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Motivations and Research Questions

Motivation:

B Numerical models are used to prove integrity
of nuclear waste repositories

B Decisions about assumptions, simplifications
or expansion with additional processes can
impact the results

® Thermo-osmosis (TO) is a relevant physical
process for the nuclear waste storage

Research questions:

® Can TO be abused as a "tweaking
parameter"?

® How does expansion with an arbitrary
process impact the model uncertainty?
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Physical processes - Mass balance equations

THM - Fully coupled Thermo-Hydro-Mechanical process

Sthmp  — [¢F,3|7" + 3 (o — ¢F) a?] T+ ol + (we); = Qn (1)
—— —_ =~
Deformation  Fluid flow  Sink/source

Hydraulic storage Thermal storage

THpyq - Thermo-Hydro process with correction term for the mechanical
component
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What is thermo-osmosis?

Definition:

"Thermo-osmosis may be defined as the process of diffusion of a fluid
through a membrane under the influence of a temperature gradient”
([DR52; Gon+18])

How is TO added to the processes?

TO is included in the hydraulic flux component of the mass balance
equations for THM and THpyq:
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Thermo-osmosis - impact on pressure around the heater

Difference to kT_O
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Figure: Red rectangle - heater. Difference to the reference data set without TO.
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Impact of different TOC values

Compare pressure curves at different observation points
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Figure: All tested TO coefficient values at different observation points.
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Experimental / Numerical Setup

Observation points

Min. value Max. value Ref. value

275 Variable name Unit
% TDS5E Thermal expansivity (as) KT
2501 TD93E Intrinsic permeability (k) m?2
TD98E 1 Young’s modulus (E) Pa
25 % TDSBE 2 Poisson’s ratio (») -
# TDOSE3 TO coefficient (wide) m2s— 1K1
200 W Heater TO coefficient (active) m2s K~

8x10°° 2x107° 13x107°
1x1071 9x101% 25x10°1°
2x 108 8 x 108 3.5 x 108
0.1 0.3 0.125
1x107%  1x10°" 3x10°'2
5x10712 1x107'2 3x10° 12

Min. value — minimum value of parameter; Max. value — maximal value; Ref. value — reference value
(used to obtain synthetic data)

" o] s ® All observation points are located in the near field
B This study is based on but not identical with ATLAS
» [l experiment ([Che+11; FLLO9])
] ® Numerical simulations run with OpenGeoSys
([Bil+23])




Study idea / Workflow
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Less is more?
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Less is more?
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Less is more?
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What if TO is in the reference data?
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What if TO is in the reference data?

Probability density / -
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Outlook

Next steps:
Is more always better? Study on uncertainties introduced by _
decision-making process of model design and thermo-osmosis* " Re run the StUdy_ on real data
> ATLAS experiment
> Anisotropy -> 3D?
» TO experiment

ARTICLE INFO ABSTRACT
> 1D

> [GT10]

Feliks K. Kiszkurno***, Jorg Buchwald®?, Olaf Kolditz* and Thomas Nagel*<

® Yay! First paper submitted to journal!

® Test impact of the uncertainty on
alternative algorithms used for proxy




Outlook? - Proxy study

Proxy prediction MC

Proxy prediction MC
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Outlook? - Proxy study

Proxy prediction MC - regressors vs GP. Proxy prediction MC - regressors vs GP
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Outlook? - Proxy study

E values distribution - filtered MC
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Outlook? - Proxy study

KT values distribution - filtered MC

KT values distribution - filtered MC
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Thank you very much for your attention!

YOUR GRAPH SHOWS YOUR UNCERTAINTY
ON THOSE NUMBERS BUT HOW SURE
ARE YOU OF THOSE?

WE'RE PRETTY UNCERTAIN ABOUT
THEM AND HONESTLY I FEEL VERY
UNCERTAIN ABOUT THAT

BASICALLY, IT’S UNCERTAINTIES
ALL THE WAY DOWN

I’m NOT SURE THAT'S- \
SEE You GET 17

!l ! ! | ’ ERRANTSCIENCE.COM

Figure: How NOT to handle uncertainties. (Author: ErrantScience.com)




Fun part! - URS Bear merch!

We have a cool logo

let’s show it more!
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Fun part! - URS Bear merch!

A4

® Diameter: 50 mm ® Diameter: 53 mm
m Water resistant ® NOT water resistant
® Price: 30.75 € ® Short-term use

B Recyclable paper

® Price: 37.25 €

All prices are for 25 units.

® Diameter: 20 mm
m \Water resistant
® Price: 74.75 €
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THM process

T - Thermal compgfnent Energy balan e eq atlon
(pCp) T-I-pFCpT (WF) E)\e T = Qr
N——— ———— 1 S~~~

Heat storage i N—— Heat source/sink
9 Heat advection Heat conduction

H - Hydraulic component - Mass balance equation

STHMP  — [¢Fﬂ'%+3(048 - ¢F)Oésr] T+ ol + (W), =
N~—— N—— N——

Hydraulic storage

Thermal storage Deformation  Fluid flow
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Corrections: THyni VS THpyq

Storage term correction

Crhhyd CrHuni
Oé2 Oé2
Stim + 22 | = [ Stam + = 7
( THU F e THM ES (7)
CrHhyd CrHuni
¢  ag—¢ oF 6 ap—¢ o3
Ke Tt T Ke T T EV(1—Y)) (8)

3(1—-27)  3(1-2M) 30-29)  GArM)[d—2.0)

® Correction to both processes only depends on Young’s Modulus (EY and EM)
and Poisson’s ratio (vY and 1)
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Corrections: THyni VS THpyq

Temperature correction

C .
CTthd THuni
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1+ Y
65k +3(ag — 9)al — Bagall = 63F + (g — ¢)ad —agaf—7  (10)

® Correction to both processes only depends on Poisson’s ratio (Y and ) and
thermal expansivity coefficient (g and v£)
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Corrections: THyni VS THhyq

Storage term correctio
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Figure: Overview of values of the storage correction depending on: Poisson’s ratio (upper subfigure) and thermal
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Corrections: THyni VS THhyq

Temperature correction
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Figure: Overview of values of the expansivity correction depending on: Poisson’s ratio (upper subfigure) and
thermal expansivity coefficient (lower subfigure).




Impact of different TO coefficient values
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Compare pressure curves with different TO coefficient values
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Figure: Pressure curves at all observation points
for different values of TO coefficient.

® Regardless of value of TO
coefficient the effect is strongest at
points closest to the heat source
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