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Presentation Outline
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1) Motivation for Work
2) Data available at Mel-Price Wood River Levee
3) Data Collection and results at the Mel-Price Wood 

River Levee
1) Ohmmapper resistivity 
2) Multi-channel Analysis of Surface Waves (MASW)

4) Pitfalls associated with inversion problems
5) Final Thoughts
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Levees in the US
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ASCE Report Card (2013)
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Levees in the US
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The Problem$
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1) Limited funding to assess the estimated 100,000 miles of 
levees
• Currently only about 15% of the nation’s levees are in the 

National Levee Database 
- Over 22% of those levees are rated as unacceptable

• Only about 37% are documented in FEMA’s Midterm Levee 
Inventory

2)    Limited funding for necessary or cautionary repairs
• ASCE estimates over $100 billion is needed to repair and 

rehabilitate the US levee system
• Only $415 million is allocated for the entire flood control 

program annually 
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The Approach
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Develop and refine a rapid and non-destructive assessment 
procedure which can cost effectively address both problems
1) Geophysical field testing
2) Statistical analysis of data to determine most effective 

methods
3) Probabilistic framework to assess performance
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Mel-Price Wood River Levee Section
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~4 km Section of Levee

Mississippi River Lock and Dam #26
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Geotechnical Information Mel-Price Wood River Levee
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CPT Sounding

Geotech Boring

Hand Probe

Legacy Boring

Centerline of Levee
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Mel-Price Wood River Levee Data Collection
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A combination of geophysical methods were used with the goal of 
determining both soil type and stiffness of the levee material

A. Resistivity testing via a Geometrics Ohmmapper Capacitively Coupled Resistivity Instrument

B. Surface wave testing (MASW) via landstreamer, 4.5 Hz geophones, and sledgehammer source
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Mel-Price Wood River Levee Data Collection
Resistivity
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Testing Parameters
1) Ohmmapper TR5 system with five receivers was used.
2) Dipole length of 5 meters with a rope length of 2.5 meters
3) Dipole length of 10 meters with rope lengths of 5, 20, and 40 meters

CPT Sounding

Geotech Boring

Ohmmapper
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Resistivity Testing on Mel-Price Wood River Levee
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Receivers

Transmitter

GPS Unit

Laptop

Dipole Cable

Dipole Length 
(5-10 m)

Rope 
Length 
(2.5-40 m)

Receivers

Dipole 
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Transmitter

Controller

Rope 
Length

Transmitter 
Dipole Length
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Resistivity Processing
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Resistivity Processing for Mel-Price Wood River Levee
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CPT Sounding

Geotech Boring

Ohmmapper
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Ohmmapper

Resistivity Processing
Four separate 
passes along Levee 
to obtain full 
Apparent Resistivity  

Dipole 
length 
(m)

Rope 
length
(m)

5m 2.5m

10m 5m

10m 40m

10m 20m
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Ohmmapper

Resistivity Processing

Inversion 
completed using 
Res2D software 

Bottom Clay layer

Sand Core

Clay cap

Much more processing to come
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Mel-Price Wood River Levee Data Collection
Surface Wave Testing (MASW)
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Testing Parameters
1) Geostuff landstreamer with 24, 4.5 Hz vertical geophones setout with a 2 m spacing between geophones (total 
array length of 46 m).
2) Measurement spacing between 25-50 meters depending on line
3) Sledgehammer source with source locations of 5, 10, 20 meters from the first geophone and 3-5 shots per location

CPT Sounding

Geotech Boring

MASW
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Surface wave Testing on Mel-Price Wood River Levee
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Receivers 
(24 total)

Laptop and 
Geode 
seismograph

Array 
Length 
(46 m)

Source 
Locations

Vertical 
Geophone on 
Landstreamer

Strike 
Plate

Sledgehammer 
(3-5 Averages)
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CPT Sounding

Geotech Boring

MASW

Surface Wave Testing (MASW)
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Dispersion Processing

Frequency Domain 
Beamformer Method

Combined with multiple 
source offsets

Surface Wave Testing (MASW)

MASW

Three 
Source 
Locations
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Nearfield Effects
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Surface Wave Testing (MASW)

Unfortunately the surface wave 
results are still under construction 
for the Mel-Price Wood River Levee 
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Potential Pitfalls and Limitations in Inversion Process
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Inversion Process

(Foti 2000)

b) Calculate theoretical dispersion curve (DC) for system (forward problem)

c) Compare theoretical DC to experimental DC acquired in field (misfit function)

d) Revise layers (i.e., thickness, Vs, etc.) until satisfactory fit is achieved (backward problem)

a) Assume a system of linear elastic layers over a half-space (H, r, Vs & Vp)
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Inversion Challenges

• Nonlinear
– Relationship between the data space (Vr vs. freq or wavelength) and the 

model space (Vs vs. depth) is nonlinear

• Ill-Posed

– Attempting to recover 4 model parameters (H, r, Vs & Vp) indirectly 
from two data parameters (Vr, freq)

• Mixed-Determined
– The model solution for deeper layers is dependent on the model 

solution for shallower layers

• Result…Non-unique Solution!
– Many models can fit the experimental data “equally well”

– The choice of layering parameterization has a HUGE impact on the 
ability to recover the “true” layered model
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How do many 2D and Pseudo 2D methods solve the inversion problem? 

Distance along Line

Depth

The use of lots of unconstrained layering in the inversion models can lead to 

1) Unrealistic layering that does not make sense geologically and geotechnically
2) Smearing of layer properties at interfaces making it difficult to recover true 

properties
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No evidence of inversion/LVL in dispersion data

Is this geologically 
or geotechnically
reasonable?

Example of recovering unrealistic geotechnical properties
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1. Pseudo 2D methods such as Resistivity and MASW can be 
powerful tools to rapidly evaluation geotechnical infrastructure. 
However, care must be taken from the data collection to the data 
process to insure valuable results are obtained and not just fancy 
color contour plots.

2. Pseudo 2D methods still have ways to go in the inversion process 
to be able quickly determine realistic layering and material 
parameters. 

Final Thoughts
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