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Hydrogeophysics can help.

Problem. 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.
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«”’ Streaming potential (SP):Move fluids — drag ions
Electroosmosis (F0):  Move ions — drag fluids

Darcy’s Law
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Estimate permeability via modification of Pengra et al. (1999) approach.

Ks and K are d using low-freq (<200 Hz) AC methods, which go to steady-
state quickly. Measuring K5 and K, we estimate k, = U”“ 2 since Onsager showed in
general Ly; = Lag.

Analytical Lab-Scale Coupled EK Solution

Apply generalized uncoupling approach to 1D flowin a
box driven by periodic Type | BC on one end, insulating BC
on other end:
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wpA (e€ — 1) = VianThe
Applied Pressure BC (Streaming Potential)
ap=10 K, =0.01

pp(x = 1) = Fp cos(wptp)

No-gradient BC (x = 0)
Applied Voltage BC (Electroosmosis)
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y " Pore-Scale EK Modeling

|/ Pore-scale continuum
electrokinetics modeling is
being conducted at The
University of lllinois 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: (p; = ¥, ¢:(C; — C/?))

Poisson (electrostatic) :Vzlp = —p—gf)

—Up + uv2u — pVip)

Nernst Planck: % =—V.(c;u) +V.(DV¢;) + V. (% 7y))

Navier Stokes: p 3—1: =

2D Pore-scale EIectroosmosis(EO)

« EO pressure inversely proportional to
constrictions/length density.

* EO pressure proportional to
constriction radius of curvature.

* SP proportional to constriction radius
« SPinversely proportional to constrictions per unit length

Upscaling Simulations

Pwalt,

State at Intersection/pore S(1,)/S(p;) =
[E:(r), Ui (), pi(r), pi (), 7, ]
S(Pinter) = known

SPouttet) S (Pwau)
= special cases of instance (2)below
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S(linter) = special case of instance (1)below
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