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2D Electrical Resistivity Tomography surveys optimsation of solutes
transports in porous media.
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@) Laboratoire IDES- UMR 8148, Université Paris Sutih@nt 504 - 91405 Orsay Cedex
@ Laboratoire FAST-UMR 7608, Universités Paris Sué&is VI batiment 502 - 91405 Orsay Cedex

The purpose of this study is to quantify experimentally the evolution of dissolved species in porous media
from 2D resistivity models. Transport experiments are carried out at the laboratory scale by performing
flow in a model porous medium obtained by filling a transparent container with mono disperse glass beads.
Atracer made by mixing a dissolved of blue dye and a known NaCl concentration is injected with a constant
flow rate through the porous medium already saturated by a transparent fluid. ERT measurements are
acquired during the fluid flow. The measurement conditions and the inversion parameters are estimated so
that the relation between spatial and temporal resolutionsis optimised. A video follow-up isalso carried out
during the upward tracer propagation. The comparison of the temporal evolution of the NaCl concentration
distribution estimated from ERT models with Video analysis shows remarkabl e agreement.

Introduction

Subsurface electrical imaging has been previousielbped to follow the main directions and grounigwa
flow velocity (White, 1988), but it can be also dse cross-borehole field experiments to monitorafg
conductive solutes transport (Barker, 1998) in redld media using the resistivity contrasts betwiben
fluids saturating initially the pores spaces aralrtoving fluids (Bevc & Morrison, 1991; Slater & 4P96;
Kemna, 2002; Oldenborger & al, 2007). Archie’s 1q#942) relates the measured bulk apparent
conductivities to the fluids conductivity in thenabnetwork via a priori information about the psity and

the particles cementation state. Even on laboragpgriments (Binley & al, 1996; Chambers & al, 20
variability of hydrodynamic parameters remains idifit to be estimated. Porosity is not perfectly
homogeneous into the entire soils/rocks core samnpbaticles shape and their orientations may ersaine
variations on the cementation factor (Jackson &8¥,8) and main electrical anisotropic directioRey &
Jongmans, 2007) which can not easily evaluatedeMar the electrical resistivity distribution istaimed
through data inversion, thus the non-unicity of sbéution can leads to misinterpretations of thel@gical

and hydrodynamic reality. Archie’s law (1942) relatthe measured bulk apparent conductivities to the
fluids resistivity in the poral network via a priomformation about the porosity and the particles
cementation state. As previously shown by Slate 000, it is possible to use this method to esptbe
spatial distribution of the tracer in solute cortcations. In this study, model’s reliability is ted from
laboratory experiments in porous media where tharddynamic parameters can be easily estimated. We
optimise the protocols of measurements and invessaezcording to the medium’s geometry for the trace
follow-up. The built models are then expressedemms of tracer concentration distribution on sevimze-
steps and compared to the estimated concentrdijoagarallel video follow-up.

Experiment protocol

Experiments are carried out in transparent contgihexiglas (of volume V=HxLxE=233.75 cinfilled
with glass beads of 166 microns diameter. Porasith = 0.365, close to the theoretical value (Gondret,
1994): the porous medium may be considered homogenand isotropic. Hydrodynamic parameters are
supposed constant, and the edge effects on theifyoewe neglected since the pores diameter islsmal
comparison to the walls dimensions (Gondret, 1984)ermeable nylon fabric of 10@m mesh covers the
lower opening of the container. This part is in te@h with a tank which contains the tracer, whetbase
injectors are set on the upper cover in order suena constant flow rate (figure 1a). Two linesveénty
one electrodes of 1.5 mm diameter, spaced evelyamh are installed along the edges of the celufég



1b). This configuration reproduces the measuremeortslitions used in borehole. The first and the las
electrode of each line are located respectiveB/mtm of the lower and upper opening of the comtai

Four experimental conditions must be respectedrderoto optimise the ERT follow-up of the tracer
propagation (Slater & al, 2000):

1/ all the pores space is saturated.

2/ the matrix conductivity is low in comparisontte tracer conductivity.

3/ the temporal variations of the electric condutgtiare only due to conductivity changes of theeistitial
fluids.

4/ the electrical conductivity is linearly relatedthe tracer concentration.
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Figure 1la. Shematic of the experimental Plexiglas Figure 1b. Side view of the
container filled with spherical glass beads of 16gm experimental device.
diameter. H=27.5 cm,L=8.5cm,E=1cm. s=1cm, a=3.5 cm, b=21 cm.

The container in contact with the lower openinglied by a transparent fluid, which is pumped upsvay

the injectors until total saturation of the mediurhis fluid is produced by dissolution of a smat@unt of
NaCl in degassed and demineralised wat&e pumping rate (1.5 ml/min) is sufficiently low bbtain a
perfect saturation of the medium. The tracer isioled by the dissolution of 0.1 g/L blue dye mixeith

1.0 g/L NaCl in demineralised water. The two fluade miscible, have the same viscosity and th&ereént
NaCl concentrations create a stable density cdntBasring the experiments a mixing zone appeared
between the two fluids: its characteristics depgmon the densities contrasts, pore size and fltsv ra

The geometry evolution of this zone is observethatsame time, by two independent techniquesritte®
follow-up which links the transmitted light intetsithrough the cell measured on each pixel of draera

to the dye concentration, and the electrical mesmsants which reveal the NaCl dispersion during the
transport.

Electrical measurement protocol optimisation

A sensitivity analysis (Furman & al, 2007) is nesa@y to characterise the sequence of quadripoléshwh
would gives the most reliable description of thepéirsion, while minimizing the acquisition time. fkst, a
set of experiments were performed by stopping lthe when the half of the porous medium is saturded
the tracer. In these conditions gravity stabilites front and its position is fixed. We have tessegeral
standard protocols measurements (Wenner-Schlumbeygedient, dipole-dipole,...). First results show
that the measurements are strongly perturbed bretistive edges of the plexiglas tank. In orderetoove
theses effects, data are normalised (Daily & a@S1Nimmer & al, 2008) and the inversion parametees
optimised to produce reliable models of condudtivistribution. Archie’s law and a linear relatidns



between conductivity and concentration (figure Byva relating the bulk conductivity of each model t
NaCl concentration. Vertical variations of dye centations estimated by video (red curve) and NacCl
estimated by ERT (black curve) are compared. Raxg@eriments, the two concentration curves artteshi

the mean position of the NaCl mixing front appdarbe in advance in comparison to the dye. Thif hi
probably owing to dye trapping in dead end poreezamnd adsorption on particles surfaces.
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Figure 2. Vertical variations concentrations of N&l (C/Cy) and dye
obtained by ERT (black curve) and video analysis @d curve).

Dynamic monitoring of the mixing front

Results obtained from a static position of the mgxifront allow to evaluate the efficiency of each
measurement protocol to describe the fluid interfabVe found that a transversal dipole-dipole
configuration with 190 quadripoles is the most dddpto the geometry of our medium. The temporal
resolution is also optimised: each time step i$opered in 5 minutes while 30 minutes were neededHe
measurements in static conditions. Yet, the cootisutracer propagation causes a temporal shiftdsstw
the first and the last measurements of each tirap. sthis drawback is corrected assuming a linear
conductivity variation with time. Data analyse andersion parameters are similar as in the cassaic
fluids (figure 3), vertical variations of concerttoms estimated by both methods present the sand.tiThe
thickness and the average front position on firsetsteps are similar (figure 3), but the tracapagation
creates a temporal drift of the front position whiacreases with the upward tracer propagation.

Conclusions

» Optimisation of the electrical measurements patpcovides an acceptable compromise between $patia
and temporal resolutions.

* ERT monitoring gives a reliable estimation of piagsi and thickness of the mixing front.

» The shift observed between video and ERT is calbiseddsorption and dye trapping, which may be
guantifying by our method.

In the future it will be necessary to check on tepetitiveness of the results with several derssitie
differences and flow rates. The system will be a@ismplexified while adding permeability heterogdiesi



and a 2D vertical fracture.
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Figure 3. 2D ERT tracer monitoring and comparison vith the vertical variation of relative concentrations estimated
on each time-step in the middle of the porous medin.
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