
Summary slide of “Analysis of Accident Scenarios 
of a Water-Cooled Tokamak DEMO” 

Large in-vessel and ex-vessel loss-of-coolant accidents of a water-cooled 
tokamak DEMO have been analyzed.
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TABLE II: Key input parameters for MELCOR analysis of an ex-vessel
loss-of coolant of a first wall/blanket cooling loop

Parameter Value
Coolant water inventory per a primary cooling loop 240 m3/loop
Number of the primary cooling loops 4
Inner diameter of the broken cooling pipe 0.727 m
Break area 0.83 m2

Volume of the confinement area covering a primary cooling loop 380,000 m3
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FIG. 2: Thermohydraulic transient behavior to the ex-
VV LOCA.

The analysis results of the
thermohydraulic transients to
the ex-VV LOCA indicate that
the following event sequences
will happen following the ex-
VV LOCA, as shown in Fig.
2. The water pressure in the
primary cooling loop decreases
from 15.5 MPa to 11 MPa in
0.2 s after the pipe break be-
cause of the loss of the coolant
(Fig. 2(a)). The pressure de-
crease cause flashing and then
two-phase flow of the coolant.
The elevation of the water in
the pressurizer begins to de-
crease at 0.2 s after the pipe
break, and is almost completely
depleted in 3 s (Fig. 2(b)). Dis-
charge of the liquid coolant wa-
ter at the pipe break area lasts
for 5.6 s after the pipe break, af-
ter which discharge of the vapor
coolant continue for several tens
seconds (Fig. 2(c)). The pres-
sure in the confinement vault
containing the broken primary
cooling loop, reaches the max-
imum of 144 kPa at 97.6 after
the pipe break (Fig. 2(d)).

The analysis results indicate that the maximum pressure is about 44 kPa larger than
the atmospheric pressure. In general it is difficult to provide the large vault, such as the

Ex-VV LOCA analysis 
v We have identified the event sequences 

following an ex-VV large (double-ended) 
pipe break of the primary cooling system.

v  The load onto the confinement area 
covering the broken primary cooling loop 
was found to be so large that it is difficult 
make a large volume, such as the tokamak 
building, pressure-tight.

v  The analysis result suggests that measures 
to protect the confinement area will be 
needed.
ü  A possible way is to implement a 

small vault of pressure-tightness or 
with a pressure suppression system, 
covering the primary cooling pipes. 



Summary slide of “Analysis of Accident Scenarios 
of a Water-Cooled Tokamak DEMO” 

Large in-vessel and ex-vessel loss-of-coolant accidents of a water-cooled 
tokamak DEMO have been analyzed.

In-VV LOCA analysis 
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5 In-vessel Loss of Coolant Accident Analysis

We analyzed multiple double-ended break of the cooling pipes of the blanket FW in the
VV in order to clarify the load to the primary confinement barrier, i.e. the VV and
its pressure suppression system (PSS). The VV is connected with the PSS to relieve
overpressure by the in-VV LOCA. The VV and PSS are segregated by a rupture disk, of
which set point is 0.2 MPa, in the relief pipe between the VV and PSS. The VV design
pressure is assumed to be 0.5 MPa, which is similar to that of ITER-FDR. Key input
parameters for the in-VV LOCA analysis by MELCOR are summarized in Table III, and
the MELCOR model for the ex-VV LOCA analysis is shown in Fig. 3. The total break
area of the FW cooling pipes, which is equivalent to the number of the pipe break, is a
scan parameter in this analysis.
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FIG. 4: Thermohydraulic transient behavior to the in-
VV LOCA.

We analyzed an in-VV LOCA
caused by break of the out-
board cooling pipes, which are
in the poloidal direction, of the
whole toroidal perimeter, i.e.
all the out board FW cooling
pipes were assumed to be bro-
ken. The total break area of
the FW cooling pipes are 0.82
m2. The analysis results of the
thermohydraulic transients to
the in-VV LOCA indicate that
the following event sequences
will happen following the in-VV
LOCA, as shown in Fig. 4. The
in-VV LOCA leads sudden de-
crease in the coolant pressure in
the outboard FW cooling chan-
nel, and at 0.1 s after the pipe
break the coolant pressure in
the inboard side begins to de-
crease (Fig. 4(a)). At about 1 s
after the pipe break, the coolant
in the pressurizer is completely
depleted (Fig. 4(b)). Figure
4(c) indicates that the ingress
of water to the vacuum vessel
lasts for about 100 s after the
in-VV pipe break. The oscilla-
tion of the mass flow rate, which
begins at 2 s after the pipe break, is attributed to generation of the two-phase flow of the
coolant. At 0.61 s after the pipe break, the pressure in the VV reaches the disk rupture

v We have identified the event sequences 
following an in-VV multiple break of all 
the outboard first wall cooling pipes.

v  The load onto the VV was found to be 
several times larger than the VV design 
pressure.

v  The analysis result suggests that 
measures to reduce the total FW break 
area will be needed.
ü  A possible way is to arrange the 

pipes along with the toroidal 
direction rather than the poloidal 
direction. 


