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1111. TRITIUM TECHNOLOGY - A CANADIAN OVERVIEW
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This paper is based on the one presented by J. M. Miller (AECL) at the 6th International
Conference o Tritium Science and Technology, Tsukuba, lbaraki, Japan, 2001 November 11-
16, which will be published in Fusion Science and Technology.* The title and outline of this

paper are shown in Figs. 1. 1 and 12. [*J. M. Miller, Fusion Sci. and Tech., 41, 314 2002)]

Abstract

An overview of the various tritium research and operational activities in Canada is
presented. These activities encompass tritium processing and recovery, tritium interactions
with materials, and tritium health and safety. Many of these on-going activities form a sound
basis for the tritium use and handling aspects of the ITER project.

Tritium management within the CANDU heavy water reactor, associated detritiation
facilities, research and development facilities, and commercial industry and improving the
understanding of tritium behaviour in humans and the environment remain the focus of a long-
standing Canadian interest in tritium. While there have been changes in the application of this
knowledge and experience over time, the operating experience and the supporting research and
development continue to provide for improved plant and facility operations, an improved
understanding of tritium safety issues, and improved products and tools that facilitate tritium
management.

1. Introduction

An overview of the various activities carried out in tritium-related research and process and
plant operation since the 5hTopical Meeting held in 1995 in Belgirate, Italy', is presented. At
the time of writing of the 1995 overview paper, the Canadian Fusion Fuels Technology Project
(CFFTP) played a significant role in integrating tritium-related R&D and product development
into several fsion facilities and projects. While the focus and variety of tritium-related R&D
activities has altered since the CFFTP was disbanded in 1998, tritium management within
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nuclear plants and tritium-handling facilities, tritium behaviour in the environment and tritium
dosimetry and dose control remain as focal points of the Canadian tritium program. This will
provide a background of knowledge and experience to support tritium-related activities at ITER.

Some of the work discussed in this paper has been described elsewhere. For more details,
the reader should refer to these additional papers front the 6th International Conference on
Tritium Science and Technology, Tsukuba, lbaraki, Japan, 2001. November 11-16.
Development and implementation of improved operational and maintenance practices related to
tritium management are an important par( of the continuous improvement programs in place in
CANDU utilities. While the details of this work are not reported here, the contribution of this
effort to improving tritium management is acknowledged. The outline of this chapter is
summarized in Fig. 11I.3.

2. Tritium Processing

A. Water Detritiation

The Darlington Tritium Removal Facility, operated by Ontario Power Generation (OPG)
continues to operate well, processing 10 Mg of tritiated heavy water per day. Over the life of
the plant the average annual tritium recovery has been -7.4x 1017 Bq. This amounts to an
annual tritium production of about 2 kg. OPG continues to gain valuable operating and
maintenance experience for large-scale tritium processing facilities. The Darlington Tritium
Removal Facility continues to play an important role in managing the tritium content in the
heavy-water systems of OPG's CANDU reactors and in managing tritium emissions to the
environment. It will be a valuable source of fuel for fusion programs such as ITER, where the
expected tritium usage will amount to about 12 kg/a (see reference 26).

Alternative water detritiation processes and technologies continue to be investigated from
the perspective of continually improving cost and safety and meeting more demanding
requirements. Pilot-scale testing of the Combined Electrolysis and Catalytic Exchmige (CECE)
process was carried out at AECL's Chalk River Laboratories, demonstrating heavy water
upgrading 25 Mg/a capacity) and detritiation (5 Mg/a capacity)."' The technical, operational
and safety performance of this process was successfully demonstrated using 370 GBq/kg heavy
water feed and process concentrations of up to 8.5 TBq/kg over a 7-month detritiation test
period. The process was operated to demonstrate detritiation factors i excess of 50 000. The
operational data was used to confirm process models, which are now being used to develop
optimum processes for larger-scale facilities. The outline of this section is summarized iii Fig.
IHA

B. Isotope Separation

Kinectrics Inc. (formerly Ontario Hydro Technologies) has, over te last few years,
performed a series of experiments on cryogenic distillation (CD) of hydrogen isotopes for
ITER Canada. Most recently, a test program was conducted to verify aspects of the control
system philosophy for the Isotope Separation System (ISS) of ITER-FEAT. It was
demonstrated that the isotopic composition of the CD products could be calculated reliably in
real time from column temperature and pressure. Dynamic flow tests showed that the CD
product compositions could be controlled at specified set points during variations in feed
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conditions. These tests included variation of feed composition and feed rate, and imicked
both the ISS tritium and protium columns. The outline of this section is summarized in Fig.
111.5.

C. Tritium ecyelhig/Recovery Systems

Kinectrics Inc. (formerly Ontario Hydro Technologies) and Tyne En-gineering have carried
out significant development work in the area of tritiated waste treatment and tritium recovery
and recycling. References 4 and describe two specific applications. Systems that have been
developed and tested can treat ixed wastes such as organic solvents or pharmaceutical mixed
waste for te fst time. Such systems are now being manufactured for commercial application.
In these systems te liquid wastes are converted by catalytic oxidation to C2 and water. Any
tritium present in the waste is retained in the water fraction and it can then be store& or treated 5
for ultimate recovery as elemental tritium and potentially recycled into ITER as fuel, reducing
the tritium inventory in operational wastes.

In the process used to recover the tritium, the water is electrolysed and all hydrogen
isotopes collected. However, since the water that results from the oxidation process contains
numerous impurities it must be further treated to achieve a high degree of purity before it can
be electrolysed, Since the tritium concentration in the waste is relatively low, the fraction of
tritium in hydrogen is very small. Hence, hydrogen isotopic separation is required to recover
and concentrate the tritium.

This is accomplished in two steps. The first step is a stripping operation that utilizes
displacement gas chromatography to concentrate the tritium from ppm levels to fractions of
percent. In the second step, tritium enrichment to 98% relies on advanced gas chromatography

6based on temperature programming. This effort results in the recovery of essentially all of the
tritium for reuse, finally closing the tritium-use cycle and avoiding any tritiated waste being
generated in the pharmaceutical industry during their drug development program.

A tritium recovery system has also been designed and is being built for the Laboratory for
Laser Energetics at the University of Rochester to treat effluent gas streams with a range of
tritium activities.' The system will be required to limit tritium releases to less than
37 GBq/year. In order to inimize releases and to maximize personnel safety. the various gas
streams are segregated. This allows the treatment of inert gas streams by getter-bed technology
avoiding, as far as practical, the need to oxidize elemental tritium to HTO. In addition, it
minimizes the dilution of tritiated gas streams and so simplifies effluent cleanup.

Depending on the required tritium level in the effluent, and the quantities of tritium to be
removed, different getters are used. Zr-Fe getters are used where low effluent tritium levels are
required and U-beds are used where larger amounts of tritium are to be removed. A new
feature for tritium recovery systems is the incorporation of cryogenic molecular sieve beds to
remove tritium from some helium gas streams. Conventional oxidation and molecular sieve
dryer technology is used for the detritiation of air streams. The outlines of this section are
summarized in Figs. 111.6 and 111.7.
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D. Fusion Fuel Cleanup

Final laboratory demonstration of fusion fuel cleanup options was completed in 998 A
summary of the results of that work is presented here. A two-stage ftision-ftiel-cieanup system
consisting of a PERMCAT8, PMR19 or CAPRICE'O first stage and a batch-HITEX" final
polishing stage was constructed. The test facility consisted of a first-stage Pd/Ag membrane
catalytic reactor that could be operated in PERMCAT, PRMI, or CAPRICE mode with a fast-
cycling, batch-HITEX second-stage. Te CAPRICE mode of operation was tested with both
non-tritiated and tritiated ases; under the test conditions, a detritiation factor of -1000 was
achieved. Fully atomated operation of the fast-cycling HITEX second stage was
demonstrated with CAPRICE operating with tritiated gas mixtures. With this two-stage system,
a detritiation factor of > 106 was readily achieved. The outline of this section is summarized in
Fig. 111.8.

3. Tritium Behaviour and Interaction with Materials

A. Outgassing

Efforts to correlate the outgassing of tritiated species from soft waste with tritium inventory
in the waste materials are on-going. The outgassing/inventory relationship 12 from "soft" waste
has been shown to hold from waste samples received from a number of tritium-handling
facilities for testing. There is strong evidence to support the premise that tritiated waste paper
present in these waste streams is responsible for the universality between the various tritium
laboratories.

Reference I (Section 111LA) has reported on previous work in the area of "tritium on
surfaces" and had indicated that a wide variety of activities had taken place in Canada to
determine hazards associated with surface contamination in the work place. These studies
examined the tritium-surface interactions and observed that tritium desorption was rainly as a
water soluble species. Further, solvent washings and smearing indicated tat only a small
fraction of the total tritiurn on the surface is available to the skin when contact is made Ts
effect is independent of the tritium surface activity levels. Typical tritium surface activities that
have been predicted for ITER are of the order of >5000 B/cm', within the range of
experimental and operational experience to date.

B. Amorphous Carbon and Sicon Fms

Hydrogenated amorphous films have been studied over the past two decades to establish
the cause for progressive degradation observed in solar cells when they are exposed to sunlight.
The phenomenon, known as the Staebler-Wronski effect, has been recently observed in tritiated
amorphous silicon films." The correspondence between hydrogenated films exposed to
sunlight and tritiated silicon films provides a new avenue to establish uoderlying mechanisms
for the gradual degradation of solar cells, Recently, tritiated films have been used as calibration
sources for tritium monitors and surface activity monitors. These abrasion resistant films are
stable in air up to 200'C and exhibit negligible outgassing of tritium. Reference 4 describes
efforts to grow thick, high density, tritiated amorphous fidins on 1-mm plastic spheres used in
the inertial confinement fusion program.
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Tritium incorporation in semiconductor devices has been shown to provide a unique
diagnostic of ion/electron mobility in P-I-N junctions. To date, groups studying the influence
of hydrogen on mobility in amorphous silicon films were forced to grow films with differing
quantities of hydrogen and sbsequently infer the impact of fabrication processes, different
ahoy compositions, and the variation in hydrogen content. Tritium incorporation offers a
unique diagnostic because the same alloy can now be studied with a "hydrogen" content that
reduces at a fixed and temperature invariant rate.

C. Plasma-Surface Interactions

Plasma-surface interaction experiments with tritium are just eginning at the University of
Toronto win a new tritium-handling facility licensed for 3.7xlO" Bq of tritium. The facility
will be used to conduct tritium impact studies of plasma-facing materials planned for reactor
use. Chemical erosion yield measurements during tritium impact on graphite will be obtained
in the first set of experiments. The objective is to investigate isotopic effects of chemical
erosion; these experiments will be the first done with tritium.'5 The vacuum system is pumped
by a combination of cryopumps, a turbomolecular pump, and regenerable getters. The tritium
is normally stored in regenerable getters in the 'vacuum chamber and is released from the
getters during experiments. The outline of this chapter is summarized in Fig. I1.9.

4. Tritium Measurement

Work on the development and evaluation of instrumentation and techniques for measuring
tritium on surfaces continues at Tyne Engineering. To overcome the inherent limitation of
surface swipes, a surface activity monitor has been developed and commercialized. 16 This
monitor is based on the unique and simple correlation between the beta-induced electron
emission from a tritiated surface and the tritium concentration in the near surface. The unit
samples 100 CM2 of surface directly but can also be used to measure surface swipes. The unit
has a detection limit of 0.8 Bq/cm', compensates for zero drift and can provide a measurement
within I minute. A Palm Pilot has been integrated with the sensor for data collection and
logging in order to make this a useful tool for a wide variety of operational, decommissioning
or radiation protection applications. The utility of the portable instrument to measure tritiated
water and other ionizing radiation is being studied.

Development of a small, lightweight survey instrument that can accurately and reliably
measure tritium-in-air concentrations against a background of photons and other radioactive
gases continues to provide challenge for those working in the monitor development areas.
Testing of a preliminary solid-state detector system, developed to meet these criteria, is
described in reference 17. Work continues to improve its sensitivity and/or potential
applications.

An automated tritium-in-breath monitor has been developed" as a potential alternative
technique to assess worker dose due to a tritium uptake. The detection method is based on a
gas-flow proportional counter with rise-time discrimination to minimize interferences from
other radioisotopes. A prototype unit has been tested in a CANDU nuclear power station. A
commercial unit is under development based on the field test results. Such a device would be
ideal for some aspects of ITER operations. The outlines of this chapter are summarized in Figs.
III IO and HI. I .
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5. Health and Safety

A. Tritium Dosimetry

Tritium-dose control is a mainstay of the health and safety programs of the tritiurn-bandling
laboratories and facilities and CANDU reactors in operation in Canada. Tritiated water,
tritiated hydrogen gas and organically bound tritium are expected to be the primary forms of
tritium released from facility operations. However, other less prevalent forms are also of
interest, as are the biokinetic models for tritium that incorporate the effects of these various
tritium forms.

The potential hazard of tritiated particulate materials has been investigated and rbported.'9
The absorbed fractions (fraction of energy eitted that is absorbed by the target region) were
calculated for tritiated particles deposited in the alveolar-interstitial region of the respiratory
tract. While the results showed that the dose to the alveolar tissue is significantly
overestimated by the International Commission for Radiological Protection (CRP),20 which
considers particle-absorbed fractions as unity, the studies also indicate that the dosimetric effect
of macrophages, tritium speciation and other factors may have a greater effect on dose
coefficients.

Other broad reviews of the ICRP-recommended dosimetric methods for tritium, which
include five tritium-labelled compounds, have also been undertaken." For tritiated water
uptakes, studieS22 have confirmed that the organically bound tritium contribution is 10% of the
tritiated water dose. Two current projects using animal models are underway to follow tritium
uptake, retention and biotransformation after inhalation of tritiated oil aerosols and tritiated
methane. These results will be used to validate the dosimetric models for these tritiated organic
compounds.

The influence of gender differences in the carbon pool mass and dietary intakes on dose
factors for intakes of tritium has also been studie& 3and recommendations made to take into
account gender differences in recommended dose coefficients.

B. Environmental Studies

Aspects of tritium transport and behaviour in the environment continue to be investigated,
primarily in field studies. Over the past few years, AECL has carried out a series of
experiments at its Chalk River Laboratories site to determine the levels of tritium in the
environment due to routine HTO releases to the atmosphere." In each study, HTO
concentrations in air moisture, precipitation, soil and plants, together with organically bound
tritium (OBT) concentrations in plants, were measured at regular intervals over long periods of
time at one or more locations. The data were analysed to provide ratios of the long-term
average ITFO concentrations in precipitation, soil and plants to the long-term average HTO
concentration in air moisture. The Chalk River site data, together with similar data collected at
other sites around the world, were used in the international model intercomparison program
BIOMASS21 to test standard models that predict long-term average tritium Concentrations in
the environment. The models tended to underestimate precipitation concentrations but to
overestimate concentrations in soil and plants (both HTO and OBT) Ts work has helped to
improve the models for long-term concentrations and to increase the confidence in the doses
predicted for members of the public living near tritium-handling facilities.

- 78 -



JAERI-Conf 2002-010

Studies on the measurement of the rates of HTO uptake and OBT formation in plants at
night are currently in progress. Plants were grown in a low background area and were moved
to an area overnight with elevated concentrations to smulate an cute accidental exposure. The
plants were sampled on a regular basis to determine HTO and OBT concentrations in the leaves
and fit Te data are being assessed and will be used to confirm a model under development
to predict the OBT concentration in plants exposed to elevated trititim-in-air concentrations at
night. The outlines of this chapter is summarized in Fig. HI. 12.

6. Summary

Tritium research and design work in Canada continues to build a strong foundation in the
safe handling and management of tritium. Improving operational efficiency, worker safety,
emission and waste reduction remain as long-term objectives for the application of this
effort(See Fig. 1 13).
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Summary of Discussions

Some discussions were made for the forecast of tritium supply from Canada to ITER.
Although some heavy water reactors in Canada are temporarily stopped, they will be restarted
within 34 years. It can also be expected to extend the operation period of the reactors. For
these reasons, it was concluded that no major difficulty was anticipated for the tritium supply to
ITER 1.2 kg/annual).
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Tritium Technology
a Canadian Overview

Based on a paper prepared for Tritium
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Fig. 111 I Title

ITER
Outline
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- Acknowledge contributions of Joan Miller and her

Canadian colleagues to this overview paper

o Areas of Work
- Tritium Processing

- Tritium Behaviour and Interaction with Materials

- Tritium Measurement

- Health and Safety

e Summary

Fig. I1.2 Outline
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ITER
Introduction

• Canadians have ben interested in tritium for more
than decades
- Tritium management within CANDU, associated

detritiation facilities, R&D facilities, and commercial
industry

- Tritium behavior in humans and the environment

• Application of knowledge and experience changes with
time but ultimate goals are to:
- Improve plant and facility operations
- Improve understanding of tritium safety issues
- Improve products and tools that facilitate tritium

management that lead to improved safety

Fig. III.3 Introduction

Tritium Processing ITER 4::�
WaterDetritiation

* Darlington Tritium Removal Facility
- 1 0 Mg of tritiated water per day
- Average annual recovery: -7.4x1017 Bq ( 2 k/a)
- ITER forecast use: 1.2 kg/a

* New Detritiation Technology Demonstrated
- Using combined electrolysis and catalytic

exchange (CECE)
- 5 Mg/a capacity
- Operated over 7 months
- Provided > 0 000 detritiation factor

Fig. 111.4 Tritium Processing (Water Detritiation)
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A

Tritium Processing 4CW
Isotope Separation

Cryogenic Distillation (CD) technology well
demonstrated at Kinetrics
Isotopic concentration of CD products
calculated reliably in real-time, using column
temperatures and pressures

• Dynamic testing showed CD products
controllable at specific set points, with
variations in both feed composition and rates

• Excellent correlations for both tritium and
protiurn columns

Fig. 111.5 Tritium Processing (Isotope Separation)

IFIFER C�
Tritium Processing %W*W

Recycling / Recovery Systems

Management of tritiated wastes from
- Organic solvents
- Pharmaceutical mixed wastes
- Use catalytic oxidation to give CO. and HTO

Tritium Recovery by:
- Electrolysis to HHT followed by
- Displacement gas chromatography to raise tritium

concentration from ppm to fractional %
- Advanced gas chromatography using temperature

programming to raise tritium to 98%
- Virtually eliminates tritium in waste

Fig. II.6 Tritium Processing (Recycling Recovery Systems) part I
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Tritium Processing CW:
Recycling / Recovery Systen'1940"t

a Alternate Method Studied by U of Rochester
- To limit releases to < 37 GBq/a

- Based on- segregating gas streams

- Use getter bed technology on inert streams
• Avoids forming HTO and diluting tritiated streams
• Simplifies cleanup

- Getter beds made from
• Zr-Fe for low tritium levels
• U for high tritium levels

- Some success with cryogenic molecular sieves for
air detritiation

Fig. H1.7 Tritium Processing (Recycling/Recovery Systems) part 2

*�O gm,

cw�
Tritium Processing

Recycling Recovery System-or

a Fusion Fuel Cleanup
- Final lab demonstration completed in 1998
- Combination of

• ' Stage: CAPRICE or PERMCAT or PIVIRI
• 2nd Stage: HITEX

- Fast cycling, batch
- Results

• I t Stage alone, with CAPRICE
- A detritiation factor of - I 000

• With CAPRICE combined with HITEX
- A detritiation factor of > 106 readily achievable

Fig. 1.8 Tritium Processing (Fusion Fuel Cleanup)
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Tritium Behavior 4C
• Waste Material Interactions VW

Oulgassing inventory relationship from "soft" waste confirmed for
waste from various facilities
Tritium surface desorption mainly water soluble
Only small fraction available to skin

• Amorphous Carbon and Silicon Films
- Titiat d silicon films being used to establish mechanisms for the

gradu:l degradation of solar cells
- Tritiated films used for calibration sources for T monitors and surface

activity monitors
• Plasma-Surface Interactions

- Currently investigating isotopic effects of chemical erosion of graphite
- Now T facility available to conduct T impact studies of plasma-facing

materials, licensed to 37 x 1011 Bq tritium

Fig. III.9 Tritium Behaviour Material Interactions

IFIFER C�
Tritium Measurement

a Instrument and technique development

- Surface-activity monitor developed and

commercialized

•Based on correlation between beta-induced electron
emission and tritium surface concentration

•Samples I 0 CM2 of surface directly

•Can also measure swipes

•Detection limit 0.8 Bq/cM2

•Compatible with Palm Pilot

•Applications in operations, decommissioning and
radiation protection

Fig. III. IO Tritium Measurement part I
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Tritium Measurement OCW
AW"r

a Solid-state detector system built

- for T measurement in background of photons or
other radioactive gases; sensitivity improvements
required

- T-in-breath monitor developed and being
commercialized
• Field tested in CANDU stations
• Alternativelsupplementary techniques to bioassay

Fig. 111 I I Tritium Measurement part 2

V.1, I 111� '109,

rrERHealth and Safety .... !
A*11b,

• Tritium Dosimetry
Reviews and work programs are investigating closimetric models for
various tritium-labelled compounds

C�fimadOrgani"l[yBoundTrttium(OBI)contributi�islol.from
Tritiated water uptake
Tritiated oil aerosols and tritisted methane studies underway
Tritiated particulate materials Investigated
Publications In recent Health Physics Journal issue

• Environmental Studies
- Field studies at CRNL over several years is providing data for

international model intercomparison program (BIOMASS)
Improve models for long4erm concentration
Improve confidence in predicted clases for public

- Program underway measuring rates of HTO uptake and OBT ormation
in plants at night; model development

Fig. III. 12 Health and Safety
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FER
Surnmary

Ilk

Comprehensive and long-term Canadian
program continues to build a strong
foundation in the safe handling and
management of tritium that gives confidence
in challenges of ITER ,

Program supports long-term objectives for
continual improvement of:
- operational efficiency
- worker safety
- emission and waste reduction

Fig. 111 13 Summary
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