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* FMD process model surrogate Uo gz
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Fuel Matrix Degradation in Repository
Reference Cases

—
S
o

Fractional degradation rate model

* Fractional degradation —
rate (FDR)

* Fuel matrix degradation
(FMD) surrogate models —

* Instant fuel matrix

Degradation rate [mol/mzlyr]
=)

—
S
L5

i i n i i PO S | i i i i T M )
10* 10° 108
Time [yr]

-
o
w

-
S
(£,

FMD neural network surrogate model

——— .

Degradation rate [mol/mzlyr]
)

degradation
 Instant radionuclide o — PPN |
. 10 10 10 10
release fractions Time [yr
Fuel degradation rates calculated for 2000 failed 4-PWR waste
packages in a shale repository simulation (Debusschere et al. 2023)
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Process
model

FMD Surrogate Models

Repository performance can be
highly sensitive to fuel degradation
rates

Fuel degradation rates

« Sensitive to

+ Temperature

* Dose rate (radiolysis)

« H,, O,, Fe?*, CO4% concentrations
« Change over repository lifetime

Surrogate
model

« FMD process model Performance
« Too expensive for repository simulations assessment
(PA) model

FMD surrogate models
« Rapidly emulate the FMD process model
» Test the operation of the FMD process model
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Surrogate Model Approaches

k Nearest Neighbors Regression (kNNr)

Artificial Neural Network (ANN)
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Surrogate Accuracy

Input Ranges

Input Features Training/Testing
Range
10-
o 40 - 65
210
] 105 - 2x102
= 10—4 * Log-uniform sampling distribution
X
= 10-5 Accuracy
S | ErrorMetric | kNNr_| ANN_
> _¢| —— MATLAB FMD Normalized Mean 0.11 0.12
107y . Square Error ' '
; ANN Prediction
L — Mean Absolute o o
101 10° 101 102 103 104 10° Percentage Error 29% 14%
Time [yea rs] Mariner et al. 2023
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