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Transient results

Modelling using MELCOR1.8.6 for fusion

Preliminary accident analysis of loss of flow for the European DEMO using 
the helium cooled pebble bed blanket concept

Xue Zhou Jin

Event of the Loss of Flow (LOFA)

Scenarios & Time Evolution

SBO2SBO1DEC2DEC1DBA4DBA3DBA2DBA1Scenario
all compressors & pumpsCompressor I in Loop3Compressor I in Loop3 & Loop4Compressor I in Loop3LOFA

yesyesyesnoyesyesyesnoPG loop
4.01.01.01.04.01.01.01.0Volume factor of wet & dry EV

Time (s)Time (s)Sequence
0.00320.00450.00230.00020.00320.00450.00450.0041LOFA

----3.02323.02453.02453.0241FPS
0.00420.0055149.4149.53.02423.02553.02553.0251End of disruption/LOOP/DH start
29599.237360.3149.4149.529429.329343.029473.729375.0Loop3

TFW > TEF not reachednot reachednot reachednot reached29430.029342.5not reachednot reachedLoop4&5
not reachednot reachednot reachednot reachednot reachednot reachednot reachednot reachedLoop6
not reachednot reachednot reachednot reachednot reachednot reachednot reachednot reachedTPFU > TEF

29603.637364.5481.0-29433.529347.129477.8-Loop3
dpPG > pPG_lim 30099.737401.41907.3-not happennot happen29512.4-Loop4&5

29639.937599.8642.9-29471.129386.329717.8-Loop6
29601.837363.0172.9172.929431.029344.929476.429377.7Open BL
29600.337361.4736.5not open29429.329343.129474.729376.0Open RD
30113.637361.6820.5not reached29429.329343.129474.929376.2pVV > 200 kPa (pVV_lim)
31110.9 

(2.76E+5 Pa)
38582.9 

(7.59E+5 Pa)
3224.5 

(6.32E+5 Pa)
173.3 

(9.76E+4 Pa)
29429.8 

(3.14E+5 Pa)
30175.9 

(8.23E+5 Pa)
30705.2 

(7.69E+5 Pa)
29377.7

(2.57E+5 Pa)
Max. pVV

not opennot opennot opennot opennot opennot opennot opennot openOpen cryostat to cryostat space
30025.437561.6920.5not open29663.629525.929670.8not openOpen ST-VS
317.78317.79467.18467.28320.8320.8320.8320.8Open galleryB3&B4 S-DS
29600.037365.0149.4149.529430.029342.529473.729375.0VV

W-dust / 

HTO

29605.037365.0173.0173.029430.029343.229474.829377.0Wet / dry EV
29600.037365.0149.4149.529430.029342.529473.729375.0cryostat 
29720.037370.0625.0no release29435.029346.029480.029385.0GalleryB3&B4

no releaseno releaseno releaseno release29585.0no releaseno releaseno releaseEnv1 (leak)
29720.037370.0625.0no release29665.029346.029480.029385.0Env2 (venting)
205240259200259200115200115205115205115205115205End of simulation (tend)

Abbreviation
Breeding Blanket
Breeding Zone
Control Volume
Divertor
Eurofer
Environment
Flow Path
Heat Exchanger
Inboard / Outboard
Manifold
Plasma Facing Unit
Primary Heat Transfer System
Pressure Relief System
Pressure Relief Volume 
Pressurizer
Stand-by Detritiation System 
Sector
Single Module Segmentation
Suppression Tank Venting System
Tritium Extraction & Removal
VV Pressure Suppression System

BB
BZ
CV
DIV
EF
Env
FL
HX
IB / OB
MF
PFU
PHTS
PRS
PRV
PRZ
S-DS
SEC
SMS
ST-VS
TER
VVPSS

DEMO baseline 2017 16xSEC 
HCPB 3xOB & 2xIB / SEC, FW made of 
Eurofer,  pins in BZ with advanced 
ceramic breeder & Be12Ti in block as 
neutron multiplier, radiation emissivity 
0.3, BB inlet He 8 MPa, 300 – 520 °C.
BB PHTS 8x loops: 3xsingle loop  
(Loop3, 4, 5); 1xlumped loop of 5 single 
loop (Loop 6), inventory of 1.0166E4 kg.
DIV PFU PHTS two loops connected in 
series, PFTS inlet water 5 MPa, 130 –
136 °C, inventory of 1.66352E+05 kg.
PG loop BB – TER, He 8 MPa & 500 °C, 
inventory of 5.373E+02 kg.
Systems in the tokamak building
VV, VVPSS (wet & dry EV, 6xBL, 3xRD), 
cryostat, cryostat space, galleryB3&B4, 
PRS, PRV, PRZ.
Tritium BB 4.2 mg, BB PHTS 58 mg
HTO PG loop 8.2 mg

Loop3

PG loop

DIV PFU PHTS

With PG loop: VV pressure 
> design limit pVV_lim

FW Temperature reaches TEF

FW Temperature reaches
TEF in one BB loop

With PG loop: VV pressure > pVV_lim

Release ratio at tend (%)

Overall system schematic

Conclusion
 TEF is reached on the affected FW in the long term  aggravating 

in-vessel LOCA  aggravating BB LOCA if dp > pPG_lim.

 The PFU PHTS is intact in all scenarios that there is no water 
ingress into the VV  no H2 production & no release of activated 
corrosion products.

 With the PG loop, the VV pressurization exceeds the design limit. 
Increasing the EVs to 4 times (DBA4 & SBO2), the VV pressure is 
below pVV_lim in the long term. However, its peak pressure after the 
accident is not efficiently suppressed, which is still an open issue.

 The most dust & HTO are transported into the EVs. Without the PG 
loop, no environmental release occurs (DBA1 & DEC1). Max. 
environmental releases of dust < 4 g & HTO < 15 g  the estimated 
early dose is far below the applicable regulatory limit.

Design Basis Accident (DBA)

 LOFA is postulated in one loop of the BB PHTS for the HCPB blanket concept.

 Detection of the accident at 80 % of the nominal mass flow rate  Fast Plasma Shutdown (FPS)
in 3 s followed by a mitigated plasma disruption of 1.0 ms.

 A loss of off-site power for 32 h (LOOP) as a concurrent event to coincide with the disruption

 If the FW (First Wall) temperature reaches the defined threshold of 800 °C (TEF) due to the
disruption / decay heat in the long term FW fails (break size A of 0.2 m² in affected BB loop).

 FW failure leads to Vacuum Vessel (VV) pressurization  open Bleed Line (BL, 2 s delay) at
90 kPa to wet Expansion Volume (EV), open Rupture Disk (RD, 0.1 s delay) at 150 kPa.

 If the pressure difference between coolant & purge gas (PG) reaches the defined limit of 7.5 MPa
(pPG_lim), an aggravating BB LOCA due to pin failure takes place.

 Radioactive inventories in the VV (max. tritium of 4.676 kg  HTO, dust of 1039 kg) will mobilize
towards the VVPSS / cryostat / gallery / environment due to pressurization & leak rates.

 Venting systems ST-VS & S-DS trap tritium (99 % efficiency) & dust (99.9 %).

Design Extension Condition (DEC) FPS is assumed to fail  plasma burns continuously until the
FW reaches TEF and subsequently fails unmitigated plasma disruption of 1.0 ms.

Station Black Out (SBO) as the worst case that all compressors & pumps stop & no active safety
system is available LOFA in all PHTSs for BB, DIV & VV.

S2-013

SBO2SBO1DEC2DEC1DBA4DBA3DBA2DBA1Scenario
8.43121.84831.87131.45610.83622.43922.07118.324VV

Dust

3.97632.90133.11034.9715.95237.79732.93248.389Wet EV
86.95944.66933.61831.69882.41838.86444.19623.895dry EV
0.00010.00020.00020.00030.00010.00030.00010.003Cryostat
0.0120.0110.0080.00000.0140.0120.0110.002GalleryB3&B4
0.00030.00030.00020.00000.00040.00030.00030.0000Environment
6.49814.56018.94826.1448.89222.06521.67125.934VV

HTO

19.6489.9127.9217.80318.6599.0725.97625.467Wet EV
63.02337.62533.31464.29365.93752.15054.76547.189dry EV
0.1160.3660.5930.3250.0620.0990.0920.223Cryostat
0.1630.4770.4320.00000.1730.3810.4020.002GalleryB3&B4
0.0120.0440.0460.00000.0050.0180.0190.0000Environment

Dust < 4 g
HTO < 15 g

Dust < 4 g
HTO < 6 g

LOFA LOFA

Simulation time steady state 2000 s  DBA & DEC1 32 h / DEC2 & 
SBO 72 h (long term), results plotted every 5 s after 600 s.


