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The activity evolved from task 2.20 to task 04.03 2025. Its main goal is to study the DEMO

Helium Cooled Pebble Bed (HCPB) safety performance:

* Evaluate the consequences of hydrogen deflagration (tritium included)

* As production of the Tritiated Water (HTO) and the transport as tritium dust
 Evaluated the Tungsten Dust transport from the Vacuum Vessel up to the Pressure
Suppression System (PSS) and Detritiation System (DTS).

* In parallel, some tasks the Primary Heat Transfer System (PHTS) for the divertor and the
First Wall (FW) are analyzed and prioritizing the Helium as working fluid.

« At the end, since it appears that the HCPB has several issues during the helium
blowdown, it is given a certain importance to change the CV and FL pattern from a
different perspective (VV + PSS).

* Following the experience for the Water-Cooled Lead Lithium concept.

* Several Blowdowns were tested (In Vessel LOCA, Divertor LOCA and combination)

Preliminary Model: 4 x PSS Simplification and Collapsing Adding the DTS System
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@ HCPB DEMO
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@) Implemented Activated Packages
e CVH and FL : Control Volume and Flow Path

7

CF and TF: Tabular Function and Control Function
* HS: Heat structures for the whole fluid path

* NCG: O,, N,, H,, He, CO, CH, and CO, — Readjusted according to
KIT model to be compatible with blowdown EDF tables

* BUR: package for simulating the deflagration and detonation
* PAR: PARs unit model similarly to the previous analyses.
* RN implemented following the Dust behavior

 DHC Implemented with 4 classes (no decay heat in the dust)



@) VV & VVPSS MELCOR model

From Document EFDA_D_2RA35Q v1.0

* Detailed Geometry VVER 1000 Venting Line (Temelin like)
* Efficiency 99% for tritium and deuterium

e Set point: 99 kPa for Reference.

e All HS implemented
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Temperature
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Diameter
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0.25231

VV and PSS Initial and Boundary Conditions

Cross
section

[m?]

40 303.2 108 1.12838 1 40 3 150.0
2850 (air)
150 293.2 45 21.2 352.94 | 85 ; ;
(water) -
Reference
[5]
13500 293.2 45 44 97 1588.24 8.5 - -
1664 753.77 1.99
2964 573.2 108 - 230.16 12.6 - -
1630 384.62 52
1.129 | 303.2 100.0 0.25 0.49087 8 20 99.0
100 303.2 100.0 1.6 2.01 8 - -
(constant) (constant)
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©) 2025 Results — Event Table and Classes

Class Number

17
18
19
20

Element

H (Hydrogen)

Representation
Tritium

W (tungsten)

W Dust

FE (Iron)

Activated Corroded Particles

CC (constitutive class)

Tritiated water

Event Ref 0.5 m [s] 1.0m{(s] | 1.5m]Js] | 2.0m|[s] | 25m|s] | 3.0m|[s] | 3.5m]|s] | 4.0m|s] | 4.5 m|s]
Start of -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0 -10.0
simulation
Divertor and In 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Vessel LOCA ) ) ) ) ’ ’ ’ ’ )
Opening of BLs 243 243 243 243 243 243 243 243 243
Opening of RDs 67.0 66.5 65.9 65.2 64.7 65.2 64.7 65.3 63.0
Open ‘E:n\ée”t'”g N/A N/A N/A N/A N/A N/A N/A N/A N/A
Start of PAR
otion N/A N/A N/A N/A N/A N/A N/A N/A N/A
End of the
Sequence 40000.0 40000.0 | 40000.0 | 40000.0 | 40000.0 | 40000.0 | 40000.0 | 40000.0 | 40000.0
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Q) 2025 Results — VV Pressure
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Q) 2025 Results — VV Pressure at 40k s
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Q) 2025 Results — VV Temperature
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©) 2025 Results — Divertor Temperature
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Q) 2025 Results — Wet Tanks Pressure
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Q) 2025 Results — Wet Tanks Temperature
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Temperature (<)
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(O) 2025 Results — VV Tritium Dust
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©) 2025 Results — Water Tank Tritium Dust
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©) 2025 Results — VV Tungsten Dust
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©) 2025 Results — Water Tank Tungsten Dust
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2025 Results — Main Table

=

VV Eq. Max Temp. Max Temp. in | Max Temp. Eq. D/T Eq.D/Tin | Eq. Win Eq. Win

Pressure inVV[K] |WetTanks[K] | inEV [K] in VWV Wet VV [kg] Wet Tanks

[kPa] [kg] Tanks [kg] [kg]
Ref. 0.5 59.0 787.1 639.6 618.7 0.00018 | 0.282 52.9 388.4
1.0 m 59.6 787.1 646.8 616.3 0.00019 | 0.277 52.9 407.3
1.5 m 60.1 787.1 618.2 604.9 0.00020 | 0.289 53.0 383.1
20m 60.5 787.0 602.2 622.6 0.00021 | 0.302 53.0 399.1
25m 61.0 787.1 603.2 617.3 0.00022 | 0.309 53.0 405.8
3.0m 60.5 786.6 602.1 623.2 0.00022 | 0.302 53.0 396.6
3.5m 61.0 787.1 599.0 635.7 0.00023 | 0.309 53.0 394.6
4.0 m 60.4 787.0 603.7 628.5 0.00021 | 0.300 53.0 390.4
4.5 m 62.8 786.8 588.3 621.2 0.00029 | 0.333 53.1 444.6
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* The reference case (and all variants) seems to contain the pressure
peak (lower than 2.0 bar) generated by the blowdown of Divertor
plus in-VV LOCA.

* However, the DTS does not open due to the pressure criterion.
* This indicated a low optimization of the system.

* The blowdown with helium generate a compression that after few
second revert in an expansion.

* This causes some oscillation in VV, consistency with some probably computational
ones, due to the low starting pressure (4.5 kPa maximum).

* At the present stage, no recombination was registered in the PARs
due to the Helium blowdown.

 However almost all tritium reached the EVs as well as half of W dust.
* Less than half of the W Dust seems contained in the Wet Tank in the pool.



@ Future Activities

* Model modifications:
* Implement leakage per day

* Implement of DTS active system to reduce the tritium and W dust
release risk

* Preparation SOFT poster and submission of SOFT paper to FED

* Perform the sensitivity analysis of the system using water level and
RN parameters

 Possibility to implement DAKOTA for Best Estimate Plus Uncertainty.
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