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ABSTRACT 

Ex-vessel Loss-of-Coolant-Accident (LOCA) simulations for 
the International Thermonuclear Experimental Reactor 
(ITER) were performed using the MELCOR code. The main 
goals of this work were to estimate the ultimate pressurization 
of the heat transport system (HTS) vault in order to gauge the 
potential for stack releases and to estimate the total amount of 
hydrogen generated during a design basis ex-vessel LOCA. 
Simulation results indicated that the amount of hydrogen 
produced in each transient was below the flammability limit 
for the plasma chamber. In addition, only moderate 
pressurization of the HTS vault indicated a very small 
potential for releases through the stack. 

INTRODUCTION 

The content of this paper is a subset of the work performed to 
support the Early Safety and Environmental Characterization 
Study (ESECS) as part of the ITER project. Previous studies 
[ 1,2] were performed to examine ex-vessel LOCAs for one and 
two loop variations of the first wall (FW) and shieldhlanket 
(SB) design issued in November 1994 and described in [3]. 
This design is referred to as the November Garching design in 
this paper. 

These postulated ex-vessel failures are of concern for two 
reasons. First, an in-vessel breach following an ex-vessel 
LOCA in the FW or SB cooling system would allow a path 
way to release any tritium retained by the plasma facing 
Components within the vacuum vessel. Second, the resulting 
elevated FW temperatures allow for the possibility of 
hydrogen generation by beryllium-steam chemical reactions. 
In the following, the MELCOR model of the November 
Garching ITER FW/SB design is presented followed by the 
results obtained for ex-vessel LOCA simulations. 

MODEL DESCRIPTION AND GEOMETRY 

The basic two loop cooling configuration modeled in this 
study is shown in Fig. 1. The FW is adjacent to the plasma 
chamber, which is followed by the SB, and both are 
surrounded by a toroidal vacuum vessel. Coolant piping 
connects these components within the torus to the pump, 
pressurizer and heat exchanger within the €IT.S vault. Both 
the plasma chamber and the HTS vault are connected to a 
suppression system through rupture disks that open at 
specified pressure differentials. The suppression tank is 
vented and filtered to a stack. MELCOR volumes and 
connections between these volumes were constructed to 
model these systems. 
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1 The two loop MELCOR EWISB model of the November Garching design. 
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Transient temperatures and pressures were simulated for the 
HTS vault, the plasma chamber, and the suppression tank. The 
chemical reaction between the steam and the beryllium armor 
coating on the FW surface is included in the model as is the 
heat conduction from the first wall through the water-cooled, 
stainless steel neutron shield. The back surface of this shield 
radiates to the vacuum vessel whose cooling system is 
assumed to be available for these scenarios. Fig. 2 shows the 
radial build used for thermal model of the FW/SB 
components. 

Fig. 2 Radial build for the 1-D conduction model of the two loop 
November Garching FW/SB design. 

The surface areas of the solid structures were based on a 180 
degree sector of ITER being cooled by both the F W  and SB 
cooling systems. The average surface heat flux used was 0.2 
MW/m2. A toroidal “hot stripe” set of modules was exposed to 
the peak 0.5 MW/m2 heat flux to better estimate FW failure 
times. The total operating power of 2.3 GW was scaled by one- 
half and split 40%/60% between the FW and SB structures. 
Inlet and outlet temperatures for both FW and SB loops were 
about 373 K and 418 K, respectively. 

The coolant inventories of the FW and SB loops were 210 and 
425 m3, respectively, with an average pressure of 2.4 MPa for 
both loops. Flowrates were 2350 and 41 10 kg/s for the FW and 
SB loops, respectively. Ex-vessel break sizes were 1.46 and 
2.43 m2 for the FW and SB cases, respectively. Both cases 
assumed a large 23 m2 in-vessel break area. The rupture disks 
leading from the HTS vault and from the vacuum vessel to the 
suppression pool are designed to open at differential pressures 
of 0.07 and 0.1 MPa, respectively. 

RESULTS 

The results are presented in the following two sub-sections. For 
each loop, an ex-vessel LOCA equivalent to a guillotine pipe 
rupture was initiated by opening a connection between the cold 
plenum of that loop and the HTS vault. For each of these 
scenarios, plasma bum was assumed to continue until the 
failure of the first wall or shield occurred by melting which 
induced a plasma disruption by injecting cooling water into the 
plasma chamber. Decay heat after plasma termination in the 
FW/SB structures was included in the model. It must be 
emphasized that all of the scenarios treated in this work assume 
continuing plasma bum for minutes after the ex-vessel LOCA 
event. 

A. FW Cooling System Ex-Vessel LOCA 

Fig. 3 shows the pressure response in the FW cooling system 
for the f i s t  500 seconds of this calculation. The loop is allowed 
to equilibrate under steady normal operating conditions for 100 
seconds prior to a guillotine break of the cold plenum in the 
HTS vault. The cooling loop rapidly de-pressurizes to a 
maximum of about 0.5 MPa holding this pressure for about 15 
seconds until the loop coolant flashing subsides. Then, the loop 
pressure equilibrates with the 0.14 MPa pressure of the HTS 
vault. 
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Fig. 3 Pressures during a large ex-vessel FW cooling system break for 
the two loop November Garching FW/SB design. 

Fig. 4 contains the transient FW and SB temperatures for this 
LOCA. The FW temperature initially drops following the 
LOCA due to accelerated velocities in the FW coolant 
channels. The F W  surface then begins to heat up as the coolant 
that remains in the cooling system stagnates following loop de- 
pressurization. The Fw temperature rise reaches a momentary 
plateau when some cooling results from the venting of the HTS 
vault to the suppression pool and the remaining FW coolant 
vaporizes. A second temperature excursion subsequently 
occurs that is limited by conduction of the FW heating into the 
shield, which is still being cooled by a separate cooling system. 
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Fig. 4 Temperatures during a large ex-vessel F W  cooling system break 
for the two loop November Garching FW/SB design. 

B. SB Cooling System Ex-Vessel LOCA 

As can be seen, the FW temperature does not reach a 
temperature that would result in failure by melting. However, 
it was assumed that structural failure occurs in order to 
determine the amount of hydrogen that could be generated. 

The amount of hydrogen produced following this assumed 
failure is only 20 grams because the continued cooling from the 
SB cooling system rapidly reduces the F W  temperature 
following plasma bum termination. As reported in [l], a 
similar LOCA scenario for an integrated FW/SB cooling 
system variation of the November Garching design results in 
tens of kg of hydrogen being produced. This is a strong 
argument for a separated FW/SB cooling system design. 

Fig. 5 shows pressure trends in the vacuum vessel, HTS vault, 
and suppression tank for this accident scenario. The vault 
pressure reaches 0.1 8 MPa and drops to about 0.13 MPa in 150 
seconds. After the inventory of the FW cooling system 
vaporizes, this pressure begins to decrease. At 1000 seconds, 
the FW is assumed to fail which results in a rapid drop in 
pressure as the VV pressurizes. The amount of water that enters 
the HTS vault and the VV during this accident is about 150,000 
and 1,500 kg, respectively. The pressure differential between 
the vacuum vessel and the HTS vault is only a few hundred Pa. 
About 20 grams of hydrogen produced, but no hydrogen is 
released through the stack. 
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Fig. 5 Pressures during a large ex-vessei FW cooling system break for 
the November Garching EWISB design. 

Figs. 6 through 8 contain information similar to that presented 
in the previous sub-section but for an ex-vessel LOCA in the 
shield cooling system. Fig. 6 shows the pressure response of 
the SB cooling system during this accident. A vary rapid de- 
pressurization occurs following the initiation of the LOCA. 
The pressure stays at 0.5 MPa until most of the coolant 
inventory vents from the cooling system and from the HTS 
vault. 
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Fig. 6 Pressures during a large ex-vessel SB cooling system break for the 
November Garching FW/SB design. 
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Fig. 7 Temperatures during a large ex-vessel SB cooling system break 
for the November Garching FW/SB design. 

Fig. 7 contains the maximum FW and SB temperatures for this 
LOCA. The shield blanket temperature initially drops during 
the LOCA due to the increased cooling associated with the 
venting of the coolant into the HTS vault. Once this process 
stops, this temperature increases nearly linearly until meIting 
occurs in the SB. At this point the SB is assumed to fail and 
terminate plasma bum. Subsequently, the SI3 temperatures 
drop due to cooling from the FW cooIing system. The FW 
temperature remains fairly constant prior to plasma burn 
termination. This illustrates the relatively poor radial 
conduction characteristics of this early shield design. 



There was negligible hydrogen generation for this accident 
(e.g. << 1 g) because the F W  temperature never exceeds its 
normal operating value. 

Fig. 8 gives the transient pressures in the vacuum vessel, HTS 
vault, and suppression tank for this LOCA. The trends for these 
pressures are similar to those for the FW cooling system 
LOCA, except larger in magnitude and extended in time. This 
is due to the larger inventory of water associated with the SB 
cooling system as compared with that of the FW cooling 
system. About twice as much water spills into the HTS vault 
for the this case. Again, given the small pressure differential 
between the vacuum vessel and HTS vault, no hydrogen is 
released through the stack. 
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Fig. 8 Pressures during a large ex-vessel SB cooling system break for the 
November Garching W E B  design. 

CONCLUSIONS 

Two ex-vessel LOCA scenarios caused by a guillotine break of 
the cold plenum within the HTS vault were studied for the 
ITER November Garching design in a two loop cooling 
configuration. An ex-vessel LOCA in the FW cooling system 
while the shield cooling system remains operable, and an ex- 
vessel LOCA in the shield cooling system while the FW 
cooling system remains operable were examined. 

A large F W  cooling system ex-vessel LOCA for the November 
FW/SB design does not result in FW melting. The F W  
temperature excursion is limited by conduction of the F W  
heating into the shield, which is cooled by a separate cooling 
system. However, if it were assumed that a FW failure occurs 
at the predicted maximum temperature only 20 grams of 
hydrogen would be produced. 

A large SB cooling system large LOCA for the November 
Garching design results in melting of the SB. There is 
negligible hydrogen produced following SB failure because 
the F W  temperature never exceeded its normal operating 
value. Any steel-water chemical reactions as a result of the SB 
melting were not included in this study. For both cases, the 
small pressure differential between the vacuum vessel and 
HTS vault results in no hydrogen being released to the stack. 

Recent design evolutions of the ITER FW/SB system employ 
a common cooling system for the FW and shield and an overall 
lower conductive resistance radially through the FW/SB. The 
segregated cooling system arrangement increases the potential 
for excessive hydrogen production in an ex-vessel LOCA 
scenario. However, ongoing studies are being conducted to 
determine whether other mitigating factors (such as passive 
plasma termination due to impurities evaporating from the 
high temperature FW or decreased conduction resistance 
between FW and shield) would prevent excessive hydrogen 
production during these design basis events. 
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