
the preamplifier card through D, ensures that oﬂly negative pulses
without any positive overshoot are coupled to the multivibrator
stage. : :

The count-rate plug-in card contains a monestable multi-
vibrator conslsting of Q. and Qg and a register drive Qg. In the
monostable multivibrator, Q, 18 normally conducting and Qg 18 cut
off by the voltage from the blasing network R;e» Rivs and Rig.
Incoming negative pulses to the base of Q4, a result of a scin-
tillation, cut off Q,, producing a posltive pulse at the collector
of Q that is coupled to the base of Qg viae C.,.. Potenticmeter
Rig a8 a pulse height discriminator control allows the blas of
Qs to be adjusted to reject the smaller scintillation pulses from
gamma radlation and noilse, The perlod during which Qs conducts
is determined by the time required for the capacitor in the
collector circult of Qg to discharge sufficiently to bring the
base of Q; back to a voltage blas point, thereby re-establishing
conductlion within Q,. The negative pulse produced at the collector
of Q. 1s then coupled via C, to cut off conduction within Qg and
return the circult to its initial state.

As a result of Qg being turned on, a negative square wave
voltage pulse drawn through the meter clrcuit causes an up-scale
reading. The meter deflection per pulse is determined by the
value of the Qs collector capacltor used to gate the multlvibrator.
For higher counting rates, the use of a smaller value capacitor
reduces the conduction time of Qg whlch reduces. scale deflection
per scintillation pulse. The meter movement 1s!shunted by C;5
and C;4 to smooth out the Qg voltage pulses and to provide a
uniform meter deflection. Potentiometers R, Rzy, and Rpp are
used to calilbrate the rate meter scales, Reset gwitch Sz dischsrges
Cis &and C;, &nd allocws the meter to be quickly returned to zero
after a high meter reading.

In the register integrate position, PNP sllicon translstor
Qs replaces the meter c¢ircult in the collector circult of Qs.
Conduction of Qs, as a result of a scintillation pulse, blases
Qe Intoc the conduction state. The collector clrcuilt of Q. con-
tains a Sodeco register that cycles for each gating of Qa.
Capacitor C;, determines the gating time of the multivibrator,
which must be sufficlent to allow the register to cycle mechanically.
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The high voltage plug-in card contailns & DC to DC converter
which develops 1200 volts for the PM tubg dynode string, Qs i1s
used in & blocking circult that oscillates at approximately 800
cycles per second, Potentiometer Rap isiused to adjust the
frequency of the oscillations to provide:1200 volts across the
corona discharge tube V,., Thie oscillat@r draws approximately
16 ma, The voltage generated in the secondary of T, is connected
to & voltage doubler that develops slighfly more than 120C volts.
Corona discharge tube V; regulates this $1gh voltage to 1200 wvolts,

|

The charge plug-in card contains a fuse, halfwave rectifier
Dg, and voltage droppling resistor Rpg. Under normal charging
conditions, the current 1is approximatelyi10 to 15 ma, depending
on the voltage of the nickel-cadmium battery at the time of
recharging. These batterles are never t¢ be recharged for perlods
longer than 72 hours. Four l.5-volt D-size flashlight batteries
with & shorting wire acrcss one of the five battery positions may
be used to replace the five 1.25-volt nieckel-cadmium batteries.

A battery check positlion on the selector swltch indlicates the
condition of the rechargeable batteries; the battery voltages are
¢hecked whille under the normal operating!current load, and the
meter 1s switched acrcss the batterles as a voltmeter.

Calibration of the instrument for a particular detector is
simple and stable over long perlods of time and remains unchanged
between 20 and 100°F. The instrument with any of the four dif-
ferent detectors can be carried 1n one hand, ls easy to operate
and read, and requires nce warmup.

NEUTRON DETECTOR

The first prototype (see Figure 2) was a scintillation dosim-
eter for fast neutrons. Advantages over present instruments are:

¢ Low initial cost

¢ Effective discrimination agalnst gamma radiation

¢ Convenient size and weight

¢ Nondlrectional

¢ Sensitive to low neutron flux densities.

A unique feature of thils ingtrument 1sg the relatlvely simple
fast detector which detects neutrons by the (n,p) scattering
process. Because the radiation dose recéeived by tissue exposed

to fast neutrons is energy dependent, the detector was designed
to attaln a response propertional to that of tissue. This is
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FIG. 2
NEUTRON DETECTOR

acccemplished by a polyethylene moderating cylinder containilng a
"Lucite" cone-ghaped light pipe in intimate contact with a Dumocnt
€291 PM tube (see Figure 3); the slanting surface of the cone is
coated with silver-asctivated ZnS (9 mg/m®). The high specific
lonization of the recoll protons from the (n,p) reactlon with
hydrogen in the polyethylene prcduces scintillations wilthin a
ZnS({ Ag) phosphor. Polyethylene has a relatively large cross sec-
tion for the {n,p) reaction. The resultant recoil prectons transfer
their energy within a distance of less than 100 microns.‘?) The
conical scintillation surface compensates for faster neutrons by
providing a greater scintlllation area with increasing depth in
the hydrogenous moderator. The shape and slze of the detector
were emplrically determined to achleve an approximate tissue
response for neutrcns from 0.2 to 10 Mev. Targer light pulses
from the proten interaction with Zn3(Ag) are counted, but the
smaller pulses from the gamma radiatlon are electronically
rejJected. The symmetrical conical surface allows the detector

to be relatively insensiltive to directional effects.

FIG. 3

“LUCITE' CONE-SHAPED LIGHT
PIPE AND POLYETHYLENE CYL.




In comparison with three commercilally available neutron dose
measuring instruments, the detector accurately measured neutron
dose rates from a varlety of complex neutron energy spectra over
an energy range from 0.2 to 10 Mev. Three neutron dose rate meter
for low rates are provided. The deEachable neutron detector probe
{8" long x 1.75" diameter) can be used for glove port monitoring
or in other limlted spaces. With an electronic discrimination
setting to allow only 10-20 ¢/m in a 5 R/hr gamma fleld, the fast
neutron response 1is approximately & c/m/mRem/hr.

ALPHA DETECTOR

The second prototype was an alpha scintillation detector
(see Figure 4) with a uniform response over the entire circular
detectlion area of 100 cm®, The detector is 4-1/2"-diameter x
1/32"-thick "Lucite" that 1s sprayed on on? side with approxi-
mately 10 mg/cm of ZnS(Ag). The outward side of the scintil-
lation ares wlth the sprayed phosphor is c%vered with two layers
of 0.00015-inch double aluminized "Mylar"#% which allows the
detector to be used in direct sunlight, A 1-1/2" Dumont 6291 PM
tube detects scintillations occurring on the fluorescent surface.

The high scintillation efficiency of ZnS(Ag) for alpha par-
ticles and 1ts relative insentitivity to gamma rays allow
electronic discrimination of the smaller ghmma pulses. Nc light
plpe 1s used In the two-inch distance between the scintillation
surface and the PM tube to keep neutron response and probe weight
to a2 minimum {the detector was designed fobr use in plutonium
processing areas). Neutron response to a bare Pu-Be source 1is
~1l ¢/m/mRem/hr. By attachlng the probe to, the case, the instru-
ment can be held 1n one hand for surface and smear-type monltoring,
or it can be removed from the case for monitoring varicus locations

and positions.

The only modificatlion needed for the baslc electronic package
is a replacement meter faceplate which reads 0 - 500 ¢/m. This
provides three count rate ranges of 500, 5000, and 50,000 c/m,
and a register integrator for low count rates. The detector
efficiency 1s 12%, with a complete ilnsensitivity to gamma radia-
tion up to about 5 R/hr.

*9% “HE Dy Pont's trademark for polyester film.
¢ e NMoter smoale is marked in mRem/hr and calibrated by applying a
dose-equivalent of 10 to the mrad/hr value measured by the
neutron survey instrument,
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FIG. 4 ALPHA DETECTOR




BETA-GAMMA DETECTOR

A Qeiger tube was used with the basle electronles, in place
of the scintillation probe, to measure beta-gamma radiation (see
Filgure 5). Two minor modifications to the basic package made it
compatible wlth the Geiger tube. Toc provide the 900 volts to
place the tube on the Gelger plateau, a Viectoreen type 5841 corona
tube replaces V,, the Victoreen type GV3A-1200 corcna tube, and
Rapz 18 adJusted to provide 900 volts., The meter faceplate 1s
modified to display readings of 0-500 ¢/m. This provides three
count rate ranges of 500, 5000, and 50,000 c/h, and a reglster
integrator for low count rates.

FIG. 5 BETA-GAMMA DETECTOR




ALPHA-BETA-GAMMA DETECTOR

An alpha-beta-gamma survey probe (see Figure 6) was also
used with the basic electronics package. The probe 1s a 1/16"-
thick x 1-1/2"-diameter NE-102 plastic scintillator (Nuclear
Enterprises, Ltd.) sprayed on one side wilth 10 mg/cm® of ZnS(Ag) .
The combination of ZnS(Ag) and plastic scintillator provide
scintiliating material for alpha, beta, and gamma radiaticn. The
plastic scintillator acts as a light pipe between the ZnS(Ag)
surface and the PM tube, The outward side of the plastic scinftll-
lator sprayed with the phosphor 1s covered with a single layer of
1/4-m11 double aluminized "Mylar", toc make the end of the probe
lighttight. A 1-1/2" Dumont 6291 PM tube in intimate contact
with the NE-102 scintillator detects scintlillations in both the
ZnS(Ag) and the plastic scintillator. The probe can be removed
from the case for monitoring, or the overall unit can be held in
one hand for smear-type monitoring. Although thls detector will
not identify the type of radiaticn, i1t has the advantage of
responding to single or mixed radiation when monltoring for pos-
8ible contamination.

FIG. 6 ALPHA-BETA-GAMMA DETECTOR



The only modification needed for the basic electronics
package 18 a meter faceplate which reads 0-500 ¢/m. Thisg pro-
vides three count rate ranges of 500, 5000, and 50,000 ¢/m, and
a reglster integrator for low count rates.

Conversion factors for this detector with the diliscrimination
get to allow 1000 ¢/m/mR of gamma radiation are as follows:

ddm{cgm

aipha (5 Mev) 5

. beta ®°SrY 3

beta 2°%r1 - 15
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