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Abstract

A neutron sensitive jonization chamber has been successfully developed by an

improved technique for reactor instrumentation.

This instrument is 50mm in

diameter and 87cm in length, and can yield a current of 144A when in a neutron
flux of around 10°nv. The normally required voltage is +350V. The instrument
may be removed from operating flux and disassembled immediately without

special precautions from radiation.
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1. Introduction

Originally, Abele and Gundlach” have
developed the neutron sensitive Parallel
Circular Plate (PCP) ionization chamber
for reactor instrumentation. We have also
developed an identical PCP type ionization
chamber by an improved technique to indi-
cate the neutron flux level near the normal
operating power of reactors and to give this
indication with a minimum delay caused by
neutron transport time. Test measurement
of this instrument has been done in the
thermal column of the TRIGA Mark II

reactor in the KAERI. This instrument is
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thus suited for use in automatic control of
reactors and for use in the safety circuitry.
The sensitive head of the chamber is designed
to make maximum use of a collimated beam
of neutrons.

Let us explain briefly the principle of this
When the coated-boron-10 on
the each electrode is irradiated by slow

instrument.

neutrons, the following (s, «) reaction is to
be taken place.

5B10+0N1—’3Li7+2He4 (1)
Since nitrogen gas is flowed between two
electrodes for high voltage dc, alpha particles
can ionize it so as to produce the ionization
current, and moreover boron has the advan-
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Fig. 1. Sectional view of the PCP chamber.

tage of being much less radioactive than
other materials producing charged fragments
being similar to alpha particles(e. g., U*
or Pu??) after exposure to a neutron field
(ref. 2). '

2. Description and Making Technique

1) Mechanical Construction

The sectional view of the PCP chamber is
as shown in Fig. 1. In the sensitive head of
the chamber, collector plate is composed of
stacked-dish type five circular plates sup-
ported by the negative terminal holder and
the head plug, and it is insulated from the
outer casing by teflon cloth. The interleaved
with these plates are the high voltage positive
electrode composing of stacked-hat type five
disks which are supported by a few suppor-
ters such as the positive terminal holder,
the pyrex glass tube shaft, and the several
pieces of quartz plate insulator. Electrical
connections of lead(Pb) wires are made from
this sensitive section through pyrex glass
tubings in the graphite body which attenuates
the. neutron flux gradually to the cable
connectors. The collecting volume of the
sensitive head of the chamber is roughly
calzulate d to be around 40 cubic centimeters.

In a PCP type chamber, generally the
inner electrode tends to be taken as a collector
plate for alleviating the measurement error
subject to the sufficient insulating of outer
electrode to the positive high voltage. In this
development, we tcok the outer electrode as
the collector plate, and the reasons are as
follows; (1) Sufficient insulation of positive
high voltage between the outer electrode and
the outer casing is not easy, (2) Since the
negative lead wire connected to the outer
electrode is to be grounded through the load
resistor on the way of returning to the power
supply the insulation between the outer
electrode and the outer casing is easy. In
this case, the cuter electrode and the outer
casing are the same potential when the
signal current is not flowed.

2) Boron Coating

The surfaces of the electrodes are coated
with B-10 to a thickness of around 300A
after their fine lapping and cleaning. Prior
to this coating, natural boron having the
B-10 enrichment of 18% was coated first on
the graphite surfaces of the electrodes to a
thickness of around 200A for stabilizing the
surface state and for reinforcing the B-10

film to be coated on it. Natural boron was
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coated by the process of thermal decompo-
sition of B,O; powder in a vacuum coater.
Film thickness was measured by the Sloan
thickness gauge attached to the coater.

According to Safford®, a crucible type
carbon boat with two Mo sleeves was used
for the coating of B-10 metal powder. It
seems that the use of such a boat is difficult
in an ordinary vacuum coater on account of
its high current capacity.

In this case, we used an ordinary Mo boat
having slightly elevated mica edges as shown
in Fig. 2. These mica edges can keep the
charged B-10 metal powder on the boat from
the spilling at the starting of the heating.
After the metal powder has been fired to a
certain high temperature, no more spilling
and scattering were observed. Since the mica
edges having their pre-engraved groove lines
can be easily removed away by their self-ben-
dings due to the heating, evaporation of the
mica material can be avoided. The evapo-
ration of B-10 was started from the bottom
face of the charged metal powder on the
boat at a certain high value of the current.
Since the fired B-10 cake layer on the
concaved part of the Mo boat had a pretty
high current capacity, the concaved part
could endure from the melting. The flat
parts of the Mo boat were not melt as they
were connected with two positioning copper
sleeves having their large heat capacities.

The enrichment of B-10 in the boron metal
powder was 92%.

3. Detail

(a) Choice of Materials

Considerable attention had to be given to
the selection of materials for the ionization
chamber to be used in a reactor. It is required
that the materials of the chamber in a
moderately high flux are not subject to
Further,
that the materials be not sufficiently radio-

radiation damage. it is required
active to contribute appreciably to the ion-
ization current over the range of operation
of the reactor, and the combination of cross
section and half life of the materials in the
chamber is such that the chamber may be
disassembled and serviced within a short time
after it has been removed from the reactor.

In the sensitive head of the chamber only
materials of high purity and low thermal
neutron cross sections are used. Main mate-
rials exposed to the collecting volume is
graphite having reactor grade purity. Alu-
minum is used for the outer casing instead
Lead
(Pb) wire is used wherever electrical conne-

of magnesium as it is not available.

ctions are made. Pyrex glass, quartz, and

teflon are used as insulators. Pyrex glass
tube is used instead of fused quartz tube as
the suitable size of the latter is not available.
In the graphite body of the chamber, three
pyrex glass tubes are pierced through the
body, and around one third of the body
length is filled with the graphite of reactor
grade, and the rest of the length is filled
with a solidified graphite made of its powder
with some paraffin binder. A thick duralumin
disk as an absorbing wall placed behind the
graphite body serves to further reduction of
the neutron flux at the end of the chamber
so that conventional brass connectors and
brass hose jointers can be used. The major
part of the materials used in the chamber
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Table 1. Bill of material used in Each part of
the PCP chamber

Part

No Description Materials
6 | Head plug Graphite
7 | Electrode end Plate ”

8 | Positive efectrode "

10 | Collector plate V4

15 | Terminal holders V]

16 | Moderator v
4 | Cap insulator Teflon

13 | Insulator r

19 | Tube holders with insuvlating ”

5 | Electrode shaft Pyrex glass

20 | Tubes v

11 Separator with insulating Quartz
9 | Cap gasket Rubber

14 | Gasket Vi

23 | Wire Feedthroughs ”

24 | End gasket 7
1 Outer casing Aluminum
3 | Head cap ”

18 Absorbing wall Duralumin

12 | Terminal bolts Brass

21 | Connectors v

22 | Gas inlet and outlet Vi
17 | Lead wires Lead(Ps)

are the graphite and aluminum except a little
quantity of brass and lead (Pb) materials.
The thermal neutron cross section in the
graphite (allotrope of carbon) is very small,
and the half life of the aluminum nuclide
Al?® having almost 100% abundance in the
metal is only 2.27 minutes, so that the
induced radioactivity seems to be in a scope
of safety handling if the materials are cooled
for a short time after the removal of the
chamber from the operating flux. The mate-
rials. used at each part: are-as shown in
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Table 1.

(b) Disassembly

For disassembly it proceeds as follows;
Unscrew the six pairs of bolt and nut at
circular end plate and open it at end gasket
(24) and then unsolder the three soldered
points. Unscrew head cap (3) and take out
cap insulator (4). Unscrew the six pairs of

“bolt aiid nut at the middle joint and open it

at the gasket (14) and then remove the outer
casing (1) of the sensitive head by pushing
the head plag (6). Pull out the sensitive head
from the graphite body carefully with the
connected three lead wires (17).

To disassemble the sensitive head of the
chamber, remove the outer clothing of teflon
insulator and take off the head plug (6). By
taking off the quartz stopper attached with
a few spots of epoxy at the head side end
of the electrode shaft, electrode end plate
can be removed first and then each of the
collector plate and the electrode plate can be
disassembled by turns. Care shoud be taken
in handling the boron-coated parts of each
plate. Each part of the chamber before the
first assembly is as shown in Fig. 3.

(_c) Assembly

For assembly, the above procedure is re~
versed. Before reassembly all insulators
should be cleaned and all dust and lint
removed from all parts. All insulators can
be cleaned by washing in a good detergent
and finally drying by electric hot air dryer.
After insulators are cleaned they should not
be handled on their insulating surfaces with
the hands.
soldering paste must be removed by alcohol.

If any resoldering is done the

The whele assembly including the power
supply and others are as shown in Fig. 4.
(d) Laboratory Testing

Before the complete assembly to be inserted
in the casing (1), a continuity test with an

ohm tester should be made among the lead
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Fig. 3. The photograph of each part of the PCP chamber before the first assembly.

Fig. 4. The photograph of the assembled PCP
chamber including the power supply and
others.

(Pb) wires. After the assembly is in casing

(1), all connectors should be checked again

for shorts to the outer casing or to each

other. A continuity of less than 10ohms
should be detected between the two high
voltage connectors which are both connected
to the positive terminal holder. The insula-
tion test was done by 1,000V dc megohm
tester. The result of the test in the chamber

is as shown in Table 2.

As has been stated in Part 2-1) the outer
electrode(collector, ®) and the outer casing
© are the same ground potential when
the signal current is not flowed. Since the
signal voltage to appear across the load
resistor which will. be connected between ®

Table 2. Insulation test in the PCP chamber

Between ® and ® 3.0MQ
” ® and © 2.8MQ
” ® and © 2.0MQ

® Positive Lead Wire
© Outer Casing
® Negative Lead Wire

and © should be very low(less than a few
dozens of volts), the leakage current due to
a low voltage dc was also tested. When 34V
dc was applied between ® and ©, the lea-
kage current was around 2X107*¢A. Although
the variation of the insulating properties of
the insulators according to the magnitude of
applied dc voltage is not clearly known,
above value of the leakage current at the
voltage will be enough to back up the result
of the measurement in the reactor to be
mentioned later on.

If it is desired to test that the chamber pro-
duces a current under radiation, it may be
connected to an electrometer or a VIVM
having high input impedance. A small
gamma source can then be used to produce
an ionization current. If a radium-beryllium
or plutonium-beryllium neutron source is
available, the chamber will show sensitivity
to neutrons provided paraffin or other hydro-
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material is placed around the
In this test, we

geneous
chamber and the source.
used an americium-lithium neutron source.

3. Test Measurement in Reactor
and its Result

1) Location of the Instrument

In case of actual use of the chamber, it is
desirable to provide for moving the chambér
while the reactor is in operation, . so that
adjustment in output current can be made.
A location should be chosen such that the
sensitive forward head of the chamber is
in a streaming flux of neutrons. After taking
out one graphite block(aroﬁnd 1.27m length)
from the thermal column, the instrument was
inserted in the hole by the sensitive head
foremost so as to reach the end of the hole.
After the inserting, a special care was taken
with provisions such as steel plug and paraffin
plug having their each cable feedthrough,
collimator, and lead blocks to prevent radia-
tion streaming. Although the temperature of
the instrument is limited to around 70°C, no
trouble was found after the measurement.
The scene of the measurement in the console

room is as shown in Fig. 5.
2) Test Scheme
(a) Block Diagram of the Whole System
The block diagram of the whole system of

Fig. 5. The scene of test measurement in the
console room.
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Fig. 6. Block diagram of the whole measuring
system of the PCP chamber.

this instrument is as shown in Fig. 6. General
description of the whole system has already
been aforementioned briefly. Each part of
the whole system is to be explained in detail
as the following items.

(b) Voltage Supply

The positive voltage on the H. V. positive
electrode should be in excess of that amount
necessary to achieve a significant degree of
The
ordinary power supply is usually adequate

saturation; 350V is currently in use.
from considerations of regulation and noise.
For this measurement, we made a vacuum
tube type regulated power supply with a
voltage divider type breeder which is able
to provide the dc voltage range from 280V
to 1,500V. An additional connection is made
directly to the H. V. positive electrode of the
chamber to monitor the positive voltage
supply and thus insure reliable operation.
The electronic circuit of the H.V. power
supply is as shown in Fig. 7.

(c) Gas Flow

A flow of dry nitrogen gas through the
chamber is required when used in neutron
fluxes near 10°nv(14xA chamber current) to
avoid the change in saturation characteristics
due to contamination of the chamber filling
gas. Accordingly, the gas is led into the
chamber through central glass tubes in the
graphite body and in the positive electrode,
and is returned through another glass tube.
The gas is purified through the gas flow
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Fig. 7. The electronic circuit of the H. V. power supply for the PCP chamber.
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Fig. 8. Nitrogen gas flow system for the PCP
chamber.

system having the filtering materials such
as silica gel, pyrogallol, H,SO,, NaOH solu-
tion, and CaCl,.
is less than lcc per second. The gas flow

The required gas flow

system is as shown in Fig. 8.

(d) Coaxial Cables

Three RG-62A/U coaxial cables with quick
disconnecting connectors are used to supply
the positive voltage to the chamber, to
monitor the positive voltage, and to return
the signal current to the power supply. The
two positive voltage cables are interchange-

able as they are connected to the same

IO NOXWS

positive terminal in the sensitive head of the
chamber through two lead(Pb) wires. Accor-
ding to Abele and Gundlach®, they used a
cable having the hollow construction for
both of carrying the gas and for transmitting
the signal, however in this development we
used the gas flow hoses(JAN TYPE 8A/U)
and coaxial cables separately. Maximum
cable lengths may be determined for each
individual application depending on the
desired response time. In general 30m is not
excessive. In this test, one cable length was
about 10m.

(e) Measured Result

Fig. 9 shows the approximate saturation
characteristics for the PCP ionization cham-
ber in a streaming flux as well as the
surrounding flux in the thermal column of
the TRIGA Mark II reactor. A comparison
with a surrounding flux is indicated in the
graph. Since the difference between the
streaming flux and the surrourding flux in
the thermal column is not exactly known,
it is quoted to be as the same rate as the
result in the paper of Abele and Gundlach?®.
The streaming flux level at the innermost
of the hole of the thermal column -in the
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Fig. 9. Saturation characteristics for the PCP
chamber in the streaming flux level of
10°nv.

maximum output(250KW) of the reactor is
estimated to be around 10°nv by the advices
of the control members.

The measurement was done by varying
the H. V. dc at 1.25MQ of the load resistor,
and the highest value was taken to be 1,000V
for the safe measurement in leakless condi-
tion. The measured data are as shown in
Table 3. The curve in Fig. 9 was plotted
by the data shown in Table 3 with taking
into consideration of the estimated neutron
fluxes corresponding to the reactor power
output.

The sensitive head of the chamber resulted
in a sensitivity of approximately 0.0065
#A/105 nv streaming flux varying to 0.013
#A/10nv for a surrounding flux where

neutrons are reflected by graphite walls '

around the chamber.
4. Discussions

In Part 2-3)-(d), it is stated that the leaka-

Table 3. PCP chamber current at differnt ap-
plied H.V. de vs. TRIGA Mark II
rector pewer output

Chamber current at different

TRIGA Mark [ |~ applied H.V. dc

ik KM
100W 0. 0059! 4.0060| 0.0062; 0.0067
500W 0. 0280‘; 0.0280| 0.0280, 0.0238
1IKW 0. 0552" 0.0556; 0.0555 0.0600
10KW 0. 56001[ 0.5C00; 0.5640; ©.5680
50KW 2.7600 2.7600] 2.7600 2.8000
100KW 5. 5600{ 5.5680; 5.6400 5.6300
250KW 14.0000' 14.0800| 14. 1600, 14.1600

ge current of around 2X107*xA was measured
by applying a dc voltage of 34V between
the outer electrode(®) and the outer casing
(©). During the test measurement in the
reactor, the signal voltage of 17.7V dc
was obtained across the load resistor conne-
cted between ® and © at the maximum
In the

present detector system, since we took the

reactor power output of 250KW.

outer electrode as the collector, the leakage
current between ® and © at above-written
reactor power level should be in negligible
order, and moreover possible leakage current
in the positive electrode will never reduce
the signal current.

According to Abele and Gundlach?. they
obtained the sensitivity of around 0.45pA /108
nv streaming flux, and the collecting volume
of their chamber was 140 cubic centimeters.
On the other hand, the sensitivity of around
0.51A/10%nv streaming flux can be designated
on the curve of Fig. 9 although the collecting
volume of the present chamber is only around
40 cubic centimeters, If our estimation of
the flux level in the thermal column is
appropriate another reason which has brought
such an improvement should be deeply
pursued ‘at further development.
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As has been mentioned briefly in Part
2-3), fused quartz should bfa far better than
pyrex glass to avoid the easier metamicti-
zation® during the irradiation and to reduce
‘the unnecessary absorption of neutrons due
to the boron content as generally be incor-
porated in the latter, however pyrex glass
tube is used instead of fused quartz tube
tentatively until we get the suitable size of
the tube.
material was excellent for the sufficient
insulation and for enduring to the radiation

Teflon as the main insulating

damage.
In Part 2-2),
coating process is an improved method in

it seems that the boron

comparison with the conventional methods
including the colloidal dispersion of B-10 in
oil(ref. 5). A sputtering technique of B-10
metal has been developed by White and
Sheffield®,
adopt this method since krypton gas is used
for the environment during the sputtering.
As has been stated in Part 2-2),
that the coating method of natural boron

however it seems difficult to

it seems

due to B;0; powder is very easy than the
method of B-10 coating due to the metal
powder. If we find the B;0; powder made
of highly enriched B-10 isotope, the coating
of B-10 should be greatly improved.

5. Conclusion

We were able to develop a PCP type
ionization chamber as we had expected.
Although we made a little smaller chamber in
its size than the one which was developed
by Abele and Gundlach?,
the instrument was fairly favorable. It seems

the efficiency of

that such a smooth development is attributed
to a new method of B-10 coating which is
developed by us during this research. We
were also able to propose a hint on a pros-
pective better method of B-10 coating through
our experience during this development. The
instrument can be utilized for reactor inst-
rumentation whenever it is required to use,
and moreover we could thoroughly acquire
the necessary technique for the mass produ-
ction of the instrument.
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