Millifluidic tracer experiments to investigate the signature of saline /.

UNIL | Université de Lausanne

diffusion on effective electrical conductivity N S

Alejandro Fernandez!, Pietro de Anna?, Damien Jougnot?, Yves Meheust3, Tanguy Le Borgne3, Niklas Linde?

1  Applied and Environmental Geophysics Group, Institute of Earth Sciences - University of Lausanne, Switzerland

2  Sorbonne Universite, CNRS, EPHE, UMR 7619 METIS, Paris, France
3 Géosciences Rennes - CNRS, University of Rennes, UMR 6118, Rennes, France

1. Introduction

When monitoring saline tracer tests, standard post-processing of inversion results obtained by time-lapse
Electrical Resistivity Tomography (ERT) often fail to accurately predict the temporal evolution of the spatial
moments of the solute mass. At least partly, this is a consequence of unaccounted spatial heterogeneity of
the tracer distribution below the model resolution of the tomogram. Hence, sub-resolution tracer
heterogeneity currently leads to unpredictable effects on inferred upscaled tracer properties obtained by

ERT monitoring.

Here, we present preliminary tests towards a series of electrically monitored milifluidic tracer experiments.
The general goal of these experiments is to support the development of upscaling methods to predict the
impact of spreading and mixing processes on effective electrical conductivity at the ERT resolution scale. In By At
turn, it is hoped that the framework produced can serve to infer statistical properties of spreading and ,oug*;.‘('z';;;g)'

mixing dynamics from effective electrical properties at large scales.

2. Experiment: tracer test in a 2D layered medium
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Overview: using a , a fluorescent and electrically-conductive tracer is injected in a decimetric (62 x 8 cm) Hele-Shaw cell, confining an artificial Porous

medium which consists of 0.4 mm-thick cylindrical silicon (polydimethylsiloxane,

PDMS) pillars. The tracer is excited with a Light source placed above the cell, and the

light emitted from the sample is recorded over time with a Camera placed below, which allows to monitor the 2D field of tracer concentration. Concurrently, electrical
current is injected in two alternating modes, horizontally and transversally, from the two pairs of Injection electrodes A,,— B, and A.— B, respectively. The apparent
resistivity, related to the effective electrical conductivity o, ¢¢, is monitored from 12 for each of the injection modes.

Objective: to relate a 2D high-resolution electrical conductivity distribution o (x, y) with the bulk electrical conductivity o, ¢¢
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From 2D light distribution I(x,y) to o(x, y) I, (x,y)

Normalized light intensity
S

®
'- - - -
050505050505050505040405050505040406999405050,0,0504504049405050505050450450504040 — « Calibration points
020%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0 %0 %0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0% % %% —
020%20%0%0%0%0%0%0%0%0%0%0%0%0%0%0 0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%¢%0 %0 %% = — Beer-Lambert law.
020,020202020202020202020202020,07020202020202020202020202020202020202020202020 I
--------------- %2 v 9%0%%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0% % ] RMS error =0.02 ) 4
( 1926909690 %090%6%690909090909490949959492050 O O . 2 ... RMSerror=0.02
O Kgicg FAST ADVECTION 19090909090 %0%6%0%0%0%0%0%0%0%0%0%0%0%0% %% | 10
< =] | -4 -3 -2 -1 0
VAV aAvavavaVavaUaVavavavavavawawy 4,.02,0,0,0,0,0,0,0,0,0,0,0,0,0,0_,0_,0,0_,0_.0,.0_0 e s S 10 10 10 10 10
03030207070207070207020207020302(2020202020202020202020202020202020202020202020 13
A 020%20%0%0%0%0%0%0%0%0%0%0%0%0%0% 0 ) 0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%¢%0 %0 %% HI | B X,
10 o T T T T T T T T T T T T T T T T T T T T T I:
020%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0)%0%0%0%0%0%0%0%0%0%0%0%0%0% % 020% %% % : ;
0505020305 05050%0%0505050%050%050 05050505050 0505050000 0%0%020%50%050%05 0% :
020%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0)%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0%0% %0 %% 4 B
000 O e s = 0:0:0.0:0:0.0:0-0-0-0-0-0-0-0:0-0-0-0-0-0-0 :
IC'LOW-!ESML 0- Wﬁ:’: % gl . : ] 4:53 -- -:.'_; -H- 4:.-:4' II -EH:. -H- ::ur "% .; ." ‘H':{}f::gb—f%::;c;%_. :E% _H Qf_'::-"” ':%‘rh,?; ES%:‘ - ﬁ'}" ‘é_&.::d: '. EJ::E' "' jelatelsle} "' et I...L L‘:." "' ";'E' .' _‘_':_' E%ﬁ%%ﬁ%%ﬁ qﬁ'_(é::"- '%‘ ?S:%; ':-.3:_. ES?:H ~— .:.
5 7 ..HP;.“{ 35 3 13:_”‘@. i3aset 3 B e R T ‘..‘% .-_;ﬂ--*r'.ﬁ“} Sitaisntatitity M ‘-—',‘;'Hﬁ' siisis e yeata j53is '-:'Lj':'::-"?.u“""“ Siieassits t‘f‘r ras ‘._::-g.-nﬂ,:",-‘r SN 0L e -
e e e e & 10°; P e
B - — E - -
T >\ I -
- :1_: --"'.
Syringe —_— S o1 e |
I b ] C -‘
0 C - -
Pump 3 _ -
- .--r
Camera . e
Q 107%¢ - .
: s ® Calibration points ‘ .
— =Empirical law. RMS error: 0.0000, -
-3 L ll | | L L | | 1 l L | L 1 L L L
10
10” 10 Concentration [mg/L] 107 10° O-(X ) ;’)

Idea behind layered design: the electrical signature of the conductive tracer invading the medium is separated in time in two parts: first, the “advective’ signal, caused
by rapid horizontal invasion along the high permeability channel (ky;cy = 16K;0y/) and, second, after the injection has been stopped, the “diffusive’ signal, caused by

slow, transversal invasion through diffusion.

3. Technical challenges

Electrical monitoring

The sampled voltage signal vary over time, but due to the functioning of the
Resistivity meter, the samples cannot be taken simultaneously but are taken
with some delay between each other.
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4. Numerical simulations

2D flow and transport modelling with COMSOL
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Used models

Flow: Stokes flow Transport: Advection-dispersion equation
Electric potential: Poisson’s equation

Fluorimetric illumination system

The intensity of the light emitted by the fluorescent tracer decays naturally over time
as the electrons present in the substance relaxes to their energy ground state after the
excitation. Exposing the tracer to an uninterrupted light source, the decay is
consistently observed:
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Flow system

A current problem is that that the PDMS cylindrical pillars are not always well
attached to the Hele-Shaw cell, causing undesired flow beneath them. This is
currently being solved by adhering the PDMS medium to a thin PDMS film.

5. Perspectives

(i) Completion of the experiment series in the layered medium.
(ii)) Experiment series in a Dual Domain medium (e.g . Swanson et al., 2012).
(iii) From (i) and (ii) test and develop upscaling approaches.
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