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EXECUTIVE SUMMARY

This report describes the HTO/HT (tritiated hydrogen/tritiated water) discriminating monitors
constructed for participation in the French experiment on the environmental behaviour of HT
and documents operating experience with these samplers in the laboratory and field. The French
experiment took place on October 15, 1986 and involved the release and downwind tracking of
tracer amount of HT. Laboratories from Europe and Canada participated in the study. Canadian
participation was coordinated through the Canadian Fusion Fuels Technology Project (CFFTP).
The primary objective of the experiment was to determine the rate at which HT is converted to
HTO in the natural environment. Tritium in the chemical form of HTO is approximately 10"
times more hazardous than HT. Consequently the impact of an HT release depends critically on
the rate at which it is converted to HTO.

The experimental plan was to measure HTO and HT levels in the air at various downwind
distances, before and after the passage of the HT plume, to establish the effective rate of
conversion of the released HT to atmospheric HTO. Modelling studies before the experiment
indicated that HTO levels might be far lower than HT levels during the passage of the
plume / I / . It was therefore necessary to deploy air tritium samplers capable of good
discrimination between HTO and HT.

The objective of Canadian participation was to supply independent measurements of tritium
concentrations in air. The HTO/HT-discriminating samplers constructed for the experiment were
based on a design commonly used for field sampling. In this method, molecular-sieve desiccant
is used to remove water vapour, including HTO, from a sampling air stream. The HT in the air
stream passes through this first molecular sieve bed without being captured and into a second
molecular sieve bed which is impregnated with Pd catalyst to convert HT to HTO which is then
retained by the molecular sieve. Very little documentation existed regarding the performance of
these samplers at low HTO/HT ratios, so the samplers were tested beforehand in the laboratory.
Laboratory tests indicated that these samplers provided accurate measurements of HT
concentration, however, discrimination between HT and HTO was found to be limited. In the
laboratory, at flow rates of about 1 L s"1, approximately 10'2 to 10'3 of the throughput HT was
converted to HTO, through oxidation or exchange on the HTO trap, and captured, thereby
giving spuriously high apparent HTO levels.

Laboratory tests also showed that cold traps captured HTO with significantly better
discrimination against HT than the molecular-sieve desiccant. Consequently, in addition to the
molecular-sieve samplers, small cold traps were also deployed during the field experiment to
sample HTO independently. Field experience in the HT release experiment indicated some HT
capture on the molecular sieve of the HTO trap, however, the molecular-sieve system exhibited
much better discrimination (approaching 104) than observed in the laboratory. This was
attributed to the higher sampling flow rates used in the field.

The problem experienced in obtaining adequate HTO/HT discrimination at low HTO/HT ratios,
has relevance to tritium sampling in facilities where large quantities of HT are handled.
Because HT is about 10* times less hazardous than HTO, tritium samplers used in such facilities
should be capable of resolving HTO and HT concentrations at levels approaching one part HTO
in 10* parts HT. The present work suggests the need to systematically characterize, and perhaps
further improve, the performance of samplers at low HTO/HT concentration ratios.
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HTO/HT Discriminating Samplers Constructed for the French Experiment
on the Environmental Behaviour of HT.

ABSTRACT

The French Experiment on Environmental Tritium Behaviour was a field experiment carried out
to determine the rate of formation of atmospheric HTO from a release of HT to the natural
environment. The Canadian Fusion Fuels Technology Project and Ontario Hydro contributed to
the project by supplying HTO/HT-discriminating, atmospheric tritium samplers. Each sampler
consisted of a molecular-sieve trap to capture HTO followed by a Pd-impregnated molecular-
sieve trap to oxidise and collect HT from the same air stream. This method was selected as it
provided high sensitivity over short sampling periods and was convenient for field use.
Laboratory tests indicated that this system measured HT concentrations reliably, but only
achieved limited discrimination between HT and HTO at HTO/HT concentration ratios below
10'2 to 10'3. Small cold traps were therefore operated during the French experiment in addition
to the molecular-sieve samplers to obtain HTO samples free from interference by HT. The
molecular-sieve samplers exhibited much improved discrimination in the field (approaching 104),
possibly due to higher sampling flow rates than used in the laboratory. These results
demonstrate that care should be taken in using desiccant-based, HTO/HT-discriminating samplers
when the HT concentration is much higher than HTO concentration, and suggest the need to
systematically characterize and perhaps improve the performance of discriminating samplers at
low HTO/HT ratios.

1. INTRODUCTION

This report describes the tritium air samplers constructed as part of participation by the
Canadian Fusion Fuels Technology Project (CFFTP) and Ontario Hydro Research Division
(OHRD) in the French Experiment on Environmental Tritium Behaviour /I/ . This experiment
was conducted mainly by the French Commissariat a l'Energie Atomique (CEA) with support
from the Next European Torus (NET) Team. International participation was invited from other
European Economic Community members and Canada to allow inter-comparison of sampling
methods and to ensure that maximum information was gained.

The primary objective of the Study was to determine the rate at which atmospheric HTO
(tritiated water or water vapour) was formed from a release of HT (tritiated hydrogen). A
knowledge of the rate of formation of HTO is crucial to the accurate prediction of the impact
(radiation dose) of a HT release. Tritium uptake through inhalation or exchange through the
skin is about 10,000 times more efficient for HTO than HT HI. Tritium in the form of HTO is
therefore much more hazardous than HT.

The study consisted of the experimental release and downwind tracking of a HT tracer. It was
planned to infer the rate of formation of atmospheric HTO from the ratio of the concentration of
HTO in air to the concentration of HT in air at various distances downwind of the release.
Based on present understanding, the dominant pathway responsible for the appearance of HTO
in the atmosphere is oxidation of HT in surface soils followed by re-emission of HTO from the
soil to the atmosphere rather than direct oxidation in the atmosphere itself /3,4/.



Because of the critical importance of obtaining reliable HT and HTO air concentration
measurements, the Canadian contribution to the experiment was to supply and operate two
HTO/HT discriminating air samplers for inter-comparison with samplers used by other
participants. Samples were taken before the release to determine background values, during the
passage of the puff or plume to measure HT and HTO levels arising from the release, and after
the release to observe resuspended tritium. The samplers were deployed at two different
downwind distances to observe the change in HTO/HT air concentration ratio with plume travel
distance.

Most HTO/HT-discriminating samplers, including the method used here, are based on the
extraction of HTO from a sampling air stream (usually by a desiccant trap or a bubbler)
followed by oxidation of the remaining HT which is collected as HTO in a second trap. Water
samples are extracted from the traps and their tritium contents determined by liquid scintillation
counting or by gas proportional counting (after reducing the sample to hydrogen). At very low
specific activities the sample can be electrolytically enriched before counting.

It is important to note that most operating experience with HTO/HT discriminating monitors has
been gained under conditions where the HTO concentrations were either greater than, or similar
to, the HT concentrations. However, in the French Study the HTO/HT ratio was expected to be
much less than unity. In fact, a major intent of the French Study was to resolve the
discrepancy between tritium dispersion models, based on a modern understanding of the
environmental behaviour of HT, which predicted the slow appearance of atmospheric HTO from
a release of HT, leading to HTO/HT ratios of about 10"4 at travel distances of the order of 1
km, and a previous experiment that indicated much higher ratios, between 10'2 and 1 /1,5/. The
ability to discriminate between HT and HTO at low HTO/HT concentration ratios was therefore
established as a vital requirement of sampler performance.

The design and operation of the sampling systems selected for use by OHRD and CFFTP in the
French experiments are described below in Chapter 2. Laboratory testing of sampler
performance and operating experience gained during die first French experiment are discussed in
Chapter 3.

2. DESCRIPTION OF HTO/HT-DISCRIMINATING AIR TRITIUM SAMPLER

After consideration of a number of available methods of sampling HT and HTO in air, it was
decided to construct samplers based on the method developed by Ostlund and Mason /6/
whereby HTO is captured on a molecular-sieve (MS) trap and HT from the same air stream is
oxidized and trapped on a second molecular-sieve trap which is impregnated with colloidal Pd
catalyst (Pd-MS trap). This system allows good detection sensitivity even when sampling times
are limited, as high sampling flow rates are possible and the entire sample can be extracted and
counted. In addition, the system can be made rugged for field use and does not require
elevated temperatures for efficient catalyst action.

These advantages have lead to the widespread use of this type of sampler in the field /7,8,9,10/,
however, as mentioned earlier, most experience with discriminating samplers has been gained
under conditions where the HTO concentration was greater than or similar to the HT
concentration, unlike the conditions expected in the present experiment.

Two samplers were constructed according to the schematic in Figure 1. Air was drawn through
the system at flow rates up to 30 L min1 by a metal bellows pump. The air entered the system
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through a dust filter (PVC, 5 urn pore size) and passed immediately into the first MS trap
where HTO, along with atmospheric moisture, was captured with an efficiency that was
expected to be better than 99.5%, provided the capacity of the trap was not exceeded /6/. The
HTO trap consisted of 300 g molecular sieve #4A' with a capacity of 25 g of moisture. The
gas stream exiting the HTO trap was cooled in a heat exchanger coil before entering the Pd-MS
trap which contained 100 g of Pd-impregnated molecular sieve to oxidize and collect the HT
(with an expected efficiency of greater than 95% /6/). To enhance catalytic activity and give a
sample of convenient size for extraction and counting, hydrogen, H2, was added from a small
pressurized cylinder to the air stream before the Pd-MS trap at a rate adjusted to give a
volumetric content of about 0.3% in the air stream. After the Pd-MS trap, the air stream passed
through a second heat exchanger, a flow rate rotameter, to control the throughput flow, and a
pump and flow totalizer (dry gas meter). All connections were made with 0.635 cm diameter
copper tubing. The length between the inlet and the first MS trap was kept as short as possible
to minimize HT oxidation. A timer recorded the sampler operating duration.

The systems were packaged in aluminum containers for shipping and field use. A photograph
of the completed system is shown in Figure 2. The systems required 110 V, 5 A ac service to
run the pumps and fans.

Samples were extracted from the MS and Pd-MS traps by heating under vacuum. A liquid
nitrogen cooled cold trap was inserted in the pumping line to collect all the released moisture.
The MS and Pd-MS traps were heated to 530°C in stages of 100°C over a period of about two
hours. Even at these temperatures a small amount of residual water (about 1.3 mg H;O per g
of sieve) remained on the sieve. This residual represented a significant fraction of the total
activity if the amount of absorbed water was small (as in the case of the tests described below).
This residual was removed by passing a known amount of uncontaminated water vapour through
the trap while still under heat and vacuum. After removal of the trap sample, the cold trap
contents were weighed, mixed with liquid scintillation cocktail and counted. A further 5 to 10
mL of water (in the form of vapour) was passed through the sieve to remove any remaining
activity. The vacuum was maintained while the sieve trap cooled, after which the trap was
filled with nitrogen to be ready for reuse. HT traps were reactivated by introducing H : for 30
min while the trap was still under heat and vacuum /6/.

3. SAMPLER TESTING AND OPERATING EXPERIENCE

3.1 Methods

The performance of the MS/Pd-MS system was investigated in the laboratory using air streams
containing known HT and HTO concentrations. For comparison, two other sampling systems
were tested using the same flows. The first system consisted of two sets of dual bubblers
separated by a Cu catalyst at 700°C to oxidize HT. The bubblers were each filled with 50 mL
of scintillation cocktail of which 20 mL was extracted and counted to determine the amount of
tritium (HTO) collected from the air stream. This system has been routinely used in OHRD
laboratories / l l / .

The second system was a small dry-ice/isopropanol cold trap (for collection of HTO only)
consisting of a test tube, 2.5 cm diameter, 15 cm long, fitted with a rubber stopper and glass,

The traps described here are commercially available from Science Glass, Miami.
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0.8 cm inner diameter, inlet and outlet tubes. Condensate was recovered by rinsing the trap
with two 10 mL portions of scintillation cocktail directly into a counting vial.

Flows of known HT and HTO concentration were produced using the system shown
schematically in Figure 3. The HT source consisted of a pressurized cylinder containing
approximately 3.7 x 10'5 Bq m'3 NTP HT in nitrogen. This was diluted with lab or cylinder air
to achieve the desired HT concentration. Two calibrated flow controllers were used to control
the mixing rate. The diluted gas stream was passed through a water bubbler and drying trap to
remove HTO (about 2% of the tritium in the HT source cylinder was HTO) and through a
series of three water bubblers, the last two of which were held at constant temperature in a
water bath. The bubblers were each filled with 100 mL of water of known HTO specific
activity. The HTO content of the emerging airstream was therefore determined by the specific
activity of the bubbler water and the humidity of the exit air stream which was controlled by
the temperature of the bath. The activities of the first and last bubblers were checked before
and after each set of tests to ensure that HTO levels remained constant. The water bath was
maintained below room temperature to avoid condensation in the system outlet line. The system
outlet flow rate was measured using a bubble flowmeter. The outlet was attached to the
sampler under test for a fixed time period to deliver a known total flow. In the case of the
MS/Pd-MS sampler the throughput was measured directly using the flow totalizer.

HT concentrations of 1.8 x 10s and 2.4 x 103 Bq m"3 were used, corresponding to dilutions of
the HT source by factors of approximately two and two hundred, respectively. The HTO
concentrations were nominally 2.8 x 103 Bq m"3 and background (the latter obtained using
laboratory deionized water in the source bubblers which gave an estimated concentration of
about 0.08 Bq m"3 in the test flow, well below detection limits in these tests). The estimated
error in flow concentration was less than 5%.

The input HTO/HT ratio therefore ranged from below 10"5 to near unity. Tests were done
working from lowest to highest HTO concentrations to avoid contamination problems.

The MS/Pd-MS sampler was run at flows of about 1 L min"1 for 20 min, giving a total
throughout of approximately 20 L for each test. The bubbler system would only sustain flows
of less than 0.5 L min"1 and was run for 20 min giving a throughput of about 10 L. The cold
trap was run for about 10 min at a flow rate of about 1 L min"1 for a total throughput of
approximately 10 L.

In the first field experiment, the MS/Pd-MS samplers were run at much higher flow rates, about
15 L min"1. It was not practicable to use similar flow rates in the laboratory as the HTO source
bubblers would not sustain flow rates of greater than 1 L min1.

3.2 Results

Table 1 summarizes the nominal test conditions. Details of the laboratory test results are given
in the Appendix. As shown in Table 2, in all cases, except one, the Pd-MS samples gave total
HT concentrations accurate within the uncertainties associated with counting error and input
concentrations and flows. Excluding test 1 as an outlier, the mean ratio of the measured to
input HT concentration was 1.01 (standard deviation 0.03) indicating good agreement. Note that
at the higher HT concentration (tests 2, 4 and 6) the oxygen content of the air stream was
approximately half that of ambient air (due to the 50/50 dilution of the source gas, which was
mainly N2 carrier, with air), however this did not seem to affect HT capture.
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TABLE 1

NOMINAL TEST CONDITIONS

00

Test #

1

CVI

3

4

5

6

Tritium Concentration
(Bq m3)

HT

2.4 x 10'

1.8 x 10'

2.4 x 10'

1.8 x 10'

2.4 x 10'

1.8 x 10'

HTO

0.12*

0.12*

41

41

2.9 x 10'

2.9 x 10'

Mol
Sieve

48

360

48

360

48

360

Tritium Throughput**
(Bq)

HT

Cold Trap
& Bubblers

24

180

24

180

24

180

HTO

Mol
Sieve

2.4 x 10"*

2.4 x 103*

0.82

0.82

58

58

Cold Trap
& Bubblers

1.2 x 10"*

1.2 x 10"

0.41

0.41

29

29

[HTOMHTJ

6 x 10**

6 X 107*

1.7 x 10*

2.3 x 10**

1.2

1.6 x 10*

* Estimated only, from the specific activity of laboratory deionized water.

** Nominal volume throughput was 20 L for Mol Sieves, 10 L for cold traps and bubblers.



TABLE 2

LABORATORY HT MEASUREMENTS USING Pd-MOLECULAR SIEVE TRAPS

Test HT Concentration* (Bq m3) Ratio of Measured to
Input Measured Input Concentration

1 2.43 x 103 2.93 x 10* 1.21

2-1 1.83x10* 1.86x10' 1.02

2-2 1.83 X 10s 1.78 X 10' 0.97

3 2.43 x 103 2.51 x 103 1.03

4 1.83 x 10' 1.90 x 10* 1.04

5 2.43 x 103 2.44x103 1.00

6 1.83 x 10s 1.80x10' 0.98

* Estimated error in input concentration was + 5%, counting error in
measured concentration was about + 2%.



Particular attention was paid to discrimination between HT and HTO for the reasons discussed
earlier. Figures 4, 5 and 6 show the performance of the three sampler systems in this regard in
the laboratory tests. The uncertainty limits on measured ratios indicate two standard deviations
counting error. Some HTO concentrations fell below the maximum detectable activity. In these
cases both the input and measured HTO/HT ratios are indicated as upper limits corresponding to
the minimum detectable HTO concentrations at the 95% confidence level / l l / .

In the laboratory tests the cold trap and bubbler exhibited significantly better HTO/HT
discrimination than the MS/Pd-MS system, which overestimated the HTO concentration at
HTO/HT ratios of less than 10"2. This was caused, presumably, by conversion of HT to HTO
on the MS trap due to oxidation and exchange promoted by the catalytic action of sieve
impurities.

In the initial tests, the traps were not flushed with uncontaminated air after the run. Sample air
containing HT would have remained in the MS trap until the time of analysis (a few weeks
later) allowing a long time period for conversion to take place. It was estimated that total
conversion of remaining HT would have resulted in a spurious HTO content of about 4% of the
total HT throughput, similar to that observed (see eg tests 1-1, 1-2, and 2-2 in Appendix). Test
2, corresponding to the highest HT/HTO ratio, was therefore repeated, except that in this case
about 200 L of laboratory air was flushed through the system immediately on completion of the
test to remove residual HT. This reduced the apparent HTO content by a factor of about four
to less than 1% of the HT (test 2-3 in Appendix).

In a further attempt to minimize trapping of HT, a MS trap was rebuilt and the steel wool
packing material used to retain the molecular sieve replaced by quartz wool. The volume of the
sieve material was also reduced by a factor of three to about 100 g. Test 2 was again repeated,
this time with the modified trap flushed with 5 L of scrubbed laboratory air on completion of
the test. This reduced the fraction of HT retained on the first MS trap to near or below 10'3

(tests 2-4 and 2-5 in Appendix).

The bubbler technique gave reasonable HTO/HT ratios, and HT and HTO concentrations, but
was limited in sensitivity because flow rates were restricted and only a portion of the bubbler
contents could be counted. It was not considered for field use because of lack of sensitivity
and fragility.

The cold trap showed no evidence of HT collection even at HTO/HT ratios below 5 x 10"5.
Measured HTO amounts were typically a few tens of percent below the calculated throughput
indicating that some HTO escaped the trap.

Because of the limited HTO/HT discrimination found with the MS/Pd-MS samplers and the
good performance of the cold trap in this regard, it was decided to operate both types of
sampler during the field experiment in France.

The French experiment entailed a short duration release of HT and was conducted on October
15, 1986. The air sampling results obtained are shown in Table 3. Comparison of the MS/Pd-
MS and cold trap measurements made during the release period, when both HT and HTO were
present, indicates that some conversion of HT may have still occurred on the MS trap. After
the release, when HT levels were small compared to HTO, the cold trap and the MS trap were
in good agreement. Nonetheless, these results indicate that the discrimination between HTO and

10
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TABLE 3

AIR SAMPLING RESULTS OBTAINED DURING FRENCH FIELD EXPERIMENT

Sampling
Location

800 m from
release point

2500 m from
release point

Sampling
Period

During Release

After Release

During Release

After Release

[HT]
(Bq m3)

2.54 x 10s

17

1.01 x 105

8.3

Molecular Sieve
[HTO)

(Bq nY3)

583

107

68.3

15.3

(HTOJ/[HT]

2.3 x 10"

6.3

6.8 x 10"

1.8

Cold
[HTO1

(Bq m3)

310

95

19

18

Trap
[HTO]/[HT]

1.2 x 10"

5.6

2.2 x 10"

2.2

Conditions:
- Wind Speed: 2 m s '
- Air Temperature: 19.5°C
- Relative Humidity: 75%
- HT Release Duration: 2 Min.
- Sampling Duration During Release: Half hour starting at release initiation (40 min. for MS trap at 2500 m)
- Sampling Duration After Release: One hour beginning one hour after release initiation
- Sample Flow Rates: 15 L min' for Mol. Sieve

1 L min' for Cold Trap

Minimum Detectable Concentrations (95% Confidence)
MS - HT 0.2 Bq m3

- HTO 0.5 Bq m3

CT - HTO 2 Bq m3



HT shown by the MS/Pd-MS system was significantly improved over the laboratory tests and
approached 10A Improved discrimination may have resulted from the higher flow rates used in
the field (about 15 L min' versus about 1 L min1 in the laboratory). If the amount of HT
converted to HTO on the MS trap was proportional to the HT concentration and independent (or
nearly independent) of flow rate, then discrimination would be expected to improve linearly with
increasing flow rate because of the proportionally greater HT throughput in a fixed time period.
This factor could account for the improved discrimination seen in the field2.

It was beyond the scope of this project to systematically investigate the factors limiting
discrimination within the MS/Pd-MS system. Apart from flow rate, the factors that can
potentially influence the degree of HT trapping include (1) the impurity composition of the
molecular sieve3, (2) the amount of water loaded on the sieve, (3) the humidity of the sampled
air4 and (4) the degree of sieve flushing with clean air to remove residual HT.

These results indicate that care must be taken in using desiccant based methods to sample HTO
in the presence of much higher HT concentrations. The factors controlling the amount of HT
retained on the HTO trap need to be investigated further in order to obtain reliable, robust
methods of measuring HTO/HT ratios at levels approaching the inverse ratio of their derived air
concentrations, ie, 1 part in 2.5 x 10*.

4. CONCLUDING REMARKS

Two air samplers capable of discriminating between HT and HTO were constructed for
participation by CFFTP and OHRD in the French Experiment on Environmental Tritium
Behaviour. This experiment involved the downwind tracking of a tracer release of HT with the
objective of obtaining reliable data on the rate of conversion of HT to HTO in the environment.
The samplers were based on a widely used method which utilizes molecular sieve to trap HTO
and Pd-impregnated molecular sieve to oxidize and trap HT from the same air stream.
Laboratory tests indicated that these samplers provided accurate HT concentrations, however
discrimination between HT and HTO was limited due to capture of a small fraction of the HT
on the HTO trap, leading to overestimated HTO concentrations at HTO/HT concentration ratios
below 102 to 103.

Consequently, cold traps, which gave significantly better discrimination between HTO and HT in
laboratory tests, were also deployed during the French Experiment to provide independent HTO
concentration measurements. In the field, however, the molecular sieve system exhibited
significantly improved discrimination, approaching 10". This was attributed to the higher flow
rates used in the field.

Experience with similar samplers in a parallel series of HT field studies in Canada indicated
discrimination of 10*1 or better, both in the laboratory with flow rates of about 1 L min' and in the field with
flow rates of about 15 L min' /13/. More recently, a different batch of molecular sieve was found to
perform less well. The reason for the discrepancy with the present laboratory tests is unknown, but may
include one or more of the factors listed in the text.

'Potential molecular sieve impurities that can dissociate H2 include Ti, Zr, Nb, Ta, Cr, Mo, Ni, Fe, Co,
Ni, Rh, Td, Pt, Ba, Mn and Ge (K. Chuang AECL/CRNL, Private Communication).

"Highly humid air greatly decreases the capacity of precious metal catalysts to promote lhe conversion of
HT to HTO /14/.

15



The problem experienced in obtaining adequate discrimination between HTO and HT in the
laboratory using a standard, HTO/HT-discriminating sampling technique may also have relevance
to tritium monitoring in facilities where large quantities of HT are handled. Because the
derived air concentrations for tritium in the chemical forms of HT and HTO differ by a factor
of 2.5 x 104, tritium monitoring systems should be capable of resolving HTO and HTO
concentrations in the inverse ratio, ie, 4 x 10'5. The present work suggests the need to
systematically characterize, and perhaps further improve, the performance of samplers at low
HTO/HT concentration ratios.

ACKNOWLEDGEMENT

We wish to express our appreciation to personnel from the Commissariat a 1'Energie Atomique
for assistance provided in the field.

16



REFERENCES

1. "Environmental Tritium Behaviour - French Experiment - Status Report," Commissariat a
TEnergie Atomique (CEA) Report SE1/86-03, NET Contract 85-07 GSA, October, 1986.

2. International Commission on Radiological Protection. "Limits for Intakes of
Radionuclides by Workers." ICRP Publication 30_, Part 1 Pergamon, Oxford (1979).

3. Murphy, C.E., Jr., C.W. Sweet and R.D. Fallon. "Tritium Transport Around Nuclear
Facilities". Nucl. Safety 23, 677 (1982).

4. Dunstall, T.G., Ogram, G.L. and Spencer, F.S. "Elemental Tritium Deposition and
Conversion in the Terrestrial Environment" Fusion Technology 8, 2251-2256, 1985.

5. Bardolle, G. "Etude des Lois de Diffusion de Tritium et de l'Eau Tritiee dans
1'Atmosphere". Note CEA-N-2187 (1981).

6. Ostlund, H.G. and A.S. Mason. "Atmospheric HTO and HT: I Experimental Procedure
and Tropospheric Data 1968-72". Tellus XXVI, 1-2, 91-101, 1974.

7. Brown, R.M., "HT and HTO in the Environment at Chalk River". Fusion Technology. 8,
2539 (1985).

8. Mason, A.S. "Atmospheric HT and HTO: Estimation of Atmospheric Hydrogen
Residence Time from Interhemispheric Tritium Gas Transport". J. Geophys. Res. 82,
5913 (1977).

9. Hurley, J.D. "Determining Total Tritium Content of Rocky Flats Stack Emissions". Proc.
Tritium Technology in Fission Fusion and Isotopic Applications - American Nuclear
Society Topical Meeting, Ohio, April 25 - May 1, 1980.

10. Goles, K.W. and Brauer, F.P., "Differential Monitoring of Tritium and Carbon-14
Compounds". Proc. Tritium Technology in Fission Fusion and Isotopic Applications -
American Nuclear Society Topical Meeting, Ohio, April 25 - May 1, 1980.

11. Curtis, K., "Determination of Elemental and Oxidised Tritium in Growth Chamber Air."
Ontario Hydro Research Division Report 84-8-K (1984).

12. National Council on Radiation Protection and Measurements. A Handbook of
Radioactivity Measurements Procedures. NCRP Report No. 58, p. 275-279 (1978).

13. Brown, R.M., Ogram, G.L. and Spencer, F.S., "Field Studies of HT Oxidation and
Dispersion in the Environment - I. The 1986 August Experimental Chalk River",
Canadian Fusion Technology Project Report, G-87004.

14. Nishikawa, M., Takeishi, T., Enoeda, M., Higashijima, T., Munakata, K., and Kumabe,
I., "Catalytic Oxidation of Tritium in Wet Gas." J. Nucl. Sci. and Technol. 22, 922-933
(1985).

17



APPENDIX

Laboratory Tests of HTO/HT Samplers - Detailed Results
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I . Molecular Sieve/Pd

:Test No

: 1-1
: 1-2
: 2-1
: 2-2
: 2-3
: 2-4
: 2-5
: 3
: 4
: 5
: i

Throughput
(L)

14.9
19.3
16.3
15.0
14.4
20.0
20.0
15.0
10.0
15.0
16.0

Catalyst

: H
Total
(Bq)

3.62E+01
4.69E+01
2.98Et03
2.75E+O3
2.64EH33
3.34E+03
3.34E+02
3.65EHJ1
1.83Et03
3.65Et01
2.93EHJ3

Input Flow

T
Cone

(Bq/m*3)

2.43EH13
2.43EH13
1.83E+05
1.83E+05
1.832*05
1.92E+05
l.92E*05
2.43E*03
1.83EtO5
2.432+03
1.33EHJ5

HTO
. Total

(Bq)

1.79E-03
2.32E-03
1.96E-03
1.80E-03
1.73E-03
2.40E-03
2.40E-03
6.15E-01
4.10E-Q1
4.40EMJ1
4.69EHJ1

Cone
IBq/m-3)

0.12
0.12
0.12
0.12
0.12
0.12
0.12

4.10E+01
4.10E+01

2.93EfO3

H
Total
(Bq)

4.37EHU
-

3.03E+O3
2.67E+03

-
-
-

3.77E+01
1.90E+03
3.67E+01
2.82EfQ3

Measured

T :
Cone

(Bq/m-3)

2.93E+03
-

1.86EtO5
1.78E*05

-
-
-

2.51EtO3
1.90E+O5
2.45E+03
1.76E+05

HTO
Total
(Bq)

4.3EK3O
2.5E+00

-
1.02EtQ2
1.97E+01
2.10E+00
4.03E*0Q
1.38E+00
3.77E+01
4.30E+01
S.40E+01

Cone
(Bq/B"3)

2.9EtQ2
1.3E*02

-
6.8E+03
1.4EfO3
l.lEtO2
2.0EV02
9.2Ef01
3.8EtO3
2.9K+03
3.4EI03

Input

< 2.3E-03
< 2.3E-03
< 2.8E-05
< 3.1E-05
< 3.2E-05
< 2.2E-05
< 2.2E-05

• 1.S9E-02
2.24E-Q4

: 1.21E+00
1.60E-02

IHTO]/[HT)

: Measured

9.9E-02 (
4.4E-02 (

(
3.8E-02 I
7.5E-03 (
5.5E-04 (
1.0E-03 (
3.7E-02 (
2.0E-02 (
1.2E+0O (
1.9E-02 (

Error
(%)

7
10

-
3
3
5
5
2
2
5
2

Comments

HTO sample lost

Flushed (200 I lab ai
Modified UTO Trap

•

HOC (HTQI vas 4 Bq/i*3

Upper limits given for input IHTO1/IHT] ratio correspond to the ratio of the
HDC (HTO) to the KT concentration.

Error is a combination of counting erior (2-siqua) and uncertainty in flow throughput.



II. Bubbler/Heated Cu Catalyst

:Test No

: 1
: 2
: 3
: 4
: 5
: fi

Input Flow : Measured

Throughput
(L)

10.1
9.7
8.8

: 10.4
8.7
8.7

H T
Total Cone
(Bq) (Bq/m-3)

2.45Ef01 2.43E+03
1.78E+03 1.83E+05
2.14Et01 2.43E+03
1.90E+03 1.83E+05
2.11E+01 2.43E+Q3
1.59E+03 1.83E+05

HTO : H T
Total Cone : Total Cone
(Bq) (Bg/m"3) : (Bq) (Bq/m*3)

1.21E-03 0.12 :2.50Et01 2.48EtO3
1.16E-03 0.12 :1.62E+03 1.67E+05
3.61E-01 4.10E+01 :2.02EH)l 2.3!)£t03
4.2GE-01 4.10E+01 :1.54E+03 1.4BE+05
2.55E+01 2.93E+03 :2.20Et01 2.53E+03
2.55E+01 2.93EtO3 :1.42EtO3 1.63E+05

HTO
Total Cone
(Bq) IBg/m-3)

2.0E-01 2.0Et01
1.9E+00 1.9E+02
3.83E-01 4.4Et01

: 2.50E-01 2.4Ef01
2.38Et01 2.7E+03
2.30E+01 2.6E+03

IHTO1/IHT1 :

Input

4.94E-05
: 6.56E-07
1.69E-02

: 2.24E-04
: 1.21EHJ0
: 1.60E-02

Measured Error :
: (») :

< 8.0E-03 ( - ) :
:< 1.2E-03 ( 2b ) :

1.9E-02 | 24 ) :
1.6E-04 ( 31 ) :
1.1E+00 ( 10 ) :
1.6E-02 ( 6 ) :

HDC (HTO) was 40 Bq/nf3

Error is a combination of counting error (2-sigma) and uncertainty in flow throughput.



III. Cold

:Test No

: 1
: 2
: 3.1

3.2
: 4.1
: 4.2
: 5.1
: 5.2

6.1
: 6.2

Trap

Throughput
(L)

8.8
9.3
9.5
9.5
9.4
9.4
9.9
9.9
9.7
9.7

H
Total
(Bg)

2.14E+01
1.70E+03
2.31Et01
2.31E+01
1.72EtO3
1.72E+03
2.41Et01
2.41E+01
1.78EtO3
1.78E+03

Input Flow

T
Cone

(Bq/m-3)

2.43EtO3
1.83E+05
2.43EtO3
2.43EtO3
1.83EtO5
1.83B+05
2.43EtO3
2.43E+03
1.83EtO5
1.83E+05

HTO
Total
(Bq)

1.06E-03
: 1.12E-03
3.90E-01

• 3.90E-01
3.85E-Q1

• 3.85E-01
2.90Et01
2.90E+01
2.84E+01
2.84E*01

Cone
(Bg/m-3J

0.12
0.12

4.10Et01
4.10Et01
4.10E+01
4.10E+01
2.93E+03
2.93E+03
2.93EtO3
2.93E+03

Measured

H T : HTO
Total Cone
(Bq) (Bg/mA3)

-
:

-
-
-

-
-
-
- -

Total
(Bq)

< 8.3E-02
: < 8.3E-02

1.67E-01
• 2.67E-01

3.17E-01
• 2.33E-01

2.37EI01
2.53E+01
2.43Et01
1.65E*01

Cone
(Bq/m-3)

< 9.4Et00
< 8.9E+00
1.8Et01
2.8E+01
3.4Et01
2.5E+01
2.4EtO3
2.6EtO3
2.5E+03
1.7E+03

Input

< 4.9E-05
:< 6.6E-07
1.69E-02

: 1.69E-02
. 2.24E-04
: 2.24E-04
1.21E+00

: 1.21Et00
1.60E-02

: 1.60E-02

IHTO1/1HTI

: Measured

< 3.9E-03
< 4.9E-05
7.2E-03
1.2E-02
1.8E-04
1.4E-04
9.9E-01
l.lEtOO
1.4B-02
9.3E-03

Error :
l\) :

-
GO
35
30
47
7
7
7
7

:

:

MDC (HTO) was 9 Bq/nT3

Error is a combination of counting error (2-sigma) and uncertainty in flow throughput.


