
applied voltage .observe.
e—Iili

Electroosmosis Streaming Potential
charge drag 4 plug flow p-driven parabolic Pow

un,„= f(d) unsi. = 2ib.= f(1/de)

Lveeptinual

servier

in the

interett

Sandia
National
Laboratories

Year 3 of 3

Characterization of Ultralow
Permeability Geomaterials using

Electrokinetics
Kristopher L. Kuhlman; Melissa M. Mills;

Bwalya Malama2, Narayana Aluru3 & Pikee Priya3

CAL POLY 1 Applied System Analysis & Research Department (8844) ...I
ILLINOIS

2 Cal Poly San Luis Obispo 3 University of Illinois 0..
S A N LUIS OBISPO

Prob/em:Low-permeability (k) rocks are critical as barriers and seals as well as source rocks for
hydrocarbon, but difficult to characterize. Darcy methods require long-duration tests.
Hydrogeophysics can help.

Laboratory Electrokinetics (EK)

StreamMg potential (SP): Move fluids —> drag ions
Electroosmosis (SO): Move ions —> drag fluids
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Estimate permeability via modification of Pengra et al. (1999) approach.

Ks and KE are measured using low-frequency (<200 Hz) AC methods, which go to steady-
state quickly. Measuring K5 and KE, we estimate 1(0 = '''Cs since Onsager showed in

general L12 = L21.

Analytical Lab-Scale Coupled EK Solution

Apply generalized uncoupling approach to 1D flow in a
box driven by periodic Type I BC on one end, insulating BC
on other end:
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Applied Pressure BC (Streaming Potential) 

al) = 10 KD = 0.01 PD(X = 1) = FD COS(D)DtD)
PD

No-gradient BC (x = 0)

Applied Voltage BC (Electroosmosis)

0.1 
0 0000
-0 OM

D(X = 1) = 0

PD

M
F cos(tro)

N

_D

(4X = 1) = FD COS(0)DtD)

Are LDRDik A
ikv

Pore-Scale EK Modeling 

Pore-scale continuum
electrokinetics modeling is
being conducted at The
University of Illinois through
LDRD Academic Alliance
(FY19-FY20).

OpenFOAM is being used to solve the transient coupled set of continuum
equations governing pore-scale flow.

Charge Calculation: (pf = Ei qi(C( — Cieq))

Poisson (electrostatic) :V2-tp = —

Navier Stokes: p;.: = —Vp + µV2u — pfVtp)

Nernst Planck: = —V. (ciu) + V. (DV + V. (z̀RFTD` VIP))

2D Pore-scale Electroosmosis (EO)

• EO pressure invemely proportional to
constrictions/length density.

• EO pressure proportional to
constriction radius of curvature.

2D Pore-scale Streaming Potential (SP)
..tro .irwr

• SP proportional to constriction radius
• SP inversely proportional to constrictions per unit length

Upscaling Simulations
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Fit Artificial Neural Network

SAND2020-0671D

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.


