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ASSESSING THE CAPABILITIES OF MELCOR V2.2 AGAINST THE QUENCH-19 BUNDLE
TEST WITH FECRAL CLADDING
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4. Simulation Results

1. Introduction & Motivation

« ATF concepts aim to improve reactor safety margins by reducing hydrogen generation A. Cladding Temperature Evolution

and extending coping time under off-normal and accident conditions.
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« To evaluate the capability of MELCOR V2.2 to model innovative cladding materials,
this study compares simulation results against the QUENCH-19 bundle test, conducted at
KIT's QUENCH large-scale facility in 2018, focusing on thermal response and hydrogen
generation under representative severe accident conditions.
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additives enhance oxidation and mechanical —542 Fig. 5 — Cladding temperature comparison between the experimental data [2] and simulated results at 950 mm
performance g 1E-6 elevation in Ring 1 (left) and at 850 mm in Ring 2 (right). The dotted and dashed curves correspond to the
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. Aprot_ectlve AIZOQ layer provides strong § _ . experimental thermocouple data: the associated rod positions are highlighted in grey in the test cross-sections
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3] modelled explicitly in MELCOR,
7. E their contribution was estimated
3. QUENCH-19 Bundle Test Modelling with MELCOR . : separately using  simulated
quench water injection O_ ; temperatures and the area Of the
o — EUUVREN. exposed sheaths.
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te_st worldwide, performed at KIT in 2018 21‘6“ / time [s]
with FeCrAl (B136Y3) rods. 212 _ _ . | .
g 10 Fig. 6 — Cumulative hydrogen production comparison between the experimental data [2] and MELCOR results.
It assessed the thermal response, g | The dotted line shows the MELCOR simulation that considers only the H, generated by the FeCrAl material. In
oxidation behaviour, and hydrogen g a contrast, the solid blue line includes the contribution of the oxidation of the stainless steel thermocouple sheaths.
release of FeCrAl cladding under severe e s a o o e

accident conditions. time (s) |
Fig. 2 — QUENCH-19 Electric power [2] 5. Conclusions

Key experimental findings « A MELCOR input deck for QUENCH-19 was developed based on KIT report specifications
v No early temperature runaway relative to ZIRLO reference exp (QUENCH-15). and FeCrAl oxidation data obtained from KIT SETs.
v' Max. temperature ~200 K lower in the pre-oxidation phase. « Despite some deviations, mainly attributed to core nodalization constraints, MELCOR
v' Strong H, reduction: 9.2 g vs 47.6 g (QUENCH-15). f]hccl)ws good agreement with QUENCH-19 data for temperature evolution and cumulative
ydrogen generation.
MELCOR Modelling » FeCrAl cladding significantly mitigates hydrogen generation below ~1400°C compared
CVH Nodalizat with equivalent tests using Zr-based alloys.
odalization .
_ o , Ring 1 « Oxidation of stainless-steel thermocouple sheaths can provide a relevant additional
* Testsection divided in 9 Control Volumes (CVs). . hydrogen source in ATF experiments and should be considered in the interpretation of the
- Additional CVs included for lower plenum, off-gas collector, Ring 2 results.
argon insulation and auxiliary regions. ‘Ring 3 I
COR Radial Nodalization

 Test section divided in three radial rings. Fig. 3 — Radial Nodalization Acknowledgements

* Ring 1 and 2 represent the heated region: 12 rods each.
* Ring 3 contains 7 corner rods (unheated) and shroud.
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« B136Y3 material defined as the oxidizable user material.
Properties obtained from literature and KIT data [3, 4] AUXILIARY CVs
Claddings, corner rods, shroud, and spacer grids are Off-Gas Collector
represented with this user-defined material.

Argon Insulation
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