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1. INTRODUCTION

During the outage(overhaul) of the CANDU plant,
there is a period when the coolant is partially drained to
the reactor header level and the coolant is cooled and
depressurized by Shutdown Cooling System(SDCS)
other than PHTS pump. In the postulated accident of
the loss of SDCS-the PHTS pump failure, the primary
coolant system should be cooled by the alternate heat
sink using the thermosyphon pheonomenon(TS)
through the steam generator(SG)

This study was aimed at verification and analyzing
the core cooling ability of the TS. And the sensitivity

analysis was done for the number of SGs used in the TS.

As an analysis tool, RELAP5/CANDU was used.

2. THE LOSS OF SDCS DURING
PARTIALLY DRAINED STATE

If SDCS fails to remove the decay heat during the
partially drained state, the channel coolant begins to
boil and the fuel sheaths get damaged. (Fig.1 and Fig.2)
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Fig.1 Coolant void fraction after the loss of SDCS
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Fig.2 Fuel sheath temperature after the loss of SDCS

3. THE INDUCING OF
THERMOSYPHON PHENOMENON

12

As an alternate cooling method, the operator
should feed the PHTS & secondary side of SG and
induce the TS using the SG.

There is no forced flow in the coolant loop. The
driving force is only the coolant density difference
between the hot reactor outlet header (ROH) and the
cold reactor header (RIH) resulted from the heat
transfer in the SGs(Fig 3). The better the heat transfer
in the SGs, the larger the density head.
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Fig.3 Coolant densities of RIH & ROH due to the TS

The coolant flow per pass which had been
decreased to 27kg/s right after the PHTS pump failure
was recovered to 45kg/s due to the TS. (Fig.4)
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Fig.4 Coolant flow rate due to the TS

4. THE RESULTS OF
THERMOSYPHON

And the channel coolant did not boil and fuel
sheath temperature was maintained under the safety
criteria of 800 . (Fig.5 and Fig.6) These two figures
are the results for the case of secondary side of both
SGs per loop were fed.
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Fig.5 Coolant void fraction during the TS
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Fig.6 Fuel sheath temperature during the TS

The case of one SG per loop fed brought the
different channel flow rate and different fuel sheath
temperature between the upstream pass of fed SG and
downstream pass of fed SG. However, the void fraction
and fuel sheath temperature showed the similar results
with the case of both SGs fed and assured the fuel
channel integrity. (Fig.7, Fig.8 and Fig.9)
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Fig.7 Coolant flow rate during the TS
with one SG/loop fed
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Fig.8 Coolant void fraction during the TS
with one SG/loop fed
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Fig.9 Fuel sheath temperature during the TS
with one SG/loop fed

5. CONCLUSION

During the shutdown - partially drained operation
of the CANDU reactor, the loss of SDCS will result in
the coolant boiling and fuel overheat. However, the
alternate decay heat sink of thermosyphon through the
SG can prevent the damage of the reactor core. And
thermosyphon with the secondary side of only one SG
per loop fed is enough to circulate the primary side
coolant naturally.

The result of this study was used for the Wolsong
NPP PSA.
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