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UQ for geologic disposal safety assessment (GDSA)2
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Production study crystalline reference case
• Considering uncertainties in:

• Structure of subsurface (fracture locations/orientations/sizes)
• Permeabilities/porosities of buffer, disturbed rock zone, aquifer
• Waste package rates of degradation

• Simulation time 1 million years; 15 m uniform grid

• ~1.5 hours to run on 1152 cores 
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Repository

Aquifer 15 m thick 

3015 x 2025 x 1260 m

~2.3 Million DoF

Buffer
Disturbed rock zone
Undisturbed xline rock

HLW waste package

825 m

~1.8 Million DoF

Meshed repository



Subsurface uncertainty treatment and model ensemble4
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• Uncertainty in subsurface structure represented using random 
instantiations of discrete fracture networks (DFNs).

• DFNs mapped to equivalent continuous porous media (ECPMs).
• Define regular grid, sweep through cells and map fracture 

permeability and porosity to equivalent continuum values.



Simplified crystalline problem5

Disturbed rock zone (DRZ)

Buffer/leak

• 1000 x 1000 x 500 m
• Run to 100 kyr rather than 1 Myr
• Drastically simplified repository structure

• 1 waste package in buffer region
• Not meshed separately

• Same underlying DFN statistics as production 
problem; min fracture radius 30 m.

d = 20 m d = 40 md = 10 m
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Mesh dependence of quantities of interest6
Mass of Tracer in Repository [kg]



Multifidelity Polynomial Chaos Expansion (PCE) for GSA7



Preliminary multifidelity PCE (MF PCE) study, 1 DFN8

• Used 1 DFN for all samples 
• Study variability caused by meshing without conflating variability from uncertain subsurface (size, location, 

density of fractures).

• Hand-selected number of samples at d = 10, 20, and 40 for preliminary studies.

• Generated reference solution with 828 samples on finest mesh.

Disturbed rock zone 
permeability

• Waste dissolution rate
• Canister breach time
• Buffer porosity & permeability

Glacial aquifer permeability

• Interested in potential benefits of augmenting small number 
of high-fidelity (HF) samples with samples from coarser 
meshes.

• Generated single-fidelity PCEs with varying numbers of HF 
samples for comparison to multifidelity PCE.

• Generated multifidelity PCEs augmenting HF samples with 
84 samples for d = 20, d = 40.

d = 10 d = 20 d = 40

N samples 18 84 84

Relative costs 1 0.02 0.006
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Single-fidelity PCE, HF model Multifidelity PCE

Sobol indices for QOI with simple sensitivities are well resolved with only 18 HF model 
evaluations.
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Single-fidelity PCE, HF model Multifidelity PCE

Some Sobol indices with more complex dependencies were improved by employing MF PCE; 
however, some (bottom) were not, because of large differences in behavior based on mesh.



Characterizing subsurface uncertainty11

• This is the first time we have been able to account for subsurface 
variability in GSA

• However, these are only proxies and cannot completely capture the 
induced variance from subsurface.



Preliminary multifidelity PCE study with subsurface 
uncertainty
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• Each sample model evaluation was generated with a different DFN (different subsurface instantiation)

• Reference PCE solution workflow:
• Generate 828 sample model evaluations on finest mesh with different DFN for each sample
• Augment input variable samples with proxy variable values from each DFN
• Construct regression PCE over augmented input space

• Multifidelity PCE workflow proceeds in similar manner
• Augmented varying numbers of HF samples with 828 samples for d = 20, d = 40.

d = 10 d = 20 d = 40

N samples 18, 576 828 828

Relative costs 1 0.02 0.006
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Single-fidelity PCE, HF model Multifidelity PCE

For all but the QOIs depending on location of peak 129I, estimation of Sobol indices was drastically 
improved with the multifidelity PCE.
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Single-fidelity PCE, HF model Multifidelity PCE

Precision of Sobol indices computed from the multifidelity PCE did not improve much with increase HF 
evaluations.
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• Sobol indices not significantly improved for MF PCE vs. single-fidelity PCE using high-fidelity only 

in some cases. 
• Need to inspect PCE reconstructions at each level in more detail to determine why this is happening.

Single-fidelity PCE Multifidelity PCE



Takeaways/future directions16


