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A WIDE PANGE TRITIUM MONITOR

D. f. Anderson and R. D. Hiebert

Los Alamos National Laboratory
Los Alamos, New Mexico 37545

Abstract

An 1onization chamber consisting of two active
volumes 1n a single enclosure and an auto range chang-
ing electrometer covering a dynamic range of 108 are
discussed. The tritium monitor is designed to have a
reduced sensitivity to tritium contamination, to have a
fast response, and tg be usgful fos tritium concentra-
tions of a few pCi/me tc 10° uCi/m”.

Introduction

There is a need for a wide dynamic range tritium
monitor that has the sensitivity required for routine
room or stack monitoring that can also react to urex-
pectedly large concentrations that may result from an
accident. As a stack monitor, such an instrument
should hove a fast response time so that the total
release can be determined. It 1s also desirable that
the instrument have a reduced sensitivity to tritium
contamination. Such an instrument, consisting of an
ionizution chamber having two active volumes in a
single enclosure. combined with an auto ranging elec-
tr?meter covering two 4-decade ranges, is described
below.

lonization_Chamber Design

A schematic view of the wide range tritium
monitor 1s shown in Fig.1. The active region consists
of 13 grids forming two a:tive volumes, labeled low
range monitor and high range monitor. The low range
section has a geometric volume of 1.0 £ with 15 mm grid
spacing. The high range section has a geometric volume
of 0.: £ with 7.4 grid spacing. The grids consist of
stainless steel rings 9.5 ¢cm in diameter, supporting
stainless steel mesh with a 0.01 mm wire width and a
pitch of 2 lines per cu. The grids are supported by 6
ceramic rodr, 2 supporting the high voltage grids and 3
supporting the alternate collector grids. The collec-
tor qrids are operated at ground potential and the high
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Fig. 1. Schematic view of the wide range

trit{um wonitor

voltage grids are operated at +150V. This voltage pro-
duces an electric field of 100V/cm in the low range
section and 200V/cm in the high range section. “he
short distance and high electric field in the high
range section are to reduce recombination at high con-
centrations. Figure 2 is a photograph of two ioniza-
tion chambers, one assembled and the second one par-
tially disassembled.

Fig. 2.

Photograph of two lonization chambers,
one assembled and the second partially
disassembled

To reduce the problem of contamination due to tri-
tiated oil or condensaiion of tritium water vapor, the
inner wall of the chamber 1s 10 mm from the active vol-
ume. The maximum range of the tritium betas in air
under standard conditions is 7 mm. Even at Los Alamos,
New Mexico, where the pressure is only about 70% of an
atmosphere, the maximum range is only 10 mm. Thus,
with the chamber walls at the same potential as the
collection grids, tritium-contaminated walls will not
contribute to the si5iui. The contribution due to con-
tamination 1s further reduced by making the electrodes
out of fine grids to reduce the surface area.

A deionizer is provided to remove ions from the
air before entering the chamber. The deionizer is made
of parallel stainless steel plates spaced 4 mm, with
alternate potentials of +150V and ground, The deifoni-
zer plates are supported by a ceramic frame and use the
same +150V power supply as the tritiu monitor.

It should he noted that although our first chamber
used ceramic as the insulator, we have found that per-
mali works as well, 1s less expensive, and much ecasier
to fabricate.

Clectronics Design

Figure 3 1s a block diagram for the current- und
charge-measuring electronics used with the wide ranye
detector. The two electrometer amplifiers receive
current signals, 516G 1 and $1G ??, from the large-volume
(law range) end small-volume (high ranye) sect{ons of
the detector,



The low range electrometer 1is a varactor bridge
type, housed 1in a temperature-coqtrolled enclosure to
assure long term zero stability.! The enclosure main-
tains 1ts cavity temperature at 40° * 0.5°C for ambient
temperature from 20° to 35°C. The electrometer drift
1s 2 x 10-154 (2 fA) or less after the oven and its
contents have had several hours to stabilize. The
electrometer (Teledyne Philbrick Model 1702) was chosen
for excellent low frequency noise characteristics, low
long term drift, good resistance to input overload
transients, and low cost. The high range electrometer
is a low cost FET type, with its transimpedance resis-
tor scaled appropriately for th2 range desired and for
the smaller chamber volume.
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Fig, 3. Block diagram of the current and

charye-measuring electronics

Each electrometer amplifier feeds 1ts own 4-decade
logarithmic amplifier. A solid state switching
arrangement, figuratively shown with dashed joining
lines in Fig. 3, connects only orie input signal at a
time to the current- and chavge-measuring circuits.

Tha crossover sensing between thec two sets of circuits
is done with a discriminator that triggers at the full
scale level on the low range c’ectrometer. If the time
constants of the electrometer circuits are nearly
matched, this crossover switching at low impedunce
levels can be done with minimal transient effect at the
wide range output.

The final 8-decade analog current output indica-
tion 15 derived by mixiny the two logarithmic amplifier
outputs. The low ranye readings, spanniny 1 fA to 10
pA, are fed directly to the output indicators 1f the
crossover discrriminator has not been triggered, The
high range readings spanning 10 pA to 100 nA are super-
imposed upon a half scale dc bias voltage, ytving con-
iinuity of readinnys over the full 8 decades.

Charge measurement 1s made with a low drift
voltage-to-frequency converter fed from the switched
linear outputls of the electrometer amplifiers. The
pulse train from the converter is counted to provide
digital signal inteyration, which is a measure of
charge. Chargemeter readovp is a digital display that
covers 10 dccades from 10-12 ¢/digit to 102 ¢ full
scale. There is a 3 digit readout with exponent multi-
pHers. The countinyg scale fantor 1is chanyed by 104 at
the transition point between hiygh and low current
ranges. Readout of charge 1s auto ranqing whereby the
3 most significant diyits with non-zerc information are
displayed alony with the correct exponent multiplier,
If more than 3 stgnificant diqits are destred, the
entire chargemeter memory contents can be read out man-
ually, using a thumbwheel switch to sclect the exponent
multipliers.

If background levels from the ionizer chamber are
constant, a "reverse" current of as much as 100 fA can
be injected to the input of the low range electrometer
with the "Background Suppress" control. This reduced
the undesired accumulation of charge from background
over long integration periods.

Remote readout from the instrument is achieved
with optional peripberzl devices. A strip chart
recorder may be used at the current meter output, or
the analog level can be sent to a data acquisition
system. The charge meter output consists of an analog
level corresponding to the magnitude of the contents of
the 3 decades of digital indicators, along with a
3-1ine BCD code for the associated exponent multiplier.

Several peripheral system requirements and fea-
tures should be noted. The parallel electrode arrange-
ment in the ionization chamber results in a high inter-
electrode capacitance. Therefore, the chamber high
voltage supply must have very low noise to avoid capa-
citively coupled noise into the electrometer. Batter-
ies, or a highly filtered, regulated power suprlv,
should be used, 1The capacitance of the chamber wmust
also be stable, and the detector needs to be protected
from microphonic sources to minimize mechanicai noise.
As is true of any sensitive electrometer systen, signal
cables between the detector and the electrometer must
be short and rigid. The system described here allows
the electrometer head to be close to the ionization
chamber, but the control and readout chassis may be as
far as 50 to 100 m from the point of measurement A
photograph of the chassis and low range electrometer
preamplifier and the ionization chamber are shown 1in
Fig. 4.
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Fly. 4.

Photograph of the chassis and low
range clectromete ' preamplirvier
and the lonizatio. —hamber

Performance

The wide range tritium monitor was first calllira-
ted at the Los Alamos Ganma Calibratign range. Radia-
tion flelds of 1.9 x 10-3 to 1.2 x 103 R/h were used.
The output current, automatically normalized to the 1 ¢
chanber, was recorded. The results of the gamma cali-
bration arve shown tn 'y, 5. At the range chanqe,
marked on the figure, there was sliyht deviation trom a
stratqht 1ine. This corresponds to a reading about 4
ton high at the range change caused by a submillivadl
offset in thr zere of the high range electronics. The
results of the qamma callpration showed the monltor to
he Yinear over alwost B decades, with the THumitatien in
{he dynamle vange due ta the electronics ard not the
{anlzatlon chamher,



The wide range tritium monitor was then calibrated
with four concentrations of tritium. These concentra-
tions were 27, B1, 215, and 430 uCi/m3 shown as points
A through D on Fig. 5. Points B, C, and D fall on a
straight line, The large uncertainty in the 27 uCi/m3
measurement was due to the short measurement time used
(100 sec.). The best fit to the tritium calibration
was

C=1.08 x 10'¢ 1,

where C is the tritium concentration in uCi/m? and 1 is
normalized current in amps. From these data it can be
seen that in a low background environm:nt and with a
current integration time of a few minutes to average
out signag fluctuations, tritium concentrations of a
few uCi/m3 should be easily measured. A concentration
of 108 uCi/m3 {s trivially measurable.
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The time constant of the current meter is one
second, to allow faithful tracking of high concentra-
tions of tritium. This fast response time results in
large fluctuations from nolse and signal statistical
considerations at the most sensitive end of the scale.
Therefore, as indicated above, signai averaging from
charge readings 1s necessary for accuracy at low tri-
tium concentrations.

The wide range tritium monitor was found to have
a long hysteresis when dropping from the high range to
the low range. The response time of the high range,
and of the iow range (without having been in the high
range first), 1s just the time constant of the elec-
tronics. However, shortly after the monitor has
shifted to the high range, the low range electrometer
amplifier saturates and the virtual ground operation at
the input 1s lost, causing a voltage buildup on the
collector grids of the low range chamber. This voltage
buildup on the insulators of the system results in
dielectriz absorption of charge in the insulators.
When the radiation 1s reduced and the amplifier comes
out of saturation, the charge slowly comes out of the
insulators, giving a long recovery time. The low range
chamber recovers to about 2 x 10-13 A in 2 minutes but
takes half an hour to return to zero.

In hopes of reducina this ctarge injecton problem,
ceramic, permali, and polystyrene have been used as
insulators, with similar results for all three. A solw
tion to the problem would be to physically ground the
input of the low range preamp at the range¢ change.

This would prevent the voltage buildup. In a complete
operating system, this electrical hysteresis will not
he a practical problem because the system would likely
have hysterasis characteristics that dominate.

Conclusion

We have demonstrated a tritium monitor with a dy-
namic rangc of 108 foE measuring tritium concentrations
of a few uCi/m3 to 108 ,Ci/m3. "This in.trument should
be very useful for routine monitoring in applications
where unexpectedly large concentrations of radioactive
gases may be experienced, as at nuclear power plants.
Its reduced sensitivity to contamination also makes it
a useful instrument for monitoring the nutput of the
vacuum pumps at fusion power plants and at particle
accelerators.
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