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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)

ﬁ
7
B

b

Event of the Loss of Flow (LOFA)

in 3 s followed by a mitigated plasma disruption of 1.0 ms.
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Aloss 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 (Tg¢) due to the

disruption / decay heat in the long term — FW fails (break size A of 0.2 m? in affected BB loop).

90 kPa to wet Expansion Volume (EV), open Rupture Disk (RD, 0.1 s delay) at 150 kPa.

(Apeg jim), @n aggravating BB LOCA due to pin failure takes place.

towards the VVPSS / cryostat / gallery / environment due to pressurization & leak rates.

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

FW failure leads to Vacuum Vessel (VV) pressurization — open Bleed Line (BL, 2 s delay) at
If the pressure difference between coolant & purge gas (PG) reaches the defined limit of 7.5 MPa

Radioactive inventories in the VV (max. tritium of 4.676 kg — HTO, dust of 1039 kg) will mobilize

Design Extension Condition (DEC) FPS is assumed to fail — plasma burns continuously until the
FW reaches Tgr 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 - LOFAin all PHTSs for BB, DIV & VV.

Scenarios & Time Evolution

Scenario DBA1 DBA2 DBA3 | DBA4 DEC1 | DEC2 SBO1 SBO2
LOFA Iin Loop3 | C: in Loop3 & Loopd | | C: lin Loop3 | _all & pumps
PG loop no [ ves ves | yes no | ves yes yes
Volume factor of wet & dry EV 10 [ 10 10 | 4.0 10 | 10 1.0 4.0
ime (s) Time (s)

LOFA 0.0041 0.0045 0.0045 00032 00002 00023 0.0045 00032
FPS 3.0241 3.0245 3.0245 3.0232 - - - -
End of di OOP/DH start| _3.0251 3.0255 3.0255 3.0242 149.5 149.4 0.0055 0.0042

Loop3 293750 | 204737 | 29343.0 29420.3 149.5 149.4 373603 29599.2
Tew>Ter  [Loopdds not reached | not reached | _29342.5 29430.0 ot reached | not reached | not reached | not reached

Loop6 ot reached | not reached | not reached | not reached not reached | not reached | not reached | not reached
T ot reached | not reached | not reached | _not reached ot reached | not reached | not reached | not reached

[Loop3 = 204778 | 293474 294335 5 481.0 373645 29603.6
dPr > APe im [ LoODA&S = 29512.4_| not happen | not happen 5 1907.3 374014 30099.7

— [Loops - 717.8_ | 29386. 0471. - 642 7599.8 29639.

Open BL 293777 76.4 | 20344 0431, 172.9 172. 7363.0 296018 |
Open RD 29376.0 747 | 203 5429. not open 736. 7361.4 296003 |
Py > 200 KPa (Puy 1) 29376.2 749 | 203 5429. not reached | 820. 7361.6 301134
Max. oy - 29377.7 052 | 301 5429 1733 32245 8582.9 31110,

- (2.57E+5 Pa)|(7.69E+5 Pa)| (8.23E+5 Pa)| _(3.14E+5 Pa) | |(9.76E+4 Pa)(6.32E+5 Pa) (7.59E+5 Pa) | (2.76E+5 Pa)
Open cryostat to cryostat space | notopen | notopen | not open not open notopen | notopen | notopen | notopen
Open ST-VS notopen | 29670.8 | 295259 29663.6 not open 9205 375616 30025.4
Open galleryB38B4 S-DS 3208 320.8 320.8 320.8 467.28 467.18 317.79 317.18

W 293750 | 204737 | 293425 29430.0 149.5 149.4 37365.0 29600.0
et/ dry EV 203770 | 204748 | 293432 29430.0 1730 1730 37365.0 29605.0
W-dust/  [cryostat 203750 | 204737 | 293425 29430.0 149.5 149.4 37365.0 29600.0
HTO GalleryB38B4 | 293850 | 294800 | 29346.0 29435.0 no release | 625.0 373700 29720.0
Envt (leak) no release | no release | no release 29585.0 no release | no release | no release | no release
Env2 (venting) | 293850 | 20480.0 | 29346.0 29665.0 no release | 625.0 373700 29720.0
End of simulation (tezs) 115205 115205 115205 115205 115200 | 259200 259200 205240
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Preliminary accident analysis of loss of flow for the European DEMO using
the helium cooled pebble bed blanket concept

Xue Zhou Jin
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Modelllnq using MELCOR1.8.6 for fusion

DEMO baseline 2017 16xSEC

HCPB 3xOB & 2xIB / SEC, FW made of
Eurofer, pins in BZ with advanced
ceramic breeder & Be4,Ti 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.

Overall system schematic

Loop3

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

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

PG loop

DIV PFU PHTS

Release ratio at t, 4

Abbreviation
BB Breeding Blanket
BZ Breeding Zone
cv Control Volume
DIV Divertor
EF Eurofer
Env Environment
FL Flow Path
HX Heat Exchanger
IB/OB Inboard / Outboard
MF Manifold
PFU Plasma Facing Unit
PHTS  Primary Heat Transfer System
PRS Pressure Relief System
PRV Pressure Relief Volume
PRZ Pressurizer
S-DS  Stand-by Detritiation System
SEC Sector
SMs Single Module Segmentation
ST-VS  Suppression Tank Venting System
TER Tritium Extraction & Removal
VVPSS VWV Pressure Suppression System
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[-=DBAT dust|

Dust <4 | [Scenario DBA1 | DBA2 | DBA3 | DBA4 | [ DEC1 [ DEC2 [ SBO1 | SBO2

--gg:guuu HTO<69 W 18.324 | 22.071 | 22.439 | 10.836 | | 31.456 | 31.871 | 21.848 | 8.431

-DaA 9 Wet EV 48.389 | 32.932 | 37.797 | 5952 | [34.971 | 33.110 | 32.901 | 3.976
DBA1 HTO! pust |9V EY 23.805 | 44.196 | 38.864 | 82.418 | | 31.698 | 33.618 | 44.669 | 86.959
DBA2 HTO ust [Cryostat 0.003 | 0.0001 | 0.0003 | 0.0001 | | 0.0003 | 0.0002 | 0.0002 | 0.0001

"Egﬁg mg GalleryB38B4_| 0.002 | 0.011 | 0.012 | 0.014 | [0.0000 | 0.008 | 0.011 | 0.012
. . i 0.0000 | 0.0003 | 0.0003 | 0.0004 | | 0.0000 | 0.0002 | 0.0003 | 0.0003

] W 25.934 | 21671 | 22.065 | 8.892 | | 26.144 | 18.948 | 14.560 | 6.498

Wet EV 25467 | 5.976 | 9.072 | 18.659 | | 7.803 | 7.921 | 9.912 | 19.648

| o [enEV 47.189 | 54.765 | 52.150 | 65.937 | [ 64.203 | 33.314 | 37.625 | 63.023

1 Cryostat 0223 | 0.092 | 0.099 [ 0.062 | | 0.325 | 0593 | 0366 | 0.116

AT S e e e GalleryB38B4_| 0.002 | 0.402 | 0.381 | 0.173 | [0.0000 | 0432 | 0477 | 0.163

§ 3 883 8 g & g g 0.0000 [ 0.019 [ 0.018 | 0.005 | [0.0000 [ 0.046 [ 0.044 [ 0.012
- 0 - ¢ @ ~ @ [=3 o foed o
- &3 85888 8 2

time (s) .
Conclusion

ToDEGTdast] B Tge is reached on the affected FW in the long term — aggravating

- -DEC2 dust | E'llj':)t::sgg in-vessel LOCA — aggravating BB LOCA if dp > Appg jim-

=5 dust A B n q . -

- saoz dust B The PFU PHTS is intact in all scenarios that there is no water
EEcITa ingress into the VV — no H, production & no release of activated
gagt H¥8| ” corrosion products.

2 H , ; L ey T
® With the PG loop, the VV pressurization exceeds the design limit.
Increasing the EVs to 4 times (DBA4 & SBO2), the VV pressure is
below pyy jmin the long term. However, its peak pressure after the
accident is not efficiently suppressed, which is still an open issue.
9 g 3 2 8 8 2 g2 g 2 ™ Themostdust&HTO are transported into the EVs. Without the PG
g 2K § g ﬁ % E 8 % loop, no environmental release occurs (DBA1 & DEC1). Max.
Ttime(s). environmental releases of dust < 4 g & HTO < 15 g — the estimated

early dose is far below the applicable regulatory limit.
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