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Résumé

On décrit un moniteur de contamination portatif,
sa performance et son application.

Ce moniteur est muni de deux compteurs GM de type
"pancake" ayant une surface de 15.5 cm2 et de fenêtres
minces «2 mg/cm2). Le taux de comptage totalisé est
affiché dans l'intervalle 0-2000 coups/s sur un voltmètre
numérique à cristal liquide. Toutes les dix impulsions,
une diode lumineuse s'allume et une courte impulsion
sonore (0.1s) est entendue.

On décrit la performance de ce moniteur telle
qu'elle a été mesurée pour divers émetteurs a-,8-et y-.
On décrit également les effets des variations de
tension (batteries) et de température.
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Abstract

A Portable Contamination Monitor, its performance and application are

described.

The monitor is equipped with two 15.5 cm2 'pancake' type GM counters

with thin windows (<2 mg/cm ). The sunmed counting rate is displayed in the

range 0-2000 counts/s on a liquid crystal digital voltmeter. Every tenth

pulse is signaled by flashing an LED and emitting a short (0.1 s) pulse of

sound.

The efficiencies for detecting a variety of a-, 3- and y- emitters

have been measured and are reported. Data on the effects of varying

battery voltage and temperature are also reported.
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A PORTABLE CONTAMINATION, MONITOR WITH A NUMERICAL DISPLAY

A.R. Jones

1. INTRODUCTION

Portable Contamination Monitors have two uses:

- the detection of low levels of 3Y contamination.

- the estimation of 3y contamination in terms of activity or activity/unit

area depending on whether the activity is spread over a small area or a

large one.

For these uses such monitors should-

- be light but rugged

- provide information quickly, clearly and unambiguously

- operate from commercially available batteries for long periods between

replacement or recharging

- be sensitive to contamination

- be insensitive to background Y-rays

- be simple to test, adjust and maintain.

It is immediately obvious that these requirements conflict to

some extent and some compromises must be accepted.

Making the instrument light precludes the use of heavy batteries.

In turn this demands circuits which consume little power.

The second requirement implies an information display which can

be easily read, without recourse to judgement, under wide ranges of

lighting conditions, distances and reading angles. It is hard to see how

these conditions can be met with a meter and pointer. Unambiguous display

requires that the same reading cannot be obtained from two widely differing

contamination levels. Also battery exhaustion must not give rise to

ambiguity. Changing scales to cover the whole range of contamination

levels must either be avoided or accomplished in such a way that ambiguity

is avoided.
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To be sensitive to contamination, part icularly when widely

spread, the detector should have a large sensitive area and at the same

time have the least response to garrma background. Generally the best

compromise is obtained using a large-area, thin detector. A background

counter sensitive only to Y-rays can be used to subtract background but i t s

use is fraught with e.ror in a portable instrument. For the detection of

g-particles the detector should have a thin-window but be suff ic ient ly

rugged for f ie ld use.

Simplicity of test ing, adjustment and maintenance is more easily

attained with GM counters than with other detectors such as proportional

counters, photomult ipl ier-scinti l lat ion combinations or semiconductor pn

junctions.

The design of the contamination meter to be described reflects a

response to the requirements just outlined.

2. GENERAL DESCRIPTION

The top and bottom of the contamination monitor are shown in

Figures la and 1b, and Figure 2 is a block diagram.

The detectors are two 'pancake' type GM counters chosen for their

large sensitive area (15.5 cm2) and thin window (1.4 - 2 mg/cm2). The

windows are protected by an aluminum mesh which is held s l ight ly away from

a f l a t surface by screwheads to reduce contamination of the screen. The

anodes of the G" counters are connected to a 900 V regulated supply and the

small positive counter pulses are taken from the counter cathodes to the

pulse shaping c i rcu i t . The shaped pulses, 5.0 V high can be observed at

the pulse output pin on the main printed c i rcui t board. These pulses are

fed to a count rate c i rcu i t and an audible/visible output c i rcu i t . The count

rate c i rcu i t provides an output of 1 volt per 1000 pulses/s up to
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2000 counts/s. This output is taken to a recorder connector on the top of

the contamination meter and also to a 2 V liquid crystal digital panel

meter which displays the count rate in counts/s.

The audible/visible output circuit provides a 0.1 s pulse after

every ten pulses from the GM counter. The 0.1 s pulse is applied to a

SONALERT (under the handle) and to a red light-emitting diode next to the

display.

Power is derived from 6 type AA nickel-cadmium cells which have

a 0.575 A-h capacity and provide a voltage between 6 V and 8.4 V although

the voltage remains quite constant at about 7.5 V during most of the

discharge life. The battery is charged through a connector on the top of

the contamination meter. If desired, the rechargeable cells can be

replaced by primary cells of the same size. The following table shows

their capacities and voltages.

Cell Type Capacity Voltage

(A-h)

Carbon 1.2 5.5 - 9 V

Alkaline 1.8 5.5 - 9 V

Mercury 2.4 5.5 - 8.1 V

The battery is connected directly to the regulated high and low

voltage supplies. The low voltage supply provides 5.0 V, regulated, to the

pulse shaper, count rate and audible/visible output circuits. It also

supplies +4.9 V and -3.0 V to the liquid crystal display. When the battery

voltage falls below 6 V, the power to the display is cut off, extinguishing

the displayed number.
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3. DETAILED CIRCUIT DESCRIPTION

3.1 +900 V Regulated Supply

Figure 3 is a schematic of the supply which is mounted on a

separate printed circuit board next to the GM counters.

Low voltage (5.5 - 8.5 V) d.c. is converted to a series of high

voltage pulses by an oscillator which includes the transistor, Ql, and

transformer Tl. This train of pulses is converted to D.C. by the voltage
doubler circuit containing diodes CR1-4 and capacitors, C5-8.

A fraction of the output voltage appearing on the brush of the

trimmer, R5, is applied to terminal 3 of the integrated circuit, IC1. The

function of this circuit is to short terminal 4 to ground whenever the

voltage at terminal 3 falls below a stable threshold voltage, about 1.1 V.

This controls the output voltage, at 900 V, at the jcnction of R4 and S3

when the trimmer is appropriately adjusted. The output voltage is coupled

to the GM counter anodes via Rl and R2.

3.2 The Low Voltage Supplies

The low voltage supplies (Figure 4) provide 5 V (regulated) for

the pulse shaper, the count rate circuit and the audible/visible output

circuit and 5 V and -3 V for the liquid crystal display.

The 5.0 V regulated supply comprises the components IC-5, Q7, R8

and C10. Trimmer R8 is adjusted so that the voltage on the brush is about

1.1 V when there is exactly 5.0 V across the trimmer. The brush voltage is

adjusted to be exactly equal to the threshold voltage of IC-5. If the

voltage at its pin 3 falls below the threshold the voltage at pin 4 is

lowered, turning Q7 on.

The liquid crystal display requires both negative and positive

supplies, with respect to ground. The negative supply is obtained by

generating a square wave with the oscillator comprising IC4, R16 and C7.

The square wave going between 0 and 5 V is converted to -3 V D.C. with the

capacitor-rectifier network (C8.10 and CR5.6).
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The positive supply for the crystal display is obtained from the

5.0 V supply via the transistor, Q6, which is normally conducting. This

transistor is turned on while pin 4 of IC3 is grounded. Th-is—ohtai-ns while

pin 3 is above its threshold voltage, about 1.1 V. Thus by adjusting the

trimmer R4 the positive and negative supply are cut off when the battery ,

voltage falls below 5.5 V.

3.3 Pulse Shaper

Figure 5 is a schematic of the pulse shaper.

Positive pulses from the GM-counter cathodes are fed to the

negative input of the amplifier, IC-1, which normally has a high output

because of the 23 mV bias applied to its input. If they exceed this bias

its output drops turning on the transistor Ql which provides a 5 V output

pulse while this condition lasts. The low trigger voltage (̂ 20 mV) is

needed because the pulses from the GM counters shrink considerably at very

high count rates.

3.4 Count Rate Circuit

Figure 6 is a schematic of the count rate circuit.

5 V positive pulses are applied to the diode pump circuit

comprising CR2, C3 (22 nf) and the emitter base diode of Q4. The direct

current flowing through the transistor is thus approximately:

N x 10-8 A
where N-s~* is the average count rate.

The trimmer RIO is then adjusted to approximately 100 kO so that

when N = 1000 s~* exactly 1 V is developed across it. This voltage is

then applied to the 2 V digital panel meter.

C4 is always connected across R10 to provide a time constant of

0.5 s. When C5 is connected in parallel, via S2, the time constant is

increased to 4.0 s.
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3.5 Audible/Visible Output

Figure 7 is a schematic of the audible/visible output circuit.

Pulses from the pulse shaper are applied to terminal 14 of IC-1

which outputs one pulse in ten at terminal 12. These are applied to a

0.1 s monopulser comprising IC2, C6 and R13. Negative pulses appear at

terminal 11 of IC2 and these energize an LED and Sonalert via Q7.

4. PERFORMANCE

The following tests were carried out on an engineered model of

the instrument.

4.1 GM Counter Efficiencies for a-, $- and y-emitters

The monitor has two pancake counters which are recessed slightly

within the case and covered with a protective expanded metal screen (refer
p

to Figure lb). The counters have thin windows (1-2 mg/cm ) that are

capable of detecting low energy 3-particles and even a-particles

efficiently but the screen considerably reduces these efficiencies.

Furthermore, if the source dimensions are not large compared with the

screen mesh the efficiency is quite variable. Consequently the figures

which follow must be regarded as typical rather than exact.

The detector efficiency was measured for various radionuclides

positioned at the centre of both GM counters and various positions around

the perimeter. From these an efficiency for a point source, situated at

the centre of either counter is given. Also the number of counts was

calculated for 1 disintegration/cm^ of activity spread uniformly over the

31 cm2 of GM counter area. If the activity (at 1 disintegration/cm )

was spread over a larger area the count would correspondingly rise

if the activity was emitting y-rays. For an emitter of a- or 0-particles

the count would not rise very much after the GM counter area was covered.

The results for point and distributed sources follow. The results for the

distributed sources were calculated from the measured efficiencies at the

centre and perimeter of the GM counters.
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Table I. Remitters
Radionuclide(s)

90Sr/90Y

234Pa

99Tc

14C

Maximum Energy
MeV

2.2,0.54
up to 2.31

0.292

0.159

Table II. a-emitters

241Am(Y+a)
241Arn(a only)

a Energy MeV

5.48

5.48

Table III. y-emitters
Radionuclides

241Am(y only)

57Co

54Mn

22Na

60Co

Energies (y/
disintegration)

MeV

.06 (.36)

.014(.08)

.12 (.89)

.136(.O9)

•84(1)

0.51(2)
1.28(1)

1.17(1)
1.33(1)

Point Source
Efficiency

%

32.4
14.0

5.27

0.97

Point Source
Efficiency

%

4.75

4.60

Point Source
Efficiency

%

.15

.03

.11

.51

].22

Counts-disintegration"1 cm"2

over 31 cm2

8.79
3.55

1.57

0.225

Counts-disintegration"1.cm'2

over 31 cm2

1.51

1.47

Counts-disintegration"1-cm"2

over 31 cm2

0.040

0.006

0.012

0.130

0.315



4.2 GM Counter Sensitivity to Y-Ray Background

The sensitivity of the contamination monitor to radium Y-rays is

about 2.6 x 108 counts/R. Thus full scale (2,000 counts/s) is obtained

at about 28 mR/h.. Assuming 10% counting efficiency a sourca of about

700 Bq (18.9 nCi) doubles the counting rate when the exposure rate is

1 mR/h.

When 6 activity is spread uniformly at 3.7 Bq/cm2

(10~4 pCi/cm^) and is counted with the same efficiency as ^ T c

(60c0 would be counted with higher efficiency because its g-rays are

accompanied by Y-rays) the counting rate is doubled when the exposure rate

is about 22

4.3 Dead Time and Counting Losses

The mesitor has two GM counters and when they are both irradiated

there should be no correlation between events detected in either GM

counter. Consequently the effective dead time or the counting losses

measured will depend upon whether the activity is being detected by one or

both GM counters (or on their relative counting rates). This difference

may be of some importance when using the monitor to measure a point or a

spread source although, in practice, other sources of error may be much

more important than counting losses.

The dead time (t) was measured by the two source method using the

relationship:

t = x(1 -

where x =

y =

z =

?
and where n. is the observed counting rate from one source

n2 is the observed counting rate from the second source
n,? is the observed counting rate from both sources together
n.~i? the observed counting rate from background.
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The measurements were made with both GM counters together (and

equally irradiated) and with only one GM counter connected. The measured

dead times were:

56 ps (both GM counters)

79JJS (one GM counter alone).

Thus at full scale (2,000 counts/s, observed) the counting loss

would be in the range 12 - 16% depending uoon how equally the two GM

counters are irradiated.

4.4 Off-Scale Performance

The monitor was exposed to two 90$r/90y sources with a

total activity of about 85 MBq (2.3 mCi). An off-scale reading

(>2,000 count/s) was maintained. This activity would result in an apparent

counting rate of more than 10,000 x full scale if an efficiency of 32% and

no counting losses are assumed. This would correspond to a y-ray

background of approximately 380 R/h.

4.5 The Effect of Temperature

The indicated output of the contamination meter was measured over

the range -20 to +50°C. Assuming correct response at 20°C the response was

2.4% low at +50°C and 3.2% high at -20°C.

The liquid crystal panel meter is only specified for the range 0

to +50°C. However, it functioned accurately at -20°C but below

-15°C the response was sluggish. The audible/visible alarms as well as

analog and pulse outputs functioned over the temperature range -20 to

+50°C.

4.6 Battery Performance

The contamination monitor was designed to work with 6 type AA

nickel-cadmium cells. If used with the charger connected the battery

voltage is 8.5 V. If used without, the battery voltage is in the range 7.6

to 7.8 V during 90% of the discharge life. The display is extinguished at

5.5 V.
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Figure 8 shows the effect of changing the battery voltage over

the range 5.5 to 8.5 V on the GM counter H.V. and on the observed counting

rate. If the counting rate is assumed to be correct at 7.7 V the response

is 2.5% low just before the display is extinguished. Over most of the

discharge life the errors caused by battery voltage changes are much

smaller than other errors (in particular, that due to uncertainty in the

counting efficiency).

The current drain on the batteries was measured under different

load conditions. Using published data? on battery life at different

loads the following table was drawn up both for the nickel cadmium cells

and for primary cells which are physically interchangeable*.

Discharge Life in Hours

Cell Type

Nickel
Cadmium

Carbon
(continuous)
(4 h/d)

Alkaline

Mercury

Background

64

140
140

188

267

100 counts/s

50

120
125

147

208

2000 counts/s

10

14
17

30

47

*It should be noted that charging should not be attempted if the

rechargeable cells are replaced by primary cells.
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4.7 Physical Characteristics

The contamination monitor, including its handle, fits within a

rectangular volume 214 x 148 x 100 mm (8.5 x 5.9 x 4.0"). Its weight,

including rechargeable cells is 1.35 kg (3 lbs.).

5. APPLICATION

The purpose of the contamination monitor is the detection of

radioactive contamination and the estimation of its activity. The two

tasks are best separated because the operation of the monitor depends upon

which task is being performed.

Special care should be taken when monitoring loose contamination

and a-emitting contamination.

5.1 Detection of Contamination

A compromise must be made between the time taken in the operation

and the certainty of detecting contamination.

To search for contamination the monitor should be used with a

short time constant (RC time constant = 0.5 s) and the monitor moved close

to the monitored surface in the direction of its length. Generally it

should not be moved much faster than the ratio of detector length to RC

time constant to avoid a great decrease in detector sensitivity for sources

small compared with the GM counter window (55 mm, 1 3/4" D.). Since the

length of the detector array is about 0.12 m (4.7") the maximum safe

surveying speed is about 0.24 tn/s (0.8 feet/s).

While the contamination monitor is being moved the numerical

display and the red LED just next to it should be monitored to detect any

increase greater than the statistical fluctuations. It should be

remembered that the LED is turned on with every 10th pulse from the GM

counter. Thus the frequency of flashing is considerably derandomized and

any discernible increase should be taken as an indication of contamination.

The same is true of the sound pulses from the SONALERT.
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When contamination is detected it should be remembered that the

detectors are under the display itself.

After the contamination is detected it is necessary to map its

extent. In particular, it is important to distinguish between a point and

an extended source.

5.2 Estimation of Contamination

After detection of contamination the long time constant (3.8 s)

should generally be used and the contamination monitor left in one position

for at least 10 s before reading. However, if the reading is more than

200 counts/s the shorter time constant and a 2 s wait can be used without

introducing much error due to statistical fluctuation.

If it has been determined that the source is small compared with

the counter window, the total activity (in 8-particles/s) can be estimated

by multiplying the reading by a factor of 10. The estimate will probably

be correct for most 3-emitters within a factor of 2. A more reliable

estimate can be obtained, using Table I, if the radionuclides can be

identified.

If it has been determined that the source is spread over an area

at least as large as the GM counter windows Table I can also be employed

to estimate the activity/unit area. For unknown $-etnitters a rough

estimate can be made of the 3-particles emitted/cm^ by multiplying the

reading by 3.

5.3 Loose Contamination

Loose contamination can be estimated by rubbing the monitored

area with a circular piece of paper not more than 30 mm (1 1/8") in

diameter and placing the paper beneath the centre of one of the GM

counters. The collected activity can then be treated as a point source.
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I f this is the only manner in which the contamination monitor is

being used the protective screen over the GM counters can be removed

without serious risk of damaging the^i. It is done by removing the four

nylon retaining screws (see Figure lb ) .

With the screen removed the risk of covering a small source with

a web of the screen is reduced. Furthermore the efficiency rises and is

more reproducible. For point source 3-emitters with end point energies of

0.3 MeV or more, the efficiency is about 40%.

5.4 Detection and Estimation of g-Emitters

Since the thickness of the window (1.4 - 2 ing/cm?) represents

an appreciable fraction of the range of an a-particle and in any case i ts

range in air is not large (^50 mm), the contamination monitor must be held

close to the contamination to rel iably detect and estimate i t .

In many situations i t may be worth sampling for loose

contamination as in the previous section.

I f this is done discrimination may be obtained between (3- and

a-act iv i ty by counting both sides of the swipe sample papar which wi l l be

thick enough to stop the a-particles.
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FIGURE 2: SCHEMATIC OF PORTABLE CONTAMINATION METER
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