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This paper presents the RELAP5/MOD3 thermal-hydraulic analysis of three Loss-of-Coolant Accidents (LOC As) and three
Loss-of-Flow Accidents (LOFAs) in the first wall/blanket cooling system of the SEAFP reactor design. The analyses deal
with the transient thermal-hydraulic behaviour inside the cooling systems and the temperature development inside the nuclear
components. As it appears, the temperature increase in the first wall Be-coating is limited to 30 K when an emergency plasma
shutdown is initiated within 10 s following pump trip.

1. Introduction

The European fusion community is performing
a Safety and Environmental Assessment of Fusion
Power reactors (SEAFP). To perform this assessment,
a design concept of a future Tokamak power reac-
tor with a thermal power of 4 GW has been made.
The results of the analyses of LOCAs and LOFAs in
the integrated first wall/blanket cooling system of this
SEAFP reactor design will be presented.

2. Description of the SEAFP reactor model

The heat transport system of the SEAFP plant
model consists of the first wall/blanket cooling sys-
tem (3236 MW) and the divertor cooling system
(500 MW). The first wall/blanket cooling system con-
sists of eight separated 1/8 first wall/blanket cooling
sytems, each removing the power generated in two
adjacent core sectors. The first wall consists of a
2 mm thick Be-coating on 18 mm thick water cooled
steel panels. The blanket design is the water cooled
liquid metal breeder (Lii7Pbs3) blanket design. The
out-of-core cooling system layout has been obtained
from [1], whereas the in-core cooling system layout
has been obtained from [2],

3. RELAP5/MOD3 nodalization scheme

The nodalization of the out-of-core components of
an 1/8 first wall/blanket cooling system is shown in
Fig. 1. The two core sectors are represented schemati-

cally in this figure. The modelling of each core sector
consists of the nodalization of the first wall, the blan-
ket, the back plate, and the side walls and ribs for both
the inboard and outboard side of the sector.

4. Analysis results

Three LOCAs resulting from a rupture of respec-
tively the pump suction pipe (diameter 0.6 m), one
sector inlet header (diameter 0.4 m), and one sector
outlet header (diameter 0.4 m) have been studied. The
LOCAs have been analyzed without assuming emer-
gency plasma shutdown or operation of the safety sys-
tems to study the worst case conditions.

Three LOFAs have been analyzed with succes-
sively the following emergency plasma shutdown pro-
cedures: a non-disruptive plasma shutdown, a cen-
tral radial plasma disruption, and a vertical displace-
ment plasma disruption. The time required for the
emergency plasma shutdown procedures equals re-
spectively 100 s, 10 s, and 1 s. A delay of 10 s has
been assumed conservatively between the initiation of
the LOFA and the initiation of the plasma shutdown
for perception and processing of signals. Turbine trip
takes place as soon as the plasma shutdown procedure
has been completed.

4.1. LOCA results
After 10 s of steady state operation, the accidents

start at t=l 0 s. The break locations are shown in Fig. 1.
Each LOCA considered results in a sharp depres-

surization of the cooling system and large break mass
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Figure 1. Nodalization scheme of a first wall/blanket cooling system as used in the RELAP5/MOD3 calculations.

flow rates from each side of the break. For the an-
alyzed LOCAs, the cooling system empties almost
completely within respectively the first 12 s, 17 s, and
30 s of the accidents (Fig. 2).

For each LOCA considered, the saturation temper-
ature in the first wall and blanket drops below the
temperature of the wall of the cooling pipes almost im-
mediately following break initiation due to the sharp
depressurization of the cooling system. As a result,
transition from single-phase liquid convective heat
transfer to nucleate boiling heat transfer takes place
in the cooling pipes of the first wall and blanket al-
mosc immediately following break initiation. Due to

rapid decrease of the coolant mass flow rate in the first
wall and blanket and the ongoing plasma burning, the
vapour generation is very extensive during nucleate
boiling. As a result, dryout of the wall of the cooling
pipes occurs rapidly. Dryout results in a significant
loss of heat removal from the first wall and blanket.
Following dryout, the flow regime is mist flow, and
the first wall and blanket heat up almost adiabatically.

For the considered LOCAs, the temperature devel-
opment in the first wall is more critical than the tem-
perature development in the blanket.

Each LOCA analysis has been continued until the
melting temperature has been reached in the Be-
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Figure 2. Discharged coolant mass following rupture
of respectively the pump suction pipe, a sector inlet
feeder, and a sector outlet feeder.
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Figure 3. Structure temperatures at the midplane of
the outboard first wall following rupture of the pump
suction pipe (RAMS •» Reduced Activation Marten-
sitic Steel).

coating of the outboard first wall.
For the considered LOC As, significant loss of heat

removal due to dryout occurs in the outboard first
wall cooling pipes after respectively 1 s, 11 s, and
14 s. As a result, the temperature in the Be-coating
at the midplane of the outboard first wall reaches the
melting temperature (1553 K) after respectively 56 s
(Fig. 3), 62 s, and 74 s. At these times, the maximum
LinPb83 temperature in the outboard blanket equals
about 980 K for all three LOCA cases.

A detailed analysis of the SEAFP LOCAs can be
found in [3].

4.2. LOFA results
The LOFAs are initiated by a trip of the recirculation

pumpatt=»10s.
General:
The selected coolant temperature setting and sys-

tem pressure setting result in a saturation temperature
at the outlet of the outboard first wall cooling pipes
which is only about 1 K above the cooling pipe wall
temperature at this location. As a result, transition
from single-phase liquid convective heat transfer to
nucleate boiling heat transfer starts at the outlet of
the outboard first wall cooling pipes already about 1 s
after pump trip during each LOFA case considered.

LOFA with a non-disruptive plasma shutdown:

The temperature in the Be-coating at the midplane
of the outboard first wall (nominal temperature -
702 K) reaches a maximum of 727 K about 17 s after
pump trip (Fig. 4).

During the first 39 s of the accident, 16 % of the
initial primary coolant inventory discharges through
the safety valve on the pressurizer.

During the first 4 hr 45 min of the accident, a two-
phase natural circulation flow removes the heat from
the primary system to the secondary system. During
this period, vapour gradually accumulates in the upper
section of the downward oriented part of the inverted
steam generator U-tubes. Consequently, the driving
force for the natural circulation flow decreases. As
a result, the two-phase natural circulation flow in the
primary system stagnates 4 hr 45 min after pump trip.
Consequently, the primary system starts to heat up
slowly by the produced decay heat.

LOFA with a central radial plasma disruption:
The temperature in the Be-coating at the midplane

of the outboard first wall reaches a maximum of 734 K
about 20 s after pump trip.

During the first 32 s of the accident, 11 % of the
initial primary coolant inventory discharges through
the safety valve on the pressurizer.

During the first 4 hr 5 min of the accident, a two-



phase natural circulation flow removes the heat from
the primary system to the secondary system.

The secondary side of the steam generator is empty
after 4 hr 5 min 1. Consequently, the heat transfer in
the steam generator is negligible following this time.
As a result, vapour accumulates rapidly in the upper
section of the downward oriented part of the inverted
steam generator U-tubes. This causes a decrease of
the driving force for the natural circulation flow. Con-
sequently, the two-phase natural circulation flow in
the primary system stagnates, and the primary system
starts to heat up slowly by the produced decay heat.

LOFA with a vertical displacement plasma disrup-
tion:

The temperature in the Be-coating at the midplane
of the outboard first wall reaches a maximum of 716 K
about 11 s after pump trip.

During the first 51 s of the accident, 5 % of the
initial primary coolant inventory discharges through
the safety valve on the pressurizer.

During the first 4 hr 2 min of the accident, a single-
phase natural circulation flow takes care of the heat
removal from the primary system to the secondary
system.

The secondary side of the steam generator is empty
4 hr 2 min after pump trip. Consequently, the primary
system starts to heat up slowly by the produced decay
heat.

Long term decay heat removal by single-phase liq-
uid natural circulation flow should be possible for this
LOFA case when emergency feedwater is supplied to
the secondary side of the steam generator.

A detailed analysis of the SEAFP LOCAs can be
found in [4],

5. Conclusions

Without emergency plasma shutdown or operation
of safety systems, the first wall Be-coating reaches the
melting temperature after about 1 min following the
rupture of a large cooling pipe in the main circuit.

The temperature increase in the first wall Be-coating
is limited to 30 K when an emergency plasma shut-
down is initiated within 10 s following pump trip.

1 During the plasma shutdown procedures, the secondary liquid
level in the steam generator rises. In the previous LOFA, the steam
generator therefore contains more secondary coolant inventory at
the time of turbine trip.
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Figure 4. Short term temperature development at the
midplane of the outboard first wall during aLOFA with
a non-disruptive plasma shutdown (RAMS = Reduced
Activation Martensitic Steel).
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