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Geophysics for Ground Water Resource
Investigations

or, How to find where you really want to drill.

John Jansen, Ph.D, R.Gp., P.G.



What is Geophysics?

eRemote sensing of physical
properties as a means to infer
subsurface geology

eSurface and borehole methods
e A means to see through dirt

It is not proper to call it black magic.
We prefer the term Mojo!



Why bother?

» When sampling density
Inadequate to constrain
the problem

= When the cost to get
enough direct data Is
prohibitive

* When site access or site
Impact are important




What can you expect to accomplish?

Map significant hydrogeologic controls

Depth to bedrock

Saturated zone

Sand and gravel bodies

Confining units

Fracture zones

Faults

Map changes in water quality at the 100s of ppm level
Map anything else with a significant physical contrast
Density

Sound velocity

Electrical conductivity

Magnetic susceptibility

Dielectric constant

Hydrogen ion content

Almost any physical contrast
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) OF COURSE, IT'S STILL A COMPLETE MYSTERY
(AS 10 HOW THE. ANCIENTS EVEN MANAGED D
ESE MASSIVE. STONES.... |,
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Common Geophysical Methods

» Electromagnetics (EM)

= Seismic (Refraction or Reflection)
= Electrical Resistivity (ER)

= Magnetometry

= Gravity Surveys

= Ground Penetrating Radar (GPR)

Secondary field




Glacial Aquifers of North Dakota

Ground Water Availability in Morth Dakota
Glacial DAft Aquifers
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Bedrock Aquifers of North Dakota
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Figure 8. Location and depths of
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Figure 4. Confined and unconfined aquifers.
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Electrical Resistivity (ER)

= Electrical Current is induced into
the ground through two current
electrodes.

= \oltage drop is measured across
potential electrodes. L

» Electrode array is expanded to
Increase depth of penetration.

= Depth of investigation about 1/3
spread length

» Resistivity of formation/fluids
measured in ohm-meters.

* Modern systems use 42 to 112 (or
more) electrodes with automated
switching.




Resistivity line on Nevares Spring Mound,
Death Valley National Park

*56 channel, 5 meter spacing (900 foot
spread length)

*Shallow zone relatively conductive
*Mapped conductive feature related to
spring mound




Mapping Faults, Depth to Water, and Grain Size

Faulted Lines
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Offset on Water Table Indicated Some Faults Are Barriers

Pipes Fault across WhalenWash -, |5

Pipes Fault across PipesWash .. .. .

From Todd Engineers



Refraction Theory

50 MSEC PER MAJOR DIVISION
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*Measures seismic velocity of soil and rock.
*Function of soil & rock physical properties & density.
*Requires generation of sound wave into subsurface.
*The first arrival of the refracted wave is used for interpretation.
*Multiple shots are used to increase resolution and correct for dipping beds.



Geophysical Image of Bedrock Valley Aquifer, Geneva, IL
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eResistivity and refraction survey to site municipal well




Geophysical Image of Bedrock Valley Aquifer
Geneva, lllinois
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eMapped two bedrock lows with sand bodies
eDrilled two test borings and one test well
eWell now on line at 1,400 gpm (one of the best in area)




Orange County California Saltwater Intrusion
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Resistivity Survey Results
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Physical Principles of TEM Soundings

«Square transmitter loop of 5 to 500 meters
on a side laid out on surface

*Current of several amps cut off nearly
Instantaneously

*Creates broad frequency EM pulse
*Nearly vertical propagation of pulse
induces eddy currents in conductive units
*Receiver measures magnetic field from
eddy current over time

sData is modeled into layered system

Primary field
Secondary field




TEM Profile of Brackish Zone in Deep Aquifer

*Apparent mound on Precambrian
surface in center of proposed well field
expansion area for Fond du Lac,
Wisconsin

*Apparent zone of elevated TDS
associated with zone

Indicates well yield and water quality
will be significantly lower than
projected
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Multilayeredisahdy agquifers
over800 ft'’deep (= 250 m)
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Barrier Wells & Saline Plumes

Saline Plume in multiple aquifers to different extents up to 800 feet deep (250 m).

West East

Injection Wells Residual saline plumes continue to
move inland
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Pico Format

Modified from DWR 1961, Cross Section E-E’




Saline Plume Definition

* Intrusion Maps biased based on well
locations and screen intervals

 Shallow wells may miss salt

Pacific Ocean

» Production wells with long screens and
high Q may average/dilute salt

| =
/ Seawater I

Intrusion

» Short screen wells identify salt at that
discrete depth

« Many wells needed to identify 3D nature
of intrusion $$$$, or...
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Comparison to Chloride
Concentration Data From Wells

FIGURE 10
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Comparison of Water Quality Maps
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The End
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