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Figure 1: Ethanol production has increased substantially in the last |
35 years. E o a | | 25% Ethanol/75%Water and Sand
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Figure 9: a) Subsurface resistivity distribution- no ethanol b) surface electrical resistivity model results- no
prater sand - 3m ethanol; c) borehole resistivity model results- no ethanol; d) subsurface resistivity distribution- ethanol present
k=180 e) surface electrical resistivity model results- ethanol present; d) borehole resistivity model results- ethanol present.
N Black dashes indicate location of electrodes.
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Figure 8: a) Modeling of GPR response to ethanol layer
present above the water table. Three reflections coincide
with three defined interfaces in the subsurface. b) Two
reflections coincide with two defined interfaces (no ethanol
present).
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Figure 6: CRIM model (black) compared to
experimental data (red).
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Figure 2: a) Complex

resistivity measurement;

b) bulk resistivity; c) polarization
at mineral/electrolyte boundary;
d) sample capacitance; and

e) equivalent circuit of low

frequency electrical conduction.
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Figure 7: EM wave velocity (black) as a function of
ethanol concentration compared to experimental data.
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Figure 3: VNA sample holder for high
frequency measurements. a) Sample is
packed around a central conductor.

b) Electric field (red) is generated from voltage
difference between the inner and outer
conductor. Perpendicular magnetic field
(black) is present. Reflection and
transmission parameters are measured.

Table 1:

Cole-Cole 0% Ethanol | 25% Ethanoll 50% Ethanol| 100%
Parameters Ethanol
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m -

Log(Phase, -mRad)

Log(Resistivty, Ohm-m)

10° 10’ 1
0.0062

Log(Freq) Figure 5: Dielectric constant (black) and loss tangent

(red) as a function of frequency. Gray area indicates
: . : 0.504 0.788 0.688 0.583
region where dielectric constant was chosen for further 1 and 2 indicate the dispersion term number

comparison (low loss). ﬁdi‘é fhs;fgt;cagg resistivity

t is the relaxation time
c is the frequency effect

after Stillman, 2006
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Figure 4: Experimentally measured resistivity and phase (red)
plotted with empirical Cole-Cole model with two
dispersions (black).




