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D IRULVIURES ANU FRULVLEOOEO

Flow and Transport in Aquifers

» Flow and transport processes in aquifers are strongly determined by the aquifer
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D IRULVIURES ANU FRULVLEOOEO

Structure and Process Characterisation using
Electrical Imaging
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Outline

=  Structural Characterisation
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D IRUVIURE UVAARAUVIERIOAITIUN

Electrical Properties of Porous Rocks

pore fluid matrix
= Electrolytic conductivity o
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» Surface (interface) conductivity o

=) complex, frequency-dependent electrical conductivity
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contains information on:

e.g. salinity, water content, clay content, pore space topology,
hydraulic conductivity
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D IRUVIURE UVAARAUVIERIOAITIUN

Spectral Induced Polarisation (SIP)

» Phase spectra on sands with different grain size
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=) inverse modelling of relaxation time distribution

=P pore size distribution (relaxation diffusion length L ~ Jr)
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D IRUVIURE UVAARAUVIERIOAITIUN

SIP Imaging

» |mproved textural characterisation by analysing the spectral response
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D IRUVIURE UVAARAUVIERIOAITIUN

Hydraulic Permeability Estimation

= Surface imaging result

SPOr = a(f”, K= b
FS.

Bérner el al. (1996)
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Outline

» Characterisation of Solute Transport
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FRULVEOY VWVIIARAUVIERIOAITIUN

Electrical Imaging of Solute Transport

» Synthetic experiment

3D input model
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FRULVEOY VWVIIARAUVIERIOAITIUN

Solute Transport in Heterogeneous Porous Media

*  Flow equation VIK®Vy@]=0  qx)=-K®Vy(X)

(sink/source free region)

= Convection dispersion 0C(x,1) _ .
equation (CDE) o) o qx)VC(x, 1) + V- [0(x) D(x) VC(x, 1)]

(non-reactive solute)

heterogeneous flow field
and local dispersion

homogeneous flow field
and local dispersion

heterogeneous flow field
without local dispersion

Englert, 2004
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FRULVEOY VWVIIARAUVIERIOAITIUN

Quantification of Transport Properties

Conversion of electrical conductivity changes in concentrations

Fitting an equivalent 1D (“stream tube”) convection dispersion model
to the local breakthrough curves (BTCs)

ERT plane
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=) Spatial variability of flow velocity and (longitudinal) dispersivity
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FRULVEOY VWVIIARAUVIERIOAITIUN

Synthetic Experiment

= Spatial variability of Oth moment of local BTCs

3D input model
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FRULVEOY VWVIIARAUVIERIOAITIUN

Synthetic Experiment

= Spatial variability of equivalent velocity
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FRULVEOY VWVIIARAUVIERIOAITIUN

Synthetic Experiment

= Spatial variability of equivalent dispersivity

3D input model
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FRULVEOY VWVIIARAUVIERIOAITIUN

Recent Tracer Experiments at Krauthausen
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ERT Results from Conductive Tracer Experiment
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ERT Results from Resistive Tracer Experiment
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FRULVEOY VWVIIARAUVIERIOAITIUN

Structure vs. Process Characterisation

2- hydraulic conductivity
4] r N -
E E low high

-10- BH41 .m 25

5 10 15 20
distance (m)

conductive tracer

depth (m)

0 5 10 15 20
distance (m)

resistive tracer

depth (m)

5 10 15 20 25
distance (m)

Forschungszentrum Julich



Outline

= Conclusions
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Conclusions

= In combination with petrophysical and hydrological models, electrical imaging can
provide quantitative information about structures (e.g. hydraulic conductivity) and
processes (e.g. solute transport) in aquifers with relatively high spatial resolution.

However ...

= |mproved hydrologic-geophysical (e.g. hydraulic-electrical) parameter relationships
are needed for the linkage of measured electrical properties with structural
characteristics and/or state variables of hydrologic systems.

= |mproved data fusion methodologies are needed to optimally integrate hydrological
and geophysical information — either in terms of data, models or general concepts.

» improved understanding of structures and processes in hydrologic systems
» improved hydrological models for a more reliable scenario prediction

» improved (sustainable) management of water resources
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3D Hydraulic Conductivity Field

* [nK(x) represented as spatial stochastic process with mean value
K,=250 m/d, variance o;; = 1, and exponential covariance structure
(5 m horizontal and 0.5 m vertical correlation lengths)
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Simulation of Solute Transport

oC
= = vx)VC+V(D,VC), D, = |VX)|Ay: Dyr = V(0| Ay

Ot
mean hydraulic gradient: J, = 0.001, J,=J,=0
porosity: ¢, = 0.25
mean pore water velocity: v=1 m/d
longitudinal and transverse dispersivities: 4, =0.1 m, 4,,=0.01

.......
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_________

evolution of solute plume (day 0-100)
/DO Forschungszentrum Julich




Simulation of Time-lapse ERT Data Acquisition

= Assumption of linear calibration relation: o(x,¢) =c,_ + C(X,t)
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ERT 2D Imaging Approach

2.5D (finite-element) modeling

Smoothness-constraint difference inversion (LaBrecque & Yang, 2000):

¥, o (m,)=[W[d, —d, +f(m,) - f(m,)]|" +a|R@m, —m,)|’

“robust” iterative data reweighting (LaBrecque & Ward, 1990)
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The Krauthausen Test Site: Hydrogeology
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The Krauthausen Test Site: Lithology

middle gravel
middle sand terraces of
fine gravel Rur river
middle gravel
iinterbedded strata of sand, gravel, clay aquifer basis
fine sand
: clay
SRR terraces of
Rhine river

fine sand
middle sand

Forschungszentrum Julich



Time-lapse Electrical Imaging (Monitoring)

Solute tracer experiment in heterogeneous aquifer (Krauthausen)
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ERT vs. Multi-Level Sampling (MLS)

Resistive tracer experiment

relative electrical conductivity change (%)
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depth (m)

EIT Results at Krauthausen

= Background images in 2003 .
cone penetration test

hydraulic cor(@iefvjity estimate
¢Borner et al,, 1996)
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