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Presenter
Presentation Notes
OVERALL PROBLEM:  Identify geologic bodies and soil layers that pose risks to levee foundations
Risks are sand bodies and thin organic peat layers
Elaborate on sands
Problem, silt in foundation soils.  Original model does not distinguish them, 
Japanese Levee Systems, Sed Source close to sink
Applied this to a site in New Orleans, yet clayey and sandy silts abundant
Distal Sed source to sink
Finally, look



Geotechnical Analysis – CPT & Borings 
Geotechnical Analysis 
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• Advantages 
• Highly detailed  
• Established empirical relationships 

• Disadvantages 
• Lack of lateral control in 

heterogeneous environments 
 

Presenter
Presentation Notes
If you’re worried about lateral changes in the soil, you’ll have to sample at a small spacing



Geophysical Analysis 
Geophysical Analysis 

4 

• Resistivity 
• Groundwater levels 
• Sensitive to saturation 
 

• Shear Wave Velocity 
• Compaction differential 
• Shear modulus - Stiffness 

Clay Silt Sand 

• Soil Type Identification 
• Empirical model based on 

Japanese soil studies 
(Hayashi et al. 2013) 

5 

10 

D
epth (m

) 

SE NW 

Distance (m) 
240 220 200 180 160 140 120 

0 

Presenter
Presentation Notes

Things to add
Picture of Ohmmapper?




Geophysical Analysis 
Geophysical Analysis 
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• Advantages 
• Fast data collection 

• Resistivity:  
 ~10 km per day 
• Shear wave velocity: 

~1 km per day 
• Near continuous 

measurements 
• Detect lateral 

heterogeneities in 
soils 

• Deployment in urban 
environments 

 
 

Liberty and Gribler (2014) 

Presenter
Presentation Notes
Using Geophysics tools can save you time and money by determining where the areas of interest are and how far apart to space your measurements

Things to add
Picture of landstreamer setup




Foundation Soil Classification 
Geophysical Analysis 

• Soil Type Identification 
• Unified Soil Classification 

System  (USCS) 
• Grain size 
• Plasticity distinguishes silts 

from clays 
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Levee Body 

Levee Foundation Soils 

(Unified Soil Classification System, ASTM D2487) 

• Risk 
• Piping 

• Unconsolidated sands 
• Saturated soils 

• Dewatering & compaction 

Presenter
Presentation Notes
Make sure we are on same page: Not geological definitions of soil type
Using a Geotechnical Soil Classification -> grain size from sieve analysis
Geotech tests separate clays and silts by plasticity
Profiles were shot along the flank





Original Model 
Geophysical Analysis 
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• Statistical Approach 
• Cross-plot of resistivity and Vs 
• Polynomial approximation 

• Predict soil type distribution 

• Identifies 3 Soil Types 
• Clays, sand, gravel 
• Silt is not included 

• Field Investigations 
• Japan 
• Washington state 

(Hayashi et al., 2013) 
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Presenter
Presentation Notes
Original Model Separated Clay, Sand, and Gravel
Used Geotechnical analysis of the Jap levee system
1,2,3 represent clay, sand, gravel
Geotechnical and Geophysical measurements combined
Create Best fit model from a polynomial approximation
Colored Surface behind the boring results
Soil Identification is based off of how much soil type will be found
If a value is between 1 and 1.5, greater than %50 clay
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Geophysical Analysis 
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• Identify Clay, Silt, and Sand 
• Plasticity difference between 

silt and clay 
• Vs-Resistivity Relationship 

• Identify saturated sediments 
 
 
 
 
 

(Image Generated By Surfer) 

1 3 
Polynomial Approximation 

Presenter
Presentation Notes
Modified Model for the Mississippi Delta
Soil Type in Louisiana Coastal Zone
Less Gravel in Misip Delta
More Silt
Separation of Clay and Silt based on differences in plasticity
Correlation of higher plasticity to lower velocity
Based on mineralogy associated with clays vs. sand
Kaolinite vs. Quartz
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London Park 
Field Setting 
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Presenter
Presentation Notes
Orientation
Depositional Environments
Types of seds in each environment
PIBS
Risks of the PIBS _ What are we trying to identify?
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Seismic, Resistivity, and Boring Logs 
Field Setting 
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Presenter
Presentation Notes
Orient – Lake Pontchartrain
Resistivity Profile from CCR
Geophone Spacing, Offset
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Resistivity Profile 
Field Results 
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• Capacitively Coupled Resistivity 
• Decrease resistivity with depth 

• Increasing saturation 
• Soil type change 

• Increase grain size, increase connected pore space  
 

(Image from Geoplot) 

CCR Resistivity Profile 

Presenter
Presentation Notes
Capacitively Coupled Resistivity Survey
Skin depth was about 10 meters deep
Observe increasing conductivity with depth
Caused by increasing saturation
Or Archie’s law would indicate increasing saturated interconnected pore spaces
More prevalent amongst sands
Expect to reach full saturation around 4.5 m
Survey is at ~3m above Lake Pontch
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Seismic Velocity Models 
Field Results 

0 

5 

10 

D
epth (m

) 

240 220 200 180 160 140 120 
Distance (m) 

SE NW 

90 170 250 Vs (m/s) 

1% 2% 3% 4% 5% Misfit 

(Images from Surfer) 

0 

5 

10 

D
epth (m

) 

240 220 200 180 160 140 120 
Distance (m) 

SE NW Shear Wave Velocity – Kriging Interpolation 

Misfit of 1-D Vs Inversion 

Presenter
Presentation Notes
Vs Profile from a kriging interpolation that preserved each individual 1D model
We see some variability from the large velocity contrast at depth
However we see the high velocity contrast dip from the SE to NW
Follows the PIBS
The relative misfit shows us that the some locations to the NW were more difficult to fit
However, these inversions still fit the surrounding trends
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Soil Type Predictions 
Field Results 

(Images from Surfer) 
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Presenter
Presentation Notes
1D Vs profiles preserved
Small soil layers are not identified with this method, such as the small sand stringer in B32
This layer is below the resolution expected
Created a smoothed profile by a kriging interpolation
1.5 meter (CMP spacing) by 1 meter (vert) mesh
Both the weighted and smooth interpolation now show sand layer dipping to the NW, as expected

3-LUG matches up with fairly well with our prediction.  However, B-32 shallow sand, deeper clay
Highlight PIBT dip


linear interpolation figure for comparison.
-It would explain how the points on the distribution chart are selected.
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Geotechnical vs. Geophysical 
Field Results 

Geotechnical Linear Interpolation 

Kriging Interpolation 

0 

5 

10 

D
epth (m

) 

240 220 200 180 160 140 120 

Distance (m) 

B-32 3-LUG SE NW 

Clay Silt Sand 

(Images from Surfer) 

5 

10 

D
epth (m

) 

B-32 3-LUG SE NW 

Distance (m) 
240 220 200 180 160 140 120 

0 

Presenter
Presentation Notes
1D Vs profiles preserved
Small soil layers are not identified with this method, such as the small sand stringer in B32
This layer is below the resolution expected
Created a smoothed profile by a kriging interpolation
1.5 meter (CMP spacing) by 1 meter (vert) mesh
Both the weighted and smooth interpolation now show sand layer dipping to the NW, as expected

3-LUG matches up with fairly well with our prediction.  However, B-32 shallow sand, deeper clay
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linear interpolation figure for comparison.
-It would explain how the points on the distribution chart are selected.



CMPCC Gather 

Shot 2 

Shot 3 

Shot 4 

Shot 1 

Shear Wave Velocity Processing  
Methods 
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• Common Midpoint Cross 
Correlation 

• CMP located between 
receiver pairs 

• Improves lateral resolution 
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(Hayashi and Suzuki, 2004) 

Presenter
Presentation Notes
Use CMPCC
Improves lateral resolution by locating energy spatially
Still limited by geometry of the survey
CMPCC Gather created by stacking CC pairs with same spacing
Fewer large spacing geophones implies greater error at larger wavelengths
Created a profile with CMP CC gathers with 10 to 11 traces.
Considered this to be max fold.
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Shear Wave Velocity Processing  
Methods 

(Geopsy using Wathelet, 2004) (SeismicUnix using Park et al. 1999) 16 

1-D Vs Profile Dispersion Image: CMP= 171 

Direct Search 
Inversion 

Presenter
Presentation Notes
Using each CMP CC gather, we create a dispersion image using the phase shift method
The only change is we sum over the cross correlation pair spacing rather than the offset
Pick Dispersion Curve
Direct search inversion using geopsy’s inversion software
4 Layers over a half space
Converge on the a large velocity contrast at 8-9 meters
Within our expectation for our vertical resolution

Neighborhood Algorithm: Direct Search Inversion
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Conclusions 

• Geophysical investigation can save time and 
cost by identifying low and high risk areas of a 
foundation study 

• Soil type estimation picks up large geologic 
trends, such as the dipping Pine Island Beach 
Sand 

• New model for Mississippi Delta distinguishes 
silt from clay and sand 
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Future Work & Recommendations 

• Gather more geophysical data over existing 
geotechnical sites 
– Create best fit model from a coastal zone dataset 

• Identify organic soils 

• Compensate for changes in overburden 
pressure with depth 
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Physical Properties 
Geophysical Analysis 
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• Resistivity (Porosity, Fluid Saturation) 
 

 
 
 

• Shear Wave Velocity (Stiffness, Density)  
 

 
 

Resistive Soils Conductive Soils 
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Unsaturated Sand Saturated Sands 
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Consolidated Sand Unconsolidated Soils 
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Presentation Notes
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Soil Type Distribution – Modified 
Model 

Preliminary Results 

Linear Interpolation Cross Plot 
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Presenter
Presentation Notes
Geotechnical boring sites (B32 and 3LUG) used to create a linearly interpolated mesh that matched that of the smoothed interpolation
This interpolation with the Vs and resistivity data allowed us cross plot a traditional geotechnical analysis with our geophysical observations.
Those are the data points
Created new distributions to that best separated Clay, Silt, and Sand, based on the Hayashi et al best fit model
The statistical distribution is seen below
Vs and resistivity observations indicate a silt, expect 75% silt, and 25% as clay or sand.

Data points on the above are created by linearly interpolating between boring sites.  This is the current geotechnical technique.





Applications of Geophysical Tests 
Applications & Methods 
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• Reconnaissance  
• Identify High Risk Areas 

• Lateral heterogeneity 
• Low Vs 

• Calibrate 
• Existing geology 

 
 

 

Samyn et al. (2013) 
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Resistivity Profile 
Field Setting 
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• Capacitively Coupled Resistivity 
• Decrease resistivity with depth 

• Increasing saturation 

(Shen et al., in 
review) 
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Presenter
Presentation Notes
Other Possibilities besides increasing saturation?  What about more clay?



Geoplotter?
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Original Model Statistics 
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London Park 
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New Orleans 

London Park 
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