ABSTRACT

The optimum operating parameters for startup channel A
when calibrated with a Plutonium-Beryllium source are:

tube voltage = 2000 Y}//

pulse height = 2.1 v.

amplifier gain = 52,
This results in reliable neutron detection with a signal to
noise ratio of greater than 1000:1.



OBJECTIVES:

The purpose of this experiment was the calibration of
the startup channel of the reactor instrumentation. It is
necessary to insure that the instrumentation is sensitive to
neutrons, and insofar as possible, only neutrons, so that
the operator has a true picture of the state of the reactor,
The startup channel is especially important, because the
instrumentation is unreliable at low neutron flux levels,
and it might be possible for an operator to withdraw the control
rods into a prompt critical configuration unknowingly.
The statistics on which startup decisions are made can be
improved by placing a neutron source in the core and by op-
timizing the instrumentation performance. This is done by
varying the detector” voltage_ and pulse hiiffzéz?@ch is sent
to the scaler. . 4 ﬂ?M % ege St @

THEORY :

The startup channel consists of 2 BF; detectors connected
to a preamplifier, amplifier, and scaler and/or count rate
meter, The BF, detectors are ion chambers and as such can
detect all types of ionizing radiation. Neutrons are detected
when they enter the chamber and are absorbed by a Boron-10
nucleus. They excited Boron-1l nucleus decays by alpha emis-
sion which is detected. The high energy, high let alpha
creates a dense track of ion pairs which are collected quickly.
The resulting large charge collected causes a larger voltage
across the tube than other types of ionizing radiation in the
environment.

The discriminator voltage is a bias that determines which
pulses get passed to the scaler. Thus, if we know that all
pulses caused by neutrons are above a certain voltage, but
that other pulse heights are distributed randomly, we can
choose a discriminator voltage that allows all of the neutron
pulses to be counted, with a minimum of extraneous pulses.

The ratio of these "wanted" neutron pulses to the unwanted
pulses that pass the discriminator is the signal to noise
pelde. ‘V

The pulse height is also affected by the voltage across
the detector since the rate at which charge is collected is
related to the voltage. Since the total charge collected is
constant, the pulse shape can be changed by changing the volt-
age. This means that an iterative approach to the optimum
settings is required.

PROCEDURE:

Starting with the manufacturer's suggested settings
(pulse height = 2,0, gain = 52, for the old equipment) we
verified that the scaler was registering neutrons, by re-
moving the Plutonium-Beryllium source, and noting that the



count rate decreased. The voltage was reduced until the BF
tube no longer operated and then increased until the thresh-
hold at which the tube starts operating was reached. Next,
the voltage was varied with thirty second counts being taken
at each setting to generate a count rate vs. voltage curve,
After choosing 2000 v. as the operating voltage of the tube,
(see Discussion) we varied the pulse height setting to obtain
a curve of count rate vs. discriminator voltage. A pulse
height of 2.1 volts was chosen as the optimum. This was
considered to be close enough to the original that no further
iteration of the above procedure was required.

DISCUSSION:

Considerations in picking the operating parameters of
the detecting system:

a) lower third of the count rate-voltage plateau to
maximize tube life.

b) point of minimum slope on the plateau to minimize
the effects of voltage fluctuations on the count rate.

c) pulse height set high enough so that a minimum of
gammas and electronic noise get counted. Signal to noise ratio
of at least 100:1.

Based on these considerations, the operating voltage was
picked as 2000 v., the pulse height as 2.1 v. The pulse heights
of the noise are assumed to have an exponential distribution.
This is shown in the linear extrapolation in figure 2.

The extrapolation yields a signal to noise ratio in excess
of 1000:1.

A further consideration &s the radiation field in which
the detector will be operated. If it is grossly different
from the calibration source, the signal to noise ratio may
change if the noise is a sifnificant factor in the environ-
ment, In particular, is the fission gamma spectrum much
different from the Pu-Be spectrum? I don't think this factor
is very important since the number of hard gammas produced
which could register is probably very small when the reactor
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