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FAST NEUTRON CONTINUOUS MONITOR AND SURVEY METER

by

R.J. Farber

Abstract

This report describes an instrument designed for the dual

functions of a continuous duty fast neutron flux monitor, and a fast

neutron survey meter. The monitor sets off an alarm when the fast

neutron flux exceeds a pre-set tolerance level. The survey meter is

provided with a count rate meter giving a direct indication of the

neutron flux at the counter. This meter has full scale calibrations

of 50, 1000 and 10,000 neutrons/cm /second. When used with neutrons

in the energy range 0.2 to 10 Mev, the system Yd11 respond to neutrons

only discriminating against gamma radiation up to intensities of 5 to

10 R per hour.

General Description

The instrument consists of a probe and a power supply chassis,

connected by a 12 foot length of cable. Contained in the probe are the

recoil proton proportional counter, amplifier, pulse counting circuits

for both monitor and survey functions and the indicating meter for

survey purposes. The power supply chassis contains the low voltage

supply, ar. RF oscillator-type high voltage supply to develop 2200 V
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for the counter, and the monitor alarm control tube and relay., Figure

1 shows the system in block diagram.

Probe and Amplifier Considerations

The proportional counter has been described*1 '. The models

presently in use produce about 7 pulses per second when subjected to

a flux of 100 neutrons/cm / second from a Po-Be source. The Po-3e

emission spectrum is normally assumed to have a 4 Mev average, and the

proper correction factor must be applied when working with other neutron

sources. Figure 4 shows the theoretical relative response as a function

of neutron energy.

The amplifier consists of two 6AK5's, coupled with an RC time

constant of 2.2 n seconds (47 uuf and 47 K ohms), and with an upper half

power bandwidth of .5 mc. The relative frequency response of these cir

cuits is shown in Figure 2. The absolute gain at the peak of the fre

quency response characteristic (200 kc) is about 280 or 49 db. This is

sufficient to amplify the lowest useful recoil proton pulse to the order

of 2 volts.

(l) Hurst, G.S., Fast Neutron Measurement for Health Physics, RA-DET,
Yol. 2, No. 4, September 1949.
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The "usefulness" of a low amplitude proton pulse is closely

connected with the degree of gamma rejection desired. The maximum

energy a single gamma photon can lose in the counter is 80 kev. Neutrons

above 80-100 kev will produce pulse spectra that extend above the ampli

tude of the maximum gamma pulse. As a result, by counting only those

pulses that exceed a given voltage level, a measure of neutron flux can

be had without interference from gamma radiation. In strong gamma fields,

however, the photons are spaced quite closely in time, and the resultant

pulses may tend to pile up to produce a pulse equal to or greater than

that due to the recoil protons. Differentiating the signals from the

counter tends to eliminate this pile up of gamma pulses. For a given

gamma intensity, there will be an optimium differentiating time constant

to eliminate spurious gamma counts from the neutron count. A faster time

constant will provide negligible improvement, for once most of the gamma

pulses have been separated into isolated pulses by differentiating further

differentiation serves only to attenuate the gamma and neutron pulses at

the same rate. This is so because the pulses due to both gamma and re

coil protons have the same shape and now differ only in amplitude. A

slower time constant of course, will permit gamma pile-up and confuse the

neutron count reading.

For example, when a 1.7 mg Radium source (encased in a 0.-5 mm

wall platinum tube) was placed against the proportional counter wall, no

difference was observed in the neutron counting rate whether a 2.0 or 0.2
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microsecond coupling time constant was used. The pulse height selector

was reset just above the gamma pulse level in each case to take care of

changes in overall system gain. A slower coupling time constant re

sulted in a 15$ loss in neutron pulse count when the pulse height selector

was re-adjusted to provide gamma rejection.

This means that if sufficient gain and rise time are available

from the amplifier, the coupling time constant can always be reduced to

increase the gamma rejection with no deterioration of neutron counting

efficiency. The limit to this process is reached when the differentiating

time constant is of the order of the rise time of the pulse. Notice also

that for a given differentiating time constant, improved gamma rejection

may be had by increasing the pulse height selection level (or decreasing

the overall gas and/or amplifier gain). This will allow for some, pile-

up at a higher gamma flux, fixe rejection, however, is achieved at a

loss in neutron counting efficiency. The magnitude of the loss may be

calculated from Figure 3, which was measured using the circuit of the

neutron monitor and an external pulse height selector. For these parti

cular conditions, if the effective pulse height selection level is raised

one volt in the normal operating range, the neutron count decreases to

slightly less than 80$ of its former value. It is interesting to note

that the neutron curve (Curve I) of Figure 3 appears as a straight line

on semi-log paper over a large portion of its range.
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The output of the amplifier is fed to a standard single-shot

multivibrator, or univibrator. The constants of this circuit are so

arranged that it takes approximately a 2-1/4 volt pulse to trigger.

This level is controlled by the sizes of the plate-grid coupling resistor

and the grid resistor of the right hand (normally off) tube (T-4,). The

pulse produced by this stage is of 80 volts peak amplitude and last approxi

mately 225 u seconds. This is somewhat longer than is usually employed and

will result in a slight departure from linearity on the 10,000 neutron/cm2/seo

range. The long pulse was used to provide greater output at low flux densities

in the monitor channel by giving the unusually large coupling capacitor more

time to charge and discharge. The departure from linearity is due to the

fact that at high counting rates, a significant number of pulses will fall

in the dead time of the system following a previous pulse. At the 10,000

neutron/cm^/sec reading this amounts to a loss of about 20$ of the count^ '.

The pulse counting circuits are of standard design. In the

survey channel, the diodes are polarized to produce a negative voltage

output. "When this is done, the diode current due to contact potential

can be made to balance the positive ion grid current of the voltmeter so

that there is not change in grid potential when the range scale (which

controls the resistance through which this current must flow) is changed.

(2) iSlmore and Sands, "Electronics-, Experimental Techniques", McGraw-
Hill, New York (1949)
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The bias on the diodes is adjusted with this critereon in mind. The out

put of the monitor pulse counter is fed as a voltage above ground to the

relay control tube in the power supply chassis.

Power Supply Chassis

A "red" tube (type 5692 dual triode) is used for the monitor

alarm control. The output of the pulse counter in the probe controls

the plate current (which flows through the relay) in the first section,

while the second section is used to adjust the firing level and stabilize

the system against heater or supply voltage changes, 'i'he coupling circuit

between the pulse counter and the control grid is a low pass RC filter.

As this exhibits a rather long time constant, a reset button is provided

which grounds the grid through 47,000 ohms, thereby discharging the net

work in'a relatively short time. The r--set also serves to open the alarm

circuit so that the "break" of the llr/T alarm load is taken up across the

switch rather than the relay contacts. The resistance in the grid reset

circuit is to insure that the AC circuit is opened before the plate current

falls and the relay contacts open.

The RF oscillator high voltage supply has an output of 3500

volts with the full 150 V applied to the oscillator. For proper operating

potential on the proportional counter (approximately 2200 V) the supply

voltage is of the order of 100 volts. The oscillator runs at a frequency

of about 200 kc which is relatively simple to filter, and the 200 kc
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ripple signal offers no problem in the system. The low voltage supply

of 300 volts is controlled by two YR-150 regulators. To economize on

current drain and reduce heating in resistive elements, the total DC

load was "stacked" so that some circuits operate between t 150 volts and

ground, vhile others between ground and - 150 volts. Those circuits re

quiring 300 volts operate across the entire supply.

Calibration

Since the monitor is intended for continuous duty, a generous

warm-up period of at least several hours should be allowed before cali

bration is attempted. Both gamma and neutron sources are needed for the

calibration process.

After warm-up, the counter is placed in a strong gamma field

of 5 to 10 R/hour (this should be the maximum gamma level the instrument

will be required to discriminate against). The high voltage to the

counter should be adjusted (varying the gas amplification of the counter)

until the count meter shows no response on the 50 neutron scale. This

should occur at about 2200 volts. With no radiation at the probe, the

"zero" adjustment should be made and locked. The probe now is placed in

a field of 50 neutrons/cm^/sec and the "CAL" control adjusted until the

meter exhibits an average deflection of full scale. The reading at

various other fluxes may now be checked, but the system should now be

in calibration over all ranges,,
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The highest range (10,000 neutrons/cm2/sec) mav read as much

as 20$ low at a full scale reading. Other than this there should be no

deviation from linearity. Over a period of operation, the "zero" control

may require re-adjustment. When this is done, it will have practically

no effect on the scale calibration.

To calibrate the tolerance alarm, the probe is placed in a

tolerance neutron field (60 neutrons/cm /sec for 2 mev neutrons is the

present 8 hour daily tolerance) and the screwdriver control on the power

supply chassis adjusted until the relay trips. The probe count rate

meter appears to present some loading on the alarm circuit, so the

monitor adjustment should be made with the probe set for 50 neutrons

full scale. The probe will normally be left in this condition unless an

actual survey is being performed. If the calibrating neutron source does

not have the same energy spectrum as the flux in which the system is to

be used (e.g., if calibration is done with a Po-Be source while the in

strument is to be used in connection with a pile) a correction will be

necessary to allow for the variation in counter sensitivity with energy

level of the neutrons. Figure 4 shows the relative response of the pro

portional counter against neutron energy and may be used to make this

correction.
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General Operating Notes

The proportional counter contains a lining of paraffin or tri-

stearin, both of which have relatively low melting points. Both materials

must be operated at temperatures below 65°C. The proportional counter is

mounted so that it will receive a minimum of heat from the probe chassis.

With the probe placed on top of the power supply, the proportional counter

shows a heat rise of about 15°C after several hours of operation. No

trouble should be encountered from counter heating in any normal ambient.

A desirable recalibration cycle would be once a week. Measure

ments show that the monitor should not drift more than _* 5$ in a week,

but it would be unwise to trust it for longer periods than that.

RJF/jrr

(?|^
R.fJ Farber
Instrument Development Research
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Drawing Number 8283
page 14

(1) Neutron field of approxi- ~
mately 750 neutrons/cm3/sec
(Po Be Source)

(2) Gamma field from 1.7 mg
Radium (14.3 R/hr at 1 cm)
against wall of chamber

(3) Response due to noise in
absence of radiation

Discrimination by propor
tional counter and amplifier
against gamma counting as
measured at grid of uni-
vibrator (TA )

- b I

i—i—i—i—I- •> &
Pulse Height Level

Figure 3
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Figure 4

Relative Sensitivity vs Neutron Energy for Proton Recoil Proportional Counter
(Model described in Report ORNL-485)
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