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Modeling approach




LDR Lite MELCOR model

= A public, simplified version of the LDR-50 design
= LDR-50 (Low temperature District heating Reactor):
= 50 MW __th integral light water reactor
= Developed at VTT and currently being commercialized by Steady Energy

= LDR Lite MELCOR model revision 4 with some adjustments to critical pool
fractions
= Lowering critical pool fractions of the riser barrel heat structures increased model
stability and calculation speed
= Accident scenario: CVCS (Chemical and Volume Control System) line

break — a containment bypass scenario
= |solation valves of the CVCS line fail to close
= Station blackout




Hardware & software information

= Hardware
= Windows 11

= Intel Core Ultra 7 268V, 8 Cores
= 32 GB RAM

= Software

= MELCOR version 2.2 and revision r2025.0.0

= SNAP (Symbolic Nuclear Analysis Package) version 4.3.1
= MELCOR plugin 3.0.3

= Uncertainty plugin 1.8.5




Limitations & issues

= Long calculation times (30h) + limited computational resources limit significantly
the number of model evaluations which lowers the accuracy of the results.

= Originally, the model was very unstable, and almost half of the cases crashed.
The performance was improved by adjusting the maximum time step at certain
time intervals (especially between 140 and 160 hours, and around 216 hours).
= The stability was further improved by lowering the critical pool fractions of the riser barrel
heat structures — afterwards, only one case crashed.

= Some issues with SNAP
= MELCOR execution was slower on SNAP
= Might also be a hardware/Windows issue
= Windows power mode ‘Balanced’ -> ‘Best performance’ helps somewhat
= Python-directed job streams didn’t work, even though the same scripts have worked on
the older SNAP versions.
= Merely importing the model into SNAP might result into differing results
= -> |n this particular case, aerosol retention in the pool was significantly enhanced,
which also lowered significantly the Cs release to the environment.
= For this reason, the results regarding cesium release shown in this presentation
should be taken with a grain of salt.



Example: same model, different
applications -> different results

= Mass of cesium in each control volume type. Left: original model, right:

SNAP imported model.
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Numerical noise




Numerical noise

A small study on the effect of numerical noise on the LDR Lite model was
performed by introducing very small variations (max + 0.1%) to decay heat
power.

22 LHS samples

Figures of merit: cesium release fraction to the environment and hydrogen
production.

Results:

= Notable noise on the results of Cs release

= Two ‘regions’ can be observed in the results of hydrogen production: the lower,
mostly unchanged level and the higher level with more variation.
= The ‘extra’ hydrogen in these outlier cases seems to come from steel structures.

Plots on the next slide ->




Numerical noise
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Sensitivity and uncertainty
studies



Method

= Model modifications and input parameter sampling were done on SNAP.

= Due to issues related to SNAP and long calculation times, MELCOR cases

were run using Python scripts.
= For this reason, most of the post-processing was done with Python scripts as well

= SNAP’s uncertainty plugin uses Wilks’ formula to determine the sample
size
= -> 59 LHS samples + a few replacement samples in the case of crashes

= 1 figure of merit: Cesium release fraction to the environment

= 13 input parameters (see the next slide)

= The cases were run for 350 hours, each took around 30 h of real clock
time.

= Only one case crashed



Input parameters

= 13 Input parameters were chosen for the sensitivity and uncertainty studies.

= Focus on parameters assumed to be affecting Cs release from fuel and aerosol

behavior.
= Most of the parameter values/ranges were found from MUSA project documentation.

Parameter name Explanation Default/ reference Range Distribution
SC710621 CORSOR-Booth Coefficients for Cesium, high burn-up value of Do 1.0E-6 [2.0E-7, 1.0E-6, 5.0E-6] Triangular
SC710641 Activation energy 3.814E5 [2.41ES5, 3.814E5] Uniform
SC710651 Equivalent sphere radius of fuel grain 6.0E-6 [6.0E-6, 1.0E-5] Uniform

CHI Aerosol dynamic shape factor 1 [1.0,5.0] Beta: P=1,Q=3
GAMMA Aerosol agglomeration shape factor 1 [1.0,5.0] Beta: P=1,Q=3
FSLIP Particle slip coefficient 1.257 [1.2,1.3] Beta: P=4,Q=4
STICK Particle sticking coefficient 1 [0.5,1] Beta: P=2.5,Q=1
RHONOM Nominal aerosol density 1000 [1500, 4500] Uniform
TURBDS Turbulence dissipation rate 1.E-3 [7.5E-4,1.25E-3] Uniform
TKGOP Ratio of the thermal conductivity of the gas over that for the particle 0.05 [0.006, 0.06 ] Log-uniform
FTHERM Thermal accommodation coefficient 2.25 [1.75,2.75] Uniform
DELDIF Diffusion boundary layer thickness 1.0E-5 [le-6, le-4] Uniform
DECAYH Scaling factor for decay heat 1 [0.94, 1.06] Triangular
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Cs release fraction, all cases

Cs release
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Sensitivity: correlation coefficients and
Student’s t-test p-value

23/04/2026

Correlation coefficients, CsRel

W Pearson mSpearman mPartial

VTT - beyond the obvious

Partial rank

p-value
SC710641 1.41E-07
SC710651 0.649482
RHONOM 0.436376
TURBDS  0.998471
FTHERM  0.932208
DELDIF 0.00801
TKGOP 0.023927
DECAYH  0.009301
SC710621 0.026353

CHI 3.38E-08
GAMMA  5.53E-14
FSLIP 0.850658
STICK 0.05494

Considered
statistically
significant, if p-
value < 0.05
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Uncertainty: key measures and distribution
of Cs release

Distribution of Cs release to the environment
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Conclusions & outlook

Results from the sensitivity analysis indicate similar behavior to the other
sensitivity analyses found in literature or performed at VTT.
= Especially large influence of CHI and GAMMA
= In the future, a broader range of input parameters should be studied.

= E.g. pool scrubbing parameters might be important
The uncertainty results show a left-leaning distribution of Cs release, this is
likely caused by the strong influence of aerosol shape factors.
= To confirm, additional analyses could be run without the aerosol shape factors.
However, due to the issue of unexpected aerosol retention in the pool, the
results shown here should be considered tentative at best.

-> Results from models imported to SNAP should be properly double-
checked to avoid SNAP-induced surprises.




bey©°nd

the obvious

Sara Ojalehto



	Slide 1: Sensitivity and Uncertainty Analyses of LDR Lite MELCOR Model
	Slide 2: Contents
	Slide 3: Modeling approach
	Slide 4: LDR Lite MELCOR model
	Slide 5: Hardware & software information
	Slide 6: Limitations & issues
	Slide 7: Example: same model, different applications -> different results
	Slide 8: Numerical noise
	Slide 9: Numerical noise
	Slide 10: Numerical noise
	Slide 11: Sensitivity and uncertainty studies
	Slide 12: Method
	Slide 13: Input parameters
	Slide 14: Cs release fraction, all cases
	Slide 15: Sensitivity: correlation coefficients and Student’s t-test p-value
	Slide 16: Uncertainty: key measures and distribution of Cs release
	Slide 17: Conclusions & outlook
	Slide 18

