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ABSTRACT

A miniature ion chamber was deVﬁloped

to me@sure gamma fields from 10 r/hE
to 107 r/hr. Its sensitivity is 1072
amps per r/hr, It may be operated under
water and in high-flux nuclear reactors
at temperatures up to 500°C,

External Distribution according to
TID-4500, 9th Edition
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MINIATURE ION CHAMBER FOR HIGH GAMMA FIELDS

INTRODUCTION

Higher power levels in a nuclear reactor may often
be achleved by improving the power density distribution. To
do this, a method is needed for measuring the power densitiles
during high-level operation.

A power-density monlitor for use at high neutron
fluxes must maintain its accuracy under the intense radiation
fields existing within the reactor. A gamma-sensgitive ion
chamber is a promising candidate for a monltor, and,a device
of this type was previously built by R. L. McCarthy(l). Hils
model did not saturate completely above 5 x 107 r/hr, and
improvements were nesded fo permit measurements in gamma
flelds as high as 107 r/hr.

SUMMARY

A gamma-sensitlive lon chamber was develgped, which
saturates satisfactorily in gamma fields up teo 107 r/hr. 1In
a reactor such as the MTE, this gamma fileld corresponds roughly
to a neutron flux of 10 nv,

14 The useful 1ife of the chamber 1s estimated to exceed
10 r, on the basis of 1life tests of 1ts components, A com-
plete chamber has not been life-tested,

The chamber's small size (0.5 inch "in diameter and
2,0 inches in length) makes it effectively a "point" detector.
The chamber, which is waterproof, is welded to a 0.3-inch 0.D.
"triaxial" cable made of aluminum tubing.

The gamma sensitivity is 10~13 amperes per r/hr at
20°C, and 1s inversely proportional to the absolute temper-
ature, The chamber 1s expected to operate satisfactorily up
to 500°C,




DISCUSSION

BACKGROUND

Maximum power may be obtalned from a nuclear reactor
by establishing an optimum neutron flux distribution. This 1is
a distribution which maintains the largest possible volume at
a neutron flux level that is limited only by the maximum safe
operating temperature.

One method of determining the optimum flux distri-
bution 1s to place power density monltors inside the reactor.,
There may be several of these at various locations, or a
single movable monitor may be used,

Tdeally, the response of such a monltor should be
a linear function of the thermal neutron flux. Neutron detec-
tors, however, are relatively impractical in high flux., For
example, a fission chamber h?s too high an lonization density
for complete ion collection 1) Also, a boron-coated thermo-
pile 1s burned out very quickly(g).

In many reactors, and particularly 1n the Savannah
River reactors, a monitor that has a linear response to gamma
flux willl make a satisfactory power density detector., In such
reactors, the mean free path of the gamma rays 1s insuffilcilent
to distort the gamma flux distribution sericusly with respect
to the power denslity distribution, Neither 1s the contribution
of fission-product gammas to the total gamma flux seriocus. The
activity of fission products does cause some lag in the
response of the gamma detector, but the lag produces an esti-
mated error of only 2.5 per cent ten minutes after a change
in power level of 20 per cent,

A gamma-sensitive ion chamber fof se 1n reactors
was previously developed by R. L, McCarthyll) of the du Pont
Co pany.8 Tegts on his chamber i1ndicated that in the range
101 - 10 r/hr, there was incomplete ion collection.

CHAMBER DESIGN

To Improve the saturation properties, the chamber
was redesigned so as to reduce the electrode separation
gsufficiently to double the electric fleld. The gas filling,
as with MeCarthy's chamber, was air at atmospheric pressure,

Drawings of the redesigned chamber are given in
Flgure 1, The metal parts are 25 aluminum and the insulators
are synthetic sapphire. Components of the same materials were
used in the original chamber., Sapphire is used because of its
outstanding resistance tc radiation damage.
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The chamber is welded to a "triaxial" cable, also
shown 1n Figure 1. This 1s a special cable having a single
central conductor and two individually insulated concentric
shields. The central wire carries the signal current. The
inner shield is operated at the same voltage as the signal
lead so that lons produced 1n the cable are not collected,
Voltage applied between the outer shleld and signal lead
collects the lonsg formed in the chamber. This cable was
developed for the original ?ambers and it 1is described in
greagter detall by McCarthy

A special amplifier measures the output current of
the chamber. It allows the signal lead to operate at the
chamber collecting voltage from ground so that the outer
cable shleld may be grounded,. The wirlng diagram of this
amplifi?{ which was developed for use with the original
chamber j is shown in Flgure 2,

RESULTS

The original and redesigned chambers were tesEed
side-by-side in the MTR at neutron fluxes up to 2 x 101 nv,8
which corregponded to an estimated gamma Intensity of 2 x 10
r/hr. Logarithmic plots of the measured currents ag a functlon
of the neutron flux are shown in Figure 3. The current in the
redesigned chamber is directly proportional to reactor power,
as would be expected if collection of ions were complete at

all power levels, 9e original chamber showed incomplete sat-
uration agove 5 x 10" r/hr, with only 80 per cent collection

at 2 x 10° r/hr,

In the MTR tests the redesigned_chamber saturated
at 200 volts with a gamma fileld of 2 x 108 r/hr (see Figure 4).
At 600 volts, which 1s the maximum usable potential, the rg- .
disigned chamber should saturate completely to at least 10
r/hr,

The redesigned chamber has ?ot been 1ife-test?d
but its component parts withstood 101 r in an MTR test(l

All the chamber materilals are hjighly resistant to radiatiocon
and a much 1Enger 1ife than 101l r is expected, perhaps on the
order of 101

The sensitivity of the chamber is 10-13 amperes per
r/hr at 20°C, and. is inversely proportional to the absolute
temperature., The sensitlvity variles with temperature because
the air-filled chamber 1is open to the atmosphere through the
"triaxial" cable. By operating the chamber at a fixed or a
known temperature, accurate data on relative power levels can
be obtained. ,
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Temperatures up to 500°C do not affect the perform-
ance of the chamber except for the change in sensitivity.
Higher temperature operatlon 1s not recommended, as aluminum
may fall above 500°C.

ddo/aﬂddc

A. C, Lapsley
Instrument Development Divislon
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