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Consideration for the Safety of a Fusion Power Plant
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Abstract

Based on the fundamental approach for safety of ITER, a possible extension of it to assure the safety of fu-
sion power plant was considered. Although the entire analysis andlicensing preparation are specific for ITER,
its methodology which takes full advantage of the inherent features of fusion is expected to be applied to the
fundamental logic of fusion power plants. Both energy and radioactive source terms that could be potential
hazards are typically operative for a number of days rather than for a year, as in the case of fission. The ma-
jor differences from the test reactor ITER were identified as the power blanket, coolant loop, and a genera-
tor train that will hold high temperature and a considerable amount of tritium. It is anticipated that the trit-
ium inventory and most of the tritium plant would essentially be same as those for ITER, tritium recovery
and removal from the blanket loop will dominate the fusion power plant tritium systems. Such a tritium sys-
tem will actively remove tritium at a daily throughput of the order of plant inventory. This feature suggests
that no dedicated off-normal systems are needed to assure the safety of the fusion plant in terms of environ-

mental tritium release.
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Table 1 Cdmparison of safety of nuclear facilities.

Radioactive Source Term Hazard Potential Energy Source Term Relation betwee.n )
Energy and Activity
Light Water Reactors | Fission Product in Fuel Rods | Significant Nuclear Fuels in fuel Rods | Co-exist
(Maximum One Year Produc- (for One Year)
tion)
Fission Product in Fuel Rods Significant Decay Heat of Spent Fuel | Co-exist
ITER Tritium in Vacuum Vessel | 1/1000 of FPs Electro-Magnetic Force of | Neighboring
(Maximum ca. 10 days Burning) | in Fission Reactors | Plasma
Tritium in Fuel Loop (Maxi- | 1/1000 of FPs Electro-Magnetic Force of | Unlikely to Correlate
mum ca. 10 days Burning) in Fission Reactors | Magnets etc.
Fusion Power Plants | Tritium in Fuel Loop (Maxi- | 1/1000 of FPs (Same as ITER) Unlikely to Correlate
mum ca. several days Burning) | in Fission Reactors
TritiuminBlanket Coolant(Less | 1/10000 of FPs Heat and Pressure Co-exist/ Neighboring
than One Day Burning) in Fission Reactors | in Blankets
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Fig. 1 Distribution of tritium source term in ITER and fusion

power plants. Bold figures indicate anticipated order of
tritium inventory in power plants.
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TRITIUM IS CONFINED WITHIN
MULTIPLE BARRIERS

EACH CONTAINMENT HAS
TRITIUM REMOVAL SYSTEM

IN CASE OF SPILL, TRITIUM IS
RECOVERED BEFORE GOING
——— OUT TO THE NEXT BARRIER

| [DETRITIATION]
SYSTEM |

X

FOR POWER PLANT,
HEAT EXCHANGER AND
TURBINE WILL NEED
CONSIDERATION

Fig. 2 Concept of tritium confinement in ITER and fusion power
plants. The only difference is the turnine generator used
for power plants. Bold characters indicate specific sub-
systems for power plants.
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Fig. 3 Conceptual diagram of tritium flow paths in fusion power
plants. While the primary loop and the air detritiation is
essentially same for both ITER and power plants, secon-
dary loops for tritium recovery from generation system and
coolants, decontamination of solid wastes particularly
used blankets will be important.
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