PATENT SPECIFICATION

(22) Filed 6 July 1977

(21) Application No. 2827477

(31) Convention Application No.
703156

(33) United States of America (US)

(51) INT. CL® GOIT 3/00
HO1J 47/12

(52) Index at acceptance

1 589 434

G1A A1l C10 D2 G10 G7 R10 R2 RX S6 SM

G6P 5A1 5B1 5B2 5C2

(32) Filed 7 July 1976 in

(44) Complete Specification published 13 May 1981

an

1 589 434

(54) NEUTRON DETECTION SYSTEMS

71 We, WESTINGHOUSE ELECTRIC
CorPORATION of Westinghouse Building,
Gateway Center, Pittsburgh, Pennsylvania,
United States of America, a company

5 organised and existing under the laws of
the Commonwealth of Pennsylvania, United
States of America, do hereby declare the
invention, for which we pray that a patent
may be granted to us, and the method by

10 which it is to be performed, to be particu-
larly described in and by the following
statement :+—

This invention relates to neutron detection
systems operable to detect thermal neutron

15 fluxes over a wide range of flux levels. In
the past, it has been found necessary to use
a variety of different neutron detectors to
cover the entire range of neutron flux levels
for a typical light water reactor. For high

20 neutron flux levels, direct current operation
mode ionization chamber detectors have
been utilized, while for low neutron - flux
levels, a proportional counter detector
operated in the pulse mode has been

25 utilized. The ionization chamber can be
gamma compensated to improve the accu-
racy of the signal level.

The fission chamber is an ionization
chamber type neutron detector which is gas

30 filled, and which is used to detect neutron
flux by the reaction of penetrating thermal
neutrons with an amount of fissionable
material which is included within the device.
Fissionable material may typically be

35 uranium 235. The fission fragments re-
leased by the reaction with the thermal
neutrons ionize the fill gas which will result
in detection of a pulse signal in low flux
levels whereas an average DC current signal

40 is measured at high flux levels. The direct
current mode of operation of such fission
chamber devices is limited at the maximum
flux level, typically about 10™ neutrons per
square centimeter per second, by the satu-

45 ration characteristics of the detector. The
minimum detectable neutron flux level in
the direct current mode of operation is
typically about 10° neutrons per square
centimeter per second, and is determined

50 by the direct current alpha signal back-

ground current in the chamber. The pulse-
counting mode of operation is limited at the
upper level of about 10° counts per second
by the resolution of individual pulses in the
chamber, and at the lower level of one 55
count per second by background radiation
and/or counting statistics. These modes of
operation do not overlap and two separate
detector chambers are required to form a
system which covers the entire operational 60
neutron flux range for a typical reactor
control system.

1t is desirable to be able to utilize a single
detector which can effectively cover the
entire range of neutron flux in an opera- 65
tional reactor to minimize the number of
components and the space requirements.

A variety of gamma compensated ioniza-
tion chamber designs are well known in the
art, such as United States Patent 2,852,694. 70
A variety of alpha particle compensation
means for neutron detectors are also well
known in the art. :

Accordingly, the present invention resides
in a wide range neutron detection system 75
which is operable over the neutron flux
range of 1 to 10% neutrons per square centi-
meter per second and which comprises a
fission-type ionization chamber neutron
detector which is gamma-compensated, the 30
system including means arranged internally
or externally of the detector for minimizing
the effects of alpha signals, and means for
operating the neutron detector in the pulse-
counting mode for low neutron flux Ievels 85
and in the direct current mode for high
neutron flux levels.

In a preferred embodiment, the fission-
type ionization chamber and neutron de-
tector is provided with integral gamma and 90
alpha compensation means.

In order that the invention can be more
clearly understood, a convenient embodi-
ment thereof will now be described, by way
of example, with reference to the accom- 95
panying drawings, in which:

Figure 1 is a schematic cross-sectional
representation of a gamma compensated
fission chamber utilizable in the system of
the present invention. 100
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Figure 2 is a schematic representation
of the ncutron detection system of the
present invention, and

Figure 3 is a graphic illustration of the
range of ncutron flux levels present in a
typical nuclear rcactor and of the extent to
which the range of operation of the fission
chamber detector can be extended to cover
the entirc rangc.

The neutron detection system 10 is seen
clearly in Figure 2 and a fission-type
ncutron detector 12 is illustrated in greater
detail in Figure 1. The fission-type ioniza-
tion chamber ncutron detector 12 comprises
a hermetically-scaled envelope 14 which
includes an insulated base 16 and a thin
conductive generally tubular envelope 18.
A first high-voltage electrode 20 is disposed
coaxially within the envelope 18 with a
second electrode 22 coaxially spaced within
the first electrode 20 with the volume defined
between them comprising the neutron detec-
tion chamber 24. A small amount of
fissionable uranium oxide 26 is provided on
the interior surface of the first electrode 20.
A centralized electrode 28 is provided within
thc gamma compcnsation chamber 30 de-
fincd by the sccond electrode 22. In one
embodiment of the present invention a small
amount of alpha particle emissive isotope
such as radium 226 is disposed within the
gamma compcensation chamber 30 to pro-
vide an alpha compensation mecans integral
with the gamma compensation chamber.

The ncutron detection system 10 includes
a positive voltage power supply means 32
which is connccted to the first high voltage
clectrode 20. A negative high voltage power
supply 34 is connected to the central
clectrode 28. The operating signal is de-
rived from the sccond electrode 22 which
is connected to a signal preamplifier means
36. When the detector is operated in the
high neutron flux level range, a DC mode
of opecration is employed and the signal
output from the preamplifier means 36 is
dirccted to a direct current electrometer
mcans 38. A current signal level is derived
from such an electrometer means 38 which is
indicative of a thermal ncutron flux level.
Such signal levels are seen in Figure 3.
When the necutron detection system is
utilized for low neutron flux level measure-
ments, the system is operated in a pulse-
counting mode of operation and the output
signal of the prcamplifier means 36 is fed
to linear amplifiecr means 40 with the ampli-
fied signal being directed to single channel
analyzer means 42 and to scaler-timer
means 44.

The basic concept of the present inven-
tion is to utilize a single fission-type cham-
ber ncutron detector which can be gamma
compensated and the alpha signal effect
minimized to permit the detector to operate

over the full range of neutron flux levels
present in operating reactors. The gamma
compensation is typically provided by in-
cluding a gamma compensation chamber in
the detector; however, it is possible to
generate a gamma compensation signal in
the external circuitry. A variety of alpha
signal compensation means or alpha signal
minimizing means can be employed in
practicing the present invention.

It has been discovered that extension of
the lower range of the DC current operating
level for a fission chamber-type detector can
be had by reducing the inherent DC alpha
background current level in the detector.
The uranium content of the fission chamber
typically consists of four naturally radio-
active isotopes of uranium. The greatest
proportion of the uranium is present as
uranium 235 with a modest amount of
uranium 238 present and very small
amounts of uranium 234 and uranium 236
being present. It has been discovered that
the uranium 234 is the primary contributor
to alpha background current levels due to
its relatively short half-life (2.47x10°
years) compared with the other uranium
isotopes present. The uranium 234 material
has a fission threshold of approximately 0.1
MEYV, and is therefore not very useful for
detecton of thermal neutrons. It has there-
fore been found highly desirable to minimize
or eliminate the amount of uranium 234
isotope present in the fission chamber. If
onc utilizes uranium depleted to less than
100 parts per million of uranium 234, this
will reduce the alpha current contribution
of the uranium 234 isotope, and reduce the
total inherent alpha background by a factor
of approximately 20. Such a uranium 234
depleted fission chamber will have an ex-
tended useful range to about 5 X 10' neutrons
per square centimeter per second. Such an
extended range of operation is seen in
Figurc 3. 1t can be seen that for such a
device which is depleted in uranium 234,
the direct current mode of operation over-
laps with the pulse-counting mode of
operation to fully cover the 10 decade
range of thermal neutron flux levels present
in nuclear reactors.

An alternative method for extending the
DC range of a commercial fission chamber
neutron detector is to utilize a compen-
sating signal current in the external DC
circuit to null the effects of the inherent
alpha background level. A commercially
available DC picoammeter such as the
Keithley Model 417 includes a special
circuit for suppressing background current.
By suppressing the inherent alpha back-
ground current of 2X 10—% amperes, neutron
signal current levels in the 10~ ampere
range may be measured.

In typical light water nuclear reactors, a
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mixed radiation neutron and gamma field
are typically incident on out-of-core radia-
tion detectors. In the direct current
operating mode, a fission chamber neutron
detector typically is operable down to a flux
range of about 10° NV due to the gamma
background signal generated in the chamber
by the high gamma flux incident from re-
sidual activation of the core material.

10 Utilization of a gamma compensated cham-
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ber can extend the useful operating range
down to 10* NV and thus provide an over-
lap with the pulse mode of operation.

In the embodiment of Figure 1, conven-
tional annular guard ring electrodes 46 and
48 extend through the base 16 a short
distance into respective chambers 30 and
24. The guard ring electrode 46 is between
the centralized electrode 28 and the second
electrode 22, while guard ring electrode 48
is between the second electrode 22 and the
first electrode 20. Such guard ring
electrodes are well known in the art, and
are grounded to provide greater device
signal sensitivity.

WHAT WE CLAIM 1S:—

1. A wide range neutron detection system
which is operable over the neutron flux
range of 1 to 10" neutrons per square centi-
meter per second and which comprises a
fission-type ionization chamber neutron
which is gamma-compensated, the system
including means arranged internally or ex-
ternally of the detector for minimizing the
effects of alpha signals, and means for

operating the neutron detector in the pulse-
counting mode for low neutron flux levels
and in the direct current mode for high
neutron flux levels.

2. A system according to Claim 1,
wherein gamma compensation is provided
by providing a gamma compensation cham-
ber as part of the fission-type ionization
chamber neutron detector.

3. A system according to Claim 2,
wherein the means for minimizing alpha
signal effects comprises a selected amount
of low neutron cross section, alpha particle-
emissive isotype disposed within the gamma
compensation chamber as an alpha signal
compensation means.

4. A system according to Claim 3,
wherein the alpha signal produced by the
fission-type ionization chamber is mini-
mized by using uranium oxide fission
material which is depleted in uranium 234
content.

5. A system according, to Claim 4
wherein the uranium 234 content is less than
100 parts per million.

6. A system according to Claim 1 or 2,
wherein external biasing circuitry is adapted
to minimize the alpha signal effect on apply-
ing a compensating signal current therein.

7. Wide range neutron detection systems
constructed, arranged and adapted for use
substantially as described herein with
particular reference to the accompanying
drawings.

RONALD VAN BERLYN
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