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Presentation Objective

Introduce the use of geophysical survey
methods to enhance standard site
characterization practices and improve the
ability to map and delineate water
resources for complex and difficult

geologic conditions.
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Overview

Brief Background

Typical Water Resource Assessment
Building a Conceptual Site Model (CSM)
Geophysical Survey Methods

Practical Application Examples
Conclusion/Questions



Who Are We?

* Consulting professionals with geologic, geochemica
geophysical, and engineering backgrounds

* Focused on the use of geophysics integrated into
environmental, engineering, water resources, and
construction projects

* Personnel have performed geophysmal surveys sinc
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The Challenge - Geologic Complexity

* Can cause rapid material property changes in both
ateral and vertical directiom unexpected waysot
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poring and drilling programs.

* Subsurface data densiiynits the development of an
accurateConceptual Site Modéhat can adequately
describe groundwater availability.




EXPLANATION
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THEORETICAL WELLFIELD AREA

OPTIMIZATION OF WELLFIELD YIELD
BASED ON PUBLISHED AQUIFER CONDITIONS

TYPICAL WATER RESOURCE
ASSESSMENT PRACTICE
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WELL PLACEMENT VERSUS
WELLFIELD CONCEPTUAL MODEL

. Wells are placed in areas of greatest thickness
of aquifer material

. Wells are placed and screened in areas of
greatest hydraulic conductivity

. Wells are spaced at distances sufficient that the
effects of overlapping recovery zones are

minimized (i.e., maximum separation for the
wellfield size)
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EXISTING PRACTICE SUMMARY

Dependence on widely-spaced regional geologic
Information relative to the aquifer thickness and
expected scale of horizontal and vertical stratigraphic

changes
Its convenient, low-cost, and acceptable when water
resources are plentiful and widespread

The odds of achieving maximized production from the
wellfield is remote



THEORETICAL WELLFIELD AREA

OPTIMIZATION OF WELLFIELD YIELD
BASED ON ACTUAL AQUIFER CONDITIONS

BUILDING WATER RESOURCE
CONCEPTUAL MODELS
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THEORETICAL WELLFIELD AREA

OPTIMIZATION OF WELLFIELD YIELD
BASED ON ACTUAL AQUIFER CONDITIONS

WELL PLACEMENT DEPENDS
ON CONCEPTUAL GEOLOGIC
AND HYDROGEOLOGIC MODELS
TO MAXIMIZE YIELD FROM WELLFIELD
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WELLFIELD OPTIMIZATION

Depends on the accuracy of the conceptual model, that
IS, how it matches with reality

The question is: Is drilling the only way to improve the
conceptual model?



THE USE OF GEOPHYSICS
TO IMPROVE WATER RESOURCE
CONCEPTUAL MODELS

. If you had another method that would increase the ability

to predict the horizontal and vertical distribution of
aqgul fer materials, woul dnot



What is Applied Geophysics?

* Technologies use quantify propertiesof
solls, bedrock and groundwater in an
understandable manner.

* Technologies providing subsurface information
without direct sampling.

* Technologies that careducetime to collect
iInformation, drilling and cost.




What is Surface Geophysics?

| gl e 2F YSIadaNRAy3 0l
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characterizing its variability. Contrasts In
surface or subsurface materials cause
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to locate their position and depth.



The Typically Used Tools...

The Commonly Applied Technologies
Potential Field Methods gravity & magnetics

Transmitted Energy Source Methodseismic &
ground penetrating radar

Electromagnetic Methods conductivity, TEM, VLF
Electrical Methods resistivity & IP




Geophysical Methods

* Electromagnetic Metal Detection

* Electromagnetic Conductivity

* Electrical Resistivity Imaging

* Seismic (Refraction, Surface Wave)
* Microgravity

* Ground Penetrating Radar (GPR)

* Downhole Logging




Geophysicg Water Issues

* Groundwater Investigations/Remediation
*  Aquifer/Sand/Gravel Unit Mapping
* Fracture/fault/karst delineation
* Placement of Wells (Monitoring/Production)
* Enhanced Design of-Bitu Water Treatment
* Monitoring of Remediation Progress



A In the past, surgeons had to
do exploratory surgery to
| ocate Nobj| ect
body T similar to drilling and
excavatingto locate
subsurface aquifer areas.

A Now days, applied geophysics is like scanningausing
MRI , except to | mage nonb,]

- N \IR| Machine



http://en.wikipedia.org/wiki/File:Structural.gif
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DATA ACQUISITION DENSITY AND ITS RELATIONSHIP TO
MEETING AQUIFER DELINEATION OBJECTIVES

Single row, Perimeter Medium Density, Double Low Density, Center Single Row Cross

Medium density, Centetow density, Meandering Medium density, target High density, target @

—



Wellfield Exploration Problems

A Areas where glacial drift overlies non-productive
bedrock (poor yield or quality)

A Glacial drift is till-dominated but contains isolated
pockets of sand and gravel aquifer materials

A Inadequate surface water i locations are in upland
areas

A Known water supply does/will not meet current or
projected demand

AiHunt & Pecko pdarorimikedng h a:
results and is a costly method of exploration



Geophysical Mapping Criteria

A Effective at Detecting and Discriminating Aquifer
Materials

A Able to Reliably Reach Desired Depth of
Investigation

A Rapid Data Collection, Processing, Interpretation
A Easily Deployed

A Intuitive

A Cost Effective



Applicable Geophysical Methods

A Lateral Terrain Conductivity Mapping
A Vertical 2-D Resistivity Profiling
A Downhole Logging



EM31: Moderate Depth Conductivity Meter
——— :

_ateral
onductivity

Mapping

EM34: Deepest Conductivity Meter




Conductivity Mapping

A Greatest Variety of Techniques Available
AAbl e t o nScano Large



Case History g
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D Resistivity Profiling




Resistivity Profiling

High detail method for characterizing subtle
variations in both shallow and deeper subsurface

resistivity

Often used In conjunction with more rapid mapping
technigues, such as terrain conductivity
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FiG. 12. Distribution of current and potential lines for two cur-
rent electrodes at the surface of a homogeneous half-space.
Current lines represent the surfaces of tubes each of which
carries one-tenth of the current (after Van Nostrand and Cook,

1966).
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2D Electrical Resistivity Imaging System
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2D Electrical Resistivity Imaging System
Once the apparentresistivity data is collected, it is modeled using

an I nversion technique which <c
section
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mgle Logging

A Used for determining site geology
wells

A Can examine the structural integrity of e
wells

m existing



Downhole Logging
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The Process

1. Preliminary Geologic Research is Done

2. An Aerial/Topographic Study of the Propesed Site
IS Done

3. Based on the Previous Two Studies, a
Geophysical Techniqgue/Technigues is Selected.



Geologic Setting

Narrow Valley incised into Devonian Sh
Valley filled with sand and gravel

Till on either side

Compare with setting to North where adeq
sand & gravel and/or carbonate are availab



