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Groundwater Flow

Runoff

Leaching

Capillary Rise

Surface Water

Water Well

Pathways of Salt Movement



ÅInjury
ïExtent and Severity of Contamination
ïPotential of Contamination to Spread

ÅDamages
ïLand Use and Land Capability
ïReceptors
ïRemedial Measures

ÅCausation
ïSource of salt

Salt Contamination 
Assessment



ÅVisual Indicators
ïVegetation Damage
ïSalt Tolerant Vegetation
ïCorrosion
ïHaloclastic Weathering
ïSalt Crusts
ïErosion

ÅGeophysical Measurement
ïElectromagnetic Survey
ïResistivity Survey

ÅField Screening Techniques

ÅSoil Sampling/Lab Analysis

Salt Site Assessment Tools
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Vegetation

Damage

Tolerance



Salt Crusts & Weathering

Salt Crusts

Haloclastic Weathering



Erosion and Corrosion

Salt Crusts
Erosion

Corrosion



Field Screening / Sampling



Electrical & Electromagnetic 
Methods

Metal detection

Metallic ores

Saltwater

Acid rock drainage

Water saturated vs. unsaturated pores

Voids (tunnels & karst)

Å Used where changes in electrical resistivity define a target



Most frequently used for salt 
contamination investigations
Spatial Distribution (i.e. mapping)

Frequency Domain Electromagnetic

Depth Distribution
Resistivity

Time Domain Electromagnetic

Frequency domain electromagnetic

Time domain electromagneticResistivity



Old methods ςnew technology

Known and used from early to mid-20th century

Cumbersome until recently:

(1) Reliable electronics

(2) Computer controlled data acquisition 

(3) Sub-meter GPS Frequency domain electromagnetic

Time domain electromagneticResistivity
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Frequency Domain Electromagnetic Survey

Å Oscillating EM field penetrates ground

Å Eddy currents induced

Å Secondary EM field  produced by eddy currents

Å Instrument measures secondary EM field

Å Strength of secondary EM field increases with increasing 
electrical conductivity of soil/objects

EM-31
3.66-m inter-coil spacing
9.8 kHz operating frequency
12.4 kg instrument weight
у ά/έ ŎŜƭƭǎ όнл hrs)



Release of Oilfield Brine to 
Surface Drainage: Creek Co.



Release of Oilfield Brine to Drainage

Study Area



Release of Oilfield Brine to Drainage

Navigation Grid



Release of Oilfield Brine to Drainage

Contoured Data About 6 hours start to finish 



9-m6-m

1.5-m

0.35-m

60-m

Change frequency and transmitter-receiver spacing

What about depth?



Instrument Freq. (kHz) Depth (m)

EM-38 14.5 1.5

EM-31 9.8 5.5

EM-34 6.4 10

EM-34 1.6 20

EM-34 0.4 40

Investigation Depth 

is a 

Function of Frequency & Transmitter/Receiver Separation

EM-38

EM-31 EM-34

3.66-m spacing

1-m / 0.5-m spacing

10-, 20-, 40-m spacing



Electromagnetics ςTime  
Domain





Resistivity

Galvanic Coupling ïi.e. electrodes



Some basic electricity for 
galvanic coupling

Battery - energy supply, pushes 
electrons around the circuit

Resistor - resists the flow of 
current

Voltmeter measures the 
potential difference between 
two points

Current meter measures the 
current flow at a point

i

V

R1 R2

- +

battery

current meter

volt meter

resistor

 

/(-ȭÓ ,!7
V = I x R (Voltage = Current multiplied by Resistance)
R=V / I (Resistance = Voltage divided by Current)
I =V / R (Current = Voltage Divided by Resistance)



Apparent Resistivity and Electrode Spacing

As electrode spacing increases, we 
άǎŜŜέ ŘŜŜǇŜǊ ŀƴŘ ŘŜŜǇŜǊΦ

At some point the upper layer will 
have much less effect than the 
bottom layer

r1 > r2

r1 < r2

Electrode Spacing

Top layer r Bottom layer r



Uniform subsurface Layered subsurface

r2>

r1

Current refraction

Refraction changes the distribution of current in a layered 
subsurface

Ratio of V/I changes  \can measure change in resistivity with 
depth



Tract-01

243 Useable Acres
3,770,566 bbls/ yr
463 mg/L

Tract-02

192 Useable Acres
2,979,213 bbls/ yr
226 mg/L

Tract-03

126 Useable Acres

1,955,108 bbls/yr

264 mg/L

Delivery Reservoir

US-412

Excluded

Transect A

What does a sand aquifer look like?

Major County

Woods County

Cimmaron River



~ Top of Shale

~ Top of groundwater

~ Top of Shale

~ Top of groundwater

North South

Since water saturation in the aquifer is 100% and salinity is constant, variations in resistivity 

reflect sedimentary fabric or composition changes

meters

meters

Å Top of water easily imaged

Å Bedrock topography easily imaged ïlarge resistivity contrast with sandy aquifer



Combining FDEM & Resistivity

Where is the salt?

How deep is the salt contamination?



The release:  Kingfisher 
County, OK

Preliminary borings show 

heavy (TDS > 80,000 ppm) to 

at least 10-ft bgs



FDEM Survey (Geonics EM-31)

EW-01

EW-02

EW-03

EW-04

Area of 

contamination 

extends beyond 

edge of salt kill

Subsurface 

contamination may 

originate from tank

Resistivity Lines



Resistivity Line EW-03



Contact Resistance Chart - 8203.crs

Electrode Address

464442403836343230282624222018161412108642
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EW-03 Contact Resistance Chart

West East



Electrical Resistivity Profile
(VES)

Saltwater to reduce 

Contact resistance

Generator

AC ­ DC 

Converter

AGI Stinger-R8

2423

Electrodes

2423 25 26 27 28222119 20 222119 20


