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Solution methodology and verification/validation so far 

Describe CAV/CQ initial value problem integration for solving debris/cavity: 
• Solution flow 
• 4th order Runge-Kutta integration of system of equations
• Updates/checks after time integration 

Verification
• Standalone CAV/CQ to CORQUENCH exercises 
• Pseudo-integral full plant style calculation

Validation with benchmarks to CORQUENCH and/or CAV/CCM3 as available
• Dry MCCI (CCI-4 and CCI-5) 
• Wet MCCI (CCI-2 and CCI-3) 
• SURC 1 and 2 
• Vulcano 

Future work 

Overview
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CAV/CQ Solution Algorithm
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CAV/CQ Verification

Verification demonstration problems duplicated in stand-alone CORQUENCH

Stand-alone problems isolate certain physics models or aspects of functionality 
• Dry cavity 

• UO2-only
• Quasi-steady ablation 

• Bradley-Malenkov/Kutateladze 
• Gas film 

• Fully-developed ablation 
• Transient ablation 

• ZrO2-only (with similar variation to UO2-only) 
• Mixed metal/oxide (UO2 and SS with similar variation to UO2-only) 
• SS-only (with similar variation to UO2-only) 

• Wet cavity 
• UO2-only
• Impervious crust
• Water ingression (and variations on modeling options) 

• All with 1-D ablation, LCS (default) concrete, and CQ hierarchical chemistry model 
• All with default selections for ancillary models (viscosity, bubbles, void fraction, etc.) 



UO2 and SS debris pool, dry cavity, quasi-steady ablation, 2850 K initial temperature
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CAV/CQ Verification Example Comparison



Validation with benchmarking to CORQUENCH and CAV/CCM3 as available
• OECD/MCCI series tests

• Dry cavity (with benchmark to CQ only) 
• CCI-4 
• CCI-5 

• Wet cavity (with benchmark to CQ and CAV/CCM3)
• CCI-2
• CCI-3

• SNL SURC tests – SURC 1 and SURC 2 (with benchmarks to CORQUENCH only) 
• Vulcano VE-U7 (with benchmarks to CORQUENCH/Meltspread and CAV/CCM3) 
• More to do…e.g. CORQUENCH published ACE validations

Integrated validation into development

Most validations used existing assessment MELCOR CAV/CCM3 input decks

Low bar for comparison for now - “in the ballpark” – to keep development pace
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CAV/CQ Validation/Benchmark Exercises
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CAV/CQ Validation/Benchmark – CCI-2
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CAV/CQ Validation/Benchmark – CCI-3
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CAV/CQ Validation/Benchmark – CCI-4
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CAV/CQ Validation/Benchmark – CCI-5
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CAV/CQ Validation/Benchmark – SURC 1 and 2 
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CAV/CQ Validation/Benchmark – Vulcano VE-U7
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CAV/CQ Verification – Pseudo-Integral Plant Analysis

Between an integral plant calculation and CAV-only verification problems

Demo problem inspired by a CAV/CCM3 workshop example problem 

CAV/CVH/RN1/RN2 only…uses realistic solid/liquid core debris injection with RNs
• Liquid debris injected with TP (EDF) into “dummy” that ruptures to actual cavity 
• Solid debris injected with TP via EDF into the computational cavity 
• Both debris parcels go through FDI first 
• RNs injected into computational cavity 
• Custom concrete patterned after basaltic with iron (rebar) 
• Representative cavity geometry 
• Physics-based debris spreading 
• RN-informed decay heat source 
• Wet cavity

Multi-cavity (donoring, pass-thru, rupture/overflow), Vanesa, and RN2 scrubbing 

Confront CAV/CQ with computational difficulties of real integral plant calculations 
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Summary

Looked at CAV/CQ solution methodology 

Reviewed verification exercises performed to date 

Reviewed validation/assessment type problems performed to date

Future testing/shake-down and verification/validation 


