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Soills: An Electrical View
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Electrical View of Solls
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Precipitated salt




Wet clay
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Electromagnetic Waves



Maxwell’s Equations

Gauss' Law of Electricity

Gauss' Law of Magnetism

Faraday's Law of Induction

Ampere-Maxwell's Law
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Electromagnetic Parameters

Free

space Materials
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Wave Equation
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Consider solution of the form (fluctuates in y - propagates in x)
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Phase Velocity
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Attenuation
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Frequency Wave Wave
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and God said:
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and there was light...!






Light-surface interaction
(Atlanta Airport)

and blue butterflies?
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Electromagnetic
Material Properties



Electromagnetic Parameters

Conductivity c
Permittivity e*=¢g-]¢
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Note: Losses

Ohmic conduction losses

Polarization losses

Magnetization losses
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Conductivity =» charges & mobility



Electrical Conductivity of the Pore Fluid
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Archie’s Law?
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Electrical Conductivity
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mixture conductivity, omix [S/m]

Electrical Conductivity of Soils
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Summary: Electrical Conductivity
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Permittivity =» Polarizability



Single phase
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Polarization spectrum
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Water-lon Interaction
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Double layer effects
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Two-phase media - Spatial polarization
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Polarizations
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Summary: Relative Permittivity

water 78

ice ~3
most organic fluids 2-6

air, gasses ~1
minerals 5-10
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Summary: Single materials

water /8.5 quartz 4.2 -5
methanol 32.6 calcite 7.7-8.5
most organic fluids 2 -6 most minerals 6 — 10




Free Water - Consolidation Orientational Pol,
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Summary: Soils VOLUMETRIC WATER CONTENT

K'= £6-16n+7.96, °
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Permeability =» Magnetizability



Kingston Fossil Plant (12/22/2008)

[Photo: U.S. Environmental Protection Agency]






XRD: Mill Creek Hopper

Fly Ash - Mill Creek Hopper
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Magnetization

Electron orbits orbit alignment Diamagnetism
Electron spin unpaired Paramagnetism
Alignment within domains move domain walls Ferromagnetism
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Per m eab I I Ity iron fillings in kaolinite — f = 10 kHz
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Permeabl I Ity iron in kaolinite — f = 10 kHz
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Summary

Single materials

w/p,

water, quartz, kaolinite
(diamagnetic)

~0.9999

montmorillonite, illite, granite, hematite
(paramagnetic)

1.00002-1.0005

nickel, iron
(ferromagnetic)

> 300

Predictive relations

spherical ferromagnetic inclusions
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Measurement
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Quasi-static



Circuit Elements - Impedance
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Laboratory measurements




Laboratory: Electrical Needle

Varved Clay
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Lab-scale

X-Ray

Photograph
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Needle probe measurements

GC. Cho



Numerical and Experimental Study

high conductivity anomaly

JY Lee
see also Fotti et al.



WAVE PROPAGATION



Laboratory measurements




TDR Probe — Honeycombs

Reflection at the probe tip
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Field Devices

Typical Data



Resistivity measurement / imaging

Syscal Kid Switch 24

Resistivity range: 0.001 to 10,000 Ohm meter
Depth less than 70m

Typical pulse duration: ~0.5s to 2s.

electrode string #1 electrode string #2
l " 2' tl j . . '2 . : . . 'G . 0' . . |'j r‘. .
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.
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(images from http://www.terraplus.com)



EM devices (conductivity)

EM38 Ground Conductivity Instrument
Very shallow (~<1m)

Conductivity range: 100, 1000mS/m
Frequency 14.6kHz

EM 34 - Ground Conductivity Instrument

Shallow (<60 m)

Intercoil spacing and operating frequency: 10m at

6.4kHz, 20m at 1.6kHz, 40m at 0.4kHz

Conductivity Ranges 10, 100, 1000 mS/m
DL et TiNe V) {s‘ﬁ‘!r 2

N

Geonics (Mississauga): http://web.idirect.com/~geonics/index.html
Images from the Terraplus (Colorado) site: http://www.terraplus.com



Ground Penetrating Radar
(permittivity ... conductivity and permeability)

Pulse EKKO 1000 Pulse EKKO 100 antenna Borehole Antennas
antenna frequencies; 110, frequencies; 12.5, 25, 50, 100, and (50, 100, 200 MHz)
225, 450, 900, 1200 MHz 200 MHz (also borehole)
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Sensors and Software (Mississauga)



GPR -2D & 3D

50-55f

Depth Slice

www.sensoft.ca



GPR on Ice

Position (m)

www.sensoft.ca




GPR: Saltwater Intrusion

www.sensoft.ca



Summary: EM-waves

u

Use

typically non-ferromagnetic
caution otherwise (e.g., some mine waste, fly ash)

ionic concentration ... and mobility
fresh water: clay surface conduction
Simple measurement: ERT, Needle Probe (invasive)

free water orientation (microwave frequency)
GPR TDR probe (invasive)

V { when o, T and T

Sy¥ when o, 1T

volumetric water content consolidation
advect./diffus. fluid fronts salt water intrusion
freezing fronts hydrates

spatial variability buried anomalies





