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Parameter Uncertainties: FE-Experiment

Model Uncertainties: Thermo-Osmosis
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Fig. 1: Schematic sketch of the workflow. From Buchwald et al. 2020

= Workflow implemented in Python integrating a number of well-tested and own
packages: pyDoE2, GPy, SALib, scipy, statsmodels, ChaosPy, ogsépy, vtk...
m workflow applied for treating parameter uncertainties (3D model of

FE-experiment) and model uncertainties (thermos-osmosis in the ATLAS
experiment)
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Parameter Uncertainties: FE-Experiment

FE cavern/ Shotcrete lining

Interjacent

\ FE tunnel @ approx. 3 m Heater sealing section
Ty
<— Access Concrete plug Bentonite blocks Steel sets

tunnel

m Biggest heater experiment at Mt. Terri
= Modelled phases: excavtion, shotcreting, emplacement, heating

m Parameter study for clay parameters on relative temperature and pressure
changes in clay while heating

m Use of TH(m) model for forward runs (Buchwald et al. 2021).
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Parameter Uncertainties: FE-Experiment

identifying parameter distributions, we restricted our analysis only to
clay-related parameters

m For clay 15-20 parameters; mostly min/best/max data available
u uniform distributions were used
u different resources — conflicting data

. experiments (like the FE-Exp. at Mont Terri) allow for calibration/uncertainty
reduction

m use history-match error as objective function:
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Parameter Uncertainties: FE-Experiment

3. used screening methods to identify heavy hitters/negligible parameters:
one-variable-at-a-time, folded Plackett-Burman design to build Pareto charts
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Fig. 2: Applied screening methods to temperature and pressure
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Parameter Uncertainties: FE-Experiment

Proxy building using Gaussian Process regression on a Latin-hypercube

sampling plan
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Fig. 3: proxy quality measure and time for proxy building

5. Direct Monte-Carlo sampling on proxy
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Parameter Uncertainties: FE-Experiment

6. history-matching of Monte Carlo samples; thresholds based on proxy RMSE

and subjective guesses for model error
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Fig. 4: History-Matching based on three different thresholds
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Parameter Uncertainties: FE-Experiment

7. forward model runs
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Fig. 5: History-Matching based on three different thresholds
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% Parameter Uncertainties: FE-Experiment

8. CDF based on last time
step of response

function
9. GSA based on Proxy
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Fig. 7: first and second order Sobol indices
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2 Parameter Uncertainties: FE-Experiment
Main outcome

= temperatures can be matched very well

m Parameter uncertainties of other materials need to be considered as well

m features might be missing in the model or are not modeled well (geom.
uncertainties, EDZ, etc.
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Model Uncertainties: Thermo-Osmosis

EQUATIONS
Mass balance B 4
S W w W su
& v.J v - =
I (p cp) + +po e a4 aqw
where: K
IV =—pv2 (Vp - pwg) —pVikpp VT
Heat balance 4
df (C%p° (1 — ) +CVpV ) T) + V - i+
+V-JY =ar
where:
i=—-(K(1-¢)+K") VT - T kyp Vp
and
J\}é\/ — prwvw

In all equations above k7 is thermo-osmosis tensor. Zhigang 2020
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Model Uncertainties: Thermo-Osmosis

OVERVIEW
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Fig. 8: Layout of ATLAS Experiment. Figure from: Frangois, Laloui, and Laurent 2009
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Model Uncertainties: Thermo-Osmosis

THE EFFECT OF K

Overview of results
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Model Uncertainties: Thermo-Osmosis

OVERVIEW

Tested parameter ranges
Parameter name Unit Reference | Min Max
Thermal expansivity () KT 1.3e — 5 5e — 5 5e — 3
Intrinsic permeability (k) m? 2.5e —19 | 8¢ —20 | 4e —19
Thermoosmosis coefficient (k1) | Pasm« K1 | - le—13 | 9e — 13
Young'’s modulus (E) MPa 3.5e8 3e8 6e8
Poissons ratio (v) - 0.125 0.1 0.15

Reference values after: Tamizdoust and Omid Ghasemi-Fare 2021.
Initial conditions:

Parameters | Values | Units
Oz =0y 4.5 MPa
PO 2.025 MPa
To 16.5 °C

Initial conditions after: Tamizdoust and Omid Ghasemi-Fare 2021.
Error metrics

eHM = i (dobs _ dsim)2
1 n
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in %Model Uncertainties: Thermo-Osmosis

P AND T CURVES
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Fig. 9: Porepressure at observation point.
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Fig. 10: Temperature at observation point.
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PARAMETER ESTIMATION

Distribution of E values in top 19 results Distribution of & values in top 19 results
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Fig. 12: Intrinsic permeability.
Fig. 11: Young’s modulus.
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EHM - DISTRIBUTIONS

Distribution of ehm values among all runs Distribution of ehm values among 50 best runs
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Fig. 13: Entire ehm range. Fig. 14: Zoom-in to best runs.

Main outcomes:
m temperatures are matched very well
= No clear improvement visible by consideration of TO-effect.
m further refinements might be need
m features might be missing that could improve both matches (anisotropy)
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