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ABSTRACT

When tritium is used in a fusion energy
experiment or reactor, several implications affect
and usually restrict the design and operation of
the system and involve questions of containment,
inventory, and radiation damage. Contaianent is
expected to be particularly important both for
high-temperature components and for those compo-
nents that are prone to require frequent mainte-
nance. Inventory is currently of major signifi-
cance in cases where safety and environmental
considerations limit the experiments to very low
levels of tritium. Fewer inventory restrictions
are expected as fusion experiments are placed in
more-remote locations and as the fusion community
gains experience with the use of tritium. How-
ever, the advent of power-producing experiments
with high-duty cycle will again lead to serious
difficulties based principally on tritium avail-
ability; cyclic operations, with significant
regeneration times are the principal problems.

INTRODUCTION

As fusion energy development approaches the
time when ignited plasma burns and realistic tech-
nology and engineering experiment* are needed, it
will be necessary to handle significant quantities
of tritium in these experiments; vhen fusion power
reactors are developed, the quantities of tritium
involved will be very large by present standards.
The use of tritium in these experiments and reac-
tors will have a major IK act on the design and
operation of the facilities. The issues to be
addressed during consideration of tritium use in
fusion facilities can be divided into three groups:
(1) containment or release of tritium, (2) tritium
inventory, and (3) matetiala problems. The rela-
tive importance of items in each set of consider-
ations depends on the particular component or
reactor design being considered.

Contaiment or release of tritium will not
always include the most difficult design problems.
However, before fusion energy can establish and
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maintain a reputation as a clean and safe energy
source, environmental and safety issues must be
given a high priority during the development as
well as the design/construction/operation stages
of ths program. Although it is convenient to
divide the containment issue into two parts,
steady or regular releases and accidental releases,
the two are not necessarily independent questions.

Inventory issues are aoet critical for the
first fusion reactors constructed, because the
availability of tritium may be limited by existing
production facilities, and the cost of initial
tritium inventories produced from fission reactors
will be high. The Department of Energy currently
charges SO.75/C1 for tritium sold in larger quanti-
ties. However, as fusion reactors begin to pro-
duce tritium, the cost of tritium must decline
considerably; otherwise fusion energy will not be
economically viable. Later reactors may have
tritium available from previous fusion reactors
at low and reasonable costs, but special care will
still be needed to keep the inventory low enough
so that the tritium doubling tine in the reactors
Batches the doubling tine needed for introduction
of fusion into the energy economy. The doubling
time is proportional to the ratio of the reactor
inventory and the breeding ratio; thus inventory
can be as important as breeding ratio once a ratio
greater than unity Is achieved.

Safety is an important factor in the inven-
tory issue, especially the maximum release in the
event of an accident. Obviously, the more tritium
present in a facility, the larger the potential
consequence of a major accident, but one should
not take a si»plistic_view when assessing the
accident hazard and simply equate the risk to the
tot»l inventory. The form and location of the
tritium in various portions of tha Inventory
should also be considered. Careful design can
segment the major Inventories and disperse criti-
cal itema so that the likelihood for escape of a
major portion of the inventory during a single
accident or chain of accidents is minimal. Mul-
tiple containment with trapping or recovery equip-
ment can reduce the risk even more.

Material selection throughout a fusion facil-
ity must include consideration of compatibility
with tritiun, which is often not unique to fusion
energy; much can be learned from data and experi-
ence gained in other earlier programs that



Involved significant quantities of tritium.1

Material problems nay be divided into two groups
of effects, radiation and hydriding (including
helium deposition). Radiation effects are most
severe for organic materials such as plastics and
elastoners, wh^ch are frequently used for gaskets
and seals. Lubricating and pump oils can also
absorb tritium and be damaged by the beta-decay
radiation; perhaps more importantly, the absorp-
tion of tritium makes the oils radioactive and
thus a significant hazard to personnel. The
effects of tritium on plastics and elastomers __
varies from material to material JL»3-but special
care should usually be taken to avoid exposing
halogen-containing materials such as vinyls or
fluorcarbons to significant tritium concentration.
Not only are these materials degraded, but the
degradation products are corrosive.z>

Although metal properties can be degraded by
absorption of tritium or any hydrogen isotope,
many materials can be used with even high-pressure
hydrogen, and much literature and experience is
available to guide the designer in material selec-
tion. The unique feature of tritium is its radio-
active decay to Re3. This is a problem only for
tritium absorbed within the metal. Both the radi-
ation energy deposition and the helium residue can
degrade the metal. Helium tends to accumulate at
grain boundaries and contribute to embrittlenent."

TRITIUM RELEASE MECHANISMS

Tritium can escape from fusion systems through
the usual small leaks around welds and fittings,
through normal repair or replacement of components,
through accidental failures, and by permeation.
The last path is almost unique to hydrogen isotopes
and has thus received considerable attention in
fusion reactor studies. Most normal releases from
process equipment can be prevented from escaping
to the environment by enclosing the critical equip-
ment items in secondary enclosures that are capable
of removing tritium from the enclosure atmosphere,
which avoids accumulation and Eventual escape of
tritium from the enclosure. B6wever",~one release
path that cannot be contained within a secondary
enclosure involves permeation of tritium from the
blanket breeding material into the coolant and
then into the steam generator. Once tritium
reaches the steam system it is usually assumed to
be released to the environment. The steam system
can provide useful surge capacity to limit the
effects of a sudden large accidental release of
tritium by this path, but the need for "blow down"
capabilities to handle sudden change* In power
demand and normal leakage from turbogeneration
equipment prevents effective containment of a
steady loss of tritium to the steam system.

Permeation losses of most concern occur with
high-temperature reactor designs, that is, these
designs with blanket temperatures of 700 to 1000°C.
Studies of early designs of high-temperature sys-
tems with high thermal efficiencies indicated that
permeation losses, especially via the coolant/steaa

generator, would determine the "Trim"' allowable
tritium concentration or pressure in the blanket.5

The high-permeation rates result from higher pres-
sures of tritium in the blanket (for the same con-
centration) , from higher permeability of metals
at high temperatures, and from the selection of
high-temperature structural materials that were
also highly permeable to hydrogen (niobium6 or
vanadium). Recent designs of near-term devices
using stainless steel structure and temperatures
below 500°C give permeation rates that are too low
to be significant as shown in the comparison in
Table l.*»* Since these are the fusion designs of
most-current interest, permeation not? seems less
important than it did a few years ago.

Once the permeation rate is reduced, the
principal paths for tritium escape become more
conventional. These include leaks through seals,
through imperfect welds, and during routine main-
tenance and replacement of components. Although
the seriousness of tritium containment should not
be underestimated and special care must be taken
to ireduce leaks, it is reassuring that the prob-
lems and approaches are not generically different
from those used in handling any highly hazardous
or toxic gas. Furthermore, secondary containment
with tritium trapping from the secondary atmosphere
can further reduce tritium escape to the environ-
ment and provide especially important protection
In the event of sadden, large accidental escape
of tritium.

INVENTORY CONSIDERATIONS

The principal areas where large inventories
of tritium are likely to occur in a fusion reactor
system are (1) in the cryogenic distillation equip-
ment; (2) in all cyclic operations such as cryo-
genic vacuum pumps, getter pumps, and collectors;
(3) in the blanket and blanket processing system;
and (4) with fuel storage and surge capacity. An
effort will be needed throughout the fusion system
to minimize inventory, but special care will be
required with the cyclic operations and with the
blanket.

Cyclic operations that handle the entire
throughput of fuel oust function with short cyclic
periods, especially when the fraction burn is low
and thus the fuel throughput per unit power is
high. The throughput for a 1000 Mtf(e) system can
contain a few kilograms of tritium per day. Cycle
times of no more than 4 to 8 hr are likely to be
acceptable. The time required to regenerate the
cyclic devices is critical. Cryopumps can be
regenerated very quickly except when water must be
removed from molecular-sieve sorption pumps. Nor-
mal regeneration of condensation or cryoaorption
pumps to recover deuterium-tritium (D-T) or helium
should take no more than a tew minutes and add
little to cycle times and inventories. However,
slow accumulation of higher~molecular-«elght
tritium-bearing compounds (such as water) on cryo-
sorption pumps will require a periodic slow regen-
eration at high temperature* (o>200*C).
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Table 1. Comparison of tritium permeation rates for stainless steel and niobium

Structural material
temperature

500

500

800

800

500

500

Tritium concentration
(wppm)

1

10

1

10

1

10

Permeation rat
(Ci/day)

io-3

lO"2

2 x 1O6

2 x 105

2 x 1O5

2 x 10A

316 Stainless Steel—

Niobium2-

-lithium exposed to about 12,300 m of surface area, 5 mm thick.

-See reference 7.

^ reference 6.

However, getter materials such as zirconium-
aluminum and titanium, which have been proposed
for use as pumping devices, present more serious
regeneration problems. The regeneration can be
slow and require several hours at very high tem-
peratures and high vacuum. The regeneration time
and the number of cycles for which they can be
used are likely to be the critical issues in their
selection or rejection for fusion applications.
The difficulties of quantitative recovery of
tritium from some materials such as titanium for
even long regeneration times may eliminate their
use.

Other than breeding capabilities, inventory
considerations are the principal tritium issues
lit the selection and design of blanket systems
(Radiation damage and heat removal are, of course,
other serious Issues.) The equilibrium retention
of tritium and the rate of release must also be
considered. Because lithium metal has a high
affinity for tritium, the tritium pressure at the
maximum allowable inventory (concentration) is
very low and offers little driving force for
removing the tritium, which is why lithium proc-
essing is difficult. No technique has been
developed for recovering tritium from lithium at
the concentrations acceptable In fusion reactors
(<1 ppm), but sorption by yttrium**' and extrac-
tion by molten salts10 appear to be promising.

There is increasing Interest in the use of
solid lithium compounds rather than liquid lithium
metal as the breeding media in fusion reactors,
principally because lithium metal is combustible
and would release tritium in the event of a fire.
This increased interest in solid lithium compounds

is illustrated in the current "STARFIKE" design"
in progress at ANL. Most lithium compounds offer
breeding ratios that are marginal or clearly less
than unity, but the effective use of neutron mul-
tipliers may make some of these compounds accept-
able. Lithium oxide is, however, an exception
because it is clearly capable of good breeding
ratios. Although most lithium compounds that
have been considered for fusion blankets have
little affinity for tritium, the principal ques-
tion affecting tritium Inventory is the "rate" at
which tritium is released from these materials.
The average residence (retention) time of tritium
atoms in the blanket should be no aore than a few
days. Since most recent designs call for rela-
tively cool blankets (<500°C), tritium release
rates are not necessarily as rapid as needed.
Lithium oxide is a possible exception because it
may retain significant quantities of tritiu for
considerable times. Alkali metal hydroxides, are
not easily decomposed, especially at the tempera-
tures proposed for fusion blankets; thus the abil-
ity of lithium oxide to release all of its tritin
rapidly (low inventory) has been questioned.

Another potential source of significant trit-
ium inventory is in the structural material of
_those_ r-»actor designs such as NtJMAK, which use
zirconium or titanium structure, but this is not
likely "to be important for stainless steel syste

CONCLUSIONS

In developing conceptual designs and evalu-
ations of fusion reactor systems, all of the trit-
ium issues for all components must be considered.



_ It is not sufficient to consider a material or a 11. STARFIREz A Caunercial Tokamak Reactor,
technique that "satisfies only a single criterion; ANL/FPP/TM-125 (1979). ~
each operation must use. materials and techniques
that meet all requirements. Some of the more
frequently ignored requirements are regeneration
rates for cyclic operations and process (or
release) rates for blanket materials.
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