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EXECUTIVE SUMMARY

TRITIUM MONITORING REQUIREMENTS OF FUSION
AND THE STATUS OF RESEARCH

This report has been prepared for the Canadian Fusion Fuel
Technology Project by Ontario Hydro, Canatom Incorporated
and Monserco Limited. It is a summary of an investigation
into the tritium monitoring requirements of tritium
laboratories, D-T burning ignition experiments, and fusion
reactors. There is also a summary of the status of research
into tritium monitoring and a survey of commercially
available tritium monitors.

The first generation fusion reactors and all fusion ignition
experiments will burn deuterium tritium fuel. The presence
of tritium will require monitoring for reasons of both
safety and process control.

Chapter 2 is a description of the tritium monitoring require-
ments. It is divided into two major sections, health and
safety monitoring requirements (Section ?.. 2) and process
monitoring requirements (Section 2.3). The health and safety
monitoring requirements are based on present practice and
the process monitoring requirements are based on information
published about Tritium Systems Test Assembly at Los Alamos
and conceptual designs of fusion reactors such as STARFIRE
and INTOR. As to be expected the amount of information
about process monitoring is small.

Presently available tritium monitors are described in
Chapter 3. The introduction has a brief description of the
commonly used detection methods. The subsequent three
sections cover commercially available monitors, prototype
monitors and unproven concepts.

National tritium monitoring programs are summarized in
Chapter 4. The information is presented as a list of
recent publications on instrument development organized
by country and, for Canada and the US, by institution.

The conclusions and suggestions for future research are
discussed in Chapter 5.

In the health and safety monitoring area the requirements
for future fusion reactors will be the same as or stricter
than those used for present tritium establishments. Process
monitors, in many cases, will be developed as part of plant
design with the innovation lying in how the sample is taken,
not in how it is measured.
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TRITIUM MONITORING REQUIREMENTS OF FUSION
AND THE STATUS OF RESEARCH

1.0 INTRODUCTION

This report has been prepared for the Canadian Fusion Fuel
Technology Project (FFTP) by Ontario Hydro, Canatom Incorporated
and Monserco Limited. Its purpose is to summarize a study
into the tritium monitoring requirements of present and near
future fusion research centres, D-T burning ignition experiments
and envisaged fusion reactors. There is also a summary of
the status of research into tritium monitoring and a survey
of commercially available tritium monitors. There are several
areas that need further research or development and these
are examined at the end.

The first generation fusion reactors and all fusion ignition ex-
periments will burn deuterium-tritium fuel because it will ignite
at a temperature which is substantially lower than that of other
fuels. The.presence of tritium will require monitoring for reasons
of both safety and process control.

The amount of tritium called for in some reactor designs is con-
siderable. STARFIRE is a conceptual design of a 1200 MWe fusion
reactor considered to be the tenth in a series of commercial re-
actors. Its total inventory of tritium is 6-11 kg (6 x 107 - 11
x 107 Ci) of which 0.4 kg is vulnerable to accidental release/1/.
Tritium vulnerable to accidental release would be that contained
in the fuel processing system, the plasma chamber and the vacuum
chamber, while tritium considered non-vulnerable would be tritium
stored in a vault, tritium in the solid breeder or tritium in
glove boxes and secondary containments. INTOR/2/ (International
Tokamak Reactor) is an internationally designed reactor experiment
which is proposed to be the next large experiment after those now
on-going or under construction.. Its total tritium inventory is
3.4-3.9 kg of which 0.6 kg would be vulnerable. For comparison
about 1.3 kg of tritium is generated every year in the moderator
water of Ontario Hydro CANDU reactors and about 7 kg exists
naturally in the environment, world-wide/6/.

In addition to potential accidental releases of tritium there will
be chronic releases. Tritium will permeate from the blanket through
structural materials and working fluids and into the reactor hall.
It will also permeate from the coolant into the steam cycle. Es-
timates for INTOR are/2/: coolant, 3 to 10 Ci/d; building, <_ 1
Ci/d; ventilation, 8 to 16 Ci/d and solid waste, £ 1 Ci/d. These
numbers are quite uncertain since the formulae used to calculate
these numbers may be incorrect/4/.
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Tritium is radioactive and because of tnis is a health hazard/5,6/.
It emits weak beta particles (18.6 keV maximum and 5.7 keV mean
energy) with a half life of 12.6 years. The range of the beta
particles in soft tissue is 5x10"3 mm. This is much too shallow
to reach the sensitive tissues of the skin, at a depth of 5xlO~2

mm, or the eye, at a depth of 3 mm. There is, therefore, no direct
danger from tritium external to the body and it can be treated
like any hazardous chemical - it must be kept from entering the
body in dangerous amounts.

The danger is from internally absorbed tritium. The pathways are
inhalation, absorption through the skin directly from the air and
from surfaces,and ingestion. Because HTO is much more readily
taken into the body than HT, it is about 104 times as toxic (and
up to 106 if protective clothing is worn). Since tritium doesn't
concentrate in any particular organ, the critical organ for ex-
posure is the whole body.

Approximately 1.6% of inhaled tritium gas is absorbed into the
blood stream. It has a biological half life of about one hour and
it is estimated that doses received by lung tissue from tritium
gas that is in the lung is about 60 to 150 times doses received
from absorbed gas. The amount of tritium gas absorbed through the
skin is negligible but it can be picked up from surfaces or ingested.

Virtually all of the inhaled and ingested HTO is absorbed into
the body and it is readily absorbed through the skin. Equilibrium
throughout the body is reached in about 2.5 hours and the. biologi-
cal half life is about 10 days.

The Maximum Permissible Concentration in air (MPCa) for occupational
workers of HTO in Canada is 10 yCi/m3 (10~9 g of tritium/m ) so
that it would take about 1 km3 to dilute 1 g of tritium as HTO
to safe levels. The potential health hazards represented by such
inventories as contemplated for STARPIRE and INTOR are therefore,
enormous. Because of this there will be a prerequisite of adequate
tritium monitoring for safety reasons.

The major difference between the safety monitoring requirements
for fusion reactor and for present needs (CANDU reactors, weapons
establishments, research laboratories) is the activated air pro-
ducts (principally 13N) and gamma background with which the tri-
tium monitor in a fusion environment will have to contend/7/. By
the time fusion reactors are a reality, tritium safety monitoring
requirements are apt to be more stringent than they are today
simply reflecting the improvements in technology.

Monitoring of tritium for process control will be another area
which will be important in fusion reactors and in research pro-
jects such as TSTA (Tritium SystemsTest Assembly) at Los Alamos.
Tritium gas over a wide range of concentration will have to be
measured as well as tritiated liquids in process lines and in
effluent. Backgrounds, especially in the effluents, will most
likely be unique to fusion reactor systems and v.Till require the
developmenr of special instruments. One of the problems in trying
to develop instruments in this area it, that it is not yet known
exactly what the backgrounds will be. In fact, some of this in-
formation may not be available until the reactors are built and
have operated for some time.
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Chapter 2 contains a discussion of the tritium monitoring
requirements. These are divided into two categories:
health and safety monitoring (Section 2.2) and process
monitoring (Section 2.3).

Health and safety requirements are examined for area
(primary, secondary and tertiary containment areas, and in
general areas), surface, bulk, effluent, environmental and
personal monitors. In the primary containment area
monitoring will be only for process control since repairs will
normally be done remotely. Secondary containment areas
such as glove boxes and pump jackets will require monitoring,
with tritium gas being the predominant species. Areas such
as the fuel cycle enclosure and auxiliary service rooms
will comprise the tertiary containment areas and will need
monitoring for both chronic and acute releases. It is
expected that the instruments will have to differentiate
(in real time) between the oxide and gaseous forms with
an activated noble gas and gamma background. General areas
will be those for non-atomic radiation workers and the
general public. The allowable levels will be lower than
in the tertiary containment areas and hence greater
sensitivity will be needed but the real time requirement may
be relaxed. Because they are inaccurate and inconvenient or
do not work on irregular surfaces, the present day surface
monitoring techniques are not satisfactory and improvements
are needed. Bulk contamination by tritium is unavoidable
because it permeates materials so readily. However, effective
methods of monitoring are difficult and minimization of the
problem (by choice of materials, for example) may be the
most effective solution. Tritiated effluents will have to be
monitored because of restrictions on environmental releases
and because tritium is valuable enough to recover for reuse.
A highly desirable instrument that is only now being sold
commercially is the real time personal (very light weight -
1 kg) gamma compensated tritium monitor? This would be kept
in the immediate vicinity of a worker or could be used to do
quick surveys of unmonitored areas or rooms.

Tritium monitoring for process control and inventory will be
needed in various subsystems of the fuel cycle such as the
fuelling system, the fuel reprocessing system, the blanket
and the tritium recovery system. Other tritium systems will
need to be monitored to determine contamination levels and the
information used to initiate clean-up and waste treatment
systems. There is not much detailed information available
about how these subsystems will be monitored but the sampling
systems will be an intimate part of the overall reactor
design and traditional methods will probably be used for
the monitoring.

Chapter 3 is a summary of a survey of commercially available
tritium monitors, prototype monitors and a few unproven
concepts. Section 3.1 presents a summary of the principles
of operation of the common types of tritium monitors. This
includes ionization chambers, proportional counters,

*CRNL developed monitor AEP 5321 to be manufactured by Scintrex Ltd.



scintillators, calorimetry, semiconductors, mass spectro-
meters, gas chromatographs and infrared spectrometers.
Commercial monitors are available for personal monitoring
(Scintrex), area monitoring (Overhoff and Associates Inc,
Johnston Laboratories, Beta Analytical Inc, Nuclear
Enterprise Limited, Munchener Apparatebau Kimmel BM BH,
Technical Associates and Scintrex), environmental
monitoring (Beta Analytical Inc) and surface monitoring
(Hughes Whitlock Limited and Beta Analytical Inc).
In addition to the commercial monitors 12 prototype
monitors and seven unproven concepts are reviewed.

Chapter 4 shows the results of a literature search of
tritium monitoring research. The entries are organized by
country and by institution (in Canada and the US).
The list is restricted to recent (in most cases since 1976)
papers which describe instrument development or reviews of
tritium monitoring methods. Approximately half of the world's
published research and development takes place in Canada
and the US.

Chapter 5 presents the conclusions and suggests some areas
for further research: the three monitors that discriminate
between HT and HTO need further development; a convenient
surface monitor that can be used on irregular surfaces is
needed; more research is required into the health hazards
and monitoring methods of airborne tritides; a method that
extracts tritium gas without oxidation (the more dangerous
form by a factor of 2.5.101*) would be useful in cleanup
systems and might form the basis of a monitor; and aside froirt the
LLNL program just starting, spectroscopy has not been
seriously explored as a basis for tritium monitoring.
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2.0 TRITIUM MONITORING REQUIREMENTS

2.1 Introduction

In this chapter the tritium monitoring requirements of present
research centers and those expected for fusion reactors are
presented. The requirements are organized by the category of
requirement (eg health and safety) and the type of monitoring
(eg area monitoring). In some cases this is subdivided further
(eg area monitoring is subdivided by type of containment) and
where possible ranges and sensitivities are presented.

The requirements fall naturally into two categories: health and
safety monitoring and process monitoring. Each of these areas
has its own requirements and its own difficulties.

The health hazards of tritium are well known/5,6/ so that the
health standards and safety limits that are in use today can
reasonably be expected to be in use in future fusion reactors.
The most likely change would be towards more stringent standards
as instrumentation improves. However, some aspects of a fusion
reactor environment are not so well known, such as the species and quantities
of tritium present, the expected radiation backgrounds and the
amounts of activated products present that will interfere with
the measurement of tritium. There is some information available
and this, together with present day practices, form the basis for
the Health and Safety Monitoring Requirements Section.

The requirements presented in connection with tritium process
monitoring for surveillance and control, presented in Section
2.3, is based on TSTA documentation and conceptual designs of
fusion reactors. As to be expected, the amount of information
in this area is small.

2.2 Health and Safety Monitoring Requirements

2.2.1 Background

Tritium in contact with humans is potentially hazardous because
it emits ionizing beta particles with a maximum energy of 18-6 keV,
an average energy of 5.7 keV, and a half life of about 12.6 years.
Due to such low energies, external irradiation is not dangerous
but there are hazards when tritium is taken int ) the body by
absorption through the skin or by ingestion. These hazards will
certainly be present in fusion facilities because of the large
inventories.

The degree of hazard depends, among other parameters, on the
chemical form. For example, tritium gau (HT,T2) is relatively
innocuous because it is not readily absorbed by tissue; at high
concentrations, however, the inhaled gas held in the lungs, may
deliver a dose to the surface of the lungs. Tritiated water
(HTO, T2O) is easily absorbed by tissue, and may also become part
of the human food-pathway. Tritium may also be present in other
organic and inorganic compounds. From the health physics point
of view, monitoring tritium species in a fusion plant is indeed
a requirement.
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There are internationally recommended metabolic models (eg, ICRP)
to assess tritium body burdens and committed effective (or organ)
dose equivalent, from which annual limits of intake, maximum
permissible concentrations (MPC), and other secondary quantities
can be derived. However, not all countries follow those models
fully, so tritium regulatory limits and design targets are not
equal in all countries. Consequently, health physics monitoring
requirements vary throughout the world. As an illustration,
the occupational MPC for HTO in air in Canada is now equal to
10 MCi/m , whereas in the US it is 5 yCi/m3. in Canada, the
committed dose from tritium oxide is considered to be between four to
five orders of magnitude greater than that from tritiated gas,
whereas in the US the MPC ratio HT/HTO is about four hundred.

a
Countries all over the world are now studying the incorporation
of the latest ICRP recommendations into national regulations.

Canadian experience with CANDU reactors has demonstrated that
area monitors for tritium surveillance indicate gross average
concentrations, but localized concentrations may vary substan-
tially. Thus portable/transportable and personal detectors are
highly desirable for local monitoring. Area monitors serve to
indicate gross normal/abnormal conditions and help to decide on
protective measurements should workers need access to those areas.
Hence, from the occupational point of view, the emphasis seems to
be on protective measurements, based on gross monitoring, rather
than on very accurate tritium monitoring equipment. Occupational
dose assessments heavily rely on tritium-in-urine analysis by
liquid scintillation, ie after the fact. There seems to be no
alternative method for dose assessments as reliable as tritium-
in-urine analysis.

Public doses resulting from tritium effluents strongly depend
on many tincontrollables, such as environmental conditions, dietary
habits, local food and water supplies and population distribution
by age and place. Emphasis is put on preventive measurements by
more accurate in-plant effluent monitoring, complemented by
environmental monitoring programs. An important aspect of tritium
monitoring is the monitoring of different chemical species. For
example, although tritium gas is much less hazardous than
tritiated water, a fraction of the tritium gas effluent will
eventually oxidize or become bound in organic forms. The
relatively innocuous tritium gas, if released without proper
monitoring, may pose an uncontrolled hazard to populations miles
away from the plant. Conversion mechanisms from tritium gas to
other species are not well understood and more work is needed.

Besides occupational and public health considerations, tritium
monitoring for safety purposes includes monitoring for upset,
or accident conditions for which corrective actions would be
taken (eg shutdown, isolation of systems). These additional
safety purposes may relate to radiation as well as industrial
hazards, such as hydrogen gas explosions.-
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Surfaces contaminated with tritiated oxides may be hazardous
because skin in contact with, a contaminated surface will absorb
tritium. Protective clothing reduces this risk. Tritiated
volatiles or airborne particulates may represent an inhalation
hazard, but not many studies are available on this subject.
Subsurface and bulk contamination are a safety concern only to
the extent that tritium may be released from the contaminated
material into an uncontrolled environment. Decontamination
methods together with existing surface monitoring techniques
and waste disposal, are usually sufficient to limit surface
contaminants as hazards. Although there seems to be no real-
time monitoring capabilities for bulk contamination, occupational
health hazards are reduced by taking protective measurements, and
public hazards are minimized with appropriate waste disposal
techniques. Needs for improved surface and bulk tritium monitor-
ing might arise from convenience or economical considerations
(eg cost of waste management, tritium prices) rather than from
health physics considerations.

More detailed requirements for tritium monitoring from the health
physics point of view in fusion plants are given below.

2.2.2 Area

Fusion facilities will likely require tritium surveillance in
four areas/2,8,9,10,11/: 1) The primary containment.
2) The secondary containment. 3) The tertiary containment.
4) General areas.

2.2.2.1 The Primary Containment is normally inaccessible and
includes every component of the fuel cycle such as ion beam
injectors, fuel feed system, plasma chamber, divertors, exhaust
pumps, all fuel purification and isotope separation systems,
storage system, interconnecting lines and transport containers.
Tritium monitoring in the primary containment is mainly for
process purposes and the requirements are discussed in Section
2.3. If and when repairs are needed, remote techniques will
likely be used. Components may also be removed and transported
to auxiliary service rooms for repair where tritium and other
ionizing radiation will be monitored.

2.2.2.2 The Secondary Containment is also normally inaccessible
and includes envelopes enclosing some portions of the primary
containment. The purpose of the secondary containment is to con-
tain potential tritium leaks and to recover tritium. Examples of
secondary containment are glove boxes, pump jackets, pipes
enclosing primary containment connecting lines, and nested
shipping containers.

Real-time tritium monitoring in secondary containment will be
required. While several tritium species may be present in
secondary containment it is expected that tritium gas (T2, DT,
HT) will be the predominant species prior to any catalyzed
oxidation process. To avoid tritium oxidation and thus conversion
into a more dangerous species, secondary containment atmospheres
will be low in oxygen. Argon and nitrogen atmospheres are
expected to be used/2/.
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The gas will be drawn from the containment and sampled for tritium
content. Gas may be recirculated or diverted for tritium removal.
Tritium concentrations in secondary containment will depend on
normal leak and permeation rates, and may increase substantially
should abnormalities in primary containment develop. Tritium
levels of less than 10-6 ppm in normal conditions are deemed to
be acceptable/2/. Thus, multiple ::ange tritium monitors from
pCi/m3 (normal) to Ci/m3 (accidents) will be required. Discri-
mination of species may not necessarily be needed for most
atmospheres.

Should the inert gas in the secondary containment be subjected to
neutron fluxes, activated gases like "^Ar and * 3N may interfere
with tritium measurement. Under normal conditions, ie low
tritium gas concentrations in the secondary containment, the
potential interference needs to be accounted for in thé
instruments. Neither direct ionization chambers, nor membrane
separation techniques will solve this potential problem. Propor-
tional counters with pulse discrimination may be of limited use.
A prototype ionization chamber develped at Los Alamos may be of
some use (see Section 3.3).

Secondary containment atmospheres normally or potentially having
helium will likely exist in fusion facilities. Tritium monitor-
ing with ionization chambers is hampered by current leakage
through helium, so chamber operating voltages of not more than
a few hundred volts will be required.

In fuel clean-up units the formation of tritiated oxides will be
enhanced and then separated from the gaseous stream. Tritium
from breeding blankets may be recovered as tritiated water. Here,
tritium monitoring is a process requirement, but tritium leaks
into secondary containment areas will be monitored, mainly as
tritiated oxides.

Potential airborne concentrations vary from uCi/m3 to Ci/m3.
More information on tritium process concentrations is given in
Section 2.3.

External background radiation should not cause a problem because
by using tritium sampling lines the instruments can be placed in
areas of low background, with compensation devices and with
additional shielding, if needed.

2.2.2.3 The Tertiary Containment encloses the fuel cycle
installations and some auxiliary service rooms. It is somewhat
equivalent to the structural primary containment in light water
reactors. Under normal conditions there will be some tritium
in the tertiary containment due to permeation and minor leaks.
Air will be drawn and monitored for tritium with ionization
chambers or proportional counters. During accident conditions
the situation is totally different and is discussed later.
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Access to the reactor building will be limited by magnetic fields,
external radiation from activated products, but not by tritium.
In addition to process requirements, materials are being studied
for safety considerations including tritium permeation and
activated products. Preliminary estimates/2,12-14/ indicate
that in some areas (eg beam injectors) radiation fields due to
activated products may be in the order of R/hr. Clearly,
personnel access to those areas will be restricted. Radiation
fields in other areas may be tens of mR/h one day after shutdown,
taking hundreds of days before it reduces to the occupational
limit of 2.5 mR/h for continuous exposure/2,12/. Shielding
materials and geometries, remote maintenance, and removal of
components are the means to reduce exposure now under study.

With the present instrumentation, tritium monitoring in areas
with radiation fields in excess of a few mR/h is not accurate;
feee Section 3.2, Market Survey). This should not be of great
concern, however, because the hazard from tritium concentrations
of tens of MPCs can be reduced by protective clothing. In such
cases monitoring of the external fields should be a priority.

Tertiary containment air will be exposed to neutrons, so radio-
active gases such as ^Ar, ]1*C, , oxygen and nitrogen radio-
isotopes of very short halflife will likely be created/2,12,15,
16,17/.

Estimates for the activated noble gas background have been
made in connection with the various phases of the INTOR
Project. A draft report prepared by LANL for the
INTOR Phase-2A/7/ provides the latest estimates:
1 6N, 390 to 2 x 10s liCi/m3; 1 3N, 2.2 to 5.2 x 104

UCi/m3; ^Ar, 0.007 to 100 yCi/m3. They also calculated
that the detection limit for a given ion chamber is 102

yCi/m3 for the estimated concentrations of 1 3N, and that
the estimated concentrations of ^Ar will not produce a signi-
ficant unbalanced current which could be mistaken for .tritium.

The presence of such activated gases, in addition to natural
radon from construction materials/19/ may create some interference
with area and portable tritium monitors. Natural radon, however,
might have a negligible effect compared with activated gases. Of
the currently available real time monitors, only the proportional
counters with pulse discrimination are of use to distinguish
tritium from other radioactive gases and even these are limited.
Discriminating techniques, such as membranes, .may assist but only
when tritium is present, mainly in the oxide forms.

Tritium may leak from systems in the gaseous form and subsequently
a fraction of it may be converted to tritium oxide. It may also
leak directly in the oxide form. Little data was found on
potential concentrations; however, during the period when access
is permitted, tritium concentrations will likely be lower than
those during other periods. Access concentrations may be up to
a few MPCs/2,8/ so monitoring requirements could be in the range
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of a fraction to tens of yCi/m3 for tritiated oxides and about
three to four orders of magnitude greater for tritiated gas.
The Japanese JXFR/11/, as an example, use a tritium target
level of 20 yCi/m3 during reactor operation and 0.2 uCi/m3

during maintenance periods. Truly portable tritium monitors
will be an excellent monitoring tool for tertiary containment
during access periods.

Although the study team did not find much information, other
tritiated species such as ammonia, methane and airborne metallic
particles may be present in small amounts/12,15/. Potential
concentrations, health hazards, and monitoring requirements
for such species need to be studied.

Special situations of very localized and high tritium concen-
trations may arise during repair operations like cutting (ie
metal tritide dust) or welding (tritium gas released due to
temperature rise with immediate oxidation). Such situations
have been identified and protective measurements will be taken
/2/. However, monitoring requirements are not available and
need to be developed.

Besides normal operation, tertiary containment will be designed
to contain a large portion of tritium released from primary and/
or secondary containment in the event of accident. Total tritium
inventories reported for fusion facilities vary widely, depending
on process characteristics such as fuel burn-up efficiency,
thermal power, tritium breeding/non-breeding blankets and others.
For a power producing facility with breeding systems, total
tritium inventories may be tens of kilograms. Several
studies/2,17,20,21/ show that the single largest fraction of the
total tritium inventory will be in storage in a very stable
metal tritide form.

Preliminary INTOR/18/ design bases for the tertiary containment
give about 220 g of tritium as the maximum conceivable release
(mcr) for an initial concentration of about 21 Ci/m3. For: the
STARFIRE reactor/21/ the mcr is about 820 g for an initial:
concentration of about 40 Ci/m3. The tertiary containment of
the Fuel Circulating System for the Japanese JXFR/11/ is designed
for a mcr of 300 g for an initial concentration of 70 Ci/m3.
Depending on the accident, tritium may be released in the
gaseous, the oxide, or in a mixed form, as illustrated in a pre-
liminary safety analysis of Los Alamos Tritium Systems Test
Assembly, and other studies/9,17/.

Little is known of the behavior of tritium in containment/2,15,
22,23,24/ including tritium oxidation, tritium interaction with
containment materials, tritium desorption, tritiated organic
compound formation, and other interactions all affecting tritium
monitoring requirements. Under accident conditions, tritium
concentrations may range from tens of Ci/m3 decreasing to tens
of yCi/m3 (for post-accident re-entry to containment).
Differential monitoring of tritium species will indeed be required.
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Under accident conditions activated products may also be
released to the tertiary containment/17,21,25/ and tritium
monitoring equipment will have to be protected against inter-
ference. The sampling lines for tritium monitoring will likely
become contaminated. Emergency Tritium clean-up Systems are
provided in fusion related facilities, eg TSTA (USA) , JXFR
(Japan), ZEPHYR (W. Germany) and designed for fusion reactors.
In general those systems enhance tritium oxidation followed by
tritiated water recovery. This water will be stored and repro-
cessed for tritium extraction; thus, tritium will be monitored
with the process instrumentation.

Under normal and accident conditions, tritium effluents will be
released to the environment. These topics are discussed under
Effluent Monitoring in Section 2.2.5 and Environmental
Monitoring in Section 2.2.6 below.

2.2.2.4 In general areas the access is unrestricted from the
radiological point of view. Non-atomic radiation workers will
be present at all times, and members of the public will likely
have access to some general areas. Periodic radiation surveys
in such areas are a common practice followed in nuclear installa-
tions. In tritium and fusion facilities, more frequent and even
continuous airborne tritium oxide monitoring might be required.

While public maximum concentrations for tritium oxide are a
fraction of a yCi/m3 (MPCs vary from country to country), design
target concentrations lower than the MPC is a practice followed
in existing nuclear installations. It seems logical to extend
this criterion to tritium and fusion facilities. Hence, tritium
oxide monitoring requirements will likely be of several tens of
nCi/m3 up to a fraction of a uCi/m3.

Probably, differential tritium gas/oxide monitoring in those areas
will not be needed. Radioactivity other than background, includ-
ing radon, will not exist under normal conditions. Under accident
conditions, radioactivity may increase, but emergency procedures
normally provide for surveillance of such areas. No information
was found on potential tritium concentrations in normal or
abnormal conditions for general areas. Truly portable tritium
monitors with gamma compensation, in the range of 0.01 to
0.1 yCi/m3 might be of interest for rapid surveys of general
areas.

2.2.3 Surface

Tritium surface contamination may exist in visible or loosely
adhered forms and represent a potential hazard by direct contact
or by evaporation. Visible surface contamination such as tritiated
water spills and vapour condensation are usually cleaned
up as soon as possible. In general, there is previous knowledge
of the tritium content in the water spills and vapours and
the emphasis is put on clean-up using protective devices (eg suits)
rather than on immediate surface monitoring. This is not always
the case, however. At LLNL, where 50 0 g of tritium per year are
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handled, they use a spot check procedure for surface contamination,
keeping track of where the swipes are taken on a map of the
laboratory. They have several times detected previously unsuspected
spills by this procedure.

Some of the spilled water or condensed vapour may evaporate at a
rate depending on surface properties and on environmental con-
ditions. Monitoring the evaporated water becomes an area airborne
requirement. Personnel exposure to surface and airborn tritium
becomes a personnel monitoring requirement.

In tritium and fusion facilities concentrations of tritiated water
may vary extensively from kci/ %, as in the Fuel Clean-up Unit
or the Emergency Tritium Clean-up system, to fractions of yCi/£,
as in the waste treatment tailings/2,8,21,26,27/. This gives an
idea of the potential surface contamination by water spills and
vapour condensation in these facilities.

Usually, after a first-step decontamination, the surface is
monitored. This can be accomplished with swipes or direct reading
instruments. Further decontamination may be required.

Tritium loosely adhered to surface cracks and scratches, on
organic materials (eg paints, coatings), may be desorbed slowly
enough so that initial surveys do not reveal its presence. If
that tritium becomes airborne, it will be detected by local or
area monitors; however, surface detection may be desirable in
order to take precautionary measures.

No surface contamination guidelines, developed specifically for
tritium, taking into account potential volatilization,
absorption through skin, and the problem of detecting the
low energy betas, were found in the literature. These need to be
developed. Germay/28/ uses tritium limits ranging from
10~3 to 10~5 yCi/cm2. Such limits, however, seem to apply
to all beta emitters as shown below.

The IAEA has published a summary of surface contamination limits
for beta emitters used in various countries/29/. Excluding skin
surface contamination, limits vary from 10~3 to 10~5 yCi/cm2.
Some limits are expressed in terms of counts per minute ( and a
typical instrument is mentioned) or disintegration per minute
per unit area. To determine the surface contamination, an area
of 300 cm2 is frequently recommended. The IAEA also published
more relaxed guidelines for low energy beta emitters/30/
ranging from 10~2 to 1O~3 yCi/cm2. Those guidelines are not
appropriate for dose limitations but only for determining levels
of contamination.

Some desorption rates in surfaces of tritium containers have been
studied in Canada/31/. The AECB criterion to consider a heavy
water drum 'tritium-free1 is that the amount of tritium in air
inside any empty sealed drum should not exceed 2 yCi/31/. In this
case, therefore, monitoring tritium on surfaces followed by
desorption becomes an airborne tritium monitoring technique.
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Swipes followed by liquid scintillation or use of one of the few
direct reading instruments available in the market are the usual
ways to assess tritium on surfaces. Tightly bound tritium on
surfaces may be considered a bulk monitoring problem and is
discussed in the next section. Instruments now available are
inappropriate for transparent (when light is present) and non-
flat surfaces. Glove box glass walls, pipes and joints are
respective examples of transparent and non-flat surfaces in fusion
facilities.

2.2.4 Bulk

Tritium behaviour in metal components is an area of increasing concern
in tritium and fusion facilities, from the metallurgical and radiological
viewpoints. A study/20/ of tritium inventories in 20 magnetic
and inertial confinement fusion reactor conceptual designs shows
that the highest percentage of tritium is in storage, followed
by the fuelling system and the blanket system. The requirements for
tritium monitoring in those systems is discussed in Section 2.3.
The same study reveals that tritium in structures ranges from
one to twelve per cent of the total inventory.

Tritium in metals may react at low temperatures (below a few
hundred °C) to form tritides, which may alter unfavourably the
properties of metals in components. Furthermore, helium, the
tritium daughter, will be produced in the metals and may also
alter the characteristics of components. At high temperatures
(several hundreds of °C) the process is reversed and tritium is
liberated in the gaseous form.

Tritium may also be bound in organic compounds such as plastics,
rubbers and oils. At high tritium concentrations, organic
components, such as seals and valve seats, may become embrittled
due to radiation. Pump oils and components contaminated with
tritium will become a radiological and waste management concern.

Tritium may also permeate through components resulting in
undesirable concentrations in adjacent process systems and
controlled areas. From the radiological viewpoint, monitoring
the tritium released from bulk materials through permeation,
leaks, or chemical reactions is achieved mainly by area monitoring.
There may also be liquid monitoring (eg oils) and waste disposal
requirements. Process and area monitoring requirements are
discussed in Sections 2.2.2 and 2.3 above, and effluent monitoring
is discussed in Section 2.2.5 below.

During this study, tritium bulk monitoring requirements for
tritium and fusion facilities were not found. Nevertheless,
several bulk monitoring techniques for research purposes are
mentioned in Section 3.2.3.2 below.

Some authors/8,32/ have recommended that the use of plastics in
fusion facilities be minimized, especially plastics containing
halogens, such as vinyls and fluorocarbons, because they not only
degrade when subjected to radiation but also form corrosive
halogen acids. Such acids should be removed from the sample
streams to avoid corrosion of tritium monitoring instruments and
to prevent erroneous readings.
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The INTOR study/2/ provides a list of-candidate materials for the
process systems, together with performance characteristics under
various conditions such as neutron irradiation, pressure,
temperature and other physical and chemical parameters. It is
of interest to note that the INTOR study evaluated the current
state of knowledge, and the research and development status of
retention/release characteristics of tritium and helium in
materials (particularly those exposed to the plasma) and found
them to be inadequate. Consistent with the INTOR study similar
conclusions are found elsewhere/24/. By extension, therefore,
tritium bulk monitoring requirements also need further research.

Publications of several symposia provide information on tritium
behaviour, effects, permeation and other related parameters in
metals. None of them provides specifications for tritium
monitoring. Examples of symposia are: Engineering Problems
of Fusion Research (Published by thé IEEE): ANS Topical Meetings
on Tritium; and IAEA Tritium Symposia.

A nuclear reaction not specifically mentioned in any of the
fusion papers reviewed is 3He (n,p)T. It may have an impact
on the tritium bulk contamination, including T/He inventory,
effects, behaviour and monitoring requirements. This reaction
has a cross-section of about 5330 b/33/ and has been recognized
as a potential tritium source in CANDU reactors/34/.

3He will be present in tritium and fusion facilities as the
daughter product of tritium. In process systems, the amount
of tritium produced by this reaction may be insignificant
compared with the total inventory. However, in metals exposed
to thermal neutrons, this reaction may increase the amount and
alter the overall behaviour and effects of tritium. The impact
of this nuclear reaction on the tritium bulk monitoring require-
ments deserves further investigation.

2.2.5 Effluents

Since tritium is used as fuel, and because it is valuable, fusion
facilities will install process systems to recover as much
tritium as possible. Radiological and environmental standards
also impose restrictions on tritium releases to the environment.
Tritium will be released from fusion facilities in solid, liquid
and airborne forms. Controlled and limited chronic releases
will occur throughout the life of the plant. Accidental
releases, although of a very low probability, might occur. Pre-
ventative and corrective actions will insure that in accidents,
tritium releases will not exceed prescribed amounts. Monitoring
requirements for chronic and accidental releases are discussed
below.

Some contaminated components and liquids will likely be disposed
of by mixing them with a solidifying material, such as cement,
bitumen or vermiculite. Subsequent treatment for packaging,
handling, storage, transport and disposal may be needed/8,35,36,
37/. No specific requirements for tritium content in solid
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waste were found. Finn/8/ reports that the bulk of waste will
be of the low-level type, but high-level waste from saturated
desiccants used for tritium removal or clean-up systems will
also be produced. Specific activities were not provided,
though. However, if waste packages are to be transported, the
transport regulations must apply. In general, monitoring the
radiation hazard of waste packages, including occupation
exposure and transportation requirements, is determined by
external radiation fields/38/. Such monitoring requirements
are not applicable to tritium due to its low energy betas.
International transport recommendations/3 8/ allow a maximum
of 1000 Ci of tritium incorporated solids per package, but
transport monitoring requirements are not given. As informed
during the trip to the US, there are shipping containers to
transport up to 100 kCi of tritium. The related information
was not available during the visit and should be followed up.

Chronic releases from solidified waste should be made small
enough to ensure that no undue risks to workers and the general
public are present during any of the handling stages. The
solid form of the packages and the short tritium half life,
relative to natural degradation of solids, will warrant this
requirement. Multiple barriers (both engineered and natural)
will provide sufficient protection in case of accidents.

Tritium in gaseous and liquid effluents will be released from
various sources, such as ventilation systems, process exhaust
vents, process liquid tailings, and tritium permeating through
to the coolant. There are several tritium release targets for
tritium and fusion facilities reported in the literature,
ranging from lO2 - 10* Ci/y/2,8,9,12,21/. Reference 3 9 presents
a summary of tritium effluents from several nuclear installations
including fission reactors. The data are scattered since chronic
as well as accidental releases are reported. Liquid effluents
are monitored and released in batches.

Potential limits for tritium concentrations and release rat<?s
have considerable spread because they depend not only on plant
performance and design targets but also on site specific
dilution factors in the environment. However, the upper limit
chronic stack effluent concentrations of fusion facilities
could be of the same order as those in the tertiary containment
(see Section 2.2.2.3).

Monitoring chronic releases is important to ensure compliance
with regulatory limits. Hence, accuracy is preferred over
real-time measurements. Both tritiated oxides and tritium gas
need to be monitored because the critical group will be those
living near the reactor. Equipment for this purpose was
developed for tritium facilities, but improvements are still
under study (see Section 3.3). Activated radioactive gases
will be present in gaseous effluents and should be taken into
account in the monitoring systems (see Section 2.2.2).
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During upset or accident conditions tritium effluents, particularly
airborne tritium, may be released in large quantities. Fusion
facilities will be designed for a low probability of accidents
and with emergency air detritiation systems. These systems
oxidize and condense airborne tritium and contain it in
a liquid form. Accident release targets reported in
the literature are of several tens of Ci/2/8/21/. At LANL
such low limits are not based on a radiological consequence
strdy but were chosen arbitrarily. It is interesting to note
that single and dual failure accident release limits for
tritium alone, in the form of HTO, for CANDU reactors are in
the order of 10 ** to 106 Ci respectively (see any CANDU station
safety report). Instrument requirements put emphasis on
preventing and controlling large releases of tritium rather
than on measuring it.

In fusion reactors, as in fission stations, there will be several
process instruments (based on pressure, flow, etc) to determine
upset transients and to mitigate radiological consequences. In
fusion and tritium facilities there is the need to include
airborne tritium monitors for similar safety purposes. In par-
ticular, such instruments will activate containment isolation
and emergency detritiation systems. Hence, real-time tritium
monitors will be needed for concentrations of uCi/m3 to Ci/m3.
Accuracy at high concentrations is not so important, particularly
when the instruments are set with a safety margin to compensate
for errors, but fast response is highly desirable.

For effluent control purposes there is no need to
distinguish tritium species in airborne effluent monitors.
On the other hand, because tritium gas is relatively harmless
compared to tritium oxides, it is necessary to monitor tritium
species separately to avoid the unnecessary activation of
safety-systems, or even plant shut-downs.

Effluents may contain activated airborne particles and
the tritium monitoring systems should be protected against them.
Potential airborne concentrations and radiation fields are not
found in the literature, although there are some data on
inventories of activated products (see Section 2.2.2). Several
tritium monitors, mainly ionization chambers, each covering a different
concentration range are being used for safety purposes and
effluent monitoring (eg Mound Facility, LANL-TSTA, OH-TPS). A
prototype single ionization chamber with a multiple range
capability was built at LANL (see Section 3.3).

Several tritium facilities (eg Mound, TSTA) have developed a
centralized tritium monitoring system connected to a control
data acquisition system. This means that the same monitors
dedicated to a specific range and form of tritium can be used
for both area and effluent monitoring. In this case, cross-
contamination of sampling lines and equipment must be prevented.
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2.2.6 Environment

Liquid and airborne tritium released to the environment may
come into contact with human and other living species. Thus,
in addition to the effluent monitoring requirements, tritium
in the environment must be monitored.

ICRP recommendations/38/ set a dose equivalent limit of 500 mrem
per year to members of the critical group, from all possible
exposures, excluding background and medical irradiation. Since
it is not always possible to identify a critical group for all
exposures, aiming for a dose of 5 mrem per year to any member
of the public is recommended/38/. A second recommendation is the
implementation of the ALARA (As Low As Reasonably Achievable)
principle/38/. These ICRP recommendations are normally
accej"'.ed throughout the world.

From the dose equivalent annual limit/target, other quantities
such as release limits., annual limits of intakes and maximum
concentrations for members of the public can be derived.
Metabolic data, radiological damage, dietary habits, and
population distributions by age and location are needed to
derive such quantities. Also needed is the knowledge of transport
mechanisms and radionuclide behaviour in the environment.

In the case of tritium, uncertainties exist in combining these
parameters/22/. In this respect, the INTOR/18/ study concluded
that, "the most critical example of where specific attention
must be paid to fusion devices is in the area of containment.
The analytical models relating release of tritium to exposure
to humans currently exist. In addition, the effects of tritium
on population for a given exposure are also fairly well under-
stood at this time. What is required is for a well-established,
internationally respected group to put the two together to
establish release limits specifically for D-T fusion devices.
These guidelines are absolutely necessary before INTOR progresses
into the detailed phase".

The same study/18/ summarizes some derived quantities enforced
in various countries. Concentrations used by OH are given in
reference 41. More recently, CRNL published new quantities/42/
and is in the process of reviewing them/43/.

In general, MPCs for airbornetritiated oxides in the environment
are a fraction of yCi/m3, the target levels may be smaller, and
actual concentrations may not be distinguishable from background
/2,10,41,44/ which varies with time, location and nuclear
detonations. The journal "Environmental Radioactivity in Canada",
published by Health and Welfare Canada, reports tritium concen-
trations in air near CANDU nuclear stations as low as 0.2 pCi/m3,
which is their detection limit. High values have reached nCi/m3.

In water, the MPC for tritium oxides is in the order of mCi/m3/41/
but actual releases may lead to much lower concentrations. An ave-
rage tritium level in world waters is about 3 nCi/m3/45/. Health
and Welfare Canada publications show that tritium concentrations
in drinking water near CANDU stations are of the order of 1 to
10 nCi/m3.



Although there is considerable worldwide experience in
environmental (liquids, air and food) tritium monitoring in the
oxide species, tritium gas monitoring is not usual hut may be
desirable near fusion facilities. This is due to radiological
considerations of tritium gas oxidation as well as tritium gas
conversion to organic compounds.

Experience with tritium gas releases to the environment indicate
that about one per cent per day of tritium gas converts to tritium
oxides/2,46/. Some experiments indicate that this conversion is
made more rapidly in moist air than in dry air/23/. Tritium
gas may also be converted directly to organic forms by the
catalytic action of enzymes in the environment.

Currently, the maximum permissible concentrations for tritium
gas in different countries range from tens to hundreds of
yCi/m3/2,41/.

Tritium in organic compounds inside the human body may have a
biological half life longer than tritium oxides/44,45/. Some
organic compounds, like thymidine and deoxycytidine are incor-
porated specifically into the DNA of cells/45/. Should
a tritium atom decay, the beta particle will yield almost
all of its energy to the DNA molecule. In addition, an atom of
He is formed in place of the tritium atom, thus changing the
nature of the DNA molecule. Dobson/47/ reported observations
where the damage from tritium at low concentrations was higher
than previously thought, and indicated that the RBE (Relative
Biological Effectiveness) may reach a factor of 3, as opposed
to a factor of 1 as generally believed. Bond/48/arrived at similar conclusions.

The study group concludes that environmental monitoring require-
ments for tritium in gas and in organic compounds need to be
developed, based on further biological and environmental
information.

Accidental releases may be in the form of tritium gas and
tritium oxides. Potential concentrations will depend on the
type of accident and prevailing environmental conditions.
Emergency plans will include tritium monitoring. Water and
food samples can be evaluated very rapidly with liquid
scintillators, once they are in a laboratory. Transporting the
samples from the site where they were taken to the laboratory
could be time-consuming. Although there are mobile air
monitors, perhaps a mobile laboratory with liquid and airborne
tritium monitors could be developed and used in routine as well
as in emergency situations. Such a laboratory must have the
capability to measure tritium oxides, and it may be convenient
to also measure tritium gas. In addition, truly portable
tritium monitors in the range of 0.01 to 0.1 uCi/m3 (MPCa for
public) with background radiation compensation may be desirable.
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In most countries nuclear utilities and research facilities
must have an environmental program (see national regulations).
In addition, federal and provincial regulatory agencies often
conduct their own programs using their own laboratories,
although they may use the services of universities. These
additional programs expand the demand for environmental tritium
monitoring equipment.

2.2.7 Personal Monitors and Dosimeters

Requirements for personal monitors will be based on the need to con-
trol a worker's exposure, the same purpose as far the area monitors.
The difference between the two is that a personal monitor placed
beside a worker can warn him of an acute leak in his immediate
area much sooner than a fixed area monitor whose sampling hose
inlet may be many meters away from the worker. Such a personal
monitor can also be used to do quick surveys of unmonitored
rooms or areas. From the reading the amount of time which can
be spent in the room without exceeding dose limits can be
calculated.

The personal monitor would not have to be exceedingly accurate
or sensitive because of the use to which it would be put.
A sensitivity in the 1 MPCa range with an accuracy of 10-20%
would be sufficient.

The backgrounds in fusion reactors with which the personal monitor
will have to contend will be that of the tertiary containment of
2.2.2.3 and the general area of 2.2.2.4. Use of the personal
monitor is not anticipated for the secondary or primary containment.

A distinction is made between personal, portable and transportable
monitors. A personal monitor is one that is small and light
enough so that it can be easily carried. it should also be
inexpensive enough so that it is available in sufficient numbers
and work activities do not have to be planned around its
availability. A portable instrument is one that requires two
hands to carry and perhaps would require an electrical outlet or
clean air supply. This would clearly not be as useful as a
personal monitor. A transportable monitor (such as the CRNL
HT/HTO monitor) would be too large to carry without dismantling
and would require a clean air supply or electrical outlet. Such
a monitor would not be moved frequently and would be little
different from a fixed monitor.

There is a need for a real time personal dosimeter but it is
quite unlikely that such an instrument will ever be developed.
Dose from tritium is acquired both from airborne tritium and
from uptake through the skin (which can be 1.5 to 2 times the
contribution from inhalation /22/). It may be possible to
estimate acquired dose by calculation with some models using
the concentration of tritium in air as input but it is unlikely
that this would be accurate enough so that it could be used for
compliance with government dose limits/65/. At present, compliance
can only be done by bioassay. Since tritium does not enter the
body in a localized manner and since it takes two hours for HTO to
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equilibriate throughout the body, a real time personal dosimeter
would have to have several sample points over the body's surface.
Such a system is unlikely to be workable.

All tritium laboratories today take urine samples periodically
from twice daily to weekly or monthly, depending on the working
conditions. The urine samples are mixed with a liquid scintil-
lator and counted. This procedure is likely to be standard in
fusion facilities as well. With improvements in technology,
there may be requirements for faster turnaround times on the
results. Paster turnaround times could be accomplished through
automation. There is a device, the CRNL automatic urinali-
zer/64/, which was developed for dose control, ie similar in
use to the personal monitors described above. It does not
appear to have been useful in this capacity/65,66/ but perhaps
it can be revived as a compliance device. This is discussed
in more detail in Section 3.3.12.

2.3 Process Monitoring Requirements

2.3.1 Background

The tritium monitoring requirements for process control in fusion
reactors and/or tritium facilities are not well known and there-
fore not well documented. The various sub-systems in the fuel
cycle (vacuum, fuellers, blanket, etc) will require monitoring
for purity and for inventory. The other tritium systems will
need to be monitored to determine contamination levels (eg
coolant) and releases (eg ventilation, buildings, waste). This
information will be used to initiate clean-up and waste treatment
systems in order to reduce potential releases to the atmosphere.

Large quantities of tritium will be present in various parts of
a fusion reactor facility including the fuel storage and pro-
cessing system, the fuel injection system, the plasma recovery
system, the breeding blanket and recovery system, isotope
separation system and, potentially, other service systems such as
ventilation and tritium waste treatment.

Various reactor designs call for 0.4 to 4 kg of tritium in the
blanket and coolant, and a total tritium inventory in the plant
of 2 to 59 kg/20,67,68/.

Tritium may be released during normal operation because of its
physical characteristics; tritium permeates most materials,
especially at elevated temperatures, and can diffuse from the
blanket-coolant system by various routes including:

1. Diffusion from the blanket into the plasma (a recovery
system will collect this tritium and recycle it as fuel).

2. Diffusion through all reactor materials into the reactor
hall (to help prevent this escape, components will be
enclosed in a secondary containment system maintained at
a negative pressure).

3. Diffusion from the coolant system into the steam system
(almost all of this will be oxidized and small amounts of
HTO will, subsequently, be lost to the environment).
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2.3.2 INTOR

The preliminary INTOR/2/ design (and EFT, FED/8/) incorporates a
complete deuterium-tritium-lithium fuel cycle. The tritium
systems perform the following functions: to reprocess tritium
for fuelling; to process tritium produced in the blanket; to
process tritiated wastes and tritium contained in the coolant;
and to recover and control the amount of tritium in all buildings.

All these functions must be performed, keeping a minimum tritium
inventory, minimizing the tritium impact on the environment and
tritium waste generation, and reducing worker exposure to levels
as low as practicable. The tritium systems are to be operated
in areas free of gamma or neutron irradiation and must be
designed to have maximum reliability and availability.

The tritium flowing in the tritium reprocessing system for one
continuous day of operation will be 159 7 g including both the
bred tritium and the external supply. The tritium inventory in
the plasma reprocessing system is of the order of 200 g to v/hich
must be added 390 g contained in vacuum pumps, fuellers/ pellet
fabrication units and blanket tritium recovery systems. Taking
into account storage for 30 days, full operation of 2.3 kg and
the in-blanket inventory of 0.5 - 1.0 kg, the total INTOR
tritium inventory is in the range of 3.4 - 3.9 kg.

The exhaust plasma is processed cryogenically. All gaseous
impurities are trapped at cryogenic temperatures, except He,
which is separated by using a cryogenic film condenser just
before the cryogenic distillation unit in which the isotopic
separation occurs. The separated isotopes are sent back into
the fuellers or pellet fabrication units.

INTOR is equipped with a breeding blanket in which Li2Si0 3 is
used as a breeding material. Tritium is removed from this
blanket, mainly as T2O, by means of a helium purge stream. The
first step of the bred tritium processing system consists of a
conversion of all the gaseous fraction that is not in water form,
into water by passing through a catalytic reactor. Then the
water is trapped at cryogenic temperatures, separated from the
helium stream and electrolyzed. The recovered tritium is then
directed to the fuel clean-up system.

One important concern is the permeation of tritium through the
first wall and divertor plates. The implantation of a high
concentration of tritium atoms in the inner surface of the first
wall, combined with a relatively slow recombination of the atoms
at the first surface, could significantly enhance the amount of
tritium that permeates through the first wall into the coolant.
(Further work is needed in this area.)

In order to limit the total tritium release to less than
10-20 Ci/d, the coolant must be processed to maintain a sufficiently
low tritium concentration. The tritium containment systems must
be designed so that all tritium releases (normal or accidental)
remain within the confines of the plant. The atmospheric tritium
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level in all areas must be maintained at <5 yCi/m3. Triple
containment is used where reasonable and practical; double
containment is used throughout. Decontamination is facilitated
by dedicating an appropriately sized atmospheric tritium recovery
unit to each tritium-containing area. Interfacing the heating,
ventilation and air conditioning system with the air tritium
recovery system prevents release of tritium to the outside
environment. Following these rules, the design goal of a
total tritium release of ^1 g/a could be reached.

The most vulnerable tritium inventories for release during an
accident are those in the plasma chamber, vacuum system and fuel
processing system. The inventory in storage is in a separate
vault and is relatively invulnerable to accidental release.

Analysis of hydrogen fires has shown that little potential exists
for gross facility damage. if the entire tritium supply, together
with an equal amount of deuterium, were released to the contain-
ment building, the concentration would be one to two orders of
magnitude below that required to sustain ignition in air (4%).
The reactor building design should avoid creation of local
areas where explosive concentration of hydrogen isotopes could
accumulate.

Routine releases of tritium have been estimated to be in the
range of 10 to 20 Ci/d. Dose calculations have shown that even a
ground-level release does not exceed the design guide value for
the general public (5 mrem/a) for distances of 800 m or greater.

2.3.2.1 Fuelling System - Gas puffers and fuel pellet injectors
are included in the INTOR design. in the fuel gas puffing system
both continuous and pulsed flow control of the selected gas are
provided. The selected gas can be predominantly deuterium,
predominantly tritium, or a mixed gas species from the fuel
recovery process system.

The fuel gas tanks that contain tritium are shared with the fuel
recovery system. They also service the pellet injector system.
The species composition of each tank is to be determined by
monitoring the tritium beta emission.

The fuel pellet injector system has two injectors located on
opposite sides of the torus. Each injector can inject deuterium
and tritium pellets concurrently. A mixed-species fuel may be
substituted for deuterium or tritium. The programmable computer
uses electron density and neutron measurements to calculate the
pellet injection rate of both channels.
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The fuel cycle for INTOR is illustrated below:

REACTOR BUILDING ; ] TRITIUM FACILITY BUILDING
i I

10, M
13

PLASMA

DEBR'S
OT CRYOCOMOENSATION PUMPS
HELIUM PUWP
SURGE TANK
NEUTRAL BEAM INJECTOR
TRITIUM RECOVERY, DiVERTOR
REGENERATION PUMPS
METAL BELLOWS PUMPS
FUEL CLEAN-UP UNIT (FCU>
ISOTOPIC SEPARATION UNIT (ISU>
TRIT1ATE0 WASTE TREATMENT (TWT)

18 ATMOSPHERIC TRITIUM RECOVERY SYSTEM tATR)
19 TERTIARY ENCLOSURE
20 WATER - TRITIUM RECOVERY UNIT ITWRU)
21 SECONDARY ENCLOSURE
22 DETHITIATED GASES. N2 , 0 I f C02

23 HELIUM (TRITIUM -FREE)
2<l TRITIUM V/ASTES
25 T 2 - SHIPMENT/RECEIVING
26 Tj AND OT STORAGE
27 Oj SUPPLY
2B D t STORAGE '
29 FUEL BLENDER
30 PELLET FUHLl-ER
3 1 D , - GAS MUELLER
32 TRITIUM RECOVERY BLANKET
33 EVACUATED flUILOING VACUUM SYSTEM

AND/OR ATR

2.3.2.2 Fuel Reprocessing - Tritium reprocessing for INTOR
includes units for chemical purification and isotopic enrichment
of the fuel. The tritium generated in the blanket, mainly as
T2O, is electrolyzed and then passed to the main fuel cycle to
be processed. The tritium-contaminated dueterium is pumped out
of the neutral beam lines, chemically purified and then processed
in the isotopic separation unit. The location of tritium in the
plant is regulated by a storage and distribution system. Several
treatment systems maintain low tritium levels in the secondary
enclosures (secondary containment) and in the coolant systems.
The atmospheric tritium recovery systems are designed to scrub
the atmosphere of a tritium handling area in the event of a
tritium release. The tritiated wastes which accrue as by-products
from various handling systems are detritiated and/or consolidated
by several different units.
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The tritium parameters for the various stages of INTOR are given
in the table below:

TRITIUM PARAMETERS FOR THE INTOR DESIGN

Plasma parameters
Thermal power (MW)
Plant availability
Average ion density
(ions/m3)

Plasma volume (m3)
Fractional tritium burn-up
Burn time{s)
Duty cycle (%)

Tritium burned (g/d)
Tritium fuelled (g/d)
Tritium exhausted (g/d)
Tritium bred (g/d)
Breeding ratio
Deuterium exhausted (g/d)
Deuterium burned (g/d)

Neutral beams (100% availability)
Deuterium pumped (g/d)
Deuterium injected (g/d)
Tritium pumped (g/d)

Annual balance
Tritium burned (kg/a)
Deuterium burned (kg/a)
External tritium supply
(kg/a) 1.3 2.23 4.46

Stage l(a)

620
0.15

1.4 x 1020

241
0.05
100
69

Stage 1Kb)

620
0.25

1.4 x 1 0 2 0

241
0.05
200
82

availability)
65
1305
1240
42
0.65
826
43

•ty)
276
78
1

3.6
2.35

77
1547
1470
50
0.65
977
51

158
45
1

6.8
4.65

Stage lll(c)

620
0.50

1.4 x 1 0 2 0

241
0.05
200
82

77
1547
1470
50
0.65
977
51

15 8
45
1

13.6
9.31

a) Stage 1 takes place in years 1 and 2 with emphasis on
hydrogen plasma operation (year 1) and D-T plasma operation
(year 2) .

b) Stage 2 takes place in years 3-7 and consists of engineering
tests.

c) Stage 3 takes place after year 8 and emphasis will be on
upgraded engineering tests.
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2.3.2.3 Tritium Recovery - Tritium recovery from solid tritium-
breeding materials has been identified as a key factor in
establishing the viability of the solid-breeder concept and an
important consideration in the selection of the primary candidate
materials. In-situ tritium recovery from blankets is the most
desirable method.

Tritium recovery from the blanket should take place at tritium
concentrations of 0.1 - 10 ppm (wt) in the Li2SiO3-

In the proposed INTOR blanket concepts, the tritium generated
in the solid breeder is removed by a low pressure helium purge
stream circulating through narrow gaps in the breeder cylinders.
Tritium recovery can be performed continuously.

For continuous tritium recovery, it is necessary that all the
breeder elements be kept at a temperature above the minimum
tritium recovery temperature limit of 400°C. The upper tempera-
ture limit is determined by the necessity to secure long-term
stability of the material.

The bred tritium must undergo five steps in the tritium recovery
process for the INTOR blanket concept:

1. Tritium bulk diffusion in grains.

2. Recombination of OT(OH) groups with formation and desorption
of T20 (HTO) at the grttin surface.

3. Migration of water (HTO or T2O) through the interconnected
grain boundary pores to the particle surface.

4. Percolation through the pores in the packed bed of particles.

5. Convective mass transfer out of the blanket in the helium
processing stream.

In addition to the contribution of the kinetic mechanisms listed
above, the tritium inventory in the solid breeder is dependent
upon the tritium solubility in the grains at the equilibrium T20
pressure in the gas phase. Two ideal limiting cases determine
tritium inventory. in one method it is assumed that the tritium
inventory is diffusion-controlled. Since the tritium concentration
at the grain edge is usually assumed to be zero, the calculated
tritium inventory is obviously lower than the true one.

Another method assumes chemical equilibrium, with fixed tritium
for T20 pressure in the gas phase, and uniform tritium concen-
tration throughout the blanket. Since this model does not account
for concentration gradients, the tritium inventories are under-
estimated. The tritium inventory is assumed to be the sum of a
diffusive component and an equilibrium or "solubility" component.
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The total blanket tritium inventory (not taking into consideration
radiation effects) was assumed to be up to 200 g. Theoretical
estimates have shown that the total blanket tritium will be
increased by radiation effects to values of the order of 0.5 -
1 kg.

Estimates of the tritium inventory for various components of INTOR
are given in the table below. The designation "vulnerable" or
"non-vulnerable" refers to the degree of control which can be
enforced on the associated system. The tritium residing in the
blanket is relatively immobile since it is in the oxide form and
retained by the solid breeding material. The tritium in storage
is located in a barricaded vault with an insert cover gas for
fire protection, thus making it relatively "non-vulnerable" to
an accident.

The fuel processing system contains tritium in the non-oxidized
form. Each tritium-processing unit is doubly-contained and
tritium monitors are used throughout for leak detection to ensure
maximum accident protection. The isotopic separation unit, which
contains the highest tritium inventory, is highly reliable.
Nevertheless, this inventory is conservatively considered to be
"vulnerable".

The tritium in the fuel handling system (vacuum pumps, gas puffing
units, pellet fabrication and breeder tritium-recovery units in
the reactor building) is considered to be "vulnerable" since the
reactor area is subjected to severe thermal, magnetic and
radiation loads which may interfere with the function of the units
or may accelerate their aging.

TRITIUM INVENTORY FOR THE INTOR DESIGN

Vulnerable tritium inventory (g)

(a) Reactor building
Vacuum pumps 120
Puellers 20
Pellet fabrication 200
Blanket tritium recovery 50
Additional tritium inventorya TBDb

(b) Tritium building
Fuel processing 200

Subtotal 590

Non-vulnerable tritium inventory (g)

(a) Reactor building
Breeding blanket 500-1000

(b) Tritium building
Storage 2300

(c) Additional tritium inventory TBDb

Subtotal 2800-3300
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Total tritium inventory (g) 3400-3900

Initial tritium inventory (g) 3000

a Expected to be relatively small compared with the total inventory.

To be determined.

The main fuel pathway begins at the plasma chamber, proceeds to
the cryopumps, and continues to the fuel clean-up unit. (The
effluent from the neutral beams follows the same pathway.)

In all concepts that have been proposed for the INTOR fuel
reprocessing, in one step or another of the fuel clean-up
system, it is necessary to use such a high temperature that
tritium diffusion through the vessel wall is enhanced. Cold
trapping of all gaseous impurities is necessary. The impurities
are then pumped to a high-temperature catalytic oxidizer where
their tritium content is recovered as DTO and can be re-used
after reprocessing. The tritium-free components receive
detritiation in the tritium waste treatment system before being
exhausted to the atmosphere.

The common basis of the isotopic separation system is cryogenic
distillation. To fulfil INTOR requirements (>90% D̂ ., >90% T2,
<1% H2 in either stream), the system consists'of four distillation
columns and two equilibrators. The three product streams consist
of a 99% pure T2 stream (<1% D 2 ) , a 99.96% pure D2 stream
(<3 x 10-^ at. % tritium), a 48.4 at. % deuterium, 51.6 at. %
tritiu-ti steam, and a waste protium-deuterium stream (99% HD)
containing a residual amount of tritium (<1O~'*%) . If a tritium
extraction system for the coolant is required, this waste could
be burned on a catalytic bed, separated, electrolyzed, and
directed to the detritiation unit for reprocessing.

Having passed the isotopic separation unit, the pure deuterium
and tritium output is either stored until needed or directed to
the fuel injectors where the needed fuel mixtures are prepared for
use in the reactor fuelling devices.

To ensure that the tritium levels in the primary coolant are
maintained at a low enough level, a tritiated water recovery
unit must be included in the tritium system design. A small
fraction of the coolant (depending on the tritium permeation
flow rate) has to be processed. Before the tritium can be
extracted, the activated materials must be removed.

The estimated leakage rates of tritium into the primary coolant
range from 3 Ci/d to 10 Ci/d. When lithium hydroxide is used
as corrosion inhibitor, there is a production of less than 1 Ci/d
of tritium in the primary water by neutron activation. The
designers have estimated that the primary coolant tritium
activity could be kept below 30 Ci/m3, a value lower than that
for the primary coolant of a current heavy water reactor, by
operating a tritiated water recovery unit installed in a bypass
flow-stream from the primary coolant.
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To minimize the impact of tritium on the environment, the tritium
containment systems are designed so that, as much as possible, tritium releases,
whether due to normal leakage or to accidents, remain within the
confines of the plant. Several tools have to be utilized to
accomplish this goal. The outer walls of potential tritiuin-
containing areas are lined with a tritium barrier. The materials
and equipment used in a tritium area are selected to minimize
surface adsorption. Tritium areas are operated at reduced atmo-
spheric pressure to minimize tritium leakage. The atmospheric
tritium level (HTO) in all areas is maintained at <5 yCi/m3.
Tritium systems utilize triple containment where reasonable,
and double containment is used throughout. The tritium transport
lines between different buildings are kept at a minimum in
number and length and must withstand the design basis earthquake.

A timely decontamination of potential tritium spills within the
containment is provided by:

(a) Dedicating an appropriately sized atmospheric tritium
recovery unit to each tritium-containing area.

(b) Interfacing the heating, ventilation and air conditioning
systems with the air tritium recovery system to prevent a
tritium release to the environment.

The building atmosphere will be detritiated after each tritium
release in order to minimize tritium release to the environment
and tritium absorption on exposed surfaces. The basic operation
consists of processing the atmosphere by catalytic oxiâation of
tritium gas to T 20 (HTO), followed by its absorption on molecular
sieves.

The quantity of tritium waste generated is minimized by. select-
ing and developing processes which inherently produce a minimum
of solid waste; processing tritiated water; minimizing the use
of organics; minimizing the contamination of organics where they
are functionally necessary; using all-metal seals in valves,
pumps, etc; and reprocessing tritiated waste. Any waste generated
within the plant is packaged in the smallest volume possible.

The tritium release design goal for INTOR is ^1 g/a in all forms
(gas, liquid and solid waste), averaged over operating and
maintenance phases and including in-plant releases. The sources
of all releases are listed below:

TRITIUM RELEASES IN THE INTOR DESIGN

Coolant
Steady-state concentration 0.0 0 3-0.0 3
Flow rate 50-1000
Tritium release 3-10 Ci/d

Buildings
Volume 3 x 10 s m 3

Tritium level 5 uci/m3

Tritium release <1 ci/d
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Ventilation
Volume 3 x 105 m3

Tritium level 5 yCi/m3

Number of releases 5-10
Tritium release 8-16 Ci/d

Solid Waste
Tritium waste <1 Ci/d

Total tritium release 11-20 Ci/d

These data are within the design goal of a release of less than
10,000 Ci/a. However, to ensure that this goal is not exceeded
the fulfilment of several conditions is required. The principle
conditions are given below:

1. The tritium activity in the primary coolant must be limited
to <30 Ci/m3 and the coolant leak rate to <1 m3/d. To keep
the tritium concentration of the primary coolant acceptably
low, a permeation barrier inside the coolant tubes and a
tritium recovery system from the primary coolant should be
used.

2. The tritium level in the building must be maintained at low
concentrations, <5 x 10~GCi/m3, and the leak rate must be
low. Double containment must be used throughout and triple
containment should be used where possible. Tritium areas
must be kept at reduced pressure and each of them must have
independent tritium recovery units. Tritium containment
walls must be lined or coated with tritium barriers.
Materials and equipment in the tritium areas must be selected
to minimize surface absorption.

3. The ventilation and air conditioning systems must have
appropriate tritium recovery units.

4. Processes must be selected which produce a minimum of solid
waste; the use of organics must be minimized; valves, pumps,
etc should have metal seals; tritiated waste must be repro-
cessed, where feasible.

The tritium building for INTOR is completely separate from the
reactor building, but is located nearby to minimize the length of
the tritium feed-lines. The building is designed for contact
maintenance, having an air environment and being free of gamma
and neutron radiation. All tritium-handling units are under
remote, independent computer control. The tritium storage area
is sited in the tritium building. The tritium processing units
are of modular design to facilitate replacement. Multiple units
and full redundancy are provided to ensure maximum reliability
and availability. The primary containment systems are made of
metal (no elastomers). An inert dry atmosphere glove box is
the secondary containment for most components. Double-wall
piping is used between units.
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To minimize worker contact with tritium in the tritium building,
which is designed for contact maintenance, the following pro-
cedures are applied:

1. Atmospheric tritium levels are maintained at <5 yCi/m3.

2. An atmospheric tritium recovery unit with a flow rate
of 0.5 vol. %/min is provided.

3. Normal hydrogen fire prevention practices are exercised.

The testing goals for tritium breeder processing include the
following:

1. Demonstration of steady-state tritium recovery from candidate
breeder blanket under credible conditions that would yield an
acceptable blanket tritium inventory (eg <1 kg).

2. Demonstration of an acceptable level of tritium containment
in breeder blanket systems that are operating under reactor-
typical thermohydraulic conditions (eg a loss rate of
<1 Ci/day/1000 MW(th)).

The following program in INTOR for investigating tritium breeding
is proposed. Tritium production will be measured along fche
central axis, which extends from the front face to the reflector
of the blanket module. In addition, a limited number of measure-
ments along the radius will be made. Tritium production will be
determined by radiochemistry and mass spectroscopy, with an
accuracy of at least 5%.

2.3.2.4 Containment Philosophy for INTOR - INTOR is an experimental
installation containing 3.4 - 3.9 kg of tritium and approximately
109 Ci of activation products, therefore, it is necessary to
surround it with a containment. Such a containment must serve as
a last protective barrier, preventing radioactive and toxic
chemical releases into the atmosphere in both normal and accident
conditions.

Since tritium presents the major radiation risk potential in.
INTOR, the requirements for the containment are mainly determined
by the task of preventing tritium releases in accidents.

The containment is an anti-accident system, therefore, its design
should be based on requirements obtained from accident analysis.
Estimates of tritium release to the building during low-profc>ability
accidents range from 10 to 10 0 g; such releases must be localized
and collected with the help of the containment and active tritium
clean-up systems.

At present, three possible options are suggested for the contain-
ment atmosphere: inert atmosphere, vacuum, and air at subatmos-
pheric pressure. The first two options avoid potential hazards
connected with the appearance of explosive mixtures of hydrogen
and oxygen as well as lithium fires. Also the use of a vacuum
atmosphere eliminates the problem of air activation within the
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containment. However, since these options substantailly complicate
maintenance, the use of air under subatmospheric pressure seems to
be the best option.

The ventilation systems should follow the usual rules: providing
for air flow from lower risk areas to higher risk areas, with
proper monitoring and provision of lower pressures as the con-
tamination risk increases. For example, the ventilation system
of the reactor hall may be built so that it provides air from
the outside to the workshop, then to the airlock (of the reactor
hall) , to the hot cells, to the waste store and finally to the
reactor hall, with pressure within each unit along the ventilation
"line" being maintained at a slightly lower level. Estimates
have shown that the tritium concentration level inside the
containment boxes under normal operating conditions may be about
5 x 10~6 Ci/m3. The ventilated volume is about 3 x 10 m3, and
the ventilation rate provides 5 to 10 volume changes per day.
Proper operation of the ventilation system will help to maintain
the airborne activity within acceptably low levels.1

No unique treatment is required for the air released from the
containment through the stack during normal operation. However,
this air should be monitored for contamination and, if the
radionuclide concentration exceeds the permissible level, the
emergency air-cleaning system (ECS) must be used. Within the
tritium barriers around radiation-hazardous equipment, tritium
may be accumulated as a result of mechanical equipment failures
or operational errors, therefore, the air within the tritium
barriers must be monitored for radionuclide concentration and
cleaned by the tritium removal system if required.

The most important component of the clean-up system is the tritium
removal system, which consists of the following systems:

1. Inert gas purification system (GPS), which includes a
combination of catalytic oxidizers, molecular sieve (MS)
dryers and cold traps to remove impurities and tritiated

. species from the glove-box (GB) atmospheric inert gas in
order to minimize tritium leakage to the environment.

2. Effluent air detritiation system (ADS), which should remove tritium
in a once-through mode from air effluents of tritium systems.

3. Emergency air-cleaning system (ECS), which should provide
detritiation of the reactor containment atmosphere following
an accidental tritium release in order to reduce the
activity level in the contaminated room. This system
includes catalytic oxidizers and molecular sieve dryers.
It is actuated and operated automatically.

4. Dryer regeneration system (DRS), which should regenerate the
dryers of the tritium removal system and effluent tritium
removal system (ERS) belonging to the tritium waste treatment
system. The molecular sieve dryers should be regenerated by
means of recirculated heated gas, and outgassed water should
be collected by condensation.
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In case of a failure of the vacuum or tritium barriers, tritium
may be released into the main or secondary containment. Then
the following steps should be taken automatically:

1. The corresponding containment volume should be connected
to the ECS.

2. The air supply and exhaust duct damper of the normal
ventilation system should be closed.

3. The ECS should be actuated and operated until the activity
level in the contaminated premises is reduced to an accept-
able value.

4. The contaminated room should always be maintained at
slightly subatmospheric pressure to prevent tritium leakage.

5. During ECS operation, a part of the air flow should be
exhausted to the ADS to balance infiltration air flow; the
remainder of the air flow should be recirculated to the
contaminated (cleaned) premises.

2.3.3 TSTA

Most of the key issues involved in constructing and operating an
integrated tritium processing system (excluding tritium recovery
from the blanket) can be examined in facilities such as the
Tritium Systems Test Assembly (TSTA). Such a facility can also
deal with important aspects of tritium containment. INTOR will
investigate the integration of the tritium processing system into
a Tokamak reactor system, including plasma exhaust, refuelling
and heating, and blanket tritium recovery.

The process monitoring requirements for TSTA/69,70,71/ include
purity measurements in the isotopic separation system and con-
tamination measurements for operation of the Tritium Waste
Treatment System, the Fuel Clean-up System and Emergency
Tritium Clean-up System.

The TSTA is scheduled for commissioning at the end of 19 82 with
the goal of providing an extensive \data base for the designers
of the first large-scale D-T burning fusion machine (either FED
or INTOR) .

The TSTA will consist of a large interactive gas loop that simulates
the proposed fuel cycle for a fusion facility. The reactor tovus
will be simulated by a vacuum vessel into which gas mixtures aiu
introduced at the compositions and pressures predicted for an
actual reactor torus at the end of a burn cycle. This gas
mixture, primarily (D,"?)2 containing a variety of impurities,
is evacuated through the vacuum system; impurities must be
removed from the mixture; and isotopic separation must be
performed to produce D2, T2 and DT. The resulting gases will then
become the fuel components for the next burn cycle that is
injected into the reactor (vacuum vessel). The gas loop is
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designed to handle up to 1800 g/d of DT. This flow will simulate
the cycle-operating experience being considered for FED and INTOR.
To accomplish the test program, a tritium inventory of 150 g is
presently on site. The TSTA flow diagram is shown in the figure
below.
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The primary function of the Fuel Clean-up System (FCU) is to
separate all of the other atoms present from the hydrogen isotopes
in the gas stream from the VAC facility. This step is essential.
If other molecular species, such as tritiated water, methane,
ammonia, and a rg° n/ were present in the hydrogen-isotope stream,
they would freeze and plug the low temperature distillation
columns of the Isotope Separation System. The FCU not only
must separate (D,T)2 and (H,D,T)2

 o f the reactor from offgas
contaminants, it also must recover as (H,D,T)2 all hydrogen
isotope;.- that are chemically combined with other atoms in the
reactor offgas, ie C(H,D,T)i, N(iï,.D,T)3 and (H,D,T)20.

The Isotope Separation System (ISS) is designed to provide pure
D2 for the neutral beams, HD waste free of T2, as well as streams
for reactor refuelling and material studies. Cryogenic fractional
distillation is being used for hydrogen isotope separation.

The purities of the major components in each of the four output
streams from the ISS are:
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•HD Waste - 20 Ci/year (non HD impurities)

D2 - 99.96 +%

DT - 99.99 +%

T2 - 99%

The Tritium Waste Treatment (TWT) system provides routine processing
of all gaseous effluents generated at TSTA to remove tritium from
these effluents before they are released to the environment. The
TWT is a computer actuated and controlled tritium removal system
that operates by the catalytic conversion of all hydrogen isotopes
in the input stream to water and organic materials to
water and carbon dioxide.

The Emergency Tritium Clean-up (ETC) system will process all of
the air in TSTA if a gaseous tritium release to the facility occurs.
It will recover most of the released tritium, thus reducing losses
and environmental input.

The ETC will be an automatically actuated, room-air detritiation
system based on a precious metal catalytic recombiner where
hydrogen isotopes are oxidized to water. The water is collected,
partly as a liquid and by absorption on molecular sieve beds.
A 100 g T2 spill into the facility would give an initial concen-
tration of approximately 355 Ci/irr in the cell and the ETC would
reduce the room level to 40 x 10~6 Ci/m3 within 2 4 hours.

The Tritium Monitoring (TM) system instrumentation will perform
several key functions, including quantitative determination of
stack releases, assurance of personnel safety, initiation of
clean-up of experimental rooms and secondary containment volumes
following tritium releases, monitoring and controlling the opera-
tion of the main process loop and the clean-up systems, and
monitoring the performance and results of the experimental
contamination studies program.

The operating limits for the tritium monitors used on the various
processes at TSTA are shown in the table on the following page.

The Gas Analysis (GAN) system is composed of a number of
instruments dedicated to the gas analytical tasks which are
required by the various subsystems of TSTA. These include
monitoring and/or control of the isotope separation system, the
fuel clean-up system, the impurity simulation system, and the
neutral beam interface. There are also gas analysis functions
associated with the experimental contamination studies, the
tritium waste treatment, and emergency clean-up systems. In
addition to the monitoring and control functions, ti.e GAN must
provide for an accurate assay of tritium for inventory control.
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TSTA PROCESS OPERATING LIMITS FOR TRITIUM MONITORS

Alarm Functions

Monitor

Process
(ETC/TWT/
XCS)

Process
(ETC
Input)

Process
(ETC
Water)

Process
(FCU)

Process
(ISS-H)

Process
(ISS-D)

Dynamic Range(s)

0.6-6x103 yCi/m3

0.6-106 yCi/m3

1-10 * yCi/m£
(water)

103-107 yCi/m&
(water)

3xl0~2-50 Ci/m3

3-7x103 mCi/m3

3x10 1-7xl02 Ci/m2

Time
Constant

30 s

30 s

1 s

1 s

1 s

Range Setting

(13-6xlO5 yCi/m3) (25 yCi/m3)

Local Functions

Flashing Red Light

30 s (13-6x105 yCi/m3) Not employed Flashing Red Light

None

None

None

None



A separate function of the GAN is the accurate preparation of
gaseous mixtures for injection into the flov; loop via the impurity
simulation system. Initially all impurities will be nonradio-
active.

Off-line instruments will be designed to provide 0.1% analyses
or better. On-line instruments will be reproducible to at least
1%.

2.3.4 Other Fusion Reactor Designs

The proposed fuel purification, enrichment and circulation methods
for STARFIRE are similar to those being used at TSTA/21,68,72/.
It has a fuel cycle tritium inventory of approximately 1.3 kg,
but has a relatively high (10 kg) tritium inventory in the
breeder blanket, with a total vulnerable inventory less than
400 g/1/.

The plant inventory for the UWMAK-III Tokamak Power Reactor Design
is estimated to be 35.8 kg/73/. The breeding-recovery cycle only
contains 1.7 kg with the remaining 34.1 kg in the refuelling cycle
including 18.6 kg in reserve storage.

A comparison to determine which reactor concepts are most
desirable from a tritium and exhaust handling viewpoint has been
carried out/20/ and the results based on the eight-criteria used
to compare the fueling and exhaust systems are shown in the
table on the next page.

2.3.5 Other Tritium Facilities

A Tritium Storage and Delivery System (TSDS) has been tested at
Mound Laboratory. The TSDS is to be used in conjunction with
the Tokamak Fusion Test Reactor (TFTR) at Princeton, and consists
of four major subsystems/74/:

1. Receiving and assay manifold

2. Analytical support system

3. Storage and delivery system

4. Vacuum support system

The secondary containment is a glovebox environment and the
tertiary containment is in a sealed room in the TFTR building.

The receiving and assay manifold is used when filling TSDS with
tritium, which will be shipped to TFTR as T2 gas, approximately
10 litres (25,000 Ci) at a time. Pressure and temperature measure-
ments in the manifold are used in conjunction with isotopic
analysis to verify the amount of tritium that has been received.

The isotopic analysis is performed by a quadrupole mass spectro-
meter which is the heart of the analytical system. The spectro-
meter is connected to the receiving manifold and other parts of
the TSDS by permanent capillary sampling lines. In addition to
its use for assay purposes, the mass spectrometer is used to verify
that the tritium purity meets TFTR requirements.
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Relative Ratings of the Fuel îiij; and' Kxhaust Systems in Different Rwctor Types

Reactor Type

Tokamaks

Theta pinch

Reversed field
pinches

Standard
Mirrors

Tandem
Mirrors

ICF-wettcd
wall

ICF-magnctic
protection

ICF-gas
protection

ICF-lithium
jets

Fast liner

Tritium
Flow Rate
(kg/day)

4

••4

3

5

1-3

1

I

1

1

2

Exhaus t
Gas Flow
(mol/day)

3

3

2

3

1

5

1

4

?c

5

Pumping
Throughput
. (m3/s)

4

3

3

5

3-4a

4

1

3

?c

4

Criteria

Exhaust
Composition

2

2

2

2

2

5

2

1

5

5

Pump
Type

1

I

3

l-5b

1

1

5

1-1

1

Novolati.les
in Exhaust

1

1

1

1

1

3

3+

3

3

5

Fueling
Trit ium
Inventory

4

1

1

•3

3-4n

3

3

3

3

2

Storage
Trit ium
Inventory

4

4

"5

<-,

1-3-

1

1

I

1

2

Total
Score

23

19

Hi

29

15-21a

2J-271'

13

17

16-24C

26

*low scores imply simple, desirable technology; high scores imply difficult, undesirable technology.

a],ower value refers to pellet fueling; higher value refers to neutral-beam fueling.

^Lower value refers to Roots blowers; higher value refers to supersonic spray condenser.
cValue depends on whether the lithium "fog" is completely removed by completely condensing on the flowing lithium jets

between shots.



After the assay, the tritium enters the storage and delivery system,
which consists of transfer pumps, uranium tritide storage beds,
and metering volumes. The gas is pumped onto one of the storage
beds/ where it reacts with finely powdered uranium to form uranium
tritide. When tritium is required by the TPTR, the storage bed
is heated, causing the tritide to decompose and evolve tritium
gas. A portion of this gas is then pumped into a metering volume.
This measured quantity of tritium next leaves TSDS through a
delivery manifold and goes to three injection valves which are
located adjacent to the torus and which will accomplish the final •
injection of tritium into the plasma. In order to ensure safe
containment and reliable operation, the transfer pumps and storage
beds are doubly contained and all critical components and flow
paths are redundant.

The Tritium Removal System (TRS) being constructed by Ontario
Hydro at Pickering will have a steady state tritium concentration
of 3.4 Ci/g of feed from the moderator purification system. The
final stages are by cryogenic distillation similar to the ISS
units for fusion reactors and the tritium concentration out of
the final column will be 99.8 Atom % T. The initial stages of
the process will be monitored by ionization chambers with the final
isotopic analysis in the distillation columns being analyzed by
mass spectrometry/75/. Sulzer have a similar process in operation
at Grenoble, France.

The major process control for the TRS will be conventional process
parameters (pressure, flow, temperature). The tritium monitors
will be used to determine separation efficiency, accountability
and for the fine tuning of the process. The inventory in the
process will be approximately 2 x 105 Ci at any one time with
a maximum 1.6 x 10 Ci in any one section. The storage facility
(for 5 x 105 Ci) will be designed against fire hazards and should
handle any potential releases.

Tritium research or handling is being conducted at various
laboratories throughout the world, including:

United States
/70,76,77/

Argonne National Laboratory
Lawrence Livermore National Laboratory
Los Alamos National Laboratory
Mound Facility
Sandia National Laboratory
Oak Ridge National Laboratroy

Chalk River Nuclear Laboratory \ -, ,. , . „ . J > CanadaOntario Hydro )

KFA, Julich Germany/78/
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2.3.6 Summary

The requirements for tritium monitoring cover the full range
from 99+% pure T2 in the ISS to yCi/m in the waste treatment
area. The need to discriminate between the various species is
only necessary in the waste treatment, effluent areas and is
primarily necessary for personnel and environmental purposes
rather than for any process requirement.

To date tritium handling systems of the size and complexity
expected in a fusion reactor have not been demonstrated on any
scale. The TSTA will only partially remedy this problem. For
example, non-volatiles are present in all fusion reactor
concepts, but the TSTA facility does not account for non-
volatiles. In addition, fuel cycle components, including
tritium monitors can behave differently in a fusion environment
with attendant neutron and charged particle fluxes than in a
test facility.
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3.0 AVAILABLE TRITIUM MONITORS*

3.1 Introduction

A survey of tritium monitors available in the market was conducted.
Some prototype monitors developed by tritium handling and fusion
laboratories were found and are described below. Emphasis is
given to personal tritium monitors and dosimeters; to real time
monitors for area surveillance, process control and environmental
monitoring; and to surface and bulk contamination monitors.

A brief description of commonly used tritium detection methods
is followed by a detailed presentation of commercial monitors
and comments on the reputed performance.

3.1.1 ionization Chambers

Ionization chambers are widely used for measuring airborne tritium
and can be operated as real time monitors. They are simple and
economical. The gas containing airborne tritium (sample gas) is
'cleaned1 by passing it through a filter and an ion trap. The
clean gas enters into an electrically polarized chamber ranging from
a few volts to a few hundred volts. The tritium decays, emitting
beta particles which form ion pairs that are collected by the
electrodes. In some ionization chambers the sampled gas is
mixed with a carrier gas to enhance ion migration. The resulting
current is measured and correlated to the amount of tritium in
the sample gas. Basically, the associated electronics include
amplifiers, pulse shaping devices and sealers. The output may
be read in units of activity per volume, Maximum Permissible
Concentrations and others. It may also be recorded, activate
alarms, actuate process or safety systems, etc.

Ionization chambers respond to any radioactive gases mixed with
the tritium. Tritium itself may be present in several chemical
species but the chamber will not differentiate among them. The
chamber also responds to external radiation penetrating the
wa"Is. This effect is frequently decreased by shielding and
by the use of another sealed ionization chamber detecting only
the penetrating radiation. Its output signal is fed to the
electronics in an anticoincidence mode.

"Memory" effects are observed in ionization chambers and are
attributed to contamination of components in the system. Several
solutions to minimize this problem have been proposed.

Ionization chambers may be used for tritium concentrations in
the range of tens of nCi/m3 up to practically pure tritium. The
volume of the chamber varies from less than one litre to several
tens of litres. The lower range, however, is achievable only in
controlled environments with low background and in the absence of
other radioactive gases. In industrial environments these
chambers are best for uCi/m3 and up. In general, they work
at temperatures of tens of °C, and in humidities near 100%.

*Information presented in this report on the characteristics of
commercial monitors and suppliers represents the opinion of the
authors and is presented here in full.
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3.1.2 Proportional Counters

Proportional counters can also be used as real time monitors.
Like ionization chambers, they are based on ion pair production.
The clean sample gas is mixed with a carrier gas with low
electron binding energies, high electron mobility, and slow ion
saturation. Ions produced by the tritium beta particles are
accelerated by several hundreds of volts. As they move to the
collectors they produce more free electrons in the carrier gas.
The total number of electrons is proportional to the primary
ionization, thus discrimination between beta emitters is possible.
The electronics are similar to that in an ionization chamber,
but modern techniques for pulse discrimination enhance the
tritium monitoring capabilities in the presence of other beta
emitter gases. If the concentration of other beta emitters is
relatively high compared with that of tritium, the discrimina-
tion capability is severely limited. In general they work at
temperatures of tens of °C and humidities up to about 30%.

Shielded and sealed GM counters operating in anticoincidence
mode assist in reducing background interference. Memory effects
are minimized as in the case of ionization chambers.

Monitoring capabilities are claimed to range from nCi/m3 up to
mCi/m3, but are best for the lower range. Proper control of the
sampled gas/carrier gas mixture is necessary, thus calibration
and maintenance add labour requirements. Industrial application
is more attractive in low tritium concentration areas and for
environmental monitoring. The output signal may be connected
to a variety of peripheral equipment.

3.1.3 Scintillators

Scintillators may be solid, liquid or gaseous. The decaying
tritium atom emits a beta particle which excites an atom of
the scintillator material. This atom becomes de-excited emitting
a photon. A fraction of the photons reaches a tube (photo-
multiplier) where they first interact with a material to produce
photoelectrons. The photoelectrons are accelerated and multiplied
in the tube. The output signal of the photomultiplier is fed
to the electronic equipment for pulse amplification, analysis,
counting, display, recording, etc.

The efficiency of conversion from particle energy to light
energy varies with the type and energy of the particle, as well
as with the scintillator. These properties allow for discrimina-
tion of particles and subsequent identification of radioactive
materials.

Due to the short range of tritium beta particles, they are not
detected unless tritium is in close contact with the scintillator.
Contact is best achieved when tritium is in a liquid form mixed
with a liquid scintillator. Liquid scintillation is a well
established and widely used method of tritium measurement.1 The
method is labour intensive, expensive, and requires selection of
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scintillators and scintillator/sample mixtures- As well,
the containers are potential radwaste. On the other
hand it is fairly reliable, can handle multiply prepared samples
in a short period of time, and has no memory effect.

Liquid scintillation is routinely used for industrial, environ-
mental and health physics tritium measurements. By concentrat-
ing or diluting the tritium in the samples, a very wide range
of tritium concentrations can be monitored. Presently, however,
it is not used as a real time monitor mainly because it is very
expensive.

Solid scintillators are particularly useful for monitoring
tritium on surfaces, and in liquid streams as well. The latter,
however, may present some problems with crude deposits on the
surface of the scintillators. Recent developments in phoswich
detectors (two sandwiched scintillators operating in an anti-
coincidence mode) allows for discrimination against other alpha,
beta and gamma emitters. This scintillator may be useful for
high tritium concentrations. However, there is no information
on its applicability for tritium monitoring.

Information on gaseous scintillation for tritium monitoring was
not found in this survey.

3.1.4 Calorimetry

This seems to be a very accurate method for tritium measurement
and was the original system for calibrating standards. Tritium
in solids, liquids and gases can be measured by this technique
provided that other radionuclides are absent. An inactive dummy
source and the active source are each placed in a thermally
isolated cup. The temperature rise in one cup due to beta
particules is measured by sensitive thermocouples, and the
resulting electric current registered. To minimize geometry and
material effects, the samples change position and the measure-
ment is repeated. The resulting currents are correlated to the
beta activity.

This technique requires tightly controlled environments and is
more appropriate for scientific laboratories than for industrial
environments. No information was found for the latter case, and
a market survey of calorimetric instruments was not conducted.

3.1.5 Semiconductors

Semiconductor crystals are used as radiation detectors. In the
absence of ionizing radiation, negligible current flows in the
electronic circuit connected to the detector. When charged
particles interact with the crystals, electrons are raised to
the conduction bands and collected by means of an electric field
of about one thousand volts. The electric current is proportional
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to the particle energy. Due to the high resolution of semi-
conductor detectors they are used for accurate a, 3 and y
spectroscopy, but because of their low efficiency, they require
large counting periods for small activity samples. The presence
of light should be limited or eliminated during the counting
periods because semiconductors react to light. The current
state-of-the-art can produce devices with entrance dead layers
as thin as 1 urn of silicon/49,6 3/. Background counting rates
are typically 1 mm"1 so that with sensitive areas of 1-10 mm2,
such counters would detect 10-100 beta particles min-1 cm"2

impinging oh the detector. This corresponds to an approximate
concentration in air of 100 PCi/m3 .

3.1.6 Mass Spectrometers

In mass spectrometry the measurement is made by analyzing the
mass of various molecules as they pass through the analyzing
cell. Every substance has a unique arrangement of atoms within
its molecules. Unique, too, is the manner in which these molecules
break up when bombarded by an intense electron beam and this is the
principle behind the mass spectrometer/8/63/71/79/80/.

Functionally a mass spectrometer can be divided into the ionization
region, the ion-acceleration region, the analyzer-tube region, and
the collector.

When molecules are bombarded in the ionization region, some lose
electrons and become positively charged. Others may break up
into two or more ionized fragments. Some do not become ionized
at all, depending upon the amount of energy transferred from the
bombarding electrons to the molecules. Under the same conditions
of ionization, a given gas will always ionize and break up
according to a fixed pattern which is called the mass spectrum for
that gas. The mass spectrum of each pure gas is unlike that of
any other. It is this uniqueness of the mass spectrum of individual
gases that makes possible the analysis of gaseous mixtures of
unknown composition.

The resolving power of the mass spectrometer is primarily dependent
on the width of the collector slit. The ion beam width must be
sufficiently small so that the ion beams of adjacent masses will
be separated at the collector slit. The collector slit must be
sufficiently narrow so that no more than one beam representing
a specific mass number can pass through and strike the collector
at one time.

Mass spectrometers can be used as on-line real time devices,
although it is a complex system which is expensive and requires
highly skilled maintenance in order to keep it operational in an
industrial environment. it is more common to take process "grab"
samples and analyze these under laboratory conditions with an
off-line spectrometer.
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3.1.7 Gas Chromatographs

Gas chromatographs are widely used for the separation and measure-
ment of volatile compounds and of compounds that can be
quantitatively converted into volatile derivatives/8/63/71/79/80/.

The materials are separated by placing a portion of the sample
in a chromatographic column and carrying the compounds through
the column with a carrier gas stream. As a result of the different
affinities of the sample components for the column packing, the
compounds emerge successively as binary mixtures with the carrier
gas. A detector at the column outlet measures some physical
property which can be related to the concentrations of the
compounds in the carrier gas. Both the concentration peak and
the peak area can be related to the concentration of the compound
in the original sample.

For tritium monitoring, the columns would be molecular sieve or
alumina and the detector could be ionization chambers or some
similar counting device.

Gas chromatographs can be on-line real time devices or off-line
laboratory type devices.

3.1.8 Infrared Spectrometers

Many gaseous and liquid compounds absorb infrared radiation to
some degree. The degree of absorption at specific wave lengths
depends on molecular structure and concentration.

The main components of a process instrument are the radiation
source, sample cell, and detector. The most common radiation
source is a heated wire which yields radiation over the useful
portion of the infrared spectrum (eg 2.5 to 14.5 ym). The main
requirement is stability of emission. The sample cells can vary
in length depending on the absorption rate of the compound
(eg 20 to 40 meter path length). Detectors of various types
can be used with these analyzers/8/71/79/80/.

It should be noted that methods 3.1.6 through 3.1.8 are direct
methods used for hydrogen-isotope analysis but do not measure
tritium quantitatively/8/. They measure concentration, and thus,
are effective only in conjunction with PVT or other measurements
of total quantity. Errors due to the temperature gradients
created by heat generated by tritium decay occur in the PVT
measurements.

The inferential methods 3.1.1 through 3.1.5 can yield false
readings if other radiation sources are present.

Even with these direct and inferential methods, there is no physical
accounting method currently used which is capable of distinguishing
between material unaccounted for and that burned in a continuously-
fueled closed-loop reactor. Therefore, no accountability informa-
tion can be derived from even the best physical measurement unless
the fuel burn is known precisely and independently.
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3.2 Market Purvey

The information on tritium monitors commercially available is
divided according to the following categories:

- personal tritium monitors and dosimeters

- real time monitors for area surveillance, process control
and environmental monitoring

- surface and bulk contamination monitors

Cross references are given for those instruments which may belong
to more than one category. The information given here is a brief
summary of the company brochures. Comments on the reputed per-
formance are included when available. Information available
from a previous survey/50/ as well as information kindly supplied
by Bob McElroy of CRNL are used in this report. Copies of
documents collected during the study are available at Ontario
Hydro Research Division.,

3.2.1 Personal Tritium Monitor and Dosimeters

A personal monitor using a double ionization chamber was developed
at Chalk River Nuclear Laboratories/81/. One chamber measures
tritium and external radiation, while the other measures external
radiation only. They are connected in an anticoincidence mode.
Power is supplied by rechargeable batteries for the chambers and
coil-driven air pump. An integrated filter and an ion trap are
provided. The 80 cm3 chambers and printed circuit electronics
make this instrument very light. The total weight is about 1 kg.
The range is about 10yCi/nr to a few mCi/m3. It uses inexpensive and
readily available components. CRNL has given SCINTREX the license
to manufacture and sell this instrument and it is expected to be
on the market within a few months.

There are no commercial personal dosimeters.

3.2.2 Real Time Monitors

These monitors are divided into three classes as described below.
All of these monitors provide tritium concentration measurements
(as opposed to tritium content), hence pressure, temperature and
volume measurements are also needed to estimate total tritium.
In addition, flow control and sampling lines are also required.

3.2.2.1 Area Surveillance - This includes all areas inside the
facility with controlled access. The majority of real time
monitors for area surveillance are ionization chambers and pro-
portional counters.
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OVERHOFF AND ASSOCIATES
P.O. Box 8091
Cincinnati, Ohio 45 20 8
(513) 271-8339

INC No Canadian
Representative

Overhoff and Associates Inc produces the BETATEC ionization chamber
monitors widely used in the USA in tritium laboratories and fusion
facilities. This company has a large share of the market in the
US, and it also exports to Europe and Asia (mainly to luminescent
watch makers). Electronic and peripheral equipment can be added
to their monitors for a variety of applications. Betatec
monitors are available for a large range of tritium concentrations
from yCi/m3 to practically pure tritium. Accuracy is ±10%
of reading. Portable and fixed monitors can operate
in above normal background radiation fields, as well as
low and high humidity environments, in temperatures from 0-40°C
and pressures of 0-4 atmospheres. Examples of facilities with
operating experience with the Overhoff equipment are Sandia
Laboratories, Livermore, Mound Laboratory, Los Alamos National
Laboratory and EG&G (Idaho Falls). It has also been selected
for the TRS in Pickering. The US labs have found that while
Overhoff1s scientific background allows him to satisfy
customers' requirements and that design was excellent, quality
control and standardization are sometimes below average.
Apparently these quality problems are the result of a very
high staff turnover and lack of appropriate manufacturing
capabilities. Overall, his reputation with his customers
is excellent.

JOHNSTON LABORATORIES
3 Industry Lane
Cockeysville, Maryland
210 30 USA
(301) 666-9500
Cable: JOHNLAB

Canadian Representative:
INB MAYNIRD SCIENTIFIC
3041 Universal Drive
Mississauga, Ontario
L4X 2E2
(416) 624-2300

Johnston Laboratories produces the TRITON ionization chamber
monitors used in Canadian, American, Japanese and European
laboratories and nuclear installations. Electronic and peripheral
equipment can be added for a variety of applications. TRITON,
instruments are available for tritium concentrations of a few
yCi/m3 up to one Ci/m3 with an accuracy between 10-20% of full
scale. Portable and fixed monitors can operate in higher than
normal background radiation fields, as well as in low and high
humidity atmospheres, and in temperatures from 0-50°C. Examples
of facilities with operating experience with TRITON equipment are
Ontario Hydro, Mound Laboratory, Consolidated Edison Company (NY),
Tokyo Institute of Technology (Japan), and CERN (Switzerland). The
gamma compensation seems to depend on the orientation of the
equipment.
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BETA ANALYTICAL INC
309 Newton Square
Coraspolis PA
1510 8 USA
(412) 264-3316

Canadian Distributor:
LABSERCO LIMITED
Unit 8, 1100 invicta Dr
Oakville, Ontario
L6H 2K9
(416) 842-1951

Beta Analytical produces the BERTHOLD proportional counter used
in Europe and the US. Electronic and peripheral equipment can
be added for a variety of applications. Berthold counters are
available for tritium concentrations of nCi/m3 to yCi/m3 with
accuracies of ±3%, being more appropriate for tritium measurements/
control in low tritium concentration areas (gaseous effluents and
environmental monitoring). Portable and fixed monitors can
operate in higher than normal background radiation fields with
the capability of distinguishing beta emitters by pulse height
discrimination. Ontario Hydro Health and Safety Division has
tested Berthold equipment and found it unsatisfactory.

NUCLEAR ENTERPRISE LIMITED
Bath Road, Beenham
RG7 5PR England
(073) 521-2121
Telex 848475/Cables
Devistope; reading

Canadian Distributor:
TECHNICAL MARKETING ASSOC LTD
Unit 6, 6620 Kitimat Road
Mississauga, Ontario
L5N 2B8
(416) 826-7752

Nuclear Enterprises Limited produces portable ionization chambers
for tritium ^nitoring. It has four scales ranging from 0 to 15
mCi/m3 of tritium in air with an accuracy of ±20% for readings
above 1 MPC and integrated visual/audible alarm, external alarm
and recorded outputs are provided.

Operating temperature is 10 to 40°C and it weighs 15 kg. The
battery life is about 8 hours and it takes 16 hours to recharge.
The instrument may also be connected to on-line power. The
manufacturer claims that these instruments are widely used in
the UK.

MUNCHENER APPARATEBAU KIMMEL BM BH No Canadian Representative
Postfach 144
Otto Haku Strasse 36
8012 Ohobrunn
West Germany
(089)609-1001
Telex 05-23092 mab d

Munchener Apparatebau produces the SMKH proportional counter.
Electronic and peripheral equipment can be added for a variety
of applications. SMKH instruments are available for tritium
concentrations in the range of tens of nCi/m3 to Ci/m3 (accuracy
not provided). Like all proportional counters, these instruments
have the capability of discriminating tritium from other beta
emitters. Gamma discrimination is achieved by anticoincidence
circuitry. The TMH2 model is a compact monitor with a lower
detection limit of yCi/m3. Ontario Hydro Health and Safety
Division tested this equipment and found it reliable.
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TECHNICAL ASSOCIATES
7051 Eton Avenue
Canoga Park, CA
91303 USA

No Canadian Representative

Technical Associates manufacturers a portable tritium monitor
for the detection of airborne tritium. Dual chambers are used
to eliminate background radiation and a filter and
deionizer eliminate smoke, dust and ions. The circuit battery
has a 400 hour life and the blower battery has a 50 hour life.
There are two ranges 3 yCi/m3 to 3 mCi/m3 and 3 mCi/m3 to
3 Ci/m3, both of which are logirithmic. The dimensions are
9" x 16" x 14.5" and the weight is 18 lbs.

SCINTREX LIMITED
222 Snidercroft Road
Concord, Ontario
L4K 1B5
(416) 669-2280

This is the only Canadian company commercially manufacturing
tritium monitors. The monitors are developed at CRNL and licenced
to SCINTREX.

Currently they are offering the Model 153A. Air is drawn at a
regulated rate through a filter to an exchanger where it mixes
with demineralized water. Tritium in air is mixed with this
water and then purged with clean air to remove radioactive gases.
The purged water is forced through a shield plastic scintillator
and the tritium content is displayed in MPCa units. Peripheral
equipment can be added.

This instrument is suitable for a range of 0.2 to >1O MPCa with
an accuracy of ±10% at STP, but it can measure concentrations as
high as 10 MPCa at STP. It features an automatic range changer
A calibrator using tritiated water standards is also available.

The company did not send information on users of this equipment;
however, problems may be found in measuring, controlling and
supplying air sample, clean air and demineralized water. Also,
a fraction of tritiated vapour may escape together with the
purged gases. The scintillator may clog. Advantages are the
insensitivity to noble gases (conditioned to a proper purge),
the protection against external gamma sources by adding shielding
to the detector (the equipment is provided with shielding such
that 20-30 yR/h result in a 0.1-0.2 MPCa measurement). Should
tritium be in the form of gas, rather than HTO, an unknown
fraction would react with the water, thus giving an erroneous
reading.

SCINTREX also offers a portable tritium monitor consisting of dual
concentric ion chambers, for a multi-range tritium concentration
of 5 to 107 yCi/m3. Gamma compensation is excellent for all
directions with a 1 mR/h resulting in less than 5 uCi/m3. The
instrument weighs less than 10 kg. Additional information may
be found in reference 51.

- 48 -



SCINTREX was licenced to manufacture and distribute a truly
portable (about 1 kg in weight) tritium in air monitor (see
Section 3.2.1 above).

3.2.2.2 Process Control - Besides the ionization chambers and
proportional counters described above in 3.2.2.1 which are used
for process control as well as area monitoring (eg Overhoff and
Associates; Beta Analytical Inc; Munchener Apparatebau) and the
scintillator described in 3.2.2.3 below (Beta Analytical Inc),
instruments that will be used for process control as described
in 3.1.6 to 3.1.8 above are available commercially from analytical
instrumentation companies. A market survey was not carried out
on these devices; however, a list of potential suppliers is
included below:

Beckman Instruments Inc

Hewlett-Packard

Leeds & Northrup

Consolidated Electrodynamics Corp

Mine Safety Appliances Co

Perkin-Elmer Corp

3.2.2.3 Environmental Monitoring - Environmental monitoring
includes areas inside the premises of a facility accessible to
all personnel and the general public, as well as areas outside
the premises of the facility. Real time environmental monitoring
may be very expensive and it is not usually required on a con-
tinuous basis. Should it become a requirement in fusion facilities,
there is equipment on the market for measuring low tritium con-
centrations, as described below. In addition, periodic samples
for tritium in air, liquids and food can be analyzed with liquid
scintillators.

1. Gaseous Streams (see BETA ANALYTICAL INC, in Section
3.2.2.1 above)

2. Liquid Streams - BETA ANALYTICAL INC developed a continuous
tritium monitor for liquid effluents (Berthold LB-50 4).
Liquid flows through solid scintillation beads between two
photomultipliers. The detection limit is 400 dpm of
tritium with a flow rate of 1 m£/min and a cell of 300 yft.
The counting efficiency for tritium is 5 to 6%. Memory
effects and clogging may be expected in this type of equipment.

3.2.3 Surface and Bulk Contamination Monitors

These were divided into surface contamination monitors and bulk
contamination monitors as described below.
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3.2.3.1 Surface Contamination Monitors - Monitors for surface
contamination of the direct reading type are available in the
market. However, it is more common to take a swipe sample for
subsequent counting with proportional counters or scintillators,
A description of direct reading equipment is given below.

HUGHES WHITLOCK LIMITED
Wilton Road
Malvern Worcs. WR14 3R6
England
(06) 845-4529
Telex 335451

Canadian Distributor
TRIGON INSTRUMENTS LIMITED
85-10 Nantucket Blvd
Scarborough, Ont MlP 2N7
(416) 759-4669

This company produces the WHITLOCK TRITIUM METER, a fully portable
surface monitor, weighing 3.2 kg. A plastic scintillator is used
to measure a smooth, and opaque area of 100 cm2, with a sensiti-
vity of nCi/cm2 in 10 seconds and pCi/cm2 in 100 seconds.
Accuracy data was not provided. A pump creates a small vacuum
over the surveyed surface. A disposable gauge keeps a fixed
distance of 0.125 mm between the surface and the scintillator.
CRNL personnel indicated that they probably could not improve
the Whitlock detector. The use of this instrument, however, is
limited to flat and opaque surfaces.

BETA ANALYTICAL INC
(see address in Section 3.2.2.1)

This company produces the BERTHOLD tritium surface contamination
detector, which is a windowless proportional counter 5 mm deep.
A sensitive area of about 22 cm2 allows for measurement down to
pCi/cm2. They claim a very high accuracy but did not provide
data. The high voltage, carrier gas supply and other peripheral
equipment can be mounted on a cart. They also produce a fully
portable beta/gamma surface monitor, and claim that a special
windowless counter tube can be connected to the monitor for the
measurement of tritium.

3.2.3.2 Bulk Contamination Monitoring - Only metal contamination
is addressed in this section since tritium in liquids and gases
is discussed above. Indirect monitoring methods were found in
the literature for bulk contamination with tritium. Metals are
heated at high temperatures (several hundreds of °C) to release
tritium in a gaseous form. Subsequent measurements are made in
several ways, such as mass spectroscopy or with ionization or
proportional chambers. It may also be oxidized, condensed and
measured with liquid scintillations, infrared spectrum analysis,
gas chromatography and others.

Several techniques to measure tritium bound in thin layers have
been reported, such as neutron radiography, secondary ion mass
analysis, nuclear microprobe analysis, tritium autoradiography,
tritium-induced x-ray spectroscopy, tritium-beta bremsstrahlung,
thermally stimulated exoelectron emission, raman scattering,
scanning electron and other electron microscopy. None of these,
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however, are real time monitors because samples of materials must
be taken to laboratories for analysis.

While all such techniques require instruments usually located in
scientific laboratories, Mound Laboratories installed a scanning
electron microscope in an inert gas glove box for examination of
materials containing tritium. References 52-59 describe some
measurement techniques.

3.3 Prototype Monitors

Many research and-development laboratories have designed and con-
structed equipment for airborne tritium monitoring. While the
monitors are variations of ionization chambers or proportional
counters in general, the sampling processes have special features,
particularly regarding the separation of tritium gas from tritium
oxides. Improved electronics are very important so they are also
included.

3.3.1 Low Memory Ionization Chamber and Improved Electrometer/60/

A conventional 51.5 I Kanne ionization chamber consists of three
cylinders with the intermediate cylinder operating at a few hundreds
of volts. The space between the first and second cylinder acts as
an ion trap. Due to the high surface area, contamination by
tritium oxides or tritiated oils builds up on the walls. In the
modified chamber developed at Los Alamos National Laboratories,
the ion trap is an external electrostatic precipitator. The
high voltage cylinder was replaced by a wire cylinder, thus
reducing potentially contaminated areas. Enough separation between
the wire cylinder and the chamber outer wall ensures that emitted
beta particles of tritium contaminants deposited on the chamber
wall do not reach the wire cylinder. A new electrometer capable
of measuring currents as low as lfA (1O~15A), with an integrator
for measuring accumulated charges with a 10 decade digital display
from 1O~12 C/digit to 1O*"2 full scale, was also developed. This
electrometer can be used with any ionization chamber. A great
benefit is the reduction of chamber volume without the loss of
accuracy.

3.3.2 Ionization Chamber for Airborne Tritium
in Presence of Other Beta-emitter Gases/61/

Developed at Los Alamos National Laboratory, this instrument
employs a separate concentric chamber with a thin wall opaque
only to low energy tritium betas. Betas from other radionuclides
penetrate the chamber. An anticoincidence circuitry subtracts
external radiation as well as betas from other gases. With a
1.6 H sample chamber and 18 s time constant, tritium concentrations
in the range of 1 to 10 0 yCi/m3 are measured in background beta
concentrations with a range of 40 yCi/m3 to 0.4 Ci/m respectively.
R. Jalbert has indicated that he will be improving this
chamber.
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3.3.3 Ionization Chamber for the Separate Monitoring
of Tritium Oxide and Tritium Gas/62/

This monitor was developed at Lawrence Livermore National
Laboratory. Dimethyl silicon membranes were arranged to achieve
a discriminating ratio for HT/HTO of about 400, the same as the
HT/HTO MPCa ratio (in the US). Each of the sampled gases are
measured in conventional ionization chambers. Digital readings
are given in (US) MPCa for a range o£ yCi/m3 to Ci/m3 with equal
accuracy. It is intended to be used as a real time monitor for
health physics applications.

3.3.4 CRNL Monitor for the Separate Determination
of HT and HTO/81,89/

The most promising technique to discriminate tritium oxides from
other radioactive gases, including tritium gas is based on the
properties of Nafion, a polymer developed by DuPont. The permea-
bility through Nafion of HTO is about 10** times larger than that
of HT and about 10s times larger than xenon. In the CRNL
monitor a bundle of Nafion tubes separates two counter current
flows, one is the contaminated air and the other clean air which
picks up the HTO that has permeated through the Nafion tubes.
The clean air and HTO then flows to a detector. The contaminated
air flows through a second Nafion dryer, which removes any remaining
HTO, and then to a detector. Because only HTO is removed from the
contaminated air any radioactive noble gases are also counted along
with the HT. However, the authors point out that the design could
be changed so that HTO and noble gases could be measured separately.
And, presumably, with the addition of an oxidation step as in the
ANL monitor, HTO, HT and noble gases could all be measured
separately. The detectors are two separate ion chambers, both
gamma compensated. The resolution of about 3 yCi/m3 (0.3 MPCa for
HTO) and the response time is about 10 minutes. This instrument
requires a clean air supply and takes up a full rack so it would be
considered transportable. At present, it is still a laboratory
instrument but it is expected that it will be field tested soon.

3.3.5 ANL On-Line Tritium Monitor with Gamma Ray
Rejection and Energy Discrimination/90/

ANL has also developed a monitor based on the different permeation
rates of HTO and HT through Nafion although the details are some-
what different from the CRNL design (Section 3.3.4). The first
stage is similar: there is a counter flow of the contaminated
air and a counter gas (since a proportional counter rather than
an ion chamber is used) separated by a bundle of Nafion tubes.
The counter gas picks up the HTO that has permeated through the
Nafion and they are both sent to a proportional counter. The
contaminated air minus the HTO then goes through an oxidation
stage where the HT is converted to HTO. This is followed by,
another Nafion tube stage where the HTO is removed, mixed with
counter gas and counted. The contaminated air, now minus both the
HT and HTO is discarded. Thus, unlike the CRNL monitor, the
noble gases are not counted with the HT since the oxidation -
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second membrane stage separates them. To discriminate against
background gammas, pulse height discrimination and rise time
analysis are used. The sensitivity is 0.1 to 0.2 yCi/m3 which
is much smaller than is necessary in a warning device but may
be desirable in a stack monitor. The maximum concentration
that can be detected with the present design is about 100-200
yCi/m3, which could be increased with a dilution stage. The
maximum is determined by the rise time of the counter gas. The
response time is unknown but will probably be longer than the
CRNL monitor because, although they both have two Nafion stages,
the ANL monitor also has an oxidation stage. Physically, the
two monitors are about the same, both needing a rack. At present
the design of the second stage of the ANL monitor has not been
finalized and its development is about 9 months behind the CRNL
monitor. It is scheduled to be tested at TSTA in September, 1982.

3.3.6 Inexpensive Ionization Chamber for High-
Level Tritium Gas/8 2/

Developed at Los Alamos National Laboratory for measuring
tritium gas concentrations from 100% to 0.01% in hydrogen-
helium mixtures, it is intended to replace mass-spectrometer
techniques used in the Tritium Systems Test Assembly (TSTA).
Due to the high tritium concentrations, emphasis was on rugged-
ness and impermeability to tritium, rather than on low background
current. Construction materials are inexpensive and readily
available. Memory effects were observed and attributed to
contamination in the tanks containing tritium, in the oil of the
pumps used to mix the gases, but not to contamination in the
chamber walls.

3.3.7 Wide Range Ionization Chamber/83/

Developed at Los Alamos National Laboratory, this chamber consists
of an integrated ion trap, two active volumes in a single enclosure,
and an auto-range-changing electrometer. The chamber has 13
stainless steel grids alternated at ground potential and high
voltage. The low range has an active volume of one litre and a
grid of 15 mm, whereas the high-range volume is of 0.1 litres
and a grid space of 7.4 mm. To minimize memory effects due to
tritiated oils and condensed tritiated vapour, the inner walls
of the chamber are 10 cm away from the grids (ie a separation
greater than the maximum range of tritium betas). The sampled
gas flows through all the grids. The low-range grids and high-
range grids are each connected to separate electrometers. A
solid state switch interconnects the outputs of the electro-
meters, so that the cross-over is triggered at full scale of
the low-range electrometer. This equipment allows for continuous
monitoring of tritium concentrations in the range of a few yCi/m3

to tens of Ci/m3. Hysteresis, due to the electronics, as long
as 30 minutes was measured when dropping from the high range to
the low range.
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3.3.8 Differential Monitoring of Tritium and lkC Compounds/84/

This differential sampling system, designed to collect all major
volatile forms of tritium and * "*C, was developed at Battelle
Pacific Northwest Laboratory. Tritium gas, tritiated oxides
and organics, as well as carbon oxides and organics are differen-
tially removed from a single gaseous sampling stream by means of
catalysis and trapping agents in tandem columns. The first
column removes all forms of water, the second the CO2, the third
oxidizes and removes tritium gas, the fourth removes the CO.

Organic components are combusted and the resulting water and C02
are separated as described before. Aliquots are taken from the
columns for tritium and * 4C measurements in a liquid scintillator.
While the gas stream can flow continuously, the activity measure-
ments are done periodically. Tests have been conducted at a
high-level liquid waste solidification plant, a spent fuel
storage facility and in the vicinity of a power station.

3.3.9 Perforated Ion Chamber for Glove Box Monitoring

This is a Kanne type ion chamber with perforated walls developed
at LANL. It will be placed in glove boxes at the Tritium
Systems Test Assembly. The perforated concentric walls allow
diffusion of tritium into the chambers without the need for
dedicated sampling pumps, thus eliminating pump oil contamination
and other memory effects. Free ions are trapped between the two
perforated walls. Ionization by tritium is produced between the
inner wall and the collector. There is no literature on this
instrument available at the moment.

3.3.10 Atmospheric Tritium Measurement by Source Modulation/85/

An innovative technique used in Japan to improve sensitivity was
recently reported. It is based on a similar technique used in
space communications. The sample gas is pumped into a detector
(an ionization chamber) in a sinusoidal form. This was done by
opening/closing a valve with an electronic controller fed with
a sinusoidal signal. The output of the ionization chamber was
also modulated although distorted by random background radiation
and electronic noise. The modulated signal and the output
measurements were cross correlated with Fourier analysis. With
this technqiue they were able to detect tritium memory effects
of a fraction of yCi/m3 otherwise considered background radiation.
LLNL have also worked on a similar approach and CRNL are consider-
ing investigating it.

3.3.11 Automated Tritium Monitoring and Control/70,86,87/

A wide variety of tritium monitoring equipment, either commercially
available or constructed by tritium handling and fusion labora-
tories is currently in use and has been described above. In
addition, it has been evident that process, area, and effluent
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monitoring in facilities with tritium inventories in the order
of grams and higher, becomes sufficiently complicated that
automated central controls are necessary. This is achieved
by means of computers and displays in a control room» The
computer is programmed to control monitoring equipment, to
process and provide the information in the control room, and
to command preventative or corrective actions to process
safety systems. Clearly, such a system also processes para-
meters other than tritium concentrations. Although this is
not tritium monitoring equipment, it is closely related to the
tritium monitoring system and should be considered for compatability,

3.3.12 CRNL Automatic Monitor for Tritium in Urine/6 4/

This device consists of a urinal attached to an instrument that
assays the sample using a liquid scintillator and photomultipliers.
The scales are from 0.3 uCi/& to 3000 yCi/Ji and the response time
is about two minutes. The result is displayed on a chart recorder
and there is a slot for the user to sign the chart. The instru-
ment was designed to be a control device,' to warn workers if
they had accumulated a dose. It has been installed in a CANDU
reactor environment with mixed success/65,66/. There were some
problems with clogging and it was felt that the maintenance was
too demanding. There was an attempt to re-engineer the device
to make it more marketable but the project was not successful.
It does not appear that it will ever be successful as a warning
device since it does not compare favourably in usefulness with
the portable monitors. However, the fast response time is a
very desirable characteristic and if the instrument were connected
to a microprocessor which would automatically record the workers1

dose then perhaps the device would be useful enough to be revived
as a compliance device.

3.4 Unproven Concepts

This section consists of monitors about which little information
could be obtained (the LLNL research), monitors that are in the
early stages of development (the OH monitor) and speculative
approaches that have not been assessed.

3.4.1 Research at LLNL

There are several projects now on-going at LLNL to improve ion
chamber designs by heating the grids or using a different configu-
ration to reduce memory effects. They are also investigating a
device similar to the modulated input device of 3.3.10. In;an
effort to get away from ion chambers altogether, they are '
investigating a microwave rotational spectroscopy approach to
differentiate among all of the tritiated water species (H2O, HTO,
D2O, DTO, etc). The sample is cooled and expanded supersonically
into a chamber to prevent condensation. The spectral lines are
enhanced enough (103 to lo") so that they can be measured. The
equipment is partially assembled and funding is being sought.
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» It is believed that the instrument can be made as accurate as ion
chambers, be real time and portable.

J 3.4.2 The Ontario Hydro Plastic Scintillator HT/HTO Monitor

I The instrument is being developed at the Health and Safety
Division of Ontario Hydro. The concept behind it is quite
ingenious. A thin layer of plastic scintillator is attached to

I
a thermoelectric cooler and placed below a photomultiplier tube.
A background reading is taken with the photomultiplier tube
blocked off. The cooling element is turned on and the HTO is
condensed from the air onto the plastic scintillator where a

Î count is taken. Because of the water layer on the plastic
scintillator, none of the airborne HT betas will reach the
scintillator and be counted. Next, the water is evaporated and

1 a count is taken from the airborne tritium, both HT and HTO. If
the amount of HTO and HT are comparable during this last step
then the health hazard due to the HT present is much smaller
than that of the HTO and it matters little if the HT measurement

I is inaccurate. This monitor is still under development.

I
i
I
I

3.4.3 A Surface Monitor Concept

A concept which has been put forth by S.A. Cox (ANL) and
had previously been discussed among the authors of this study
is an undeveloped approach to surface monitoring. The
surface material would be lifted from the surface by a laser or
a heated liquid and then be counted. This method could, perhaps,
be made to work on non-flat surfaces and could be done in real
time. in order for this concept to develop into an instrument,
it would have to be shown to be more convenient and more accurate
than swipes.

3.4.4 Phoswich Detectors/50,88/

These detectors are composed of two crystals. The outer scintil-
lator is a thin CaF2 (Eu) crystal where alpha, beta and gamma
rays deposit energy. Due to its inert and non-hygroscopic
characteristics it should not absorb quantities of tritium in a
liquid, gaseous, vapour or chemical form. The inner scintillator is
a standard Csl (Tl) crystal, where very energetic betas and
gammas deposit energy. in this way alpha, beta and gamma discrimi-
nation is possible. Due to the energy resolution of the
scintillators, alpha, beta and gamma spectroscopy is also
possible. Drawbacks may include the low efficiency of scintil-
lators, potential tritiated vapour condensation, and deposition
of impurities on the surface of the crystal. While this detector
already exists in the market its application as a tritium
monitor needs to be studied.

3.4.5 Luminescent Paste/91,9 2/

Tritium has been used in industry to manufacture luminescent
watches and clocks. The tritium beta particle produces visible
light in the luminescent material. This property could be used
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to detect the presence of tritium on curved surfaces, corners,
through pinholes, seals, pumps and in may other surfaces
and components. Perhaps the intensity of the light could be
related to tritium content. A luminescent paste may be developed
that can be permanently fixed or easily removable. There should be
information from the watch industry and luminescent material
manufacturers on this topic. Related to this approach is the
use of luminescent material to improve the sensitivity of auto-
radiographic methods.

3.4.6 Measurement of Bremsstrahlung/93/

Detection of bremsstrahlung from tritium beta particle absorption
has been suggested as a practical way of measuring tritium in
samples not suitable for measurement by liquid scintillation
counting (eg vacuum pump oil, tritiated charcoal, coloured
aqueous wastes, etc).

Windows have to be thin because of the low energy of the photons
and, hence, the scintillator crystals need only be about 2 mm
thick to absorb most of the tritium bremsstrahlung photons while
inefficiently absorbing higher energy photons from other sources.
For a few grams of water, the minimum detectable concentration
was in the range of 1-10 Ci/g.

3.4.7 Electron Multipliers/63,94/

These devices have been investigated for scanning surface activity
and were recommended for further development. The need for the
surface to be at low pressure could limit the potential applications,
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4.0 NATIONAL TRITIUM MONITORING PROGRAMS

This chapter is a summary of the tritium monitoring R&D programs
in Canada, the US, Europe and Japan. In most cases there is no
overall national co-ordination, although there is coordination
between groups.

In Canada and the US, the information is organized by institution
or company and elsewhere by country. The list is restricted to programs
related to instrument development or reviews of tritium monitoring
methods. As an indication of program content, the title of some
recent papers and reports are given for each entry along with
the reference.

4.1 Canada

4.1.1 Chalk River Nuclear Laboratories

- A Monitor for the Separate Determination of HT and HTO/89/.

- A Personal Tritium Monitor, R.V. Osborne and A.S. Coveart,
AECL Report No 6730 (1980).

- Developments in Tritium Monitoring/81/.

- Application of Membranes to Monitoring for Tritiated Water
Vapour, R.V. Osborne and R.G.C. McElroy, AECL Report No 7263
(1980).

- A Transportable Monitor for Tritiated Water Vapour, R.V. Osborne
and A.S. Coveart, AECL Report No 6097.

4.1.2 Ontario Hydro

- A. Mikai and M. Hascal are developing an HT/HTO monitor
using a plastic scintillator (Section 3.4.2).

- Study of a Possible Method for Tritium Dose Control: Analysis
of Saliva for Tritium, J. Chase and D.J. Gorman, Ontario Hydro
Report SSD-IR-81-15 (1931).

- J. Stephenson is testing a passive sampling technique for
station use and is being assisted in the calibration by a
computer model developed by S.B. Nickerson (19 82).

4.1.3 McMaster University

- Determination of tritium by mass spectroscopic measurement
of 3He, W.B. Clarke, et al. , Int. J. of Appl. Radiât, and
Isot.(GB) 27, 515 (1976).
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4.2 United States

4.2.1 Los Alamos National Laboratory

- A Wide Range Tritium Monitor/83/.

- An Assessment of the Requirements for Tritium Monitoring
Within the Reactor Hall, VS. Current Technology/7/.

- Trends in Instrumentation for Environmental Radiation
Measurements at Los Alamos Scientific Laboratory, R.D. Hiebert
and M.A. Wolf, Report No CONF-801103-21 (1980).

- Tritium Monitoring System Using a Modified Kanne Chamber for
Use in Tritium Contaminating Environments/60/.

- Improved Kanne Tritium Monitoring Systems, D.F. Anderson and
R.D. Hiebert. Report No CONF-800211-4 (1980).

- Quantitative Determination of Tritium in Metals and Oxides,
D.E. Vance, et al. Report No LA7716 (1979).

- Monitor for Tritium Air Containing Other Beta Emitters Using
Ion Chambers/61/.

4.2.2 Lawrence Livermore National Laboratory

- HT/HTO MPC Detector Response under Field Conditions/62/.

- A Real Time Tritium Monitor with an MPC Proportional Response
to Airborne Mixtures of TH and THO, L. Beach and S.S. Hoots,
Nucl. Instr. and Meth. 175, 369 (1980).

- Tritium Practices Past and Present, V.p. Gede, P.D. Gildea
in Proceedings: Tritium Technology in Fission, Fusion and
Isotopic Applications, ANS (19 80).

- Tritium Containment Costs at Lawrence Livermore Laboratory,
J.F. Shaw and R.M. Alire, Report No UCRL-52795 (1979).

4.2.3 Argonne National Laboratory

- Development of an On-line Tritium Monitor with Gamma Ray
Rejection and Energy Discrimination/90/.

4.2.4 EG&G (Idaho Falls)

- They have been designated as the lead laboratory for fusion
safety studies including tritium. They are in the process of
setting up a Tritium Safety Facility. They had done some
•research in the past and will be doing more in the future/95/.

4.2.5 A.D. Little Ltd (Boston)

- They designed and developed the isotopic separation unit for
TSTA and supplied the necessary tritium monitoring instruments/9 6/.



4.2.6 Oak Ridge National Laboratory

- Tritium Conversion and its Influence on Peisonnel Protection
at a Fusion Reactor/6/.

- Ceramic BeO Exoelectron Dosimeters for Tritium and Reactor
Monitoring, R.B. Gammage, Report No CONF-7910149-1 (1979).

- On-line Tritium Monitoring in the GCFR Vented Irradiation
Capsule GB-10, M.E. Pruitt and A.M. Longest, Report ORNL/TM
6387 (1978).

- Tritium Instrumentation for a Fusion Reactor Power Plant/67/.

- Health Physics Aspects of Fusion Power/25/.

- Measuring Tritium with Exoelectron Dosimeters, R.B. Gammage
and J.S. Cheka, Nucl. Instrum. Methods, 127, 279 (1975).

4.2.7 Sandia National Laboratories

- Monitoring of Sandia1s Tritium Research Laboratory/77/.

- Potential Use of Raman Spectroscopy in the Quantitative Analysis
of Hydrogen Isotopes, R.E. Setchell and D.K. Ottessen, Report No
SAND-74-8644 (1975).

4.2.8 Monsanto Research Corp/Mound Facility

- Hydrogen Isotope Analysis by Quadrupole Mass Spectroscopy,
R.E. Ellefson, J. Vac. Sci and Tech. 18_, 1062 (1981).

- Mound Operational Experience with Tritium Differentiating
Ethylene Glycol Air Samples, W.E. Sheehan and D.C. Carter in
Proceedings: Tritium Technology in Fission, Fusion and
Isotopic Applications, ANS, 175 (19 80) .

- A Simplified HT-HTO in Air Measurement System, C.T. Bishop,
et al, Trans. Am. Nucl. Soc. 32y 142 (1979).

- Proposed Implementation of Laser Rairan Scattering Spectroscopy
for Analysis of Hydrogen Isotopes, S.M. Craven and J.T. Gill,
Report No MLM-2583 (1979).

- Assessment of Methods for Analyzing Gaseous Mixtures of Hydrogen
Isotopes and Helium, A. Attalla, et al, Report No MLM-2 376 (19 76).

- Differential Measurement of Low Level HTO and HT Leak Rates,
Report No MLM-2345(OP) (1976).
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4.2.9 Exxon NucJear Idaho Co (Idaho Falls)

- Continuous Tritium, Carbon-14, Iodine-129 and Krypton-85
Monitor for Nuclear Facility Off-Gas/9 7/.

4.2.10 Battelle Pacific Northwest Laboratories

- Differential Monitoring of Tritium and Carbon-14 Components/84/.

4.2.11 Idaho National Engineering Laboratory (Idaho Falls)

- An Atmosphere Tritium and Carbon-14 Monitoring System,
J.L. Thompson et al. Report No PB-287 502/9ST.

4.2.12 Allied Chemical Corp (Idaho)

- Evaluation of Tritium Analysis Techniques for a Continuous
Tritium Monitor/88/.

4.2.13 DuPont de Nemours

- Determination of Tritium in Solutions from Nuclear Fuel
Reprocessing, Report No DP-MS-77-36 (1977).

4.2.14 University of California (Livermore)

- Rapid Evaluation of Personnel Tritium Exposure, T.J. Powell,
et al, Health Phys. 3_2, 310 (1977).

4.3 Japan

—• A New Technique for Liquid Scintillation Counting of Tritium
Present in Metals, Radiochem. Radioanl.- Letters 51, 293 (1982) .

- A New Method for Atmospheric Tritium Measurement by a Source
Modulation Technique, Nucl. Instr. and Methods/85/.

- Application of a Continuous Channel Electron Multiplier for
Measuring Gaseous Tritium at Low Pressures, H. Kawabata et al,
Radioisotopes (Japan) 29_, 315 (1980).

- A Low-background Liquid Scintillation Counter for Measuring
Low-level Tritium, T. Iwakura et al, Behavior of Tritium in
the Environment, IAEA, 16 3 (19 79).

- Monitoring of Radioactive Gases in Air by Adsorption, T. Kato,
Int. J. Appl. Radiât, and Isot. 30_, 349 (1979).

- Measurement of Low Level Tritium Concentration in Water by
the Method of Electrolysis. Enrichment and Elongation Chamber,
C. Yamaguchi, Report No KEK-76-13 (19 76).
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4.4 France

- Continuous Monitoring of Tritium in Water, S. Descours and
P. Guerin, Report No CEA-R-5027 (1980).

- Rapid and Selective Separation of Tritium with a View to its
Determination in Radioactive Liquid Wastes, A. Flamant,
Report No COGEMA-N-1 (19 76).

- Methods of Tritium Determination in Gaseous Mixtures, Water
and Nuclear Reactor Materials, J. Chenion, Report No
CEA-R-4673 (19 75).

4.5 USSR

- Multiwire Proportional Chambers in the Devices for Molecular
Biology Constructed at JINR, Yu.S. Anisimov et al, Nucl. Instr.
and Methods, 176, 67 (1980).

- Portable Gas Radiometer, V A. Dem'Yanov et al, Instrum. and
Exp. Tech., 2JL, 1444 (1978).

- Large Volume Proportional Gas Counter for Measuring Low Concen-
trations of Tritium, Yu.F. Baryshev et al, Instrum. and Exp.
Tech. 21., 401 (1978) .

- RNB-76 Monitor for Low-Energy Beta-Emitter Contamination,
E.I. Dolgirev et al, Instrum. and Exp. Tech. 2_1, 547 (1978) .

- Complex of Devices for Sampling and Measuring Tritium in
Environmental Objects, Sov. At. Energy, 4_2_, 405 (1977) .

4.6 Czechoslovakia

- A New Type of Proportional Counter for the Measurement of Low
Tritium Activities, J. Szarka et al, Acta. Fac. Rerum. Nat.
Univ. comeniana Phys. (Czech) 19_, 119 (1979).

- Tritium Monitoring with a Scintillation Counter, M. Chundy
et al, J. Radioanal. Chem. 5_1, 167 (1979).

- The Present Level of the Tritium in the Environment and Some
Problems of Its Detection by Liquid Spectrometer, S. Saro et al,
Jad. Energ. (Czech) 2_2_, 338 (1976).

- Application of Liquid Scintillators in Tritium and Radiocarbon
Dating, K. Vesely, Report No CS-lNiS-10 (1972).

4.7 Federal Republic of Germany

- Measurement of Tritium in Exhaust Air from Nuclear Plants -
Testing of Tritium Air Monitors with respect to their Measuring
Characteristics, P.F. Sauermann et al, Joint Confrerence on
Radiation Protection - Radiological Effects of Nuclear Generating
Stations and Other Nuclear Installations on People and the
Environment, Lausanne (1981). .
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- A Rapid and Quantitative Method to Determine the Tritium Content
in DNA From Small Tissue Samples, V. Kasche et al, Behavior
of Tritium on the Environment, IAEA (1979).

- Fifteen Years of Experience in Handling Tritium Problems in
Connection with Low Energy Particle Accelerators,
P.F. sauermann et al, Behavior of Tritium in the Environment,
IAEA (1979).

- Measuring Techniques Used in Incorporation Monitoring for
Tritium and Carbon-14 and Radiation Exposure by Tritium and
Carbon-14 at the Karlsruhe Nuclear Research Center, Report
No KPK-290 5B (19 79).

- Chemical Detection and Precise Measurement of Tritium in a
Gas, M. Dupuis et al, Report No KFK-tr-50 4 (19 76).

- Methods for the Quantitative Analysis of Gaseous Tritium,
R. Schott, Report No KFK-tr-50 3 (19 76).

4.8 England

- Tritium Surface Contamination - The Special Problem, in Proceedings:
Tritium Technology in Fission, Fusion and Isotopic Applications,
ANS, 330 (1980).

- Tritium Production in LiF. Thermoluminescent Dosimeters, D. Lowe,
int. J. Appl. Radiât, and Isot. 31., 787 (1980).

- Assessment of Some Techniques Available for the Local Detection
of Hydrogen in Metals, G.P. Marsh, Report No AERE-R-8560 (1976) .

4.9 Israel

- Simple Instrument for the Determination of Tritium in Mixtures
of Hydrogen Isotopes, I. Lewkowicz and M. Rosmann, Nucl.
Instrum. Methods 126, 149 (1975).

4.10 Poland

- Electronic System for Measuring Tritium or Carbon-14 Activity,
E. Tota-Ramirz, Report No INT-82/E (1975).

4.11 Hungary

- Pulse-Shape Discrimination in the Proportional Counting of
Tritium Betas, S. Sudar et al, Nucl. Instrum. Methods 112,
399 (1973).

4.12 India

- A Simple Technique for Determination of Different Fractions and
Total Tritium Content of a Sample for Field Use, P.K. Vaze et al,
Indian J. Pure and Appl. Phys. L4, 935 (1976).
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4.13 Italy

- Application of LiF-TL-Phosphors for the Measurement of Low
Energy (keV) Beta Radiation, D. Guarducce and M. Oberhofer,
Atomkernernery. Kerntech. (Germany) 3J_r 32 (1981).

4.14 Rumania

- Improvement of Tritium Counting Sensitivity by Using Completely
Labelled Ethane as internal Gas Sample for the Proportional
Counter, I. Chereji, J. Radioanal. Chem. (Switz) 4€>_, 67 (1978) .'

4.15 Brazil

- System for Tritium Analysis in Natural Water, A.A. Mozeto,
Report No INIS-mf-4124 (1977).

4.16 China

- A Simple Method for Monitoring Total Tritium in Air, XU Zhi-Cheung
and Zhu Ja-Long, Nucl. Tech. (China) 3, 35 (19 81).
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5.0 CONCLUSIONS

Tritium monitoring- research has been going on for some time
and continues to be quite active (see Chapter 4). Health
and safety monitors presently available provide adequate
protection. However, it is quite clear that research will
continue as improved safety measures are sought after and
to provide more convenient techniques. For process
monitoring the sampling systems will be part of the designs
of the reactors and those will be finalized at the same
time as the reactor designs. The measurements will be done
by standard means.

There are several areas that require further research or
development:

i) A monitor that will discriminate between HT and HTO
against a gamma and activated noble gas background.
Three projects are currently under way to develop
such a monitor (see Chapter 3). The CRNL and ANL
monitors are based on the use of Nafion with the CRNL
monitor using ion chambers and the ANL monitor using
proportional counters. The CRNL monitor is ahead in
development but can not separate HT from the activated
noble gases. This could be done by the addition of an
oxidation stage as used in the ANL monitor. Both of
these monitors have advantages and disadvantages and
it may turn out that both will be used, the CRNL
monitor for wide range and the ANL monitor for high
:;cn:; i I i v i I y . 'I'll* * fliiiil projerf in H U M a m a \ a I h«
OnLario Hydro plasLic scintilla Lor monitor, which is
in the early stages of development. If it can be
dovoloped in the manner as presently conceived (and
especially if it is portable) it will be extremely
useful.

ii) Research and development of a more convenient surface
monitor that can be used on irregular surfaces.
Presently, the smear technique is most often used but
it is not very satisfactory since the results vary
considerably from smear to smear. The usual procedure
for surface monitoring for health and safety reasons
is to clean any surface that has shown activity through
a smear test and therefore accuracy is not required.
However, there may be slow desorption onto the surface
after a clean-up so that continued monitoring may be
required and there is a need for a simple and easy
to operate surface monitor. One suggested approach
is to use a laser, or a heated liquid to flash any
volatile materials from the surface, which could then
be counted.

A second topic in this area would be the development of
a system for measuring the surface contamination of small
curved surfaces and inside pipes and valves. There is a
need for such an instrument and the market will grow as
more experiments using tritium are brought on stream.
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iii) A monitor for measuring tritide concentration
in air. The health hazards of tritides in air are
not yet fully understood and a study in this area
would be necessary before any instrument development.

iv) An instrument or system that will take tritium gas
out of the air without oxidation. This is important
for two reasons: tritium in an oxidized form is
much more dangerous to health than tritium gas and
it. is expensive to convert the oxidized form back
into a gas for storage so it is advantageous to
avoid this step. Such an instrument could be used
as the basis of a monitor and, perhaps more
importantly, be useful for clean-up systems intended
for the cleaning up of large spills of tritium gas.

v) An investigation of the use of spectroscopy to
measure tritium. The only concept that was discovered
that could circumvent the lack of sensitivity (compared
to counting) in spectroscopic methods was the LLNL
concept of supersonic expansion of the tritiated gas
sample, leading to cooling and enhancement of the
rotational spectral lines. Other avenues could be
explored.
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