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MONITORING TRITIUM IN AIR CONTAININGOTHER RADIOACTIVE GASES

by

Roland A. Jalbert

ABSTRACT

A brief survey is presented of methods that have
been developed for active tritium monitoring that may
be applied ~~ me~gure tri$jum concentrations in air
containing N, N, and Ar produced by D-T neu-
trons. Included are instruments that employ current
subtraction to achieve discriminations and others
that selectively remove atmospheric water vapor from
the stream of activated air.

I. INTRODUCTION

Real-time monitoring of tritium in fission reactor environments is a long-

standing problem because of the presence of
41

Ar and fission product gases.

With few exceptions, the standard solutions have been to estimate the tritium

concentration or to passively monitor for tritium using desiccants or bubblers.

However, passive monitoring is usually not an acceptable solution espe-

cially where tritium gas may be present in large quantities and releases t~ the

room must be detected quickly. In the vicinity of high intensity 14-MeV neutron

sources or near fusion reactors using deuterium and tritium as the fuel gases,
13N

high concentrations of activated air (principally , 16N, and 41Ar) may be

found at the same time and location where tritium may be released accidentally.

Suitable instrumentation must be available that can discriminate in real time

between tritium and the radioactive contaminants.

This report reviews some of the efforts that have been made to solve this

instrumentation problem. The instruments used are examined and compared for

their suitability for use at future fusion reactors.



II. TRITIUM REMOVALFROM THE SAMPLED AIR

Selective removal of tritium oxide from air being sampled is the principle

behind bubblers (and desiccants) used in passive monitoring for tritium. In
.

practice, the instrument becomes an active monitor if the bubbler is a continu-
.~

ous stream of water that is routed to a tritium counter. Such an instrument was

developed and reported by Osborne in 19721.and later refined.2

The air being sampled (for HTO) is bubbled through a continuously flowing
.

stream of water that removes most (z98%) of the HTO but very little of the con-

taminant gases (i.e., noble gases; the instrument was developed for use at heavy

water fission power reactors). Most of the radioactive gas picked up by the

water is then removed by bubbling clean purging air or nitrogen through the

stream before it is routed to a plastic scintillation counter.

As reported, background is 0.2 cps and the overall sensitivity to tritium

is 0.1 cps per uCi/m3 (air). Thus, 1 pCi/m3 is detectable in about 180 sec-

ends.* A given concentration in air of noble gas results in a signal that is

less than 7 x 10-3 of that from the same concentration of tritium (i.e., the

“discrimination factor” is >140). Both the sensitivity and the discrimination

ability of the instrument can be improved by the use of a liquid scintillation

counter but at added initial and operational cost and complexity.

Discrimination against activated air

since the volubility of 13NOX (believed to

is higher than that of krypton and xenon.

the sampled air stream would have to be

oxidize any elemental tritium to the oxide

Although the sensitivity of Osborne’s instrument has been increased by

mixing the sampled air directly with liquid scintillation cocktail flowing to a

counting cell,3 the potential of this improvement for discrimination against

contaminant gases has yet to be tested or, at least, reported.

may be worse than against noble gases

be the chemical form of
13

N) in water

However, if used with fusion devices,

routed first through a catalyst to

form.

*The minimum detectable concentration of tritium is defined as that concentra-
tion that results in a count equal to three times the standard deviation of the
background count during the same time interval (99.7% confidence).
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III. OTHER SCINTILLATION METHODS
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Instead of removing the tritiated moisture from the sampled air by mixing

it with scintillation cocktail or with water that flows to a counting cell, the

moisture may be condensed and the condensate routed to a scintillation flow

cel1. Gibson and Burt4 cooled the sampled air to 1°C and the condensate, flow-

ing at 38 ~/h, was subsequently counted in a flow cell filled with anthracene

crystals. Sensitivity, dependent on the relative humidity, is z50 cps per

pCi/m3 (air) at 58% humidity. With a background of 8 cps, a chronic level of

0.4 ~Ci/m3 may be continuously measured. According to the authors, the

instrument “does not detect radioactive gases such as 41Ar.” Unfortunately no

other information is given.

The above system is fairly complex, as is the case of a more recent

version designed by Singh and Kadwani.
5

In their instrument, the counting cell,

which is made of Perspex, is packed with “plastic scintillation powder.” At 50%

humidity, the sensitivity is 500 cps per pCi/m3. With a background of 50 cps

the minimum tritium detectability is about 0.01 vCi/m3 in 18 s. The humidity

dependency problem was solved by providing the capability of humidifying the

incoming air, if desired, but at a sacrifice of sensitivity. Although the

system was designed for use in the working areas of heavy-water-moderated

reactors, its performance in the presence of noble gases or 41Ar was not

reported. Both systems would be expected to have a rather long response time

(many minutes), respond slowly to changes in concentration, and would need a

catalyst if used to monitor tritium gas.

IV. DUAL-CHAMBER SUBTRACTIVE METHOD

One of the simplest methods for monitoring for tritiated water vapor in

the presence of contaminant gases is to use two flow-through ion chambers, one

of which measures the concentration of the radioactive gases in the air from

which tritium, as the oxide, has first been removed by a drier. The second

chamber measures the total current including that from tritium. The chamber

currents are then subtracted leaving only that from the tritium. The chambers

may be placed in series with the drier placed between the chambers or pre-

ferably, if the concentrations may change rapidly with time, in parallel.

3



One such system has been developed by Osborne and Coveart6 for use at

CANDU heavy water power reactors in Canada. The system uses four 1.3-fl cham-

bers: two assemblies of two concentric chambers each, the outer chambers being

the flow-through gas-measuring chambers, and the inner, closed chambers for

gamma compensation. These assemblies are arranged in a parallel configuration.

The sampled air is split into two streams, one of which is routed directly to

one of the flow chambers. The other stream passes through one of two desiccant

cartridge driers on its way to the other flow chamber. The driers are alterna-

tely used and regenerated automatically every 30 s. The system, which is large,

complex, and heavy (150 kg), is mounted on a carriage for transportability.

Sensitivity of the instrument to tritium is of the order of a few uCi/m3,

whereas its response to noble gas is 4-20% of that of an equivalent concentra-

tion of tritium, the percentage depending on the particular gas. The discrimi-

nating factor is thus only 5-25, somewhat less than that of Osborne’s “water

pick-up” system described earlier. The discrimination could be improved by

matching chambers more careful ly, or alternatively, by adjusting the volumes with a

compensating electrode in the larger chamber or by the use of separate electro-

meters for the two chambers.

v. PROPORTIONAL COUNTING

the similar advantage of high sensitivity but with

a counting medium is proportional counting. Such

Another method that has

the disadvantage of requiring

instruments can be designed with inherent ability to discriminate against con-

taminant gases by using guard chambers and coincidence and anticoincidence

circuitry. One advantage of such instruments is that they have been in use in

Europe for several years and are now cmnmercially available. One such instru-

ment is the model SMHK made by Munchener Apparatebau.* In this instrument the

background is 0.08 cps and the tritium sensitivity is 8.3 cps per pCi/m3. For

133Xe, the coincidence and anticoincidence counting rates are reported to be 8.3
?

and 0.55 cps per ~Ci/m3, respectively. 4
The coincidence circuit permits a measure of the concentration of the con- .

taminant gas, whereas the anticoincidence circuit gives the concentration of

*Munchener Apparatebau, Postfach 144, 8012 Ottobrunn, Federal Republic of
Germany.
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tritium gas plus some remaining counts from the contaminant. Subtraction of the

latter counts is done automatically based on the concentration of the gas deter-

mined by the coincidence rate and an experimentally determined “compensation

factor.” Thus, using the same detectability criterion, the MDCT (~Ci/m3) is

dcc
0.07

r ‘
.

where Cc (uCi/ms) is the concentration of the contaminant and t (s) is the

counting time. Background was neglected.

Although the instrument is fairly sensitive, being able to measure about

0.01 uCi/m3 in >100 s under ideal conditions, it is limited at high concentra-

tions. Saturation becomes apparent at z200 pCi/m3 (tritium) and the instrument

reads z35% low at 103 uCi/m3.

Another disadvantage of this instrument is the need for, and cost of, a

counting gas--either methane or very pure natural gas--which flows at approxi-

mately 30 ~/h, twice the rate of the sampled air. Moreover, the instrument’s
13N

behavior in the presence of a mixture of , 16N, and 41Ar, the ratio of whose

concentrations may change due to mixing and radioactive decay, is unknown. The

compensation factor* for
14

C is about 18%, z7% for
133

Xe, and >5% for a mixture

of noble gases.

VI. DUAL SIGNAL SUBTRACTIVE METHODS WITHOUT TRITIUM REMOVAL

The weak beta energy of tritium suggests another subtractive technique

based on the gamma rays and much higher beta energies of contaminant gases.

Soudain7 in 1966 reported on a flow-through ion chamber in the wall of which was

placed an end-window G-M tube that responded only to the contaminant gases. The

tritium betas could not penetrate the 2-mg/cm2-thick window of the G-M tube. If

it were desired to balance the outputs of the two detectors electronically, such

an instrument would be expected (1) to have a large transient response due to

the geometry differences of the G-M tube and chamber if the concentration of the

contaminant gas were to change suddenly, (2) to be very sensitive to changes in

the relative concentrations of multiple contaminants due to the energy sensi-

tivity of the G-M counter, and (3) to produce a net current upon subtraction of

*The compensation factor is the percentage of coinc
the anticoincidence channel for a particular gas.

dence counts showing up in
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the G-M and chamber currents that is very noisy due to the low number of statis-

tical events in the G-M tube (compared with those in the chamber).

as reported actually did not attempt to match the output currents of

and counter for a given contaminant gas. Rather, the two outputs

mitted to a two-channel recorder and the concentration of tritium was

ly determined by calculation using the measured calibration factors

detectors.

More recently, a prototype instrument similar in principle to Soudain’s was

developed and described originally in Ref. 8 and finally in Ref. 9. Instead of

using a G-M tube for subtraction, the instrument employs a separate outer

chamber concentric with the inner flow-through chamber. A thin wall common to

both chambers is opaque only to the tritium betas and the weaker betas of the

contaminant gas. Currents produced in the two chambers are automatically

subtracted, leaving only the current due to tritium. The instrument has

inherently better statistical properties, better geometry, and less energy

dependence than the instrument developed by Soudain. The minimum detectable

concentration of tritium using a long 1-1 sampling chamber in a background

concentration of 85
Kr is

The system

the chamber

were trans-

subsequent-

of the two

1.4 4
CK
~ uCi/m3 ,
c

where CK (uCi/m3) is the concentration of krypton gas and tc (s) is the elec-

tronic time constant. For example, with a 60-s time constant, tritium concen-

trations of about 1 pCi/m3 to 100 pCi/m3 can, in principle, be measured in

background krypton concentrations of 10 ~Ci/rn3 to 105 ~Ci/m3, respectively. In

practice, these ideal detectable limits can be approached to within a factor of

2 or 3.

VII. USE OF SEMIPERMEABLE MEMBRANES
\

Separation of tritiated water vapor from other gases may be accomplished

by the use of semipermeable membranes, which have a much higher permeability
L

for HTO than for the contaminant gases. Howel1, Cate, and Wong
10

have made

measurements of gas permeation using HTO, HT, and Kr, and a number of membrane

materials. For instance, for dimethyl silicone, the ratio of gas permeabil-

ities of HTO to HT is 55; of HTO to N2, 120; and of HTO to Ar, 60. The concen-

6
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tration ratio enhancement should be approximately equal to these values. The

final concentrations of courie depend on the choice of membrane, its thickness

and area, and on the flow rates on both sides of the membrane, particularly on

the detector side. One disadvantage is the slow response time, measured to be

Z1 min with the final concentration reading equilibrium in about 5 minutes.

Another material with extremely high permeability for water vapor is a

Dupont product called Nafion. It is commercially available in tubing form from

Dupont or from Perma-Pure Dryer,* which arranges bundles of Nafion tubing in a

steel drying tube for commercial applications. Its permeability to HT is about

104 times lower than for water vapor although in practice the separation that
311can be achieved is closer to 10 . Preliminary measurements of the perme-

abilities of Ar and NOX (believed to be the chemical form of the 13N produced

by D-T neutrons) indicate that they are probably about 103 to 104 lower than

that of HTO. As in the case of the dimethyl silicone, the breakthrough and

memory times are fairly long, making its use impractical for monitoring rapidly

changing concentrations. Two instruments under current development use Nafion

tubes for discriminating between HT and HTO. One approach uses ion-chamber

detectors whereas the second uses proportional counting for better sensitivity

and better discriminating ability against background radiation.

Where enhancement of the concentration of HTO over those of other radio-

active gases is important, membranes may be used to advantage provided the

memory effect is not a problem. However, for monitoring tritium gas in the

presence of other contaminants, the gas would first have to be oxidized.

Differentiating between HTO and HT with or without other radioactive gases

present is certainly one

compete with subtractive

chambers and desiccants.

VIII. DISCUSSION

of its more promising applications, which could well

methods that depend on the complications of multiple

For active monitoring of (the total) tritium in the presence of radio-

active gases, there are a number of possible techniques or systems that may be

used depending on the

*Perma-Pure Dryer, Box

concentration of background gases expected, the sensi-

70, Oceanport, NJ 077570



tivity,

reported

For

the form

.

response time, and cost. Properties of some systems that have been

and briefly described here are summarized in Table I.

monitoring tritium gas, the methods that require that tritium be in

of water vapor necessitate, of course, the addition of a catalyst to

the system. The first problem that this presents is that high concentrations
.

of hydrogen gases that may be present may cause problems of condensation in the

instrument lines and measuring chamber beyond the point of oxidation. In
w

instruments that effectively measure the tritium concentration of the moisture

in the air, to convert the result to air concentration would be difficult if

not impossible if there are unknown quantities of hydrogen, deuterium, and

inactive water vapor accompanying the tritium in the sampled air.

For monitoring air for tritium that may be found in either the elemental

or water vapor form, instruments that do not convert the elemental tritium to

the oxide are to be preferred. Of these, the one with the highest sensitivity

is the proportional counter, which can be designed for good canceling ability,

TABLE I

PERFORMANCE COMPARISON

Dual Separate
Water Pick-Up/ Continuous Hater Chamber and Ion chamber and Dual Concentric

Plastic Stint

Proportional

Condensation/Stint Desiccant G-M Counter Ion Chamber Counter

Tritium
sensitivity
(with no

WNant ‘as)
(in 2;0 s)

so.1 1
~d

~1-5 0.01
(in d rein)

Discrimination
Factor for a 140 ?C 5-25 ..- ---

conjaminant (depe::;lon (de~n:::~ ‘--
gas

MOCT in presence

of CHE in t(s)b ..- ... .-. ?e 1.4
r

CHE 0.07 ~
CHE

~
(uCi/m3)

Suitabilityfor
HTO or HT HTO HTO HTO HTO/HT HTO/HT HTO/HT

aThe DiscriminationFactor is defined as the concentrationof the contamination gas that results in a
signal equal to that of a unit concentrationof tritium.

I bMOCT = Minimwn detectable concentrationof tritium. ~E=concentratlonof contaminant gas in,C1/m3.

cShould be fair (one author claims 41Ar was not seen but no data were given).

dEstimated.

I ‘Should be higher than that of dual concentric chamber system,

I 8
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at least for a single accompanying contaminant gas. Its disadvantages include

the need for a counting gas, its operating range limited to a maximum of

Z102-103 ~Ci/m3, its complexity and cost, and its presently unknown and quest-

ionable ability for handling multiple contaminants. The second possibility,

with less sensitivity (by about two orders of magnitude) and less canceling

ability (by >1 order of magnitude), is the concentric ion-chamber system, whose

obvious advantages are simplicity and corresponding lower cost. These two

instruments, then, are ones that may be considered for monitoring fusion

reactor halls or other similar (neutron) environments where tritium gas in

large quantities is handled.

The use of drying tubes to separate HTO from background gases is a

promising approach. It offers in one instrument the ability to measure

separately the concentrations of HTO and HT in a background of activated air.

A catalyst would be needed to oxidize the HT to HTO and at least three drying

tubes would be required to obtain adequate separations of the HTO from HT.

More work is needed, however, to verify the permeation rates of the NOX and Ar

under realistic conditions and to improve the poor response times.
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