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Abstract

We present preliminary results from an electrokinetic laboratory rock characterization approach, which uses electroosmosis and
streaming potential to estimate permeability. The device has two modes. In its first mode it measures differential pressure
across a sample while applying electric current or acoustic pressure, while in its second mode it measures voltage across the
sample when applying electric current or acoustic pressure. The two modes result in estimates of the electrokinetic coupling
coefficients, which can jointly be used to estimate the permeability of the sample. Our collaboration includes analytical and
numerical approaches simulating aspects of the experiments being carried out in the laboratory at Sandia. Sandia National
Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia,
LLC, a wholly owned subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s National Nuclear Security
Administration under contract DE-NA0003525.
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SP arise from electric currents
due the movement of ions
when water tlows (water
drags fons). Similarly, EO 1s
a pressure due to an electric
field (Zons drag water).

These two etfects happen at
every liquid-solid interface,
but they are often ignored.

At steady-state the driving
forces (green and red) are

—

linearly related to fluxes (/¢
and /). The SP and EO

terms are off-diagonals
where voltage creates flow
or flow generates current.

Onsager originally showed
the off-diagonal coupling

coefficients must be equal,

(e.g., Haase, 1990).

Putting fluxes into mass and
charge balances leads to the
K. and Kg coefficients.
Because L1, = L,q, these
coefficients are related.

Steady Macro-scale Equations

/Permeabﬂity (ko) is one of the most important and difficult-to-measure \
properties 1n tight porous media. Electrokinetics includes streaming
potentials (SP) and electroosmosis (EO) that arise when an ionic fluid is in
contact with solid with surface charge (the Electrical Double Layer - EDL).
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Pressure-driven water flow typically dwarfs the EO effect in permeable
rocks, but in small pores pressure-driven tlow becomes insignificant (U, gy
is 1/pore size to 4th power). EO drives water independent of pore size.
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Streaming potential Electroosmotic pressure

Because L{; = L;q, independent measurements of Kg and Kg can be

Measuring Kq and K¢

The streaming potential (Ky) is easier to measure than
the electroosmotic pressure (Kg). It is easier to
measure a small voltage or current than a small
pressure or water tlux.

Streaming Potential Kg

The device to estimate

permeability is a B e e i
modification of the ol el
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with extension to e 7 T Ve
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media and transient Difﬁrgngg:'gsure
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transducer

, p(w)
phenomena (1.e., vdre:
{ . : . (2 Hz - p(w)
1ndqced polarization o D
Revil & Florsch, 2010). V(t,w) drive (<2 H2)

Ag/AgCl
Voltage Electrodes

A differential pressure transducer is monitored through
a frequency-specitic amplifier to observe
electroosmotic pressure at low frequency (<200Hz).

Current 1s applied
and voltage is
measured through
sintered Ag/AgCl
electrodes. Pressure
is applied through a
hydrophone or

speaket.
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Measuring Kg and Kg, we can estimate kg = p.
E

p | Fluid pressure [Pa] o | Hydraulic diffusivity [m/sec?|

Lq5, | Electrokinetic coupling

1 i al
Y | Electrostatic Potential [V] L, |constants [A/(Pa-m)]

Qsed to estimate the permeability, Ky (Pengra et al. 1999). /
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/ Pore-scale Electrokinetic Simulations

model SP and EO based on typical configurations of

This upscaling seeks to
investigate how appropriate
are the macro-scale
equations under general

conditions: Nernst- ani
Planck ot

* Saline brines o1
Stokes P E —

*  Complex geometry Flow

* Fracture networks Poisson Excess Charge

: Redistribution
* Pore-scale heterogeneity

Pore-scale simulations will consider

Protessor Narayana Aluru and Pikee Priya from University of Illinois are
modeling the pore-scale physics (e.g., Probstein, 1994) as part of the project to

grains or fractures.
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coupled processes and typical geometry

of porous and fractured media

(digitalrocksportal.org). The pore-scale N
modeling 1s utilizing the OpenFOAM %
multiphyiscs tramework (openfoam.com). 4

Project Goals

CalPoly are collaborating on analytical and numerical
efficiently make predictions in field-scale problems.
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U | Viscosity [Pa-sec] u | Pore fluid velocity [m/sec]
ko |Fluid permeability [m?] n; | Pore concentration [1/m’]
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This research is part of a Sandia L.aboratory Directed Research & Development
(LDRD) project, with collaborations between CalPoly and University of Illinois.
The Academic Alliance between Sandia and Illinois began in FY19. We are
working to better understand ot the appropriateness, uniqueness, and physical
meaning of macro-scale properties in terms of micro-scal

e physics. Sandia and
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