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Disclaimer

The contents of this report reflect the views of the author who is responsible for the facts and the
accuracy of the data presented. The contents do not necessarily reflect the official views of the
South Carolina Department of Transportation or Federal Highway Administration. This report
does not constitute a standard, specification, or regulation.

The State of South Carolina and the United States Government do not endorse products or

manufacturers. Trade or manufacturer’s names appear herein solely because they are considered
essential to the object of this report.
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Executive Summary

This report presents the findings from a study undertaken to obtain deep soil profiles at two sites
in the South Carolina Coastal Plain. Site A is located near Conway in Horry County and Site B is
located in Andrews in Williamsburg County. Geotechnical borings were drilled to depths of 505
and 615 ft for Sites A and B, respectively. Shear wave velocity profiles were generated using P-S
suspension logging, full waveform sonic logging, combined multi-channel analysis and spectral
analysis of surface waves (MASW-SASW), and combined multi-channel analysis of surface
waves and microtremor array measurement (MASW-MAM) methods. Soil and rock samples were
collected for further characterization in the laboratory. Resonant column and torsional shear
testing methods were utilized to evaluate dynamic soil behaviors for a wide range of strains.

The shear wave velocity profiles using P-S suspension logging were obtained to a depth of 470 ft
for Site A and a depth of 600 ft for Site B. Profiles to a depth of 220 ft were obtained from the
MASW-SASW method for both sites. For the combined MASW-MAM method, profiles were
obtained to a depth 4921 ft for Site A and a depth of 2625 ft for Site B. Overall, the average shear
wave velocities obtained from the surface methods within the top 200 ft were lower than that of
the P-S suspension logging data. This resulted in a different NEHRP site class when using the
average shear wave values in the top 100 ft for Site A, but not site B. The P-S suspension logging
provided detailed characteristics of the soil profile and the results agreed with the visual
observation of samples. However, the P-S suspension logging method did not provide the depth
of the B-C boundary, as the boundary was below the bottom of each borehole.

The results from both surface methods were in agreement within the top 220 ft where the MASW-
SASW results could be compared. The MASW-MAM method is a unique method utilizing passive
ambient wave sources and specialized sensors that allows deep profiling and identified an
estimated depth to the B-C boundary of 580 ft for Site A and 1343 ft for Site B. Results from both
surface methods show that spatial variation of both sites are high, especially for Site A. The shear
wave profiles from the surface wave methods represent the average profiles over a large volume
of soil; whereas, the profiles from the borehole methods represent localized profiles within the
tested borehole. Results from the different methods provide understanding of the range of
uncertainty in the shear wave velocity profiles that should be accounted for when performing site
response analysis.

Visual observation of samples collected from both sites showed that materials were highly variable
with frequent transitions between soil-like to rock-like material. Highly cemented sand or clay
with thicknesses varying from a few inches to several feet depth were observed at several depths
throughout the soil profiles. The location of these rock-like materials corresponded with the high
shear wave velocities observed from the P-S logging profile.
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Many soil and rock samples were tested to evaluate dynamic soil behaviors, specifically to
determine the variation of shear modulus and damping for a wide range of strains. Overall, it was
found that the material behaviors deviate from the predicted behaviors obtained based on soil index
properties and geologic age provided in the literature. Relatively high damping values were
observed particularly at low strains and the values were significantly affected by loading frequency
applied using different testing methods. The effect of soil plasticity in relation to geologic age was
evaluated for the shear modulus and damping relations, and no clear trend was observed for
Tertiary and Cretaceous soil deposits. As a result, the shear modulus and damping behaviors were
not accurately predicted for these soils. It is hypothesized that cementation is likely to be a
significant factor affecting the dynamic soil behavior; however, detailed evaluation of cementation
in relation to shear modulus and damping was beyond the scope of this study.

Data from this study can be used directly to perform site-specific site response analysis for the
sites studied herein with the recommendation to perform sensitivity analyses to account for
uncertainty in the shear wave velocity profiles, depth of competent rock, dynamic soil behavior,
and impacts of interbedded rock and cemented layers. Predictive equations found in the literature
for shear modulus and damping curves are not recommended for Tertiary and Cretaceous deposits
because this study showed that soil plasticity and geologic age alone are not dominant factors for
older soil deposits, particularly for those samples with cementation.
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1. Introduction

The South Carolina Coastal Plain consists of a deep soil basin with variable thicknesses of
sedimentary deposits across the area. The deep soil basin condition, where the depth to the top of
rock is greater than 500 ft, is not properly described by the National Earthquake Hazards Reduction
Program (NEHRP) site coefficient, thus site-specific site response analysis (SSRAS) is typically
required to determine the design response spectra for structures situated on deep soil basin sites.
Shear wave velocity (Vs) profiles, the depth of soil sediment to the top of soft rock (i.e., the B-C
boundary), and the variation of soil modulus and damping with shear strain are the primary inputs
for site response analysis. These parameters have significant impacts on the results of SSRAs.

The overall goal of this research was to reduce uncertainties in SSRAs for the South Carolina
Department of Transportation (SCDOT) seismic design. The research goal was achieved through
extensive field and advanced laboratory investigations of deep Vs profiles for two sites in South
Carolina. The research presented herein is the first geotechnical and geological investigation
where several field methods were used and advanced laboratory testing was performed. The
research developed a set of high quality geotechnical and geophysical data as well as geological
information that can be used to perform SSRAs and can be used to further interpret other sites in
the Coastal Plain.

Two sites located in the South Carolina Coastal Plain were identified by the SCDOT where the
deep Vs profiles and geological information were very limited and/or not available. Site A is
located near Conway in Horry County and Site B is located in Andrews in Williamsburg County.
The target depth of borehole was approximately 500 and 600 ft deep for Site A and Site B,
respectively. Borehole geotechnical and geophysical methods were performed to characterize soil
and rock properties and develop the Vs profiles. These profiles were compared with the Vs profiles
developed from non-invasive surface geophysical methods to evaluate differences in testing
methods.

1.1. Research Objectives
The research program was designed to accomplish the following objectives:

1. Conduct geotechnical field exploration at two sites and develop comprehensive soil
boring logs;

2. Conduct field geophysical testing using different methods at two test sites to develop
shear wave velocity profiles and compare the similarities and differences between these
profiles;

3. Collect soil and rock samples and conduct a series of geotechnical laboratory tests to
determine the physical, mechanical and small strain dynamic properties of the materials
in accordance with applicable ASTM and AASHTO standards; and

4. Evaluate parameters that are useful for SSRAs to be conducted for future SCDOT
projects at these two sites. These parameters include: average shear wave velocity in
the top 100 ft (Vsioort), depth to the top of soft or competent rock (i.e., the B-C
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boundary), and representative normalized shear modulus (G/Gmax) and damping (D)
curves. These parameters are compared with the database currently available to
SCDOT engineers and contractors.

1.2. Research Tasks
To meet the objectives, the project was divided into four work tasks spanning a 33-month period.
The tasks are listed as follows:

Task 1: Preparation of field and laboratory testing program
Task 2: Field investigation

Task 3: Laboratory testing of soils and rocks

Task 4: Final data compilations and documentation

1.3. Organization of The Report

This report has been organized into five chapters including the introduction to the project presented
here. Chapter 2 presents the background of this project. Chapter 3 presents methodology used for
Tasks 2 and 3. The results and analysis are presented in Chapter 4, including key findings and
comparisons of Vs profiles generated from different methods and geotechnical and geological
boring logs, small strain dynamic properties of soil and rock samples and factors affecting the
small strain dynamic properties and comparisons of results with empirical relationships, and a new
relationship proposed for Cretaceous age deposits.  Chapter 5 presents conclusions,
recommendations, and the implementation plan. Appendices A-G include all of the data and
detailed information necessary for the report.
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2. Background

The Atlantic Coastal Plain is a geological condition found in the Central and Eastern United States.
The coastal plain consists of unconsolidated sediments as thick as 3,000 ft underlain by very hard
rock with shear wave velocity, Vs of over 8500 ft/s. In South Carolina, this very hard rock layer is
located close to or at the ground surface in Columbia and its depth increases toward the coast as
well as increasing in depth from North to South (Chapman and Talwani 2002). The deep sediments
consist of unlithified sediments with weakly lithified units that are formed during Cretaceous,
Tertiary (Neogene and Paleogene period), and Quaternary periods (Chapman et al. 2006). Many
geologic formations have been identified within the SC Coastal Plain and a wide variety of
materials were found within these formations, including sand, clay, gravel, limestone, and marl
(SCDNR 2005). This unique geological and geotechnical condition poses significant challenges
to seismic hazard analyses for the South Carolina Coastal Plain.

A Vs profile of soil sediment to the top of “competent” rock (a boundary defined as having a Vs of
2500 ft/s) and associated dynamic properties (i.e. shear modulus reduction and damping curves)
are important parameters for seismic hazard analyses (Kavazanjian et al. 1997). In the Western
United States, where most of the current seismic design criteria have been developed, the top of
the competent rock is relatively shallow; hence the required Vs profile is typically no more than
100 ft deep. In the South Carolina Coastal Plain, the depth to the top of competent rock can be
much deeper than 100 ft. The sediment from the ground surface to the top of competent rock
typically consists of sediment deposits composed of complex layers of materials at different stages
of the chemical weathering process. Due to limited data availability for the dynamic properties of
the South Carolina Coastal Plain and high cost in site investigation, geotechnical engineers are
required to account for high level of uncertainty for the design.

Andrus et al. (2014) compiled Vs profiles obtained from the literature for several locations in South
Carolina. These profiles were measured by different borehole and non-intrusive geophysical
methods. Ranges of shear wave velocity were correlated with geological units. An average Vs of
approximately 623 ft/s was recommended for the Quaternary deposit, and 1312-2100 ft/s was
recommended for the Tertiary deposit. The top of rock (i.e., B-C boundary) was defined where
the Vs was greater than 2500 ft/s for the Tertiary and older deposits. The Vs data for the Cretaceous
deposit was very limited and typically assumed to be higher than 2500 ft/s. Representative Vs
profiles suggested by Andrus et al. (2014) for the Charleston-Savannah and Myrtle Beach areas
are shown in Fig. 2.1. They were developed by averaging several Vs profiles obtained primarily
for depths no deeper than 100 ft. Available Vs data at depths greater than 100 ft were limited to a
few locations. Therefore, additional Vs data at deeper depths are needed for the South Carolina
Coastal Plain in order to reduce uncertainties in estimating Vs for different soil types and
geological formations as well as the estimated depth to the top of competent rock.
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Figure 2.1 Shear Wave Velocity Profiles for (a) Charleston-Savannah and (b) Myrtle
Beach (adapted from Andrus et al. 2014)

Recently, additional deep soil boring investigations have been performed for several projects in
the South Carolina Coastal Plain (i.e., GeoVision 2008, GeoVision 2010, S&ME 2015, and F&ME
2017); however, compared to other areas of the world with seismic hazards, practitioners in South
Carolina face significant challenges due to lack of data (e.g., recorded ground motions, and deep
geotechnical boreholes) and the unique geological conditions (e.g., deep unlithified sediments)
that are different than the sites in the Western United States where a large amount of data has been
used to develop the USGS simplified procedure. A sensitivity analysis is typically performed to
address some of the uncertainties in the site response analysis, but there is no consensus or
guidance on how to address these uncertainties or quantify the impact of the assumptions (Camp
2018).

In addition to the Vs profiles, the variation of shear modulus and damping with shearing strain are
important inputs for site response analysis. Andrus and his colleagues (Andrus et al. 2003, Zhang
et al. 2005, and Zhang et al. 2008) developed predictive equations for estimating the normalized
shear modulus (G/Gmax) and damping (D) for South Carolina soils based on geologic age,
confining pressure, and soil plasticity. Results were compiled from resonant column and torsional
shear tests from 122 soil specimens, 78 of which were from three locations in South Carolina (see
Fig. 2.2). The previous study indicated that the geologic age and confining pressure have a larger
impact on small strain dynamic properties than soil plasticity. They also reported that Quaternary-
age soil dynamic behavior is more linear than Tertiary soil and residual/saprolite soil. This
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approach is useful for an estimation of G/Gmax and D variation over a range of strain when
laboratory testing is not possible. However, more data are needed for strata deeper than 100 ft,
particularly for older deposits (e.g. Tertiary and Cretaceous soil) and other geologic formations for
the SC Coastal Plain. Recently, additional G/Gmax and D data for soils in the lower Coastal Plain
were obtained by S&ME (2015) and F&ME (2017), thus there is a need to update the Andrus et
al. (2003) database and the associated prediction model. Currently, due to a large variation of
material properties in the SC Coastal Plain, the site response analyses are performed using both
predicted curves proposed by Andrus et al. (2003), or generic curves available in the literature.
The generic curves were typically developed from uncemented sand or clay and the confining
pressure and plasticity index generally governs dynamic soil properties (e.g. Vucetic and Dobry
1991, Seed et al. 1986, Sun et al. 1988, Ishibashi and Zhang 1993, and Darendeli 2001).

Fall Line

Richard B. Russell Dam
(8 RC)

(15RC and 10 TS)
Savannah River Site
(64 RC and 15 TS) Site B

(20 RC and 11 TS)

Charleston Site

0 75 150 300 (6 RC and 3 TS)

A This Study
SRR @ Andrus etal. (2003)  RC: Resonant Column Test TS: Torsional Shear Test

Figure 2.2 Locations of Soil Specimens from Zhang et al. (2005) and this Study
(labeled as Site A and Site B) (adapted from Zhang et al. 2005)
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3. Methodology

This chapter presents a summary of the methodology used for characterizing deep shear wave
velocity profiles and dynamic soil properties. More detailed information can be found in the
Appendices.

3.1. Sites Studied and Project Team

Two sites in South Carolina were selected as shown in Fig. 3.1. Site A is located near Conway in
Horry County. Site B is located in Andrews in Williamsburg County. The sites are located in the
Lower Coastal Plain and were chosen because deep soil borings have not been performed in these
areas and the Vs profiles and dynamic soil properties were unknown. To obtain the Vs profiles and
define the depth to the top of competent or soft rock (Vs = 2500 ft/s), several geophysical testing
methods were used: P-S suspension logging, full waveform sonic logging (FWS), a combined
multi-channel and spectral analysis of surface waves (MASW-SASW) method, and a combined
multi-channel analysis of surface waves and microtremor array measurement (MASW-MAM)
method. Soil and rock samples were collected and tested in the laboratory to obtain small strain
dynamic properties using resonant column (RC) and torsional shear (TS) methods. The success of
this project required effective coordination and execution of the field exploration, geophysical
testing activities, and specialized laboratory testing. An organizational chart showing the project
team is presented in Fig. 3.2.

£ ; B
pinde ‘Sne ArConway.
)

5
Cogmray 20—
* Rl Ay
< En =55 North Myitle Beach
A

@ Pme

£ 4_‘/Myrtle Beach

Google Exfth

Figure 3.1 Study Sites
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Principal Investigator

Inthuorn Sasanakul, UofSC

Geotechnical Laboratory Field Investigation Geologic Information

Scott Howard
Joe Gellici
SCGS

Sarah Gassman, UofSC William (Billy) Camp, S&ME

Drilling and Suspension Logging Full Waveform Combined MASW
Sampling and SASW Sonic Logging and MAM Testing
John Dichl Michael Waddell Brady C
AE Drilling Tony Martin Scott Howard rady Lox
GEOVision SCGS UT Austin

Figure 3.2 Project Organizational Chart

3.2. Field Investigation

3.2.1. Borehole Geotechnical Investigation

The geotechnical borings were drilled by AE Drilling under the supervision of S&ME. The
methods utilized a combination of mud-rotary drilling, in general accordance with ASTM D5783,
and wireline coring procedures, in general accordance with ASTM D2113. Each borehole was
approximately 6-inch in diameter to allow for insertion of the geophysical testing equipment.
Standard Penetration Test (SPT) split-barrel (split-spoon) sampling and/or thin-walled (Shelby)
tube sampling were performed continuously from the ground surface until hard materials (i.e. SPT
N-value is over 50 blows per ft) were consistently encountered. SPT split-barrel tube sampling
was performed in general accordance with ASTM D1586/D1586M. In SPT sampling, a standard
2-inch diameter split steel tube was driven into undisturbed soil at a select depth using a 140-Ib
hammer falling a distance of 2.5 ft. The number of blows required to drive the sampler each 6-
inch interval was recorded. The N-value represents the number of blows required for 1-foot
penetration into the soil after an initial 6 inch “seating” drive depth was recorded. In this study
“continuous” 2 ft interval SPT sampling was performed. Field logging was performed in general
accordance with ASTM D5434. As the split-barrel samples were collected, visual classification of
the soil was performed in general accordance with ASTM D2488 and the samples were then sealed
in plastic bags.

Shelby tube sampling was performed in general accordance with ASTM D1587/D1587M. Several

Shelby tube samples were collected from both sites. In cases where damage to the Shelby tube
sample was considered likely, a pitcher-barrel sampler was used to attempt the sample. A pitcher-
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barrel sampler consists of a spring-mounted, 2.5 ft long, thin-walled tube inner barrel with a
rotating exterior cutting shoe/barrel. When used in softer materials the spring extends the tip of the
thin-walled tube beyond the cutting shoe to collect the sample. In stiffer materials the spring is
compressed which results in the cutting shoe leading the thin-walled tube as it is advanced. The
recovered tube samples were cleaned at each end, and then sealed with wax in general accordance
with ASTM D4220/D4220M.

Once hard material was consistently encountered, the mud-rotary tooling was replaced with H-
sized soil/rock coring tools. Coring was accomplished by advancing an outer steel casing with rock
carbide or diamond bit, and an inner sample barrel that was locked into the drill string annulus. A
triple-tube split inner barrel wireline coring system was used in an effort to enhance core recovery.
Once implemented, continuous core runs were conducted at 5 ft intervals. The core samples were
collected and visually classified in general accordance with ASTM D2488. The samples were then
wrapped in cellophane and placed in polyurethane lined wooden boxes, which were then labeled
and prepared for transportation. This procedure was continued until the borehole termination depth
was reached. At the termination depth, the borehole was flushed until the geophysical testing was
ready to begin logging, at which point the drillers removed tooling and P-S suspension logging
commenced.

3.2.2. P-S Suspension Logging Method

The P-S Suspension Logging was performed by GEOVision in general accordance with the
procedure outlined in Appendix A. This method is a borehole geophysical method performed by
lowering a probe into an open, fluid-filled borehole. The probe measured approximately 25 ft long
and included a combined reversible polarity solenoid horizontal shear-wave source and
compressional-wave source, which was paired with two biaxial receivers and separated by a
flexible isolation cylinder. The receiver pair was centered approximately 12.5 ft above the bottom
end of the probe and the receivers were located 1 m apart. The probe was suspended by an armored,
multi-conductor cable that was wound about the drum of a winch. The winch was used to meter
the cable travel as the probe was lowered into the fluid-filled borehole. The source was triggered
after the probe was lowered in 1.5 ft increments.

Pressure waves generated by the source propagated horizontally outward into the fluid surrounding
the probe. When the pressure wave impacted the borehole wall, it was converted to compression
and shear waves that travel along the length of the borehole wall and convert back to pressure
waves near the two biaxial receivers. The system recorded the time it took for the compression and
shear waves to reach the two receivers. As the testing was conducted, the operator observed the
recorded data and adjusted the gains, filters, delay time, pulse length, and sample rate to improve
the quality of the data being recorded.

The recorded data was digitally processed to separate the compression and shear waves using

different filtering techniques, such as adjusting the filter frequency and applying Digital Fast
Fourier Transform - Inverse Fast Fourier Transform low-pass filtering. The compression and shear
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wave velocities were calculated from the distance and time of travel for each waveform from
source to receiver 1, and from receiver 1 to receiver 2. These velocities were plotted against the
depth of each testing interval.

3.2.3. Full Waveform Sonic Logging Method

The FWS logging was performed by a team from the South Carolina Geological Survey (SCGS),
Department of Natural Resources. Similar to the P-S Suspension Logging method, this method
was performed by lowering a FWS tool into an open, fluid-filled borehole (Minear 1986). The
FWS tool consists of one transmitter and three to four receivers. The transmitter generates source
waves and the receivers record four types of waves: compression wave (P-wave), shear wave (s-
wave), pseudo Rayleigh wave, and Stoneley wave. In this study, the Mount Sopris 2SAA-1000/F-
FWS probe with two transmitters and three receivers were used to acquire the shear wave data at
0.5 ft intervals with a logging rate of 10 ft/min. During acquisition, the in-coming waveforms
from each receiver at every sample interval were recorded for real-time analysis by WellCAD®
software. The logging rate and cable tension were constantly monitored to ensure quality control
on the incoming signals, alert the operator if there was a problem with the tool, and maintain data
quality. Semblance Analysis was used to determine P-wave and shear wave velocity (Kimball et
al. 1984). More detailed information about the FWS logging method can be found in Appendix
C.

3.2.4. Combined Multi-Chanel Analysis and Spectral Analysis of Surface Waves (MASW-
SASW) Method

The combined MASW-SASW test was performed by GEOVision. Both MASW and SASW
methods were performed utilizing a series of receivers in linear arrays recording data
simultaneously during dynamic loading at the surface. The MASW method collects multi-channel
seismic data while the SASW method collects surface wave phase data traveling from the source
to each receiver. Both methods used a linear array of geophone receivers that were setup to record
surface waves traveling from the source to each receiver (e.g. Rix et al. 1991 and Stokoe et al.
1994). Multiple linear arrays incorporating different receiver spacing and locations were used to
analyze surface waves of differing wavelengths and frequencies. The Rayleigh and Love waves
generated by the sources travel at similar speeds to shear waves and can therefore be used to
estimate a representative shear wave velocity for individual layers of soil or rock. Rayleigh waves
were measured using a vertical source and an array of vertical receivers, and were representative
of vertically polarized shear waves as they traveled through a layered medium. Love waves were
measured using a horizontal source and an array of horizontal receivers oriented perpendicular to
the orientation of the linear array and were representative of horizontally polarized shear wave as
they traveled through a layered medium. Both methods generate dispersion curves and data
modeling is performed to obtain the Vs profile. Depending upon the dispersive nature of the
Rayleigh and Love waves traveling along a layered medium, reflecting and refracting off separate
layers, each waveform creates small differences in the return time. Electrical impulses were
generated as waves passed each receiver location and were stored for each dynamic load session.
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Dynamic loads for these techniques typically range from small hammers and sledgehammers to
accelerated weight drops and movement of heavy equipment. Resolution of the wave data was
heavily dependent on the precision of the array layouts and how well the receivers were coupled
to the exposed surface.

In addition to a sledgehammer, a Caterpillar 336F excavator (bucket drop and moving back and
forth in place) was used as the energy source to extend the depth of investigation to 200 ft, or
greater. Both 1 and 4.5 Hz geophones were used. The MASW data were acquired along three
collocated arrays. Two arrays used 48 vertical 4.5 Hz geophones spaced 5 and 10 ft apart,
respectively and one array used 9 vertical 1 Hz geophones with variable spacing. The length of
the arrays for each site was different and ranged from 230 to 490 ft. Depending on the site, type
of energy source, and geophone arrays, the source-receiver offset ranged from 5 to 295 ft. The
SASW data were acquired along a single array at each site. For SASW, the 1 Hz vertical geophones
were used with several receiver spacings that ranged from 148 to 394 ft the MASW-MAM arrays
are shown in Figs. 3.3(a) and 3.4(a) for Site A and Site B, respectively.

The SASW dispersion curves were generated using the software WinSASW V3 and were
combined with the MASW dispersion curves generated using the software Seismic Pro Surface
V8.0 for both sites. The representative Rayleigh wave dispersion curve was modeled using forward
and/or inverse modeling in the software Seisimager to develop several Vs models corresponding
to different receiver spacing. During this process an initial velocity model generated based on soil
boring logs and the iterative process of forward or inverse modeling is performed until a Vs model
with low root mean square error (RMS) between the theoretical and experimental dispersion data
is developed. More detailed information can be found in Appendix A.

3.2.5. Combined Multi-Channel Analysis of Surface Waves (MASW) and Microtremor
Array Measurement (MAM) Method

The combined MASW-MAM method was performed by a team led by Dr. Brady Cox from the
University of Texas at Austin. The MASW method was performed using the same procedure as
the combined MASW-SASW:; however, a sledgehammer was used as the source, different arrays
of geophones were used, and the source-receiver offset ranged from 16 to 65 ft from the end of
geophone array.

For the MAM method, three-component broadband seismometers were used to record ambient
vibrations. The MAM testing at Site A was performed using two roughly-triangular arrays and one
circular array as shown in Fig. 3.3(b). Each array utilized ten three-component seismometers,
resulting in a maximum array spacing of 164, 984, and 3937 ft for the inner circular array and two
outer triangular arrays, respectively. The MAM testing at Site B was performed using three nested
circular arrays as shown in Fig. 3.4(b). Ten seismometers were incorporated in the 164 ft and 1492
ft arrays and eight seismometers were in the 1476 ft array.
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From the MAM arrays at both sites, all of the data recorded at each seismometer station were
computed to generate the representative horizontal to vertical (H/V) spectral ratios curves. The
inversion process was performed using a multi-mode approach by matching various combinations
of fundamental, first higher, second higher, and other Rayleigh and Love modes to the
experimental dispersion data. The inversion was performed using the Software Geopsy by
applying the neighborhood algorithm to locate earth models within a pre-defined parameterization
that yield the lowest possible misfit values between the theoretical and experimental data. In this
study, about 500,000 to 750,000 trial layer earth models for each distinct parameterization was
used to obtain a large number of acceptable models controlled by the experimental data and model
parameterization. The inverse process resulted in over 100 Vs profiles associated with theoretical
dispersion curves from each acceptable inversion parameterization obtained from soil boring logs
for both sites. In this study, the median Vs profiles are obtained and recommended for each site.
More detailed information can be found in Appendix B.
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3.3. Laboratory Testing of Soils and Rocks
Following completion of the field investigation, samples were transported in secure containers to
the Geotechnical Laboratory at the University of South Carolina. A summary of the laboratory
testing is presented in Table 3.1. Testing methods are described as follows.

Table 3.1 A Summary of Laboratory Testing of Soil and Rock Samples

Analysis Standard Method Parameter Number of
Tests
Identification
Description and Identification ASTM D2488 Angularity, shape, 221
of Soils (Visual-Manual color, moisture
Procedure) condition,
consistency, etc
Classification of Soils for
Engineering Purposes
AASHTO AASHTO M 145-87
Soil Type 221
Unified Soil Classification ASTM D3282
System (USCS)
ASTM D2487
Index Properties
Moisture Content of Soil and ASTM D 2216 Wh 223
Rock
Liquid Limit, Plastic Limit, ASTM D 4318 LL, PL, PI 191
and Plasticity Index of Soils
Grain Size Analysis (Sieve ASTM D 422
Analysis) ASTM D 6913
Cu, Cc, DlO, D50, % 221
Wash Sieving ASTM D 1140-17 | fines
Specific Gravity (rock samples | ASTM C 127-88 G 15
only) AASHTO T 85-91 °
Dynamic Soil and Rock Properties
Resonant Column Test ASTM D 4015 G,D 35
Torsional Shear Test n/a G,D 21
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3.3.1. Geological Logging

Geological logging of the core samples was performed by Mr. Joe Gellici, professional geologist
from the South Carolina Geological Survey, Department of Natural Resources. A detailed
description of the core samples can be found in Appendix D. The results were correlated with
geophysical logs (gamma-ray logs), visual observation of core samples, and formations determined
at other core holes in the same area in an attempt to determine the geological formation associated
with each of the core samples.

3.3.2. Soil Classification and Index Property Measurements

Each sample was visually classified and measurements of index properties were performed in the
Geotechnical Laboratory at the University of South Carolina according to the ASTM standards
provided in Table 3.1. The USCS symbols and index properties were used to update the
geotechnical boring logs provided by S&ME.

3.3.3. Small Strain Dynamic Properties Measurements

Following completion of the field sample collection, selected core samples were carefully wrapped
and sealed to preserve the moisture content and then stored prior to laboratory testing. The samples
obtained from the Shelby tube and core samplers were tested for dynamic soil properties using the
resonant column (RC) method according to ASTM D4015 and the torsional shear (TS) method.
An ASTM standard for the TS test does not exist currently, but this test method is well established
(e.g., Kim 1991 and Sasanakul 2005). Both RC and TS methods are the most widely used methods
to evaluate modulus reduction (G/Gmax; Gmax is low-strain shear modulus) and damping over a
range of strains for soils. These tests require highly specialized skills and experience. A more
detailed description of the sample preparation and RC/TS testing procedure can be found in
Appendix F.

A Stokoe-type RC/TS apparatus located in the Geotechnical Laboratory at the University of South
Carolina was used in this project. This type of apparatus has been used world-wide for dynamic
testing of soils for research and commercial purposes. The equipment can operate both RC and
TS testing (e.g., Isenhower 1979, Lodde 1982, Ni 1987, Hwang 1997, and Darendeli 2001). The
equipment is the fixed-free type, where the soil specimen is fixed in place at the bottom and the
driving force is applied at the top. The general principle employed in the RC test is to excite the
soil specimen with a steady-state torsional motion over a range of frequencies to identify the first
mode resonant frequency. The shear modulus can then be evaluated utilizing the well-defined
boundary conditions and the specimen geometry and mass. Material damping is determined by
the half power bandwidth or free vibration decay method. The difference between the TS test and
the RC test is mainly in the excitation frequency. Inthe TS test, a slow cyclic loading in the range
of 0.01 to 10 Hz is applied to the specimen. In this project, the TS test was performed at a frequency
of 0.5 Hz. Shear modulus and damping were determined based on the characteristic of the
hysteresis loop. The drive system and equipment damping for this apparatus were calibrated
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according to Sasanakul and Bay (2008, 2010). In the RC test, the first mode resonant frequency is
used for the analysis. For this study, the resonant frequency ranged from 10 to 150 Hz for soil
samples and 400 to 600 Hz for rock samples.

It is extremely important to handle undisturbed soil samples with care as sample disturbance can
have a significant effect on testing results. Each soil sample was carefully cut from the tube. First,
each end of the selected portion of the tube was cut using a tube cutter. Next, the side of each tube
was cut vertically using a band saw. In most cases, the tube springs opened after cutting, and the
soil sample was removed. When the tube did not spring open, the opposite side of the tube was
cut to remove soil with minimal disturbance. In addition to the undisturbed soil samples, three
additional sand samples taken from the Shelby tube samples were prepared by reconstitution. The
sample preparation was conducted by dry pluviation in layers to achieve the field unit weight
estimated based on weight and volume relationships of soil in a given section of the Shelby tube
sample. Due to a limited number of Shelby tube samples, soil samples from the core sampler were
also used for RC and TS testing. Soil specimens were carefully hand-trimmed to a diameter of
approximately 1.4 inches and a height of about 3.0 inches using a trimming device and wire saw.
Water content and index properties were determined using the trimmings.

Intact rock samples were carefully selected from the core samples. Specific gravity of each rock
specimen was measured according to ASTM C127-88 and AASHTO T85-91 prior to testing. The
rock sample preparation method is similar to Tuff (i.e., igneous rock sample) preparation done by
Jeon (2008). For this study, the typical diameter of the specimens was approximately 2.4 inches
and the sample was not re-cored. Each specimen was cut to a specified length in order to achieve
the diameter to length ratio of approximately 1:2. The top and bottom of each specimen was
trimmed using rotary grinding and sandpaper to create a smooth and flat surface. The specimen
was attached to the top and bottom pedestals of the testing device using epoxy glue that was
allowed to cure for approximately 24 to 48 hours. Due to the torque limitation of the equipment,
only the RC test was performed on the rock specimens.

In this study, each soil specimen was tested with at least three confining pressures of 0.56'mo, 6'mo,
and 26/mo, Where c/mo is the mean in-situ confining stress. Due to the maximum safe confining
pressure achievable in the laboratory of approximately 150 psi, the maximum confining pressures
for deep samples were at o'mo and the other two confining pressures were at 0.56'mo and 0.256"mo.
Each rock sample was tested with no confinement and at least two additional confinements of
0.256'mo, 0.56'mo, and/or o'mo. It was noted that effect of confinement on dynamic properties of
rock was minimal as discussed in Sections 4.4.2 and 4.4.3.
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4. Results and Analysis

This project generated a large set of data from a field and laboratory investigation of two sites in
the South Carolina Coastal Plain. All of the data and detailed analysis can be found in the
appendices. This chapter summarizes key findings and observations from the field and laboratory
investigation that are useful for engineering design and future SCDOT studies.

4.1. General Observation of Geotechnical Borehole Drilling

For Site A, three boreholes were drilled during a 19-day period, from 1/18/2017 to 2/5/2017. The original
plan was to drill to a target depth of 515 ft. The presence of thick sand layers, particularly at depths below
272 ft, caused drilling difficulties during when completing the first borehole. In addition, a significant
amount of borehole fluid circulation was lost when advancing below 505 ft and as a result, the borehole
became unstable and had to be terminated at 505 ft, 10 feet from the target borehole depth. The P-S logging
was only performed between the depths of 300 and 470 ft while the drilling casing/core rod was left in place
at the upper 300 ft to maintain the open borehole in the unstable thick sand layers. The FWS logging was
not performed at this site due to the instability of the borehole. To allow additional data collection, two
additional boreholes were drilled at this site. A second borehole was successfully drilled to the same 505 ft
depth as the first borehole utilizing PVC casing to stabilize the hole which allowed additional P-S logging
to be performed from the surface to a depth of 300 ft. The P-S logging data of the second borehole was
analyzed and combined with the data from the first borehole. The third borehole was drilled to a depth of
300 ft and data from the first borehole was used to select additional Shelby tube sample locations in soil
zones.

For Site B, two boreholes were drilled during a 32-day period, from 2/6/2017 to 3/9/2017. The
first borehole was drilled to the target depth of 615 ft as planned. The P-S logging and FWS logging
were performed at this borehole to a depth of 600 ft. A second borehole was drilled to a depth of
150 ft and data from the first borehole was used to select Shelby tube sample locations in soil
Zones.

4.2. Geotechnical and Geological Description of Soil Profiles
Results from geotechnical and geological logging are summarized in Fig. 4.1 for Site A and Fig.
4.2 for Site B. An overview description of each soil profile is presented below.

Site A consisted of soil deposits from Quaternary and Cretaceous periods. Younger material from
Quaternary deposits, located in the top 53 ft, are Penholoway alloformation. Because this
formation has not been used since the early 1980, it is considered informally as an alloformation
(Doar 2018). The deposits consisted of silty and clayey sands interbedded with a relatively thin
layer of low plasticity clay and silt. Cretaceous deposits consist of Peedee formation located
between 53-196 ft and Black Creek group formation and possible Donoho Creek, Bladen, and
Coachman formations located below 196 ft. The deposits were composed of a variety of materials,
with clayey sand and silt layers appearing to be dominant. These layers were interbedded with
layers of low to high plasticity clay and silt with thicknesses ranging from 1 to 2 ft. Relatively thin
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rock layers consisting mainly of sandstone or calcareous sand with thicknesses of less than 3 ft
were intermittently observed within these layers. Approximately 16-26 ft thick sandstone and
limestone layers interbedded with thin clayey sand layers were found at depths between 300-345
ft, and additional sandstone/limestone layers at depths of 450-460 ft. As discussed previously,
drilling difficulties were encountered because of sand layers at depths below 272 ft. Below these
unstable layers, at depths between 387-461 ft, silty and clayey soils with wide range of plasticity
were observed. These layers were underlain by relatively thick silty and clayey sand layers which
again caused drilling difficulties. These sands were very fine to medium loose.

Site B consisted of Quaternary, Tertiary and Cretaceous periods. Quaternary deposits located in
the top 11 ft are Ten Mile Hill formation. The deposits consist of silty and clayey sand. Below the
Quaternary deposits are Tertiary and Cretaceous deposits. The boundary between Tertiary and
Cretaceous occurred at a depth of 228 ft below the ground surface. There were two formations
including Williamsburg and Rhems formations in the Tertiary section. The shelly limestone layers
were found at a depth between 19-48 ft. The soil layers directly below the limestone/sandstone at
43-262 ft were mainly sandy soils with weak to strong cementation. Two additional layers of
limestone/sandstone at depths of 115 and 197 ft were observed in the Tertiary deposit interbedded
with layers of low and high plastic clayey and silty soils. The level of cementation of these
materials was highly variable. At a depth of 230 ft, the Cretaceous deposits from Peedee, Donoho
Creek, and Bladen formations consisted of mostly cemented clayey and silty soils interbedded
with layers of sand. The thickest sand layer was greater than 30 ft thick and found at a depth of
508 ft. Shell fragments were also observed within these sand layers.

Based on the visual observation and geological classification for both sites, a layer of competent
rock was not encountered at the depths investigated.
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Figure 4.2 Soil Classification and Geological Information for Site B
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4.3. Field Measurements of Shear Wave Velocity Profiles

In this study, the Vs profiles were obtained from the borehole P-S suspension logging, FWS
logging, combined MASW-SASW, and combined MASW-MAM methods. As described
previously, the P-S logging was performed from the ground surface to a depth near the bottom of
the boreholes. The FWS logging was performed in a similar manner to the P-S logging but could
only be completed at Site B. Thus, the borehole methods provided Vs profiles to a depth of 470 ft
for Site A and a depth of 600 ft for Site B. The MASW-SASW tests generated Vs profiles down
to a depth of approximately 220 ft for both sites. The combined MASW-MAM generated profiles
down to depths of 4921 ft for Site A and 2625 ft for Site B. This method can generate deeper
profiles than other surface wave methods because unlike the typical MASW and SASW which use
an active energy source, the MAM method uses passive ambient noise as the wave source and a
large array spacing (over 3000 ft) as described previously. This method can produce experimental
dispersion curves over a wide frequency range (longer wavelength) resulting in very deep Vs
profile models. More detailed analyses of the MASW-MAM method for this study can be found
in section 4.3.1 and Appendix B.

4.3.1. Summary of Surface Wave Data Analyses

This section includes a summary of surface wave data analyses from the combined MASW-SASW
and MASW-MAM methods. Both methods are not commonly performed in SC. In fact, the
MASW-MAM method was used for the first time in this study to characterize a deep Vs profile.
It is important to understand that these surface wave methods are not direct measurements of shear
wave velocity and the results rely heavily on knowledge and experience of the data analyst. The
data analyses presented in this section were conducted by experts in the field and approaches
require expert analysis and experience and therefore are not used as part of routine wave velocity
profile collection. More detailed information can be found in Appendices A and B.

4.3.1.1. MASW-SASW Data Analysis and Results

As mentioned in Section 3.2.4, both MASW and SASW methods generate dispersion curves.
These curves were combined as shown in Fig. 4.3(a) and Fig. 4.4(a) for Site A and Site B,
respectively. For Site A, there appears to be two phase velocity trends in the data: a higher velocity
trend that appears dominant over a wide frequency range (longer wavelength) and a lower velocity
trend that occurs over a narrower frequency range (shorter wavelength). For Site B, the Rayleigh
wave propagation is very complex with dominant higher mode Rayleigh wave energy at
frequencies between 10 and 20 to 25 Hz and no evidence of the fundamental mode Rayleigh wave
over this frequency range. This type of dispersion curve signature indicates that there is a shallow
high velocity layer at the site.

For Site A, the representative dispersion curve shown in Fig. 4.3(a) was modeled using inverse

modeling with the effective modeling solution in the software Seisimager to develop several Vs
models corresponding to different receiver spacing. An example of a selected Vs model for Site A

Sasanakul and Gassman 21



is shown in Fig. 4.3(b). The effective mode solution was necessary for inverse modeling the
dominant higher mode Rayleigh wave energy at high frequencies associated with a higher velocity
(stiff) surface layer and a smooth transition from the fundamental to the first higher mode at low
frequencies associated with an abrupt increase in Vs at depth. The Vs models developed from
effective mode inversion of the Rayleigh wave dispersion curves corresponding to 246 ft (75 m)
SASW receiver spacing is recommended by GeoVision (see Appendix A), as it is the most
representative of the average Vs profile for Site A as shown in Fig. 4.3(b).

For Site B, the representative dispersion curve shown in in Fig. 4.4(a) was modeled using the
forward modeling with a multi-mode solution (mode with highest relative energy) in the software
Seismager, and effective mode modeling solution (3D global solution) in the software WinSASW
V3 to develop the Vs models shown in Fig. 4.4(b). The shallow high velocity layer presented at
this site was modeled with variable Vs and thickness. The best representative Vs profile was
selected based on the best fit data at the higher mode energy between 10 to 15 Hz. Two profiles
generated from the multi-mode model and the effective mode model were very close with a
difference of 6% for the average V;s at the top 100 ft as shown in Fig. 4.4(b).
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Figure 4.4 Inversion Results for Site B from MASW-SASW Method: (a) Dispersion
Curves, and (b) Selected Vs Models

4.3.1.2. MASW-MAM Data Analyses and Results

In addition to the dispersion curves shown in Figs. 4.5(a) and 4.6(a), the horizontal to vertical
(H/V) spectral ratio curves were generated by the combined MASW-MAM method (see Section
3.2.5) for Site A and Site B as shown in Fig. 4.5(b) and Fig. 4.6(b), respectively. The H/V curves
represents the fundamental site frequency and based on Figs 4.5(b) and 4.6(b) a consistency of
low-frequency peak is shown suggesting that the fundamental site frequency is relatively uniform
across the footprint of the MAM arrays. Typically, the frequency corresponding to a well-defined
peak can be used to estimate the fundamental shear wave resonant frequency of the site and/or the
lowest-frequency peak of the fundamental mode Rayleigh wave ellipticity (Lermo and Chavez-
Garcia 1993, Lachet and Bard 1994, SESAME 2004). However, there were a few other peaks
observed and these peaks are believed to be indicative of shallow velocity impedance contrasts.
When a more moderate impedance contrast is present, the frequency corresponding to the peak
may be more representative of the fundamental site frequency (Bonnefoy 2004). The higher
frequency peak is visually variable in its peak location, width, and amplitude across the extent of
the arrays. This indicates that the depth and stiffness of a shallow velocity contrast is spatially
variable across the sites.

The inversion process was performed as described in Section 3.2.5. The median Vs profiles
obtained from each site are shown in Figs. 4.5(c) and (d) for Site A and Figs. 4.6(c) and (d) for
Site B. The median Vs profile obtained from an inversion parameterization of 2.0a was
recommended by the UT Austin (see Appendix B) to be a representative Vs profile for each site.
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Figure 4.5 Median Inversion Results for Site A from MASW-MAM Method Shown for
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(a) Dispersion Curves, (b) H/V Curves, (c) Vs Profiles Shown to a Depth of 4900 ft, and
(d) Vs Profiles Shown to a Depth of 328 ft
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4.3.2. Comparison of Vs Profiles for Site A

Fig. 4.7 presents the Vs profiles found from P-S logging, MASW-MAM and MASW-SASW
methods for Site A. For comparison purposes, profiles are shown to depths of 800 ft and 300 ft in
Fig. 4.7(a) and 4.7(b), respectively. These depths are chosen to provide overall observation of the
B-C boundary provided by the MASW-MAM method and allow more detailed comparisons
between different geophysical methods at shallower depths. It was noted that several Vs profiles
were generated from both surface geophysical methods during the inversion process of the data
analyses as mentioned in Section 4.3.1. The profiles were selected based on the subcontractors’
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recommendations based on data quality, boring logs, and geological information at the site.
Additional Vs profiles and more detailed data analysis and interpretation can be found in
Appendices A, B, and C. The P-S logging method measured the Vs profile with a resolution of 1.5
ft, therefore soil layers with thickness greater than 1.5 ft and the variation of Vs in very stiff and/or
cemented soil layers as well as rock layers are captured by the P-S logging method.

For Site A, approximately seven to ten different layers were obtained from the MASW-SASW and
the combined MASW-MAM methods based on the surface wave data interpretation. The Vs
generally increased as the depth increases. For both methods, the Vs ranged from 490-985 ft/s for
the Quaternary deposit (Penholoway alloformation) and from 985-1640 ft/s for the Cretaceous
deposit (Peedee, Donoho Creek, Bladen, and Coachman formations) below 53 ft. There was no
clear separation indicating difference in the Vs profile for each formation. Some discrepancies
between the borehole and surface geophysical methods were observed; however, in general, the
Vs for the younger Quaternary deposits were lower than the older Cretaceous deposits. The lower
values of Vs were likely related to the lower confinement at the shallower depths.

At depths between 374-482 ft, the Vs ranged from approximately 2,600 to 3,280 ft/s and the core
samples from these layers were described visually in the geologic log as alternating layers of loose
and hard beds caused by carbonate cementation. These materials are calcareous clayey sand with
strong reaction with hydrogen chloride (HCI). There were some trace of shell fragments and
muscovite throughout the core. The USCS classifications of these materials are SC and SM.

At depths between 150-295 ft, similar calcareous clayey or silty sand was also found, but the core
samples were relatively loose and more friable. The reaction to HCI was weak to moderate
indicating less carbonate cementation. This observation is consistent with the lower Vs values
measured for this material, ranging from 1312-1967 ft/s. There were a few thin layers of strong
carbonate cemented sand that are consistent with the spikes in the Vs profile within these depths.
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Figure 4.7 Vs Profiles for Site A: (a) Shown to a Depth of 800 ft, and (b) Shown to a
Depth of 300 ft

At depths between 296-505 ft, two sharp spikes for Vs of 2953-3280 ft/s at a depth of 315 ft and
456 ft were consistent with sandstone samples described as shelly sandstone. This material
appeared to be phosphatic grains tightly cemented with carbonate and had very strong reaction
with HCI. Drilling difficulties were encountered at this depth range (300-505 ft) and half of the
attempts to collect core samples failed. In addition to the shelly sandstone, the collected samples
were mostly classified as loose fine to medium sand with a small percentage of clay, and reaction
to HCI was none to weak. These materials were interbedded with a few thin layers of low to high
plasticity clay and silt, cemented clay, and sandstone. The Vs values, with the exception of the
sandstone layer, are between 1050-2165 ft/s. The lower Vs values are consistent with loose,
relatively weak cemented sands and the higher values were consistent with cemented clay.
Photographs of calcareous sand/sandstone from Site A are shown in Fig. 4.9. Even though the Vs
values for these materials are over 2300 ft/s, they were only found sporadically throughout the
borehole depth. As a result, the top of soft rock layer with consistent Vs of 2300 ft/s or higher was
not reached and was located at a deeper depth. The MASW-MAM method suggests that the stiff
layer with a very high Vs of over 4000 ft/s may be located at a depth below 580 ft.

A comparison between SPT N-values and Vs in the top 120 ft is shown in Fig. 4.8. The SPT-N
values with depth are plotted in Fig. 4.8(a) and the V; profiles found from the P-S, MASW-MAM
and MASW-SASW methods are plotted with depth in Fig. 4.8(b). In addition, the Vs values found
using the Vs-SPT correlations of Andrus et al. (2009) for sand and Seed and Idriss (1981) for all
soils are plotted in Fig. 4.8(b). The results found using the Andrus et al. (2009) and Seed and
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Idriss (1981) correlations matched reasonably well with the results from MASW-SASW and
MASW-MAM methods at shallow depths (<30 ft) (the Andrus et al. (2009) correlation has a better
match). The Vs profiles from the SPT correlation using Andrus et al. (2009) approach are lower
than Seed and Idriss (1981) approach, particularly at deeper depths. The top 50 ft of the Vs profile
from the P-S logging method was much higher than other methods.
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Figure 4.8 (a) Variation of SPT N Value with Depth, and (b) Comparison between Vs
Profiles between the Vs-SPT Correlation and Results from Geophysical Methods for
Site A

The average Vs in the top 100 ft and 200 ft of the profile obtained from the three different testing
methods are presented in Table 4.1. Results from the P-S logging show higher average values of
Vs than that of the other two methods resulting in a different NEHRP site class. There are a few
possible explanations for this discrepancy. The surface methods (MASW-SASW and MASW-
MAM methods) characterize the average Vs based on wave propagation characteristics through a
large volume of soil/rock and the profiles typically consist of a limited number of representative
layers. Conversely, the P-S logging method can be used to characterize the average Vs of the
localized soil/rock properties within the tested borehole, thus the profiles provide high level of
details with higher resolution. It is possible that the depth and stiffness of cemented or soft rock
layers is spatially variable across the site causing a large discrepancy between local and global Vs
profiles. The other explanation could be related the problem with borehole drilling at Site A. The
P-S logging data at depth below 300 ft was obtained from the uncased borehole. While the P-S
logging data at the top 300 ft was obtained from the offset cased hole about approximately 1 month
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after the first set of data was collected. The actual reason remains unknown but it is also important
to note that the average Vs for the P-S logging method did not include data from the top 6 ft. In
addition, Table 4.1 shows that the B-C boundary was not reached based on the Vs profiles from
the P-S logging and SASW methods. The combined MASW-MAM provides a possible B-C
boundary at a depth of 580 ft.

Table 4.1 Summary of Average Shear Wave Velocities and Possible B-C Boundary for Site
A

Method 100 ft 200 ft B-C
Average Vs | NEHRP Site | Average Vs NEHRP | Boundary
(t/s) Class (ft/s) Site Class (ft)
P-S logging 1225 C 1464 C N/A
MASW-SASW 817 D 1039 D N/A
MASW-MAM 860 D 1106 D 580
C-SC-37R C-SC-68R

Figure 4.9 Calcareous Sand/Sandstone Samples from Site A at Depths: (a) 194-200 ft,
and (b) 450-456 ft

4.3.3. Comparison of Vs Profiles for Site B

Fig. 4.10 presents the Vs profiles found from P-S logging, MASW-MAM, MASW-SASW, and
FWS methods for Site B. For comparison purposes, profiles are shown to depths of 1800 ft and
300 ft in Fig. 4.10(a) and 4.10(b), respectively. For Site B, the MASW-SASW and the MASW-
MAM methods suggested Vs profiles with six to eight layers of soil. The V;s slightly increased as
the depth increased, with the exception of the layer between 13 to 43 ft. Overall, the Vs profiles
from the MASW-SASW and MASW-MAM methods were similar, but the MASW-MAM
provided slightly higher Vs values. The MASW-MAM method provided the Vs profile down to a
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depth of 1343 ft; whereas, the MASW-SASW provided to a depth of 220 ft.

Similar to the results from Site A, the Vs profile obtained from the P-S logging method was more
sensitive to layering than the two surface methods. The presence of limestone layers at shallow
depths (20-43 ft) resulted in a Vs that is much higher (3280-5250 ft/s). Based on the visual
classification, the limestone as shown in Fig. 4.11(a) was described as shelly limestone
(biomicrite) with highly variable carbonate cementation. Some zones were well-indurated and
cemented with a fine-grained carbonate cementation, other zones were friable where bivalves
fragments occurred in a soft micritic (clay-size) matrix. The samples had high moldic porosity
with the appearance of a shell hash (coquina), but most of the shells had either been replaced with
calcite/micrite, or all of the shells had dissolved leaving a calcite-cemented clay matrix in its place.
Even though the Vs values of the limestone layer were relatively high, the recovered core samples
were not entirely intact and could not be used for resonant column and torsional shear testing.

Below the limestone layer (20-43 ft), layers of sand and calcite-cemented sandstone were observed
at depths between 43-263 ft. These layers appeared to alternate based on the difficulty in
recovering core samples and the spikes observed in the Vs profile as shown in Fig. 4.10 The sand
was classified as SC. The Vs values for sand were approximately 984-1640 ft/s, while the Vs values
for calcite-cemented sandstone were approximately 2297-3280 ft/s.

At a depth between 263-269 ft, calcareous sandstone layers were observed. These layers were
underlain by low plasticity clay or sandy clay for depths between 263 to 364 ft. These thick clay
layers were described as weakly to moderately cemented with carbonation or calcareous, sandy
clay (mostly clay) with trace of shell fragments. This cemented clay had moderate to strong
reaction with HCI. The clay layers were interbedded with claystone as shown in Fig. 4.11(b) and
sandstone laminae. The Vsvalues for these layers ranged between 1772-2756 ft/s.

At a depth between 367-525 ft, the deposits were highly variable. A sharp spike was observed at
the depth of 367 ft in the P-S logging data, with a Vs value of 4298 ft/s. The material observed at
this depth was described as calcareous, clayey sand with strong reaction with HCI. Below this
layer, at a depth of 387 ft, the Vs value was significantly lower and had a value of 984 ft/s. Vs
increased to 2493 ft/s at the depth of 427 ft. The materials observed within these layers were
described as laminated calcareous, silty clay as shown in Fig. 4.11(c). The core samples consist of
dense clay interlaminated with very thin silty lenses. The material was friable (can break with
hand) but firm. Below this layer, at a depth of 443 ft, a layer of calcareous sandy clay with strong
cementation was found and had a Vs of approximately 2953 ft/s. Below this layer, the cementation
appears to be weaker which was consistent with the lower Vs of 1476 ft/s from 466-508 ft. Another
spike in Vs of over 3280 ft/s was observed at the depth of 525 ft and was attributed to the existence
of a sandstone layer.
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Figure 4.10 Vs Profiles for Site B: (a) Shown to a Depth of 1800 ft, and (b) Shown to a
Depth of 300 ft.

At a depth between 526-615 ft, more calcareous sandy clay or clayey sand layers were found with
the Vs ranging between 1640-2297 ft/s. These layers were underlain by approximately 13-16 ft of
thick layers of sandstone as shown in Fig. 4.11(d), which were consistent with a Vs of 3028 ft/s.
Near the bottom of the borehole, interlaminated/interbedded sand and clay was found. These
materials had very little to no reaction with HCI, except where shell fragments occur, and the Vs
was approximately 1640-1968 ft/s. Although the average Vs is 2034 ft/s between the depth 509-
594 ft, based on the core logs and the Vs profile from the P-S suspension logging data, a consistent
layer of rock with Vs over 2300 ft/s was not reached at the bottom of the borehole (615 ft). In
comparison, results from the MASW-MAM method suggested that a layer with Vs of 2363 ft/s
begins at a depth of approximately 568 ft.

The V; profile obtained from the FWS logging method is also presented for comparison. Overall,
the Vs values from FWS were lower than the other three methods and there was no variation of Vs
with depth, with the exception of the results at approximately 18-19 ft depth where the limestone
layers were observed.
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A-SC-115R
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Figure 4.11 Samples from Site B: (a) Limestone from 23-26 ft, (b) Claystone from 300-
305 ft, (c) Silty Clay from 394 ft, and (d) Sandstone from 580-584 ft

A plot of SPT N-values in the top 26 ft is shown in Fig. 4.12(a) and the corresponding Vs values
obtained using the Vs-SPT correlations of Andrus et al. (2009) and Seed and Idriss (1981) are
plotted in Fig. 4.12(b). The results of the P-S, MASW-MAM, MASW-SASW and FWS methods
are also shown. Similar to Site A, the correlated results matched reasonably well with the results
from MASW-SASW and MASW-MAM methods in the top 12 ft. P-S logging data is not available
in the top 11 ft, therefore the results from the Vs-SPT correlations and surface wave methods are
beneficial. Again, the Vs-SPT N-value correlation approach by Seed and Idriss (1981) shows a
better match with results from the geophysical method at depths below 12 ft, however the SPT
data is limited at this site because SPT testing was limited to soils above the limestone layer
encountered at the depth of approximately 11 ft where the SPT blow count is above 100 blow/ft.
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Figure 4.12 (a) Variation of SPT N Value with Depth, and (b) Comparison between Vs
Profiles between the Vs-SPT Correlation and Results from Geophysical Methods for
Site B

The average Vs in the top 100 ft and 200 ft of the profile obtained from different testing methods
are presented in Table 4.2. Similar to Site A, results from the P-S logging shown higher average
values of Vs than that of the other three methods, but all of the methods yielded the same site class.
The combined MASW-MAM provided a possible B-C boundary at a depth of 1343 ft. Analysis of
the MASW-MAM test method for Site B can be found in Section 4.3.1.2 and Appendix B. In
general, the deeper Vs profile generated for the combined MASW-MAM method is a result of a
dispersion curve that included a wider range of frequencies than other surface wave methods as
was shown in Fig. 4.6.

Table 4.2 Summary of Average Shear Wave Velocities and Possible B-C Boundary for Site
B

Method 100 ft 200 ft B-C
Average Vs NEHRP Site | Average Vs NEHRP | Boundary
(ft/s) Class (ft/s) Site Class (ft)
P-S logging 1795 C 1650 C N/A
FWS logging 1385 C 1429 C N/A
MASW-SASW 1364 C 1408 C N/A
MASW-MAM 1465 C 1536 C 1343
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4.4. Laboratory Measurements of Dynamic Behaviors

A total of 35 soil and rock samples were tested to evaluate normalized shear modulus and damping
curves for a wide range of strains. The effects of confinement, testing frequency, geological age,
and plasticity index were examined. All of the soil samples were tested using both the RC and TS
methods. The rock samples were tested using the RC method only. More detailed information and
testing procedures can be found in Section 3.3 and Appendix F.

4.4.1. Dynamic Behaviors of Materials from Site A

RC and TS tests were performed on five samples from Shelby tubes and ten samples from the core
sampler. The material properties and testing confinements are presented in Table 4.3. Soil samples
were mostly clayey soils with a high plasticity index. Rock samples were classified as sandstone.

Table 4.3 Material Properties of Tested Samples for Site A

Total
Depth | o'mo? | Soil / Rock . 0P o Unit o'm®

sample D' | ™ | (R | rype | 6Fmer | PU o0 oy | weight | (osi)

(Ib/ft%)
C-UD-01 11 5 CH 95.1 28 434 | 37.1 113 2,59
C-UD-02* 16 6 SC-SM 8.0 np® 0.0 0.0 95 6,12, 23
C-UD-03 56 17 CH 91.6 44 353 | 371 116 9,17, 35
C-UD-07 84 25 CH 87.0 43 40.7 | 35.8 112 13, 25, 51
C-UD-08 87 26 CH 93.8 47 426 | 37.7 113 13, 26, 52
C-SC-09 158 48 SC 30.6 14 203 | 264 116 24, 48, 96
C-SC-15 188 57 MH 70.2 19 31.2 | 28.3 116 29, 57,114
C-SC-34 283 83 SC 43.6 15 30.1 | 27.0 109 41, 83, 124
C-SC-56 393 113 CH 95.7 34 36.5 | 36.1 109 26, 56, 113
C-SC-63 428 121 CH 80.0 39 435 | 405 109 61, 121, 147
C-SC-04R 133 45 Sandstone - - - - 157 0, 22, 45, 90
C-SC-39R 308 93 Sandstone - - - - 167 0, 46, 92
C-SC-40R 313 110 Sandstone - - - - 166 0, 55, 110
C-SC-41R 318 103 Sandstone - - - - 165 0,52, 103
C-SC-68R 454 160 Sandstone - - - - 165 0, 80, 120

. UD represents Shelby tube sample, and SC represents core sample; R is for rock sample
o'mo represents in-situ mean confining stress (Ko=0.5 assumed)
wi represents initial water content

. ws represents final water content

. o'm represents testing mean confining stress
. np represents non-plastic

reconstituted sample

*O A WN R

All of the results from RC and TS testing for soil samples are presented in terms of normalized
modulus (G/Gmax) and damping in Figs. 4.13 and 4.14, respectively. Both tests were carried out
between strain levels of 10°% to 0.5% and when G/Gmax values reached approximately 0.5.
Similar results from the RC and TS testing were obtained for the G/Gmax curves, but some
differences were observed for the damping curves. These differences are due to the effects of
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testing frequency discussed in the next section. The degradation of G/Gmax curves occurs at strains
107 to 102%. Damping values start to increase at strains higher than 102%.

All of the results from RC testing for rock samples are presented in Fig. 4.15. The RC tests were
performed up to G/Gmax values of 0.9 when degradation was observed at slightly below 10°3%. A
slight effect of confinement was observed and is discussed in the next section.
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Figure 4.13 RC Testing Results for Soil Samples from Site A: (a) G/Gmax Curves, and
(b) Damping Curves
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Figure 4.14 TS Testing Results for Soil Samples from Site A: (a) G/Gmax Curves, and
(b) Damping Curves
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Figure 4.15 RC Testing Results for Rock Samples from Site A: (a) G/Gmax Curves, and
(b) Damping Curves

4.4.2. Dynamic Behaviors of Materials from Site B

RC and TS tests were performed on five samples from Shelby tubes and fifteen samples from the
core sampler. The material properties and testing confinements are presented in Table 4.4. Soil
samples were mostly sand for the depths of 5-10 ft, and clay or silt with high plasticity index at
the depths below 150 ft. Sample A-UD-03 and A-UC-05 were tested at dry state prepared by
reconstitution as discussed in Section 3.3.3. Rock samples were classified as either sandstone or
claystone.
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Table 4.4 Material Properties of Tested Samples for Site B

Total
Depth | o'mo? | Soil / Rock . o | o Unit T
sample ID! | S | | PO e | Finer | PL L gb | o | weight (psi)
(Ib/ft3)

A-UD-01 5 2 SC 30.5 27 | 226 | 17.6 127 1,2,4
A-UD-02 7 3 SM 23.2 1 ]143| 139 109 3,5, 11
A-UD-03* 9 3 SM 14.3 np® | 0.0 | 0.0 110 3,7,13
A-UD-05* 150 41 SP 0.0 np | 0.0 | 0.0 92 21,41, 83
A-UD-06 153 43 ML 57.5 11 | 26.0 | 235 121 22,43, 86
A-SC-27 153 43 CL 64.2 13 | 33.3 ] 30.2 120 22,43, 86
A-SC-49 253 68 CH 68.0 33 | 30.2 | 24.8 119 34, 68, 136
A-SC-77 393 110 MH 62.0 24 | 35.4 | 33.5 105 55, 110, 138
A-SC-86 438 122 CH 72.6 29 | 25.7 | 24.3 121 31,61, 122
A-5C-96 488 136 CH 74.9 33 | 31.3 | 30.9 119 32, 68, 136
A-SC-105 533 148 SC 42.9 20 | 256 | 22.1 121 37,774,111
A-SC-42R 218 68 Sandstone - - - - 161 0, 34,68, 135
A-SC-52R 268 89 Sandstone - - - - 160 0, 45, 89, 133
A-SC-59R 303 100 Claystone - - - - 152 0, 50, 100
A-SC-60R 308 98 Claystone - - - - 148 0, 49, 98
A-SC-109R 553 184 Sandstone - - - - 167 0, 46, 92
A-SC-110R 558 174 Sandstone - - - - 168 0, 44, 87, 130
A-SC-112R 568 177 | Sandstone - - - - 167 0, 44, 89
A-SC-115R 583 197 Sandstone - - - - 163 0, 49, 98
A-SC-116R 588 190 Sandstone - - - - 167 0, 47,95

1. UD represents Shelby tube sample, and SC represents core sample; R is for rock sample

2. o'mo represents in-situ mean confining stress (Ko=0.5 assumed)

3. wi represents initial water content

4. ws represents final water content

5. o'm represents testing mean confining stress

6. np represents non-plastic

reconstituted sample

Results from RC and TS testing in terms of normalized modulus and damping for soil samples are
presented in Figs. 4.16 and 4.17. Both tests were carried out between strain levels of 10°% to 0.5%
and when G/Gmax values reached approximately 0.5. The degradation of G/Gmax curves for most
of the samples occurred at strains 10 to 10-2%. Damping values started to increase at strains higher
than 102%. Samples A-UD-01, A-UD-02, and A-UD-03 behaved more nonlinearly than other
samples. This may be a result of testing these samples at very low confinement. Therefore, results
for both G/Gmax and damping at high strains at depths of 5-10 ft could vary greatly due to non-
linear behavior and should be used along with other data to make design parameter selection.

Results for RC testing for rock samples are presented in Fig. 4.18 Similar to rock testing results
from Site A, a very slight effect of confinement was observed. Relatively higher damping was
observed for three samples A-SC-59R, A-SC-60R, and A-SC-115R. It was noted that samples A-
SC-59R and A-SC-60R were classified as claystone, whereas sample A-SC-115R (i.e., sandstone)
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appeared to contain some amount of fines within the sandstone matrix. Photos of these samples
are shown in Fig. 4.19.
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Figure 4.16 RC Testing Results for Soil Samples from Site B: (a) G/Gmax Curves, and
(b) Damping Curves
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Figure 4.17 TS Testing Results for Soil Samples from Site B: (a) G/Gmax Curves, and
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Figure 4.18 RC Testing Results for Rock Samples from Site B: (a) G/Gmax Curves, and
(b) Damping Curves
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Figure 4.19 Photos of Rock Samples that Exhibited Relatively High Damping

4.4.3. Data Analysis and Interpretation of Dynamic Soil Properties

This section presents further analysis of factors affecting the dynamic soil properties from both
sites. These factors including confinement, testing frequency, geologic age, and soil plasticity are
typical factors that have been studied extensively in the literature. Effects of these factors on the
dynamic properties of soils from the South Carolina Coastal Plain deposits are discussed.

4.4.3.1. Effect of Confinement

Shear wave velocities of soil and rock samples are presented in Figs. 4.20 and 4.21 for Sites A and
B, respectively. At both sites, the Vs ranged from 540 to 1280 ft/s for the soil samples and from
4100 to 4300 ft/s for the rock samples for the confinement ranging from zero to a maximum of
140 psi. Effects of confinement on Vs were observed to be minimal for the rock samples as the Vs
increased with confinement by approximately less than 1% from zero to 140 psi confinement. For
the soil samples, Vs increased by 2-5 ft/s per increment of 1 psi confinement. It should be noted
that this observation does not account for soil properties, geological age, and other factors.
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Figure 4.21 Variation of Shear Wave Velocity with Confinement for Site B
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As shown in Figs. 4.22 and 4.23, the low-strain damping (Dmin) ranged from 1.5 to 5% for the soil
samples and from 0.2 to 1.2 % for the rock samples at both sites regardless of the testing method
used. However, the data was more scattered compared with the Vs data in Figs 4.20 and 4.21.
Furthermore, the data for the soil samples is less scattered in the TS testing results when compared
to the RC testing results, and the effects of confinement were observed to be minimal. A large
variation of damping for soil was due to the difference in testing frequency between RC and TS
tests, which is discussed in Section 4.4.3.2.
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The Vs results obtained from the RC tests at in-situ mean confining stress is presented in Tables
4.5 and 4.6 in comparison with the Vs data obtained from the three field methods. The results are
separated into two groups: soil samples and cemented soil/rock samples. The Vs of the soil
samples from the RC tests are lower than the results from the field tests. In contrast, the Vs of the
cemented soil/rock samples are higher than the results from the field tests. Other contributing
factors include the differences in stress conditions between the laboratory and the field, and sample
disturbance. It is also important to note that the soil samples represent a wide variety of soil types
including silty clay, clayey sand, and high plasticity clay or silt. These samples had relatively
weak cementation. The cemented soil/rock samples were very hard and had some imperfections.
In some samples, interbedded lenses of clay or silt were present, whereas some samples appeared
to be solid hard rock. The higher Vs observed for the rock samples compared to those found with
the field methods is possibly due to the fact that the solid rock sample was selected and tested
without taking in to account the existence of rock fractures and interlayering system that exists in
the field. Furthermore, laboratory testing provides dynamic soil properties and behaviors at higher
strains (see Section 4.4.3.2) than field-testing which is limited to low strain.

Table 4.5 Comparison of Vs of Soil Samples for Site A

Sample ID | Depth | Soil/Rock | oy, Shear Wave Velocity (ft/s)
(ft) Type (psi) Resonant | MASW- | MASW- | P-S Suspension
Column MAM SASW Logging
Test

C-UD-01 11 CH 5 509 413 479 873
C-UD-02 16 SC-SM 6 635 413 466 873
C-UD-03 56 CH 17 989 846 1004 1719
C-UD-07 84 CH 25 736 1516 1204 1231
C-UD-08 87 CH 26 764 1516 1204 1231
C-SC-04R 133 Sandstone 45 4253 1557 1329 2383
C-SC-09 158 SC 48 1157 1557 1509 1537
C-SC-15 188 MH 57 1088 1557 1509 1444
C-SC-34 283 SC 83 873 1557 - 1480
C-SC-39R 308 Sandstone 93 4374 1557 - 1480
C-SC-40R 313 Sandstone | 110 4490 1557 - 1934
C-SC-41R 318 Sandstone | 103 4650 1557 - 1934
C-SC-56 393 CH 113 698 1659 - 1596
C-SC-63 428 CH 160 749 1659 - 1411
C-SC-68R 454 Sandstone | 1101 3975 1659 - 2013
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Table 4.6 Comparison of Vs of Soil Samples for Site B

Sample ID | Depth | Soil/Rock | oy, Shear Wave Velocity (ft/s)
(ft) Type (psi) Resonant | MASW- | MASW- | P-S Suspension
Column MAM SASW Logging
Test

A-UD-01 5 SC 2 614 708 699 -

A-UD-02 7 SM 3 477 708 699 -

A-UD-03 9 SM 3 304 708 699 -

A-UD-05 150 SP 41 1171 1582 1476 1441
A-UD-06 153 ML 43 1013 1582 1476 1441
A-SC-27 153 CL 43 956 1582 1476 1441
A-SC-42R 218 Sandstone 68 3349 1685 1476 1701
A-SC-49 253 CH 68 850 1685 - 1838
A-SC-52R 268 Sandstone 89 4000 1685 - 1838
A-SC-59R 303 Claystone | 100 3465 1685 - 2115
A-SC-60R 308 Claystone 98 4072 1685 - 2115
A-SC-77 393 MH 110 797 1859 - 1849
A-SC-86 438 CH 122 1321 1859 - 1849
A-SC-96 488 CH 136 1218 1859 - 1590
A-SC-105 533 SC 148 1367 1859 - 1930
A-SC-109R 553 Sandstone | 184 4682 1859 - 1930
A-SC-110R 558 Sandstone | 174 4827 1859 - 1930
A-SC-112R 568 Sandstone | 177 4290 1859 - 1930
A-SC-115R 583 Sandstone | 197 3875 2361 - 2057
A-SC-116R 588 Sandstone | 190 4777 2361 - 2057

4.4.3.2. Effect of Testing Frequency

The frequency effects on low-strain shear modulus and damping of selected soil samples from
both sites were examined by conducting a series of TS tests at frequencies ranging from 0.001 and
2 Hz. To compare the effect of frequency, results were normalized with the results measured at a
frequency of 0.5 Hz. In addition, the TS results are compared with the results from RC tests
performed on the same soil sample at frequencies ranging from 20 to 50 Hz as shown in Fig. 4.24.
For the shear modulus, the effect of frequency was found to be small (approximately 10%). In
contrast, for the damping, the effect of frequency was found to be as high as 50-200%. It is
therefore possible that results from RC tests can provide damping twice as much as the results
from TS tests. Earthquake motion is composed of a wide range of frequencies. It is important that
damping measurements should be performed using both RC and TS methods. Frequency effects
on small strain dynamic properties have been recognized and studied by Stokoe et al. (1999), Rix
and Meng (2005), and Ruttithivaphanich and Sasanakul (2019). However, the impact of frequency
on site response analysis, especially the effect on damping, is not routinely accounted for in
practice, and more research on this topic is needed. Because this study showed a pronounced effect
of frequency on plastic fine grained soils (i.e. silty and clayey soils), and until further studies are
conducted to develop predictive equations for the frequency effects on damping that can be used
in practice, it is recommended to perform both RC and TS tests on soil samples to examine the
effects of testing frequency on shear modulus and damping.
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Figure 4.24 Effect of Testing Frequency on: (a) Normalized G/GosHz, and (b)
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4.4.3.3. Effect of Geological Age and Soil Plasticity

Dynamic behaviors of soil and rock from both sites are separated into three geological age groups:
Quaternary (Penholoway allo), Tertiary (Ashley or Cooper Marl), and Cretaceous (Peedee and
Black Creek) deposits. Results from RC and TS tests are shown in Figs. 4.25, 4.26, and 4.27 for
selected confinements. Results were compared with the empirical relationships proposed by
Vucetic and Dobry (1991) for soils of varying plasticity as given by the plasticity index (PI). It is
important to note that the Vucetic and Dobry (1991) relationships were obtained from soil tested
at confining pressure of 0.25 to 4 atm (4 to 60 psi); therefore, the results should be compared at
the confinement within +/- 50% range of the general curves as suggested by Stokoe et al. (1995).
In addition, the proposed prediction procedure of G/Gmax and damping curves for specific Pl and
confinement by Andrus et al. (2003) are plotted for comparison.
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For the Quaternary age deposits, five soil samples were available as shown in Fig. 4.25.
Comparing results for G/Gmax curves with the Vucetic and Dobry (1991) curves with varying
ranges of PI, the results aligned with curves for a range of PI that was higher than the PI of the soil
samples tested. The rate of increasing in damping at high strains was higher than the Vucetic and
Dobry (1991) curves. Comparing results for both G/Gmax and damping curves with the Andrus et
al. (2003) curves, the results agreed fairly well for the same range of PI and all strain levels. It is
important to note that these samples had very little to no cementation.

For the Tertiary age deposits, results from a total of three soil samples and one rock sample are
presented in Fig. 4.26. The overall results show the same trend in the slopes and on-set of
nonlinearity as Vucetic and Dobry (1991); however, similar to the Quaternary age group, the
G/Gmax curves generally align with curves for a range of PI that was higher than, but not related
to, the PI of these samples. For Sample A-UD-5, the rate of increasing in damping was higher than
the Vucetic and Dobry (1991) prediction, but the results agree with the Andrus et al. (2003) curves.

The dynamic behavior of the low plasticity samples (A-SC-27 and A-UD-6) does not match the
predicted behavior proposed by Andrus et al. (2003), but is similar to the high plasticity (Pl equals
50) predicted behavior of Vucetic and Dobry (1991). It is interesting to observe that the nonlinear
behavior of rock sample A-SC-42R was similar to the soil samples. Behaviors of soil and rock
deviated from the empirical curves suggesting that the materials within the same age group can be
highly variable.

Overall, there was no clear relationship between soil plasticity and both G/Gmax and D for the soil
samples tested herein. It is important to recognize that the soil preparation process for the
measurement of the plastic and liquid limit to determine PI breaks down the structure of cemented
soil. Therefore, the effects of Pl on dynamic soil behavior may not be relevant to, or less dominant
than, the effect of cementation. These findings are based on limited number of samples and
therefore more data are needed to quantitatively evaluate the effects (e.g. amount and/or
characteristics) of cementation on dynamic soil properties of older soil deposits typically found in
the South Carolina Coastal Plain. Consequently, more accurate prediction of dynamic properties
can be achieved.
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Figure 4.25 Dynamic Properties of Quaternary Age Soils: (a) G/Gmax Curves, and (b)
Damping Curves
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Figure 4.26 Dynamic Properties of Tertiary Age Soils: (a) G/Gmax Curves, and (b)
Damping Curves

For the Cretaceous age deposits, the results are compiled from a total of 12 soil samples and 13
rock samples as presented in Fig. 4.27. It is interesting to observe that the G/Gmax curves from
some of the rock samples started to degrade at lower strains than the soil samples. Overall, the
results are plotted within the predicted curves by Vucetic and Dobry (1991) for Pl between 30 to
100; hence, the results aligned with curves for a range of PI that was higher than the PI of these
samples. Again, there was no clear trend for the effect of plasticity on both G/Gmax and D for the
soil samples tested herein. Rock samples appeared to behave more nonlinearly than soil samples.
In general, results for Dmin Were higher than the prediction by Vucetic and Dobry (1991) and
similar to the results for Quaternary and Tertiary age groups; the rate of increasing in damping was
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higher at higher-strain levels. There was no prediction for Cretaceous age soil according to Andrus
et al. (2003), therefore this set of data can be used to improve and expand the SCDOT database for
older age soils.
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Figure 4.27 Dynamic Properties of Cretaceous Age Soils: (a) G/Gmax Curves, and (b)
Damping Curves

4.4.3.4. Statistical Analysis of Predictive G/Gmax and Damping Curves

As mentioned in the previous section, the predictive G/Gmax and damping curves proposed by
Andrus et al. (2003) matched only some of the results for the samples of Quaternary and Tertiary
age that were tested in this study. Furthermore, Andrus et al. (2003) did not develop predictive
curves for the Cretaceous age, of which the majority of the samples tested in this study were from.
Since the samples in this study were taken from different locations and geologic formations than
those used by Andrus et al. (2003), new predictive curves were developed and assessed for the
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new set of data obtained in this study. The same approach of Andrus et al. (2003) was utilized for
this effort.

In accordance to the Andrus et al. (2003) procedure, only TS results for soils are used to minimize
frequency effects on damping. It is noted that the G/Gmax curves for RC and TS tests for soils are
relatively close but the low-strain damping for TS tests are lower. For rock samples, RC test results
are used because TS test results are not available. The procedure is described below.

The modified hyperbolic model (Stokoe et al. 1999 and Darendeli 2001) was proposed for the
G/Gmax CUrves as:

G 1
= T (4.1)
Gmax 1+ (l)
Yy

where G is the shear modulus, Gmax is the low-strain shear modulus, vy is the shear strain, y; is the
reference strain, and o is the curvature coefficient. Curve fitting function parameters (yr and o)
were obtained from the G/Gmax curves. The reference strain was corrected for the effect of
confinement using the following equation.

k.
Y. =7,,(on/Ps) (4.2)

where o’m is the mean effective confining stress in units of psi, Pa is a reference pressure of 14.5

psi, and ky is an exponent that varies with geologic formation and P1 for shear modulus. It is noted

that Andrus et al. (2003) uses k instead of ky.

To model the damping curves in relation to G/Gmax, the quadratic polynomial function accounting
for the corresponding G/Gmax function proposed by Andrus et al (2003) was adopted and presented

as:
) +B (G/G

where D is the damping, Dmin is the low-strain damping, and A, B, and C are curve fitting
parameters. Andrus et al. (2003) proposed A= 12.2, B= -34.2 and C = 22 for R? = 0.785-0.960
based on data from the Savannah River Site and Charleston (see Figure 2.2).

D-D,, =A (G/G ) +C (4.3)

max max

In this study, soil and rock samples from Sites A and B were from the Quaternary (Ten Mile Hill
and Penholoway alloformation), Tertiary (upper soil and Williamsburg Formation and Lower
Bridge Member) and Cretaceous (Peedee Formation and Black Creek Group) age groups. Curve
fitting was performed resulting in the parameters: A = 14.92, B = -35.99, and C = 21.34 for R? =
0.789 for soil, and parameters: A = 25.65, B = -61.92, and C = 36.40 for R? = 0.611 for rock.
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Furthermore, the Dmin Was corrected for the effect of confinement similar to vy, by using:

kp/2

Dmin = Dminl(cin/Pa) (44)

where kp is an exponent for damping that varies with geologic formation and PI according to

Andrus et al. (2003). It is noted that Andrus et al. (2003) assumed k = Ky = kp. Dminz is the low-
strain damping at o’m of 14.5 psi presented as:

Dminl = a(PI) +b (45)

where a and b are fitting parameters.

Curve fitting was performed to obtain 5 different model parameters: o, yr1, Ky, Kb, and Dminz. The
model parameters and R? are presented in Tables 4.7-4.9 as a function of PI for each geologic unit.
It is noted that the results from curve fitting using data for all soils in each geologic unit is also
presented for a comparison. Statistical analyses of the curve fitting are presented in Appendix G.

Overall, the R? values for ky vary from 0.24 - 0.83 and the R? values for kp vary from 0.09 - 0.81
for soils. When data from the same age group are combined for all soils, the R? values become
lower. In addition, the R? values for rocks are very low (0.006-0.383). No clear trend was
observed for the curve fitting parameters indicating that the dynamic behaviors of these samples
are not dependent on PI and/or geologic group. Based on the visual observation and geological
logging information of these samples, cementation could be one major factor affecting the dynamic
soil properties. As mentioned in Section 4.4.3.3, further quantification of cementation (e.g. by
weight) and qualitative evaluation (e.g. types and bonding characteristics) could improve
understanding of the sample behavior. However, such studies were outside the scope of this
project and thus, findings remain inconclusive.
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Table 4.7 Model Parameters for Quaternary Deposit (Ten Mile Hill and Penholoway

Formation)
Geologic Unit S QQATERNARY .
(Ten Mile Hill Formation and Penholoway alloformation)
Age 2.6-0.01 MYA
Non- .
Pl . 1-10 11-20 | 21-30 31-40 41-50 All Soils Rock
Plastic
i1 (%) 0.035 - - 0.130 - - 0.041 -
Ky 0.477 - - 0.575 - - 0.221 -
R2* 0.211 - - 0.589 - - 0.048 -
Drmin1 (%) 0.779 - - 1.374 - - 0.845 -
ko 0.740 - - 0.680 - - 0.960 -
R2** 0.616 . . 0.361 - - 0.542 -
o 1.118 - - 1.237 - - 1.165 -
No. of Sample 3 - - 2 - - 5 -
R2" is a result of curve fitting in Eq. 4.2, R*>™ is a result of curve fitting in Eq. 4.4.
Table 4.8 Model Parameters for Tertiary Deposit (Williamsburg Formation and Lower
Bridge Member)
Geologic Unit UERULARIE
g (Williamsburg Formation and Lower Bridge Member)
Age 58.0 - 56.0 MYA
PI Non" 14 10 | 11-20 | 21-30 | 31-40 | 41-50 | All Soils | Rock*
Plastic
vr1 (%) 0.015 - 0.058 - - - 0.035 -
Ky 0.647 - 0.552 - - - 0.619 -
R%" 0.891 - 0.831 - - - 0.249 -
Drmin1 (%) 0.572 - 1.418 - - - 1.023 -
ko 0.272 - 0.634 - - - 0.472 -
R2™ 0.810 - 0.928 - - - 0.131 -
o 1.300 - 1.065 - - - 1.143 -
No. of Sample 1 - 2 - - - 3 -

R2" is a result of curve fitting for Eq. 4.2, R2™ is a result of curve fitting for Eq. 4.4, *the rock data is not included

as there is only one sample in this age group.
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Table 4.9 Model Parameters for Cretaceous Deposit (Peedee Formation and Black Creek
Group)

Geologic Unit CRETACEOUS
(Peedee Formation and Black Creek Group)
Age (MYA) 83.6 - 66.0 MYA
PI ot | 120 | 11-20 | 21-30 | 3140 | 4150 | A | Rock™

vr1 (%) - - 0.080 0.049 0.062 0.086 0.078 0.038
k, - - 0.364 0.422 0.794 0.243 0.461 0.163
R2" - - 0.578 0.677 0.572 0.540 0.447 0.006
Dmin1 (%) - - 2.224 2.087 2.080 1.862 1.978 0.156
Kp - - 0.220 0.272 0.130 0.086 0.090 -1.833
R - - 0.312 0.113 0.089 0.014 0.416 0.383
o - - 1.042 1.252 1.150 1.290 1.183 0.782
No. of Sample - - 4 2 4 3 13 13

R2" is a result of curve fitting for Eq. 4.2, R2™ is a result of curve fitting for Eq. 4.4, ***only RC test was performed
on rock sample.

Figs. 4.28 to 4.30 show examples of the predicted G/Gmax and damping curves for the confining
pressure of 14.5 psi. Due to limited data for the Quaternary and Tertiary age groups, it is
recommended that lower bound and upper bound curves be used for the site response analysis for
these groups. For the Cretaceous group, the effects of PI are not clearly observed, but the G/Gmax
and D curves for all samples fall within a narrow range and it is suggested that the average curves
be used for the site response analysis. For the rock samples, the G/Gmax curve degraded at much
lower strains than the soil samples. This indicates that the rock may be stiff but brittle. If thick
layers of soft rock (or highly cemented soil) are present at a site, it is recommended that RC and
TS tests be performed to verify the behavior at medium to high strains. The damping curve for
rock samples is observed to be lower than soils. Furthermore, it is important to note that the soil
and rock curves were developed for strains up to 10% and 10%%, respectively; therefore,
extrapolation beyond these strain levels should be performed with caution.
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Figure 4.28 (a) G/Gmax Curves, and (b) Damping Curves Generated from Predictive
Model for Quaternary Age Soils: Ten Mile Hill Formation and Penholoway
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Figure 4.29 (a) G/Gmax Curves, and (b) Damping Curves Generated from Predictive
Model for Tertiary Age Soils: Williams Burg Formation and Lower Bridge Member
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Figure 4.30 (a) G/Gmax Curves, and (b) Damping Curves Generated from Predictive
Model for Cretaceous Age Soils: Peedee Formation and Black Creek Group

The effect of soil plasticity on damping at low-strains (Dmin) for the Quaternary, Tertiary and
Cretaceous age soils are presented with the relations developed by Andrus et al. (2003) in Fig.
4.31. Results from this study (shown in solid symbols) were limited to Pl values up to
approximately 50; whereas, Andrus et al. (2003) had data up to 120. Low-strain damping for both
geologic ages showed small increases as the PI increased. The rate of increase for the relationship
for Tertiary age soils tested in this study was comparable with the trend proposed by Andrus et al.
(2003). However, the new set of data generated for Cretaceous age deposits showed less variation
with PI, and damping values were higher than Tertiary, Pleistocene, and Holocene age groups. It
is important to understand that the majority of the data utilized by Andrus et al. (2003) came from
tests performed on soil samples obtained from the Savannah River site. Although these samples

Sasanakul and Gassman 58



may be from the same or comparable geologic age, the characteristics and behavior of different
deposits and formations can be vastly different. For example, sediments of the Peedee Formation
may have been deposited in fluvial to delta-plain environments in the western part of the state;
whereas, during the same time period, were deposited in shelf environments on the eastern side.
The Peedee Formation at Sites A and B consists of a very fine- to coarse-grained, poorly sorted,
massive calcareous clayey sands that are rich in shell and nanofossils fragments and with trace
amounts of mica, whereas the Peedee Formation at the Savannah River site consists of light-
colored fine- to coarse-grained quartz sand and oxidized kaolinite clay (Gellici 2019, Self-trail et
al. 2002, Christopher and Prowell 2002, and Fallaw and Price 1995). This information supports
the findings in this study that Pl and geologic age alone are not dominant factors affecting the
dynamic soil properties for older soil deposits, particularly for those samples with cementation. It
is highly recommended that the SCDOT continue to collect more data and conduct further detailed
geotechnical and geological investigations to characterize soils and rocks particularly for Tertiary
and Cretaceous age deposits.
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5. Conclusion, Recommendations, Implementation, and
Future Research Needed

5.1. Conclusions

This research presents a study to obtain comprehensive field and laboratory measurements of shear
wave velocity and dynamic soil properties for two sites in the South Carolina Coastal Plain: Site
A is located near Conway in Horry County and Site B is located in Andrews in Williamsburg
County. Geotechnical borings were drilled to depths of 505 and 615 ft for Sites A and B,
respectively. Shear wave velocity profiles were generated using P-S suspension logging, FWS
logging, combined MASW-SASW, and combined MASW-MAM methods. The profiles using P-
S suspension logging were obtained to a depth of 470 ft for Site A and a depth of 600 ft for Site
B. Profiles to a depth of 220 ft were obtained from the MASW-SASW method for both sites. For
the combined MASW-MAM method, profiles were obtained to a depth 4921 ft for Site A and a
depth of 2625 ft for Site B. Overall, the average shear wave velocities obtained from the surface
methods at the top 200 ft were lower than that of the P-S suspension logging data. This resulted
in a different NEHRP site class when using the average Vs values in the top 100 ft for Site A, but
not site B. The P-S suspension logging provided detailed characteristics of the soil profile within
borehole(s) and the results agreed with the visual observation of samples. However, the P-S
suspension logging method was not capable of measuring Vs at very shallow depths
(approximately 6-11 ft in this study) and did not provide the depth of the B-C boundary as the
boundary was below the bottom of each borehole. Both non-invasive surface methods were
performed independently with different teams and these results were in agreement within the top
220 ft where the MASW-SASW results can be compared. The MASW-MAM method is a unique
method utilizing passive ambient wave sources and specialized sensors that allows deep profiling
and identified an estimated depth to the B-C boundary of 580 ft for Site A and 1343 ft for Site B.
Results from both surface methods do show that spatial variation of both sites are high, especially
for Site A. While the use of surface wave methods may be more attractive for site investigation as
they are relatively lower cost compared to borehole methods, accurate results from the surface
wave methods require geological and geotechnical knowledge of the site to effectively perform
data processing. Since these methods are not direct measurements, the best representative Vs
profile for each site relied on the experience and skill of the data analysts obtained from utilizing
these methods at sites in South Carolina as well as other parts of the country. Furthermore, the Vs
profiles from the surface wave methods represent the average profiles over a large volume of soil.
Conversely, the Vs profiles from the borehole methods represent localized profiles within the tested
borehole.

Visual observation of samples collected from both sites showed that materials were highly variable
with frequent transitions between soil-like to rock-like material. In the Tertiary and Cretaceous
deposits, materials with sand or clay structures with high variation of cementation and shell
fragments were found. Highly cemented sand or clay (sandstone or claystone) with thickness
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varying from a few inches to several feet was observed at several locations through the entire depth
of the soil profiles investigated. The locations of these materials corresponded with the high shear
wave velocities observed in the P-S logging profiles.

Resonant column and torsional shear testing allowed observation of shear modulus and damping
behavior of material for a wide range of strains. A total of 35 soil and rock samples were tested
and several factors affecting the small strain dynamic properties were investigated. Overall, it was
found that the dynamic behavior aligned with the generic empirical prediction suggested by
Vucetic and Dobry (1991) for a range of PI that was higher than the P1 of these samples. Relatively
high Dmin values were observed and the rate of increasing in damping with strains was higher than
the Vucetic and Dobry (1991) prediction. Damping was significantly affected by testing frequency
therefore; results from the more common RC test obtained using high frequencies should be
compared with results from TS tests at low frequencies. The effect of soil plasticity on the shear
modulus reduction and damping curves for soils with different geological age groups was
evaluated and found to have a smaller effect than predictions by previous studies for uncemented
soils. The shear modulus of rock and highly cemented soils degraded at lower strains than that of
soil. It was found that Dmin slightly increased with soil plasticity for the Cretaceous soil deposits.
The effect of soil plasticity on Dmin Was much less than the prediction by Andrus et al. (2003).
Overall, the results from the laboratory testing program suggest that that plasticity index and
geologic age alone are not dominant factors affecting the dynamic soil properties for older soil
deposits. It is hypothesized that cementation is a possible dominant factor, however detailed
evaluation of cementation in relation with shear modulus and damping is beyond the scope of this
study.

5.2. Recommendations

Data from this study can be used directly to perform site-specific site response analysis for Site A
and Site B with the recommendation to perform sensitivity analyses to account for the uncertainty
in the following:

1. Variation of Vs profiles obtained from a specific method. This uncertainty is related to
variability in data analysis utilized for different method of testing. For example, several
possible Vs models can be obtained from each of the surface geophysical methods. This is
because the data analysis depends on knowledge of the geological and geotechnical
information at a site and data interpretation performed by data analysts. Sensitivity analysis
should be conducted to account for the range of possible profiles.

2. Variation of Vs profiles obtained from different methods. High spatial variation was
observed, especially at Site A. A lower average Vs was observed for the top 200 ft obtained
by the surface geophysical methods compared to that of the P-S suspension logging
method. Sensitivity analysis should be conducted to account for the Vs profiles from
different methods of testing.
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3. Depth to the B-C boundary. The P-S logging method did not provide Vs profiles beyond
the bottom of the borehole at Site A and Site B, and the depth to the B-C boundary was not
identified at either site. The depth and characteristics of Vs profiles from the bottom of the
borehole to the projected B-C boundary should be studied as part of the sensitivity analysis.

4. Variation of dynamic behaviors (shear modulus and damping curves) of deep sediment.
The data generated in this report can be readily used for the sites investigated herein.
However, the data are limited to depths where the samples were obtained. Use of the shear
modulus and damping curves for other depths and other sites requires careful interpretation
of soil boring logs. Soil types and index properties should be carefully evaluated to use
predictive curves.

5. Interbedded rock and cemented layers. The presence of rock layers such as limestone at
Site B and/or relative thin layers of highly cemented soils should be evaluated to assess
their impact on the site response analysis.

For future deep borehole investigations, it is recommended that samples of rock and cemented
soils be routinely collected from sites and tested to the extent possible. Laboratory testing should
be performed to determine the dynamic behaviors using both resonant column and torsional shear
testing for a wide range of strains in order to evaluate the effects of test frequency on low-strain
damping.

Based on the results herein, the predictive curves for shear modulus and damping curves suggested
by Vucetic and Dobry (1991) and Andrus et al. (2003) can be used for Quaternary deposits.
However, these equations are not recommended for Tertiary and Cretaceous deposits because this
study showed that soil plasticity and geologic age alone are not dominant factors affecting the
dynamic soil properties for older soil deposits, particularly for those samples with cementation.

5.3. Implementation Plan
The following data were obtained in this project and are available for immediate implementation:

1. Soil boring logs for Site A in Conway and Site B in Andrews are summarized in Figs. 4.1
and 4.2, respectively. Additional details are available in Appendix A.

2. Shear wave velocity profiles developed from different methods of testing for each site are
shown in Figs. 4.6 and 4.9. Details of the methodology and data analysis to develop each
profile are available in Appendices A, B, and C for P-S logging method and MASW-SASW
methods, MASW-MAM method and FWS method, respectively. Comparisons of these
profiles along with the detailed discussions are included in this report in Section 4.3.

3. Detailed geological information and visual observation of soils and rocks are available in
this report and Appendix D.

4. Soil index properties data and soil classifications are available in Appendix E
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5. Shear modulus and damping curves and model parameters for the development of these
curves are provided in this report in Section 4.4 and data is included in Appendix F. This
information can be used for site response analyses.

5.4. Future Research Needed
Based on the findings of this study, the following research needs were identified:

1. This study makes clear that empirical relationships based on soil plasticity and geologic
age do not provide an accurate prediction of the shear modulus and damping curves.
Impacts of cemented layers on site response analyses are not clear and should be examined.
Importantly, detailed evaluation of cementation and other factors in relation with shear
modulus and damping should be investigated in order to develop more accurate predictive
models for SCDOT engineers and contractors.

2. Given the high variability in parameters observed within and between the sites studied
herein, additional deep Vs profiles, with extensive sampling and laboratory testing to obtain
shear modulus and damping curves, need to be obtained for more locations in the South
Carolina Coastal Plain.

3. The surface wave methods show promising results, but require further studies to examine
the testing procedures, data analyses protocols, and impacts on the results of site response
analyses.
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1.0 Project Information

The University of South Carolina (USC) received a Request for Proposal (RFP) titled “Deep Soil Test Borings
to Determine Shear Wave Velocities across South Carolina” in the spring of 2016 from the South Carolina
Department of Transportation (SCDOT). The RFP included field services and laboratory services and USC
asked S&ME to help coordinate the field services. The requested scope of field services included two
deep soil test borings with Standard Penetration Testing (SPT) and split-barrel sampling, thin-walled tube
sampling, and soil coring; and geophysical testing consisting of P-S suspension logging, gamma logging,
spontaneous potential logging, and surface wave testing.

The RFP designated the general area for two deep soil test boring locations, designated as Point A and
Point B. Point A was to be a 515-ft deep test boring performed near Conway, South Carolina and Point B
was to be a 615-ft deep test boring performed near Andrews, South Carolina. Two specific test sites that
could accommodate the drilling equipment and the surface wave testing were ultimately identified by
USC and S&ME. The Point A or 515-ft deep site was located on SCDOT right-of-way at the end of
Morgan Lane, north of Veterans Hwy/Conway Bypass/SC-22 in Aynor, South Carolina. The Point B or 615-
ft deep site was located on private property adjacent to a cultivated field approximately a quarter of a
mile west of County Line Road behind Farmers Grain & Milling, Inc. at 3167 County Line Road in Andrews,
South Carolina.

Site Vicinity Plans (Figures 1, 2, and 4) and Boring Location Plans (Figures 3 and 5) showing the site
locations and the approximate boring locations have been included in Appendix L.

2.0 Field Exploration Program

The field exploration program, which lasted from January 18 to March 10, 2017, included the performance
of two sets of geotechnical borings with accompanying geophysical testing at the Point A and Point B
sites. The set of borings at Point A consisted of the initial deep boring B-CON, and offset borings B-
CONBa, and B-CONb. The set of borings at Point B consisted of the deep boring B-FMG and an offset
boring, B-FMGa.

An S&ME Geotechnical Professional provided supervision during all fieldwork. All borings were drilled by
AE Dirilling, Inc., the drilling subcontractor. Borings B-CON, B-CONa, B-FMG, and B-FMGa were drilled and
sampled using an all-terrain vehicle (ATV) mounted CME 550X. Boring B-CONb was drilled using a truck
mounted Schramm 450. All downhole and surface geophysical testing was performed by GEOVision, the
geophysical subcontractor.

The following sections include a general overview of the field exploration followed by a more detailed
narrative of the drilling and sampling activities. Additional information on the geophysical testing is
included in the relevant GEOVision reports, which are included as appendices.

2.1 Geotechnical and Borehole Geophysical Testing

The geotechnical and borehole geophysical testing performed during this field exploration program
included SPT and split-barrel sampling, thin-walled tube sampling, soil coring, P-S suspension logging,
and induction/natural gamma logging. Table 2-1 summarizes the types of testing, dates, and depths
associated with each boring:
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Boring

Location
Number

Table 2-1: Boring Summary

Type of Testing Date(s) Drill Rig

Depths
(feet)

Date
Grouted

Split-Barrel Sampling 01/18 to 01/21/2017 0to 118
Soil Coring 01/23 to 01/27/2017 119.2 to 502
B-CON  |Thin-Walled Tube Sampling | 01/18 to 01/21/2017 10 to 109.5 02/05/2017
CME 550X
P-S Suspension 301.84 to 469.16
01/28/2017
Point A Induction/Natural Gamma 490 to 289
B-CONa |Thin-Walled Tube Sampling | 02/03 to 02/05/2017 0to 108.5 02/10/2017
N/AA 02/07 to 02/10/2017 0to 315
B-CONb P-S Suspension Schramm 450 | 6.56 to 293.64 | 03/10/2017
02/27/2017
Induction/Natural Gamma 309.90 to 4.75
Split-Barrel Sampling 02/06/2017 0to 20.7
Soil Coring 02/11 to 02/25 20.7 to 615
B-FMG 02/27/2017
Point B P-S Suspension CME 550X 13.12 to 597.11
02/26/2017
Induction/Natural Gamma 609.75 to 4.55
B-FMGa |Thin-Walled Tube Sampling | 03/07 to 03/09/2017 0to 154 03/09/2017

AB-CONb was drilled to a depth of 315 feet to facilitate geophysical logging. No geotechnical logging was completed on this borehole.

The geotechnical borings were drilled using a combination of mud-rotary drilling (in general accordance
with ASTM D5783) and wireline coring procedures (in general accordance with ASTM D2113). The mud-
rotary tooling consisted of NWJ rods with a 4 7/8-in stepped drag bit. Drilling fluid consisting of water
and bentonite and/or EZ-Mud drilling polymer was used for both mud-rotary drilling and wireline coring
procedures. An approximate 6-inch diameter borehole was drilled to allow for insertion of the
geophysical testing equipment. Split-barrel sampling and/or thin-walled tube sampling was performed
continuously from the ground surface until hard materials were consistently encountered. Boring B-CONb
was drilled using air-rotary drilling procedures (in general accordance with ASTM D5782) with a 10-inch
diameter bit.

Split-barrel sampling was performed in general accordance with ASTM D 1586. In split-barrel sampling, a
standard 2-in O.D split steel tube is driven into undisturbed soil at a select depth using a 140-lb hammer
falling a distance of 30-in. As requested, “continuous” 2-foot interval sampling was performed. The
number of blows required to advance the sampler each of the four 6-in intervals is recorded on the field
logs. The number of blows recorded for the second and third intervals are then combined and recorded
as the Standard Penetration Resistance (N-value). Field logging was performed in general accordance
with ASTM D5434. The N-values! provide an indication of the relative density of coarse-grained soils and
the consistency of fine-grained soils. As the split-barrel samples were collected, a Geotechnical
Professional visually and manually classified the soil in general accordance with ASTM D2488 and the
SCDOT Geotechnical Design Manual Version 1.1 (GDM). The samples were then sealed and labeled in

! The N-values and soil consistency on the boring logs have not been normalized for the specific hammer
energy, and thus represent field values.
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individual jars and packed for transport to USC. The N-values, field classification of the soils, and other
related subsurface information for borings B-CON and B-FMG are presented in the Boring Logs included
in Appendix IL

In addition to split-barrel sampling, thin-walled tube sampling was performed in general accordance with
ASTM D1587/D1587M. We obtained ten thin-walled samples from boring B-CON, eleven samples from
boring B-CONa, and six samples from B-FMGa in strata selected by USC and S&ME. Thin-walled tube
sample depths are discussed in further detail in Section 2.1.1.2 and 2.1.1.3. Both Shelby-tube samplers
and pitcher-barrel samplers were used during this project. In Shelby-tube sampling, a 2-ft long, thin-
walled steel tube with a sharp leading edge is pushed into undisturbed soil at a select depth in the
borehole to obtain relatively undisturbed samples of cohesive soils. In cases where damage to the
Shelby-tube sample was considered likely, a pitcher-barrel sampler was used to attempt the sample. A
pitcher-barrel sampler consists of a spring-mounted, 2.5-ft long, thin-walled tube inner barrel with a
rotating exterior cutting shoe/barrel. In softer materials, the spring extends the tip of the thin-walled tube
beyond the cutting shoe while in stiffer materials, the spring is compressed resulting in the cutting shoe
leading the thin-walled tube. The recovered tube samples were cleaned at each end, sealed with wax,
capped, taped, and transported to USC in general accordance with ASTM D4220/D4220M.

Once hard material was consistently encountered, the mud-rotary tooling was replaced with soil coring
tools. An H-sized core barrel was used. Coring was accomplished by advancing an outer steel casing with
a rock carbide or diamond bit and an inner sample barrel that is locked into the drill string annulus. A
triple-tube, split inner barrel wireline coring system was used in an effort to enhance core recovery. Once
implemented, continuous core runs were conducted at 5-foot intervals. As the core samples were
collected, a Geotechnical Professional visually and manually classified the soil in general accordance with
ASTM D2488 and the GDM. The samples were then wrapped in cellophane and placed in polyurethane
lined wooden boxes, which were then labeled and prepared for transport to USC. This procedure was
continued until the borehole termination depth was reached. At the termination depth, the borehole was
flushed until GEOVision was ready to begin logging at which point AE Drilling removed tooling and
GEQVision commenced logging.

GEOVision performed the geophysical testing at Point A and Point B on January 28, February 26, and
February 27, 2017. The purpose of this testing was to collect in-situ horizontal shear and compressional
wave velocity measurements (P-S suspension logging), as well as long and short conductivity and natural
gamma data (induction/natural gamma logging). The methods, procedures, results, and certifications for
the borehole geophysical testing phase of this project are detailed in GEOVision Report 17016-01 rev 0
dated April 10, 2017. This report has been included in Appendix IIL

Upon completion of the geotechnical and geophysical testing, the boreholes were grouted with a
Portland cement/bentonite slurry. After completion of the field work, the split-barrel, thin-walled tube,
and core samples were transported to USC in Columbia, South Carolina.

2.1.1 SPT Hammer Verification and Energy Measurements

Prior to the start of this project, the SPT hammer efficiency on the drill rig was measured by S&ME in
general accordance with ASTM D4633 with a PAX Pile Driving Analyzer™ (PDA). The PDA was used to
record and interpret data from two piezoelectric accelerometers which were bolted to a 2-feet long NW)J
drill rod internally instrumented with two strain transducers. The accelerometers and strain gages, which
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are mounted on opposing axes near the middle of the instrumented rod, monitor acceleration and strain
for each hammer blow.

The analyzer converts the data to velocities and forces, computing the maximum transferred hammer
energies, driving forces, and stresses. All results are recorded and displayed in real time for each blow.
The total drill rod length was 20 to 95 feet while obtaining energy measurements. The N-values during
testing ranged from about 19 to 44 blows per foot (bpf).

The SPT hammer energy testing is summarized in the table below. It should be noted that the EFV
method was used to determine the energy transferred to the drill rod, and this value was used to compute
the transfer efficiency?.

Table 2-2: SPT Hammer Verification and Energy Measurements

Drilling

(Serial No.) Weight? HeightA Efficiency

Drill Rig Date

AE Drilling CME 550X | 05/20/2016 - CME Automatic
Services ATV 05/23/2016 (SN 613)

1396 Ib 30.0in NWJ 91.5%

AIn accordance with ASTM D1586, the hammer weight shall be 140 + 2 Ibs, and the drop height shall be 30 + 1 in.

2.1.2 Point A Detailed Narrative

S&ME and AE Drilling mobilized to Point A on January 18, 2017. At this site, AE Drilling drilled and
sampled three boreholes: borings B-CON, B-CONa, and B-CONb. The site remained active until March 10,
2017 when an upper standpipe was removed from boring B-CONb and the casing was grouted in-place
with a Portland cement/bentonite slurry.

2.1.2.1 Boring B-CON

Boring B-CON was drilled using a CME 550X all-terrain vehicle mounted drill rig from January 18 to
January 27, 2017. From January 18 to 21, 2017, split-barrel sampling and thin-walled tube sampling were
conducted “continuously” from the ground surface to a depth of 118 feet. Mud-rotary procedures were
used to advance the borehole after each split-barrel or thin-walled sample. AE Drilling cleared 2 feet from
the top of each split-barrel sample, and 3 feet from the top of each thin-walled sample. Thin-walled tube
samples were attempted at ten depths: 10 feet, 15 feet, 56 feet, 59 feet, 74 feet, 77 feet, 86 feet, 89 feet,
94 feet, and 107 feet BGL. Both Shelby-tube sampling and pitcher-barrel sampling were used, depending
on the lithology. However, only three samples (depths 10 feet, 15 feet, and 86 feet BGL) experienced any
recovery without damage, one sample (depth 94 feet BGL) experienced no recovery, and the remaining six
samples sustained damaged during sample collection.

On January 23, 2017, drilling operations transitioned to coring procedures. A triple-barrel wireline HQ
(94mm) coring system was implemented. Once the tooling was installed, the tip depth was verified to be

2 Transfer efficiency is defined as the maximum measured energy in the drill rod divided by the assumed
maximum rated energy. The assumed maximum rated energy is based on a 140 pound (0.14 kip) hammer
falling from a 30 in (2.5 foot) drop height.
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119.2 feet BGL. From January 23 to January 27, 2017, the borehole was advanced to a depth of 502 feet
BGL. At this depth, the system suffered a 100% loss of fluid circulation. Ben-Seal was added to the
drilling fluid in an attempt to regain circulation, but was unsuccessful. After discussing options, costs, and
schedules with USC, we opted to terminate the drilling, even though it was 13 ft shorter than planned.

Once the termination decision was made, AE Drilling began removing tooling from the borehole. In an
attempt to reduce the chance of a cave-in, AE Drilling only removed 200 feet of core rod, leaving the
upper 300 feet cased-off by the core rods. GEOVision inserted their logging equipment through the core
rods and conducted the borehole geophysical testing: first, induction/natural gamma logging was
performed from 490 to 289 feet BGL and then P-S suspension logging was performed from 301.84 to
469.16 feet BGL. The maximum logging depths were as deep as the tooling would descend, presumably
due to sidewall instability. The upper depth was dictated by the presence of the remaining core rod.

Once the first series of geophysical testing was completed, AE Drilling attempted to remove the remaining
310 feet of core rod from the borehole. At a tip depth of approximately 210 feet BGL, the tooling became
lodged in the borehole and a portion of the core rod disconnected from the upper section leaving
approximately 100 feet of tooling in the borehole between approximate depths of 110 feet and 210 feet
BGL. After several attempts to retrieve the core rod, the rods were abandoned and all geotechnical
activities were stopped on boring B-CON. The borehole was secured until February 5, 2017 when it was
grouted with a Portland cement/bentonite slurry.

2122 Boring B-CONa

Boring B-CONa was drilled using a CME 550X all-terrain vehicle mounted drill rig from February 3 to 5,
2017. The purpose of this borehole was to gather eleven supplemental thin-walled tube samples from the
site. This was requested by USC because several thin-walled tube samples collected from boring B-CON
were damaged. Three 2.0-foot long Shelby-tube samples were collected at depths of 21 feet, 39 feet, and
45 feet BGL. Eight 2.5-foot long pitcher-barrel samples were collected at depths of 47 feet, 50 feet, 53
feet, 70 feet, 76 feet, 92 feet, 102 feet, and 106 feet BGL. All thin-walled samples with the exception of the
Shelby-tube sample at 45 feet BGL had recovery. The thin-walled samples at 92 feet and 106 feet BGL
sustained damage to the sharp leading edge, but were still prepared for delivery to USC. After
completion of all eleven thin-walled tube samples, the borehole was secured until February 10, 2017 when
it was grouted with a cement/bentonite slurry mix.

2123 Boring B-CONDb

Boring B-CONb was drilled using a Schramm 450 from February 7 to 10, 2017. The purpose of this
borehole was to collect geophysical data from the surface to a depth of approximately 300 feet (i.e., the
portion of B-CON that couldn’t be logged). AE Drilling used air-rotary procedures to advance the
borehole using a 10-in diameter drill bit to a depth of 315 feet BGL. The hole was then cased with 320
feet of 6-in diameter PVC casing, which was grouted in-place. The borehole was secured until GEOVision
reported to the site on February 27, 2017 to conduct the geophysical testing. The geophysical testing was
conducted in two phases: P-S suspension logging was performed from 6.56 to 293.64 feet BGL, and
induction/natural gamma logging was performed from 309.90 to 4.75 feet BGL. After completion of the
geophysical logging, the borehole was secured until March 10, 2017 when it was grouted with a Portland
cement/bentonite slurry.
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2.1.3 Point B Detailed Narrative

S&ME and AE Drilling mobilized to Point B on February 6, 2017. At this site, AE Drilling drilled and tested
two boreholes (borings B-FMG and B-FMGa). Geotechnical and geophysical data were collected from
boring B-FMG from February 3 to 26, 2017. Geotechnical samples were collected from boring B-FMGa
from March 7 to 9, 2017. The site remained active until March 9, 2017 when boring B-FMGa was grouted
with a Portland cement/bentonite slurry.

2.1.3.1 Boring B-EFMG

Boring B-FMG was drilled using a CME 550X all-terrain vehicle mounted drill rig from February 6 to 25,
2017. On February 6, 2017, split-barrel sampling was conducted from the ground surface to a depth of
20.7 feet. During this period, mud-rotary procedures were used to advance the borehole after each split-
barrel sample. On February 11, 2017, drilling operations transitioned to coring procedures. Once the
tooling was installed, the tip depth was verified to be 20.7 feet BGL. From February 11 to 25, 2017, the
borehole was advanced to the termination depth of 615 feet BGL.

Having reached the termination depth near the end of the day on February 25, 2017, the borehole was
secured overnight. On February 26, 2017, the borehole was flushed until GEOVision was ready to begin
logging at which point AE Drilling removed all tooling and GEOVision inserted their instrumentation into
the open borehole. The geophysical data was collected in two phases: P-S suspension logging was
performed from 13.12 to 597.11 feet BGL, and induction/natural gamma logging was performed from
609.75 to 4.55 feet BGL. After completion of the geophysical logging, the borehole was secured until the
following day, February 27, 2017 when it was grouted with a Portland cement/bentonite slurry.

2.1.3.2 Boring B-FMGa

Boring B-FMGa was drilled using a CME 550X all-terrain vehicle mounted drill rig from March 7 to 9, 2017.
The purpose of this borehole was to collect six thin-walled tube samples based on the geotechnical data
collected in boring B-FMG. The boring was advanced using mud-rotary procedures. Three 2.0-foot long
Shelby-tube samples were collected at depths of 4 feet, 6 feet, and 8 feet BGL. Three 2.5-foot long
pitcher-barrel samples were collected at depths of 145 feet, 148 feet, and 151 feet BGL. After completion
of all six thin-walled tube samples, the borehole was secured until March 9, 2017 when it was grouted
with a cement/bentonite slurry mix.

2.2 Surface Wave Testing

In-situ seismic measurements using active surface wave techniques were obtained by GEOVision at both
Point A and Point B sites from March 6 to 8, 2017. The purpose of this testing was to provide shear wave
velocity profiles to a depth of approximately 60 meters. The active surface wave techniques used during
the investigation consisted of multi-channel analysis of surface waves (MASW) and spectral analysis of
surface waves (SASW) methods. GEOVision also obtained passive measurements using a linear array for
comparison purposes. The methods, procedures, results, and certifications for the surface wave testing
phase of this project are detailed in GEOVision Report 17016-02 rev a dated May 22, 2017. This report
has been included in Appendix IV.
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3.0 Site Conditions
3.1 Surface Features

3.1.1 Surface Features at Point A

Upon arriving at Point A, it appeared that the staked location of the boring would not be stable enough
and would not allow for adequate staging room. As such, the boring was relocated to the end of Morgan
Lane in the roadway. The ground surface was generally covered with crushed stone or exposed bare
earth. No topographic information was provided at the time this report was completed. However, a
topographic relief of approximately 1 foot was present between the three boring locations. A drainage
feature was present between Morgan Lane and Veterans Hwy/Conway Bypass/SC-22, just south of the
boring locations and a detention pond was present north and northwest of the boring locations.

Our exploration was made during a period of generally mild, dry weather with few instances of light wet
weather. The exposed ground surface was observed to be generally stable beneath the drill rigs.

3.1.2 Surface Features at Point B

Upon arriving at Point B, a roll-off dumpster was in place near the staked location of the boring for use as
a drilling fluid and soil retention area. The site was along the edge of a perimeter farm path for a
cultivated field. A copse of planted pine trees is present northwest of the boring locations. An additional
wooded area was present north and northeast of the boring locations. The ground surface was generally
covered with grass. No topographic information was provided at the time this report was completed.
However, the area where the borings were located appeared to have a maximum topographic relief of
approximately 2 feet and sloped gently down to a shallow swale along the perimeter road south of the
boring locations.

Our exploration was made during a period of generally mild, dry weather with few instances of light wet
weather. The exposed ground surface was observed to be generally stable beneath the drill rig.

3.2 Area Geology?®

The sites lie within the Coastal Terraces Region of the Lower Coastal Plain of South Carolina. The
topography of this region is dominated by a series of archaic beach terraces, exposed by uplifting of the
local area over the last one million years. The lower coastal plain terraces are relatively young Quaternary
features, exhibit only minor surface erosion, and can be traced large distances on the basis of surface
elevation. Each terrace forms a thin veneer over older, consolidated marine shelf or terrestrial Coastal
Plain residual soils that are Cretaceous to Tertiary in age.

3 The information presented in the section 3.2 of this report was gathered from relevant USGS reports
available through The National Geologic Map Database (2017, June 28) retrieved from
https://ngmdb.usgs.gov/ngmdb/ngmdb _home.html and the Mineral Resources On-Line Spatial Data
(2017, February 28) retrieved from https://mrdata.usgs.gov/geology/state/map.html.
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The terrace formation encountered at the surface near Point A was the Waccamaw Formation. This
formation is a deeply weathered terrace of the early to middle Pleistocene age. It is typically O to 12 feet
in thickness in South Carolina and consists of soft limestones and loose gray to buff fine quartz sands in
which occasional small quarts pebbles are present. In places, the formation contains a small number of
black water-worn phosphatic pebbles that were evidently derived from the Cretaceous.

The terrace formation encountered at the surface near Point B was the Socastee Formation. This
formation is a low coastal formation from the Pleistocene age. It is typically O to 16 feet thick and consists
of variegated quartzose sands, argillaceous sands, and clays.

Materials comprising the terraces typically consist of a strand or beach ridge deposit of clean sands at the
seaward margin. Between the strand and the toe of the next inland terrace are mainly finely interlayered
clays and sands termed backbarrier deposits. In most areas, the terrace deposits are sufficiently old for a
fully developed residual soil profile to have formed from the parent material, but old swamp deposits,
stumps, and buried trees have in some areas been covered by the terraces and are usually not evident at
the surface.

Over wide areas in both Horry and Williamsburg Counties, seams of poorly consolidated silts or clays
occur near the base of the terrace sediments. These sediments were weathered or eroded from the
underlying Pee Dee Formation and redeposited a short distance away in a low-energy environment.
Under these conditions, the in-place soils often exhibit little strength and can be highly compressible.

The Pee Dee Formation consists of a thick, massive bedded, dark gray to green, calcareous clay-sand or
sand-clay. Ledges of thin limestone or cemented soils are often encountered about every 6 to 8 feet in
soil test borings and may range from 6 inches to 4 feet thick. In this part of the county, it is also common
for the upper surface of the Pee Dee Formation to be encountered with a highly-cemented marine layer
of 12 to 24 inches in thickness, which is where our soundings refused at depths of about 41 to 56 feet.
The Pee Dee Formation is estimated to be late Cretaceous age, about 65 million years old. This layer
generally forms the bearing layer for deep foundations supporting heavy structures in the area, and is
rarely penetrated fully by geotechnical borings.

4.0 Limitations of Report

This geotechnical exploration data report has been prepared in accordance with SCDOT GDM Chapter 21
and with generally accepted geotechnical engineering practice for specific application to this project. The
information in this report is based on the applicable standards of our practice in this geographic area at
the time this report was prepared. No other warranty, expressed or implied, is made. Environmental
assessments of soils, water, wetland, and endangered species were not included in our geotechnical scope
of services for this project.

We appreciate the opportunity to be of service to both USC and the SCDOT on this project. If you have
any questions concerning this data summary report, please do not hesitate to contact S&ME.
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) ) 29.0 S i
Thin clay lenses, (MC=57.4%,LL=NP, S
- - o, S
a90{ - PIENP FC=49.0%) dss13l2 3 5|8 e&———4&C
i i 31.0 S i
Strongly reactive, shell fragments, A
— 0, - - = 0, N N B N B B
| | (MC=52.8%,LL=NP, PI=NP, FC=41.0%) dsstawoHwoH 6 | 6 |@ a O ]
| 330 33.0 S i
Loose to medium dense, wet, none oo
| | reactive, gray (GLEY 1 N 5/), fine to | . i
medium sand, few low plasticity fines, SS-15| 3 4 5 9 . : A O§
POORLY GRADED SAND WITH SILT 35.0 N
44.07 7 (SP-SM/ A-2-6), (MC=37.2%,LL=NP, -
PI=NP, FC=30.8%) PP
) T (MC=24.9%,LL=NP, PI=NP, FC=14.0%) 7SS161 3 3 5 )8 ) @A.O: i
i i 37.0 Do -
(MC=26.8%,LL=NP, PI=NP, FC=8.4%) oo
E . 488173 5 9|14 | A@: O -
] ] 39.0 A i
(MC=20.6%,LL=32, PI=5, FC=19.0%) R
39.0- - 1ss-18| 8 9 9 | 18 —@D>K—
i i 41.0 A _
Clay lens, (MC=32.9%,LL=NP, PI=NP, A
= ) : : : :
] | FC=7.6%) 488191 2 6 6 |12 | A® : O: )
il il 430 Do i
(MC=21.8%,LL=NP, PI=NP, FC=9.2%) S
. . 4ss20l1 1 1|2 @A O .
340 450 45.0 I N
' Loose to medium dense, wet, weakly oo
| | reactive,very dark gray (GLEY 1 N 3/), fine | oo i
to medium sand, some low to medium ss2111 2 315 |@ AO
plasticity fines, CLAYEY SAND (SC/ A-6), 47.0 T
7 7 shell fragments throughout, A ]
(MC=22.0%,LL=NP, PI=NP, FC=18.0%) Do
1 7 Gley6/10Y (Greenish Gray), 18s22) 7 8 1220 - @ A i
} | (MC=17.5%,LL=NP, PI=NP, FC=33.0%) S 490 |
(MC=24.8%,LL=20, PI1=3, FC=35.0%) / o
LEGEND ‘Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth: [502ft |Soil Depth: [118ft |Core Depth: |502ft |Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB |6 ft |24HR |29t
® SPTNVALUE @
§_|s. 2ql2s | 28 E e
RS E SOl eEQE|l EE |- 3 = o
8 g MATERIAL DESCRIPTION g_, g,gé’ g5 |® © 5 ; A FINES CONTENT (%)
w Zl2 § & 0 1¢,20-30,40 50 60 70 80 90
//" SS-231 4 5 8 1 13 R
1 510 ) 51.0 ono ]
MIDDLE PEEDEE FORMATION: 7 oo
- - Stiff to firm, moist to dry, strongly reactive, / 48824 3 4 5 9 ® A 4
weakly to moderately cemented, greenish
_ _| black (GLEY 1 10Y 2.5/1), low to medium / 53.0 - C
plasticity fines, some fine sand, SANDY T :
N _| FAT CLAY (CH/ A-7-6) shell fragments / dssa2s5l 1 2 71 9 ®  Xo——x A
throughout, some cemented nodules, oo Ty T :
94,04 | (MC=28.4%,LL=NP, PI=NP, FC=31.0%) / 55.0 I :
(MC=37.3%,LL=58, P|=26, FC=94.2%) / S
7] 71 Shelby: Damaged / 7 uUD-3 HH A
] | (MC=35.3%,LL=68, PI=44, FC=91.6%) / ] S i
/ 57.5 Do
| _| Shelby: Damaged / | I i
19.04 4 / 60.0
(MC=34.5%,LL=66, PI=31, FC=97.0%) / Do
. . / 1ss-26| 9 11 12| 23 0 B— X A
I Y o S
(MC=34.9%,LL=59, PI=31, FC=96.0%) / A
7 7 / 18827 9 11 16| 27 . @o——X A
1 / 640 S |
(MC=35.6%,LL=58, PI=23, FC=93.8%) /
14.0 - % {ss28| 8 11 12| 23 *—%- A
i | / 66.0 o ]
Layer of strong cementation, / S
4 (MC=34.3%LL=50, PI=6, FC=82.6%) / ~ss-29| 10 502" | 100 OiXX Al e
{1 /68.0
(MC=38.2%,LL=62, PI=26, FC=98.2%) / oo
4 A % dss30] 7 10 13| 23 ® o X A
0.0 ] / 70.0 SRR
' (MC=38.7%,LL=63, PI=28, FC=96.0%) / .
] . / Issat|7 o 13|22| @ xo——x © 9
1] / 72.0 S
Shelby: Damaged /
] ] % | ub-5 ]
’ ’ / 745 | i
Shelby: Damaged % T
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth: [502ft |Soil Depth: [118ft |Core Depth: |502ft |Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB |6 ft |24HR |29t
@ SPTN VALUE @
2ol £./22 | 28 g & X
© g o.g S 5| g o.g EE | . = - ©
3 g MATERIAL DESCRIPTION E3188% 55 |0 & & ; A FINES CONTENT (%)
Ll pzd ] c <4
n 2 & ® 010 20 30 40 50 60 70 80 90
(MC=30.1%,LL=43, PI=12, FC=85.0%) / . .
. . % 48S-32| 9 10 13| 23 @ —X CAC A
| A o0
(MC=30.3%,LL=47, PI=20, FC=88.8%) / S g
-1.0 - / 4ss-33| 7 25 17| 42 —O—@x— A
{1 / 81.0 IR -
(MC=32.9%,LL=46, PI=23, FC=92.0%) /
- - / {ss34| 18 14 17| 31 - A -
Shelby: 100% Recovery / oo :
- - Layer of strong cementation / E C
/ ub-7 oo z
60l - / | S |
% 85.5 Doron :
. - Shelby: Damaged / 7 D
(MC=30.2%,LL=55, PI=22, FC=91.6%) / ono ;
. . % 4SS-35\WOR 10 16 | 26 | @O A -
-11.04 i / 90.0 o s :
Shelby: No Recovery / S
(MC=32.1%,LL=57, PI=22, FC=96.0%) / S
-16.0- - / 4ss36| 9 10 13| 23 ooc——x A
1 - / %.0 IR |
(MC=33.9%,LL=53, PI=20, FC=93.0%) /
- - / -4S8-37| 7 50/3" 100 R——X AQ
1] / 98.0 Dol i
(MC=34.6%,LL=51, PI=23, FC=88.0%) / oo P
. . / 4SS-38| 8 10 13| 23 ‘@HX-o-—X CA A
A 100.0 I
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth: [502ft |Soil Depth: [118ft |Core Depth: |502ft |Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB |6 ft |24HR |29t
® SPTNVALUE @
TE s s Q| g Eg EE | . = - ©
3 g MATERIAL DESCRIPTION g_, g,gé’ S5 |® o o ; A FINES CONTENT (%)
Ll pzd ] c <4
- & o 0 10 20 30 40 50 60 70 80 90
(MC=27.0%,LL=51, PI=21, FC=86.0%) 7 S
- - / {ss39|36 21 23| 44 P O—eX CAL
(MC=32.0%,LL=47, PI=18, FC=92.6%) / . P
. . / 18S-40| 8 9 11| 20 ® o—x DA
] ] / 104.0 S Co
Shelby: No Recovery /
2607 T % 7 up-10
I / 106.5 | : Fo
] | (MC=29.2%,LL=43, PI=18, FC=92.0%) / ] S S
/ Ss-41| 7 10 10| 20 ®—x CA
1 /ms.s‘ R
il | (MC=31.1%,LL=46, PI=23, FC=88.0%) / i S P
/ Ss42| 7 14 15| 29 XX DA
-31.0- . . — —
/ 110.5 : :
i | (MC=13.4%,LL=33, PI=8, FC=81.0%) / | o : z ]
% SS-43 |50/6" 100 | O X=X : A
1] / 1125 | N : .
] | (MC=19.3%,LL=34, PI=16, FC=58.2%) / ] SRR : i
/ sS-44| 9 12 50/3( 12 | @®—X | | A
] ] Shelby: No Recovery / 1145 | : : : i
-36.0- - Layer of strong cementation % i -
1 7 Very dark greenish gray (GLEY 1 10Y 3/1) / i 1
| | % | 50/0" 100 Lo [ )
4119 24 Switched over to soil coring / 119.2- i
Moist, strongly reactive, moderately to o I
-41.04 - strongly cemented, very dark greenish gray SC-1 1.1'/1.5 L Y ¥
(GLEY 1 10Y 3/1), fine to medium sand,
E - little to some low plasticity fines, SILTY o R
SAND (SM / A-2-4), blocky, A
_ 4 (MC=3.9%,LL=21, PI=4, FC=28.0%) A e
(MC=16.4%,LL=23, PI=5, FC=24.0%) S
1123571 sc2 | 37/50 D OOk ]
| | LOWER PEEDEE FORMATION: | Lo i
Hard to very hard, moist, weakly to strongly -
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth:  |502ft  |Soil Depth: | 118ft | CoreDepth: |502ft | Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB |6 ft |24HR |29t
@® SPTN VALUE @
5§ | g les | 28 2 X
© g o.g Q5| o.g g - = - ©
3 8 MATERIAL DESCRIPTION g_. (538 55 |% © o ; A FINES CONTENT (%)
Ll pzd ] c <4
- & o 0 10 20 30 40 50 60 70 80 90
reactive, very dark greenish gray (GLEY 1 125.7 A
i | 10Y 3/1) gray (GLEY 1 N 5/), low plasticity ] ol |
fines, some fine to medium sand, SANDY T
| | SILT (ML/A-4) N |
Layer of strong cementation, N
_ 1 (MC=27.8%,LL=29, PI=7, FC=28.6%) | N i
SC-3| 24'/50 S S
5104 1 - —
130.7 oono
- < Moist, strongly reactive, dark greenish gray A B
(GLEY 1 10Y 4/1), fine to medium sand, N
- - some low plasticity fines, SILTY SAND (SM N R
/ A-6), (MC=14.2%,LL=NP, PI=NP, ol
_ | FC=29.0%) R i
SC-4 4.3'/5.0 O A
7 7] Layer of strong cementation 1
s60{ 156 i
135.7 1135.7 N
e < Hard to very hard, moist, weakly to strongly - S ]
reactive, very dark greenish gray (GLEY 1 .
- 4 10Y 3/1), low to medium plasticity fines, - N R
little to some fine to medium sand, SANDY o
i | LEAN CLAY (CL / A-6), lenses of strong i . i S i
cementation (~0.2' to 0.4' thick), seams of SC-5| 4.9/50 PO XX
| _| clayey sand (~0.1' to 0.3' thick), | T i
(MC=16.4%,LL=46, PI=17, FC=33.4%) S
6104 1 - ——
140.7 .
— =4 (MC=16.5%,LL=33, PI=10, FC=40.8%) — . 7]
14347 Tsce| 481750 OX—X A ]
Moist, weakly to strongly reactive, very dark .
7] 7 gray (2.5Y 3/1), fine sand, some medium 7]
plastic fines, CLAYEY SAND (SC / A-2-6),
-66.0 7 lenses of strong cementation (~0.2' to 1.2'
thick)
T T (MC=18.5%,LL=33, PI=16, FC=39.4%) i
11486 | ) SC-7 | 34750 O—xA |
i | Moist, weakly reactive, very dark gray (5Y 7 i A i
3/1), high plasticity fines, little fine sand, /
SANDY FAT CLAY (CH / A-7-6), trace 7 R S S S S
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth:  |502ft  |Soil Depth: | 118ft | CoreDepth: |502ft | Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB |6 ft |24HR |29t
@ SPTN VALUE @
PL MC LL
g s 2ol8s_| 28 3 S
© g o.g Q5| o.g g - = - ©
3 g MATERIAL DESCRIPTION g_. &gé’ S5 |® © o ; A FINES CONTENT (%)
Ll pzd ] c <4
- & o 0 10 20 30 40 50 60 70 80 90
decomposed shell fragments 7 150.7 S
- 4 (MC=18.5%,LL=63, PI=23, FC=83.0%) % - S
11 % 1sce| 45750 O kx| Al
155.7 A 155.7 o
- - Moist, weakly to strongly reactive, dark gray - R B
(5Y 4/1), medium plasticity fines, little to .
- - some fine to medium sand, SANDY LEAN - . .
CLAY (CL / A-6), trace decomposed shells, o
_ 41 (MC=19.4%,LL=34, PI=14, FC=30.6%) _ oo i
SC-9 4.8'/5.0' H
8104 1 - ——
160.7 7] 160.7 o
— - Moist to wet, weakly reactive, weakly / — oo ]
cemented, dark greenish gray (GLEY 1 10Y [
4 - 4/1), fine to medium sand, some medium - oo .
plasticity fines, CLAYEY SAND (SC/ R
_ | A-2-6), trace shell fragments, trace blocky _ . i R ]
strongly cemented sand, SC-10| 4.3'/5.0 P OXA
| | (MC=16.8%,LL=24, PI=2, FC=29.0%) | R ]
-86.0 - 7% -
71 165.7 S
- 4 (MC=22.8%, LL=32, PI=5, FC=27.0%) . b oo 7]
} } sc-11| 5.07/50 oxx ]
-91.0+ B oot 7
# 170.7
- =4 (MC=21.3%, LL=31, PI=7, FC=23.0%) / - y
N § 0 Isc12| 50750 QH< i
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON

Site Description: | USC-SCDOT Deep Seismic Holes | Route:

Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A

Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth:  |502ft  |Soil Depth: | 118ft | CoreDepth: |502ft | Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB |6 ft |24HR |29t

@® SPTN VALUE @
5 |« 28 g & X
SE | 8 EE|. K : | O
% 2 MATERIAL DESCRIPTION 3 2 o © o ; A FINES CONTENT (%)
w 2 & & 0 10 20 30 40 50 60 70 80 90
175.9 S
Hard, moist, to wet, weakly to strongly L
reactive, dark greenish gray (GLEY 1 10Y I
7 7 4/1), medium plasticity fines, some fine A 7
sand, SANDY LEAN CLAY (CL / A-6), trace L
7 -1 decomposed shell fragments, (MC=21.6%, 1sc-13| 5.07/50 CONMO—AX T
LL=35, PI=17, FC=31.0%) c N
SCISIE : i
180.7 L
- =4 (MC=22.1%, LL=40, P1=20, FC=45.0%) b L 7]
i } Isc-14] 3850 XA ’
1907 e 7] 1 —
185.7 185.7 L
- - Hard, moist, weakly reactive, greenish 7 - R .
black (GLEY 1 10Y 2.5/1), high plasticity A
4 - fines, little fine sand, SANDY FAT CLAY / - R .
(CH / A-7-6), laminated clayey sand (~3mm I
i 4 to 5mm thick), trace shell fragments, / _ R R i
(MC=44.0%, LL=50, PI=19, FC=70.2%) % SC-15| 4.8'/5.0 PoXTeX A
o] / : -
190.7 L
. < (MC=28.9%, LL=54, PI=29, FC=69.0%) % B oo 1
i i % Isc18| 46750 IXo———X A i
-116.0 e % -
195.7
- =4 (MC=29.0%, LL=43, PI=26, FC=42.0%) % - ]
197.6 A -
4 | BLACK CREEK FORMATION: 4 R ]
- . SC-17 5.0'/5.0' PX—e—K
Hard, moist, weakly to strongly reactive, T
- - weakly cemented, dark greenish gray — N
(GLEY 1 10Y 2.5/1), medium plasticity e
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core

AWG - Rock Core, 1-1/8" CT - Continuous Tube

DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth: [502ft |Soil Depth: [118ft |Core Depth: |502ft |Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB [ 6 ft |24HR |29 ft
@ SPTN VALUE @
§_ | g les | 28 E R
®© g o.g aglg o.g g | - s - ©
3 2 MATERIAL DESCRIPTION g_. (;)“8 55 |% © o ; A FINES CONTENT (%)
Ll pzd 2] c <4
- & o 0 10 20 30 40 50 60 70 80 90
fines, some fine to medium sand, SANDY A
200.7 ’ ’ 200.7 e
_ " LEAN CLAY (CL / A-6), trace shell 7 _ oo -
fragments, trace moderately to strongly / .
| | \cemented sand / A i
Hard, moist, weakly reactive, very dark /
- - greenish gray (GLEY 1 10Y 3/1), medium to 1ecn. . \ :35 55 : ;.3 : B
high plasticity fines, little to some fine to / SC-18| 34'/50 A
] 4 medium sand, SANDY FAT CLAY (CH/ - N B
A-7-6), trace shell fragments, trace mica, / .
-126.0- _| stratified clayey sand (~5mm to 0.1' thick), _ N
(MC=27.4%, LL=49, P|=28, FC=50.0%) / 205.7 Do
. 4 (MC=46.5%, LL=49, PI=26, FC=17.0%) % . A .
7 } % 7sc19| 34'/50 D AX—X )
o] - % - IR
210.7 2 210.7 o
- - Hard, moist, none to weakly reactive, very — . ]
dark greenish gray (GLEY 1 10Y 3/1), A
- - medium plasticity fines, some fine sand, - A R
SANDY LEAN CLAY (CL / A-6), trace oo
_ _| shells, trace mica, stratified fat clay, _ , ) oo ]
(MC=23.9%, LL=32, PI=11, FC=39.0%) SC-20| 28/5.0 WX A
0] - : —
215.7 oo
E +4 (MC=27.5%, LL=53, PI=23, FC=54.0%) . oo 1
4218.14 i o S _
Hard, moist, none to weakly reactive, sc-21 5.0'/5.0 POk
_ _| greenish black (GLEY 1 10Y 2.5/1), high o i
plasticity fines, few fine sand, FAT CLAY
-141.0 _| WITH SAND (CH / A-7-6), trace shell
' 2207 fragments, laminated clayey sand
- < Moist, none to weakly reactive, very dark s
greenish gray (GLEY 1 10Y 3/1), fine sand,
- - some low to medium plasticity fines, g
CLAYEY SAND (SC / A-6), trace shell A
| - fragments, few moderately cemented sand, | , ) U |
(MC=18.8%, LL=36, PI=22, FC=33.0%) 5C-22( 1.6/50 RO
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SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth: [502ft |Soil Depth: [118ft |Core Depth: |502ft |Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB |6 ft |24HR |29t
@® SPTN VALUE @
5§ | g les | 28 2 X
© g o.g Q5| o.g g - = - ©
3 8 MATERIAL DESCRIPTION g_. (538 552 © o ; A FINES CONTENT (%)
Ll pzd ] c <4
- & o 0 10 20 30 40 50 60 70 80 90
oz N
- 4 No Recovery 7% A .
Layers of fine sand with laminations of A
7 7 sandy lean clay and clayey sands o 7
7 ] Isc-23| 03750 i
5104 - —
b -1 No Recovery -
7 ] Isc24| 03750 i
15604 - —
— = (MC=46.9%, LL=38, PI=22, FC=43.0%) 7]
i i Isc25| 13750 | X——XAO i
-161.0- -
240.7 S
- - Moist, none to weakly reactive, very dark Do E
greenish gray (GLEY 1 10Y 3/1), fine sand, o
4 4 some low to medium plasticity fines, s -
CLAYEY SAND (SC / A-6), very hard none Co
_ _| reactive rock lens (~0.6' thick), (MC=30.8%, _ , ) L ]
LL=NP, PI=NP, FC=41.0%) SC-26| 25750 © A
244.9
-166.0 | Hard, moist, none to weakly reactive, 7
greenish black (GLEY 1 10Y 2.5/1), high 245.7
7| 246.47| plasticity fines, few fine sand, FAT CLAY 7] 7]
WITH SAND (CH / A-7-6), trace shell
n - \fragments n ]
1 | (MC=31.5%, LL=36, PI=15, FC=32.8%) 1 A ]
Moist to wet, none to weakly reactive, dark SC27| 20750 :;E ;@ :§
_ - greenish gray (GLEY 1 10YG 4/1), fine / - ]
249.6 | sand, some to little low to medium plasticity /277
[\ fines, CLAYEY SAND (SC/ A-6), seams of [T"[' R S S S S
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth:  |502ft  |Soil Depth: | 118ft | CoreDepth: |502ft | Date Completed: | 1/28/2017

Bore Hole Diameter (in):

|6

| Sampler Configuration

| Liner Required: | Y

N

| Liner Used: | Y

N

Drill Machine:

| CME-550

Drill Method: | Mud Rotary

Hammer Type:

Automatic

| Energy Ratio:

91.5%

Core Size:

|HQ

Driller:

| AE Drilling

Groundwater:

TOB |6 ft

| 24HR

291t

(ft)

Elevation

(ft)

Depth

MATERIAL DESCRIPTION

Graphic
Log
Sample
Depth
(ft)
Sample

No./Type

1st 6"

PL

@ SPT N VALUE @

MC LL
o

2nd 6"
3rd 6"
N Value

A FINES CONTENT (%)

A4

-181.0+

\fine sand (~0.2" to 0.3' thick) [T

Moist to wet, none to weakly reactive, dark
greenish gray (GLEY 1 10YG 4/1), fine
sand, few low plasticity fines, POORLY
GRADED SAND WITH SILT (SP-SM/
A-2-6)

(MC=20.3%, LL=32, PI=4, FC=25.0%)

(MC=28.1%, LL=39, PI=9, FC=84.4%)

| sc-28

1.8'/5.0' QMK

20 30 40 50 60 70 80 90

2611

\(MC=40.0%, LL=40, PI=32, FC=89.6%)

Hard, moist, none to weakly reactive,
greenish black (GLEY 1 10Y 2.5/1)
greenish gray (GLEY 1 10YG 5/1), high
plasticity fines, little fine sand, SANDY FAT
CLAY (CH / A-7-6), laminations and seams
of fine sand, trace mica

260.7

| sc-29

22'15.0'

/

Hard, moist, none to weakly reactive,
greenish black (GLEY 1 10Y 2.5/1), high
plasticity fines, few fine sand, FAT CLAY
WITH SAND (CH / A-7-6), laminated fine
sand (~1mm thick)

(MC=19.8%, LL=82, PI=44, FC=94.6%)

265.7

| sc-30

5.0'/5.0'

DA\

272.7

Hard, moist, very dark greenish gray (GLEY
1 10Y 3/1), medium plasticity fines, some
fine to medium sand, SANDY LEAN CLAY
(CL/A-6)

(MC=19.0%, LL=38, PI=23, FC=33.0%)

| sc-31

1.0'/5.0'

274.7

Moist to wet, weakly reactive, very dark
greenish gray (GLEY 1 10YG 3/1), fine
sand, some medium plasticity fines,
CLAYEY SAND (SC / A-6), blocky, trace

[\ shell fragments, trace moderate cemented [] 7

| sc-32

40'/5.0 LA

LEGEND

Continued Next Pag

D

SS
ub

- Split Spoon
- Undisturbed Sample
AWG - Rock Core, 1-1/8"

SAMPLER TYPE
NQ - Rock Core, 1-7/8"
CU - Cuttings
CT - Continuous Tube

HSA - Hollow Stem Auger
CFA - Continuous Flight Augers
DC - Driving Casing

DRILLING METHOD

RW - Rotary Wash
RC - Rock Core
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth: [502ft |Soil Depth: [118ft |Core Depth: |502ft |Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB |6 ft |24HR |29t
@® SPTN VALUE @
§ |« g loe |28 2 & X
© g o.g Q5| o.g g - = - ©
3 8 MATERIAL DESCRIPTION g_. (533 552 © o ; A FINES CONTENT (%)
Ll pzd ] c <4
- & o 0 10 20 30 40 50 60 70 80 90
sand, lenses of sandy lean clay (~0.1' to 7 9757 I
1 0.3 thick) / 7 Lo |
Hard, moist, none to weakly reactive, /
. - greenish black (GLEY 1 10Y 2.5/1), high ol -
plasticity fines, little fine to medium sand, / L
4 - SANDY FAT CLAY (CH / A-7-6), trace shell - , , VP U E
fragments, laminated clayey sand (~1mm to / SC-33 1.8'/5.0 KT TOA
1] 5mmthick) / i Dol i
(MC=36.2%, LL=39, PI=27, FC=41.2%) / R
20104 - / - —
280.7 A
. + (MC=30.4%, LL=25, PI=3, FC=32.6%) / . SRR .
11 é 1scas| 37150 oh 1
285.7 S
- - Little fine sand, (MC=31.9%, LL=43, Pl=14, - A 7]
FC=57.0%) % P
T T é 1sc-35 4.1'/5.0 >6—9< A 1
-211.0 e % -
290.7 A 290.7
- - Hard, moist, weakly to strongly cemented, - B
dark greenish gray (GLEY 1 5GY 4/1),
4 - medium plasticity fines, little to some fine 4 .
sand, SANDY LEAN CLAY (CL/ A-6), Do
i | laminated fine sand (~1mm to 5mm thick), i o R _
laminated fat clay (~1mm to 5mm thick), SC-36| 3.7'/5.0 O A XX
i _| trace shell fragments, layer of strong i oo |
cementation with little coarse shells (~0.7"
thick), (MC=23.6%, LL=44, PI=7,
21607 7 Fc=30.0%) i
295.7
- =4 (MC=25.3%, LL=36, PI=13, FC=30.0%) — N
T T 1sc-37 1.8'/5.0' >6H< i
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: [ JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth: [502ft |Soil Depth: [118ft |Core Depth: |502ft |Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB |6 ft |24HR |29t
® SPTN VALUE @
§_ | g les | 28 E R
®© g o.g aglg o.g g . = - ®©
3 8 MATERIAL DESCRIPTION g_. &gé’ 552 © o ; A FINES CONTENT (%)
Ll pzd 2] c <4
- & o 0 10 20 30 40 50 60 70 80 90
300.7 300.7 S
- - NO RECOVERY: driller noted little b oo 7]
resistance, but water pressure fluctuated R
) } sc-38| 0.07/50 i
22604 - - —
305.7 A
307.9
T 7] Layer of strong cementation (~4.0 feet), |sc-39| 28'/5.0 T ]
| | strongly reactive, gray (GLEY 1 N 5/) 1 R 1
23104 - - —
310.7 oo
e =4 (MC=24.5%, LL=36, PI=20, FC=36.0%) — ]
s o
"1 Moist to wet, weakly reactive, dark gray T oo ]
(GLEY 1 N 4/), fine sand, little low to A
. 7 medium plasticity fines, CLAYEY SAND 718C40| 2.0/50 X0 K )
(SC / A-2-6), trace shell fragments, trace e
A - mica T 7
-236.0 . S i
0 315.7
] ] sc-41| 1.3/5.0 i
Layer of strong cementation (~1.3 feet),
-241.07 7 strongly reactive, gray (GLEY 1 N 6/) 7
320.7 320.7
- - NO RECOVERY: driller noted little - N
resistance, but water pressure fluctuated
] ] |sc-42| 0.0'/5.0 i
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth: [502ft |Soil Depth: [118ft |Core Depth: |502ft |Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB |6 ft |24HR |29t
@® SPTN VALUE @
PL MC LL
g s £.8s | 28 g S
© g o.g Q5| o.g g - = - ©
3 8 MATERIAL DESCRIPTION g_. (538 55 |% © o ; A FINES CONTENT (%)
Ll pzd ] c <4
..... 2 & & 010 20 30 40 50 60 70 80 90
325.7 S 13257 : : : : : : : : :
- < Very stiff, moist to wet, none reactive, dark - B
greenish gray (GLEY 1 10Y 4/1), medium
4 - plasticity fines, some fine to medium sand, .
SANDY LEAN CLAY (CL / A-6), trace shell
_ _| fragments, trace subangular fine gravel, _ . i ]
trace sub angular coarse sand SC-43| 0.2'/5.0
-251.0 B B
07 | g 330.7
— - NO RECOVERY: driller noted rig chatter ceee — B
and resistance, low flow rate used for cod
- - drilling fluids DIl - B
] ) SRS Isc44| 00750 ]
-256.0 . SRS .
8857
} } L 1sc45| 00750 ]
-261.0 . R .
i sa07
} } SRS 1sc46| 00750 ]
20| - .
K A N LR 345.7
. - Stiff, moist to wet, none to weakly reactive, . E
dark gray (GLEY 1 N 4/) dark reddish
- - brown (2.5YR 3/4), low to medium plasticity - .
fines, some fine to medium sand, SANDY S
_ | LEAN CLAY (CL / A-6), few shells, few | . i A |
wood fragments, (MC=40.8%, LL=43, SC47| 15750 DT
| _| PI=24, FC=45.0%) 1 - |
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing




% Soil Test Log

365.7

Very dark greenish gray (GLEY 1 10Y 3/1),
fine sand, some non-plastic to low plasticity
fines, SILTY SAND (SM / A-4), trace
decomposed shells, (MC=29.9%, LL=34,
PI=9, FC=38.0%)

| sc-51 3.8'/5.0'

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth:  |502ft  |Soil Depth: | 118ft | CoreDepth: |502ft | Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB |6 ft |24HR |29t
® SPTN VALUE @
2ol £./22 | 28 g & X
© g o.g S 5| g o.g EE | . = - ©
3 g MATERIAL DESCRIPTION g_. &gé’ S5 |® o o ; A FINES CONTENT (%)
Oy pzd ] c <4
- & o 0 10 20 30 40 50 60 70 80 90
- - Moist to wet, none reactive, dark greenish A B
gray (GLEY 1 10Y 4/1), fine to medium A
4 - sand, few non-plastic fines, POORLY - .
GRADED SAND WITH SILT (SP-SM / A-3), oo
i | lenses of sandy lean clay (~0.1"to 0.3' i oo R _
thick), trace mica, (MC=17.5%, LL=30, SC-48| 16'/5.0 o O
i | PI=6, FC=21.0%) Co i
-276.0 .
355.7 R
- - Moist to wet, none to weakly reactive, dark R B
greenish gray (GLEY 1 10Y 4/1), fine sand, .
- - little low to medium plasticity fines, CLAYEY . .
SAND (SC / A-2-6), trace shell fragments, o
- | trace decomposed shells i oo i
SC-49| 1.4'/5.0' ORI
-281.0 .
- - No Recovery: (MC=25.2%) ]
] ] lsc-50| 0.3'/5.0 i

370.7

Moist, none to weakly reactive, very dark
greenish gray (GLEY 1 10Y 3/1), fine sand,
some low to medium plasticity fines,
CLAYEY SAND (SC / A-2-6), trace
decomposed shells, (MC=30.1%, LL=33, _
Pl=15, FC=28.0%) SC-52

1.1'/5.0' LMY

LEGEND

D

Continued Next Pag

SC_DOT 141316153_USC-SCDOT DEEP BORINGS_B-CON.GPJ SCDOT DATA TEMPLATE_01_30_2015.GDT 12/20/17

SAMPLER TYPE

SS - Split Spoon
UD - Undisturbed Sample
AWG - Rock Core, 1-1/8"

NQ - Rock Core, 1-7/8"
CU - Cuttings
CT - Continuous Tube

HSA - Hollow Stem Auger
CFA - Continuous Flight Augers
DC - Driving Casing

DRILLING METHOD
RW - Rotary Wash
RC - Rock Core
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: [B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth: [502ft |Soil Depth: [118ft |Core Depth: |502ft |Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB |6 ft [24HR 2.9 1t
@® SPTN VALUE @
5 - % § 9 PL l\g) LL
® = ‘a‘_g EF | . = - ©
3 8 MATERIAL DESCRIPTION 3 2 o 9 o ; A FINES CONTENT (%)
w 2 & & 0 10 20 30 40 50 60 70 80 90
375.7 A
E - NO RECOVERY: driller noted resistance B - 1
and fluctuations in the water pressure, low S
- - flow rate used for drilling fluids .
] ] Iscs3| 0.0/50 N
30104 - - —
380.7 i 380.7 A
- - Moist to wet, none to weakly reactive, gray  [::[]]: — S S S ]
(GLEY 1 N 5/) very dark greenish gray o S S
- 4 (GLEY 1 10Y 3/1), fine to medium sand, sk - S S R
few non-plastic fines, POORLY GRADED [ "]’
_ | SAND WITH SILT (SP-SM / A-2-4), seam O _ . i S S ]
of clayey sand (~0.2' thick), lens of fatclay ~ :111 SC-54| 1.7'/5.0 DA O n
_ _| (0.3'thick), trace shell fragments, trace Akl _ S i
wood fragments, seam of moderate to SN A
306.04 | strong cementation with strong reactivity, ERNER | R S A R S A
OV (MC=43.9%, LL=23, PI=2, FC=17.0%) SRAATE s
385.7 ~1 114 385.7 A
- < Hard, moist, none reactive, very dark gray '/ — S N
(GLEY 1 N 3/), high plasticity fines, few fine S S
- - sand, FAT CLAY WITH SAND (CH / A-7-6), / - S S B
laminated fine sand (~1mm to 2mm thick),
_ 1 (MC=14.5%, LL=80, PI=42, FC=79.0%) | S S |
/ SC-55| 5.0'/5.0' 0 XK
ol / : .
390.7 oo .
g 4 (MC=24.0%, LL=49, PI=29, FC=76.4%) % e A s h
] ] % sc-s6| 4.8/5.0 XO————X ‘A )
316.0- 3950 : i é i
395.7 Hard, moist, weakly reactive, dark gray 395.7
| " (GLEY 1 N 4/), medium plasticity fines, 7 ] i
some fine to medium sand,, SANDY LEAN /
397.0 | |CLAY (CL/ A-6), few shell fragments, few A
7] 1|decomposed shells, (MC=40.4%, LL=110, //’/ 7] 7]
PI=61, FC=85.0%) s
Hard, moist, none to weakly reactive, 54 SC-57| 27/50 O % .
i _ |greenish black (GLEY 1 10Y 2.5/1) | : i
greenish gray (GLEY 1 10YG 4/1), high A
plasticity fines, few fine sand, FAT CLAY o, I S S
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing

1
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth: [502ft |Soil Depth: [118ft |Core Depth: |502ft |Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB |6 ft |24HR |29t
@® SPTN VALUE @
5 - % § 9 PL l\g) LL
SE | 28 EE . :x - | ©
3 8 MATERIAL DESCRIPTION 3 3 o 9 o ; A FINES CONTENT (%)
w ' 2 8 & 010 20 30 40 50 60 70 80 90
WITH SAND (CH / A-7-6), laminated fine L
_ | Isand oo i
Moist to wet, weakly to strongly reactive, i
- - dark greenish gray (GLEY 1 10YG 4/1), fine [/ % oo .
to medium sand, some to little low to e
] 4 medium plasticity fines, CLAYEY SAND 5% ] . , VS g
4034 L (SC/ A-2-6), few to little shell fragments, o SC-58| 3.1'/5.0 CADRO
i _{ \trace coarse shells i o i
(MC=30.3%, LL=28, Pl=4, FC=16.0%) P
-326.0 | Very stiff to hard, strongly reactive, moist to T N
wet, very dark greenish gray (GLEY 1 10YG 405.7 oo
7] 3/1), low to medium plasticity fines, some 7 oo i
fine to medium sand, SANDY LEAN CLAY A
7 7 (CL/A-6), few shell fragments, lenses of 7 T
strong cementation (~0.4' thick), lenses of -
T - fat clay (~0.3' thick), seams of fine to 1sc59| 06750 KA —X N
medium sand with little shell fragments ' ' o
§ 7 (MC=33.3%, LL=51, PI=30, FC=37.0%) § oo ]
33104 - - —
410.7 A
e = (MC=41.3%, LL=46, P1=25, FC=53.0%) — A 7]
T T “1sc-60 2.6'/5.0 HX A 1
-336.0- - -
4157 4157 N
- - Hard, moist, greenish black (GLEY 1 10Y 7 - Lo -
2.5/1), high plasticity fines, little fine to S
- - medium sand, SANDY FAT CLAY (CH/ / - S B
A-7-6), trace shell fragments, (MC=35.8%) / Co
7 7 % 7Isce1| 03/50 e} )
-341.0 e % -
420.7 420.7
— - Stratified fine to medium sand (~3mm to / — B
10mm thick), trace wood fragments,
- 4 (MC=35.2%, LL=70, PI=27, FC=77.0%) % - .
1 - % 1scez| 42750 Ok XAl
4 B B B B B B B
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing




SC_DOT 141316153_USC-SCDOT DEEP BORINGS_B-CON.GPJ SCDOT DATA TEMPLATE_01_30_2015.GDT 12/20/17

% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth: [502ft |Soil Depth: [118ft |Core Depth: |502ft |Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB |6 ft |24HR |29t
® SPTNVALUE @
§_ | s 2 12 | 28 2 N
© g Q.g Q& £ Q.g £ |: - = = ©
3 g MATERIAL DESCRIPTION g_, g,gé’ S5 |® o o ; A FINES CONTENT (%)
Ll pzd ] c <4
- - & o 0 1.0 2.0 3.0 4.0 59 60 70 89 90
1 4 (MC=45.7%, LL=107, PI=66, FC=55.0%) / - Lo g .
] ] % |sc-63| 4.9/50 > o A 3
-351.0 . % 5
430.7 :
— < Trace fine rounded gravel, (MC=44.6%, — : B
LL=99, PI=69, FC=67.6%) % g
h h é |sc-64| 1.7'/5.0 © A: 2
-356.0 . % .
435.7
— - No Recovery: Some fine sand / — B
] ] é |sc-65| 0.1'/5.0 ]
-361.0 . % .
440.7
— - No Recovery - ]
Layers of fine sand with laminations of /
7] 71 sandy lean clay and clayey sands / 7] 7]
} } % 7sce6| 0.1'/50 ]
-366.0 . % .
4457
- 4 (MC=34.9%, LL=48, PI=12, FC=67.6%) % - .
h h % |sc-67| 1.4'/5.0 H A ]
é/‘ B B B B B B B
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing




SC_DOT 141316153_USC-SCDOT DEEP BORINGS_B-CON.GPJ SCDOT DATA TEMPLATE_01_30_2015.GDT 12/20/17

% Soil Test Log

Project ID:| 1413-16-153

| County:

| Horry, SC

| Boring No.: | B-CON

Site Description:

| USC-SCDOT Deep Seismic Holes

| Route:

Eng./Geo.: | JP & CS

| Boring Location:

N/A

| Offset:

N/A

| Alignment: | N/A

Elev.: [79.0 ft

| Latitude: | 33.94557

Longitude:

|-79.04754

Date Started:

1/18/2017

Total Depth:

|502ft | Soil Depth: [ 118t

| Core Depth:

|5

02 ft

Date Completed:

1/28/2017

Bore Hole Diameter (in):

|6 | Sampler Confi

guration

| Liner Required: | Y

N [LinerUsed: [ Y N

Drill Machine:

| CME-550

Drill Method: | Mud Rotary

Hammer Type:

Automatic

| Energy Ratio: | 91.5%

Core Size:

|HQ

Driller: | AE Drilli

ng

Groundwater:

TOB |6 ft

|24HR |29t

(ft)

Elevation

MATERIAL DESCRIPTION

Graphic
Log
Sample
Depth
(ft)
Sample
No./Type

1st 6"

2nd 6"
3rd 6"

N Value

@ SPT N VALUE @

PL MC
o

A4

LL

A FINES CONTENT (%)

450.7

455.7

Moist, weakly to strongly reactive, weakly to
moderately cemented, dark greenish gray
(GLEY 1 10Y 4/1), fine to medium sand,
some low to medium plasticity fines,
CLAYEY SAND (SC / A-6), little shell
fragments

Layer of strong cementation (~4.5 feet),
very hard, strongly reactive, gray (GLEY 1
N 5/), little shell fragments

77

| sc-68

4.0'/5.00

010 20 30 40 50 60 70 80 90

465.7

Hard, moist, none to weakly reactive,
greenish black (CLEY 1 10Y 2.5/1),
medium plasticity fines, few fine sand,
LEAN CLAY WITH SAND (CL / A-6),
laminated fine sand (~1mm to 3mm thick),
trace moderately to strongly cemented
sand, trace shell fragments, (MC=31.9%,
LL=94, PI=33, FC=96.2%)

(MC=19.6%, LL=99, PI=40, FC=37.6%)

| sc-69

460.7

2.8'/5.0'

| sc-70

465.7

4.6'/5.0

470.7

Hard, moist, none to weakly reactive,
greenish black (GLEY 1 10Y 2.5/1),
medium plasticity fines, little fine to medium
sand, SANDY LEAN CLAY (CL / A-6), few
shell fragments, laminated fine sand (~1mm
to 5mm thick), (MC=32.9%, LL=97, PI=61,
FC=95.6%)

| sc-71

1.8'/5.0'

Very hard to hard, weakly to strongly
reactive, weakly to strongly cemented,
moist, gray (GLEY 1 N 6/), greenish black
(GLEY 1 10Y 2.5/1), medium plasticity
fines, little fine sand, SANDY LEAN CLAY
(CL / A-6), zone of strong cementation
(~1.0' thick), few shells, laminated fine sand
(~1Tmm to 3mm), (MC=23.8%, LL=45,
PI=13, FC=41.6%)

| sc-72

2.3'/5.0'

LEGEND

Continued Next Page

SS
ub

- Split Spoon
- Undisturbed Sample
AWG - Rock Core, 1-1/8"

SAMPLER TYPE
NQ - Rock Core, 1-7/8"
CU - Cuttings
CT - Continuous Tube

DRILLING METHOD
HSA - Hollow Stem Auger
CFA - Continuous Flight Augers
DC - Driving Casing

RW - Rotary Wash
RC - Rock Core




SC_DOT 141316153_USC-SCDOT DEEP BORINGS_B-CON.GPJ SCDOT DATA TEMPLATE_01_30_2015.GDT 12/20/17

% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth:  |502ft  |Soil Depth: | 118ft | CoreDepth: |502ft | Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB [ 6 ft |24HR |29 ft
@ SPTN VALUE @
§_ | g les | 28 E X
®© g o.g aglg o.g g | - s - ©
3 8 MATERIAL DESCRIPTION g_. (;)08 55 |% © o ; A FINES CONTENT (%)
Ll pzd ] c <4
- & o 0 10 20 30 40 50 60 70 80 90
475.7 475.7 ST S S S S
B - Hard, moist, none to weakly reactive, B Lo 1
greenish blck (GLEY 1 10Y 2.5/1), medium R
- - plasticity fines,, few fine sand, LEAN CLAY N R
WITH SAND (CL / A-6), laminated fine o
4 | sand (~1mm to 2mm), trace shells, i o A i
(MC=42.7%, LL=100, PI=76, FC=46.0%) SC-73| 1.5'/5.0 DX
40104 - - —
480.7 480.7 o
- - Hard, moist, none reactive, very dark gray 7 - A .
(GLEY 1 N 3/), high plasticity fines, few fine A
- - sand, FAT CLAY WITH SAND (CH / A-7-6), / - oo B
trace shells, blocky, (MC=35.2%, LL=34, R
_ | PI=5, FC=38.0%) _ oo i
/ SC-74| 0.9'/5.0' D6k
485.7 /4. 485.7 o
E - NO RECOVERY: driller noted resistance, B A 1
fluctuating water pressure, low flow rate A
- - used for drilling fluid - .
] ] 7sc-75| 0.0'/5.0 S )
-411.0- - -
490.7 S
- - Wet to moist, greenish gray (GLEY 1 10Y Lo B
5/1) very dark gray (GLEY 1 N 3/), fine to N
4 4 medium sand, few low to medium plasticity N .
fines, POORLY GRADED SAND WITH R
] | SILT (SP-SM / A-2-4), trace shell _ , ) N ]
fragments, stratified sandy lean clay (~5mm SC-76| 25'/5.0 A O
| _| to 0.3' thick), (MC=26.7%, FC=3.0%) oo i
-416.0 1
- = (MC=44.9%, LL=110, PI=48, FC=78.0%) T
497.7 O S
- < Moist to wet, greenish black (GLEY 1 10Y 1en. . , : : IE -~
2.5/1), medium plasticity fines, little fine SC-77 29'/5.0 : © A 1
- - sand, SANDY LEAN CLAY (CL / A-6), trace - -
shell fragments, seams of fine sand T
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Horry, SC | Boring No.: | B-CON
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | JP & CS | Boring Location: | N/A | Offset: N/A | Alignment: | N/A
Elev.: [79.0 ft | Latitude: 133.94557 | Longitude:  |-79.04754 | Date Started: 1/18/2017
Total Depth: [502ft |Soil Depth: [118ft |Core Depth: |502ft |Date Completed: | 1/28/2017
Bore Hole Diameter (in): | 6 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB |6 ft |24HR |29t
® SPTNVALUE @
§_ | s £ |2 | 28 : et
© g Q.g Q& £ Q.g £ |: - = = ©
3 g MATERIAL DESCRIPTION g_. (538 g5 |® © © ; A FINES CONTENT (%)
w 2l § & 0 10 20 30 40 50 60 70 80 90
2007 5007 T
E < Attempted to drill sump for geophysical . I 1
logging, (MC=27.9%, LL=61, PI=36, SC-78 e AX
1 502.0_ FC=53.0%) A i
1 1 100% loss of circulation | ]
Boring Terminated at 502 ft
-426.0 . .
-431.0 . .
-436.0 . .
-441.0 . .
LEGEND
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153

| County:

| Georgetown, SC | Boring No.:

B-FMG

Site Description:

| USC-SCDOT Deep Seismic Holes

| Route:

Eng./Geo.: | CS & LE

| Boring Location:

| Offset:

| Alignment: |

Elev.: |[27.01t

| Latitude: | 33.447666

Longitude:

| -79.59089

Date Started: 02/06/2017

Total Depth:

|615ft | Soil Depth:  [20.8 ft

| Core Depth: | 615 ft

Date Completed: 2/18/2017

Bore Hole Diameter (in):

|4

| Sampler Configuration

| Liner Required:

| Y N |LinerUsed: |Y N

Drill Machine:

| CME-550

Drill Method: | Mud Rotary

Hammer Type:

Automatic

| Energy Ratio: | 91.5%

Core Size:

|HQ

Driller:

| AE Drilling

Groundwater:

TOB [25ft

|24HR |28 ft

(ft)
(ft)

Elevation
Depth

o

MATERIAL DESCRIPTION

Graphic
Log
Sample
No./Type

1st 6"

@® SPTN VALUE @

PL MC
o

A

LL

N Value

A FINES CONTENT (%)

1.24

3.1
4.0 |

6.2

8.0

I |

TEN MILE HILL FORMATION:

Loose, moist, non-reactive, very dark brown |

N |2nd 6"
w |3rd 6"

SS-1A

N

010 20 30 40 50 60 70 80 90
® ox a1

[¢)]

(10YR 2/2) very pale brown (10YR 7/4), fine, 7

to medium sand, some low plasticity fines,

SS-1B

SILTY SAND (SM/ A-4), few organics
(roots, grass, debris), organic staining,

SS-2A

S OX——x A

e X  a

(MC=17.6%, LL=25, PI=6, FC=44.4%)

Firm, moist, non-reactive, light brownish
gray (10YR 6/2) yellowish brown (10YR
5/8), low to medium plasticity fines, some
fine to coarse subangular sand, SANDY
LEAN CLAY (CL / A-6), mottled, POSSIBLE
FILL, (MC=17.6%, LL=41, PI=17,

SS-2B

X A

SS-3
6.0

VN
7

10

»

—e

So=4A

7 ® 0 .

FC=60.8%)

Firm, moist to wet, non-reactive, very dark
brown (10YR 2/2), low plasticity fines, some

6.2
SS-4B

8.0

o A

fine to medium sand, SANDY SILT (ML /
A-4), few organics (roots), (MC=30.2%,

J

LL=29, PI=4, FC=51.0%)

I |

|

Firm, moist, non-reactive, light gray (10YR
7/2) red (2.5YR 4/8) brownish yellow (10YR
6/8), medium plasticity fines, some fine to

SS-5

Caxa

medium sand, SANDY LEAN CLAY (CL/
A-6), mottled, (MC=22.9%, LL=47, PI=22,
FC=62.0%)

Stiff, moist, non-reactive, very pale brown
(10YR 7/3) strong brown (7.5YR 5/8) red
(10R 5/8), low to medium plasticity fines,
some fine to medium sand, SANDY LEAN

SS-6

50/3"

SS-7 | 25

16

CLAY (CL / A-6), mottled, (MC=29.2%,
LL=50, PI=29, FC=66.8%)

No Sample: (MC=22.1%)
Medium dense, moist, non-reactive, light

gray (10YR 7/2) pale brown (2.5Y 8/4)
strong brown (7.5YR 5/6), fine to coarse

subrounded sand, some low to medium

SS-8 10

16

SS-9

50/3"

100

plasticity fines, CLAYEY SAND (SC / A-6),
trace coarse subrounded gravel,
(MC=17.0%, LL=34, PI=20, FC=41.4%)

Loose, wet, non-reactive, very pale brown

SS-10 |50/4"

100

oo=11 1HJ/3

MERIN

(10YR 7/3) brownish yellow (10YR 6/6), fine
to coarse subangular to subrounded sand,
few to little low to medium plasticity fines,
POORLY GRADED SAND WITH CLAY
(SP-SC/ A-2-6), lenses of sandy lean clay
(~0.1" to 0.2' thick), (MC=18.4%, LL=26,
PI=7, FC=32.4%)

Very dense, wet, non- to strongly reactive,

SC-1 3.8'/5.0'

I.__.I

"LEGEND

Continued Next Page

SS
ub

- Split Spoon
- Undisturbed Sample
AWG - Rock Core, 1-1/8"

SAMPLER TYPE
NQ - Rock Core, 1-7/8"
CU - Cuttings
CT - Continuous Tube

HSA - Hollow Stem Auger

DC - Driving Casing

DRILLING METHOD

CFA - Continuous Flight Augers

RW - Rotary Wash
RC - Rock Core
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% Soil Test Log

Project ID:| 1413-16-153

| County:

| Georgetown, SC | Boring No.:

B-FMG

Site Description:

| USC-SCDOT Deep Seismic Holes

| Route:

Eng./Geo.: | CS & LE

| Boring Location:

| Offset:

| Alignment: |

Elev.: |[27.01t

| Latitude: | 33.447666

Longitude:  |-79.59089

Date Started:

02/06/2017

Total Depth:

|615ft | Soil Depth:  [20.8 ft

| Core Depth: | 615 ft

Date Completed:

2/18/2017

Bore Hole Diameter (in):

|4 | Sampler Confi

guration

| Liner Required: | Y

N [LinerUsed: [ Y N

Drill Machine:

| CME-550

Drill Method: | Mud Rotary

Hammer Type:

Automatic

| Energy Ratio: | 91.5%

Core Size:

|HQ

Driller: | AE Drilli

ng Groundwater:

TOB [25ft

|24HR |28 ft

(ft)
(ft)

Elevation
Depth

MATERIAL DESCRIPTION

Graphic
Log
Sample
No./Type
2nd 6"

1st 6"
3rd 6"

N Value

@® SPTN VALUE @

PL MC
o

A

LL

A FINES CONTENT (%)

30.7

35.7

45.7

dark greenish gray (GLEY 1 10Y 4/1), fine
to medium sand, little non-plastic fines,
SILTY SAND (SM / A-3), strongly cemented
fragments at bottom of sample (top of
cemented layer at ~12.3'), (MC=34.8%,
LL=NP, PI=NP, FC=27.4%)

Medium dense, moist to wet, weakly to
strongly reactive, dark gray (GLEY 1 N 4/),
fine sand, little non-plastic fines, SILTY
SAND (SM / A-3), strongly cemented
ragments at top of sample, (MC=27.0%,
LL=NP, PI=NP, FC=34.2%)

SC-2 4.3'/5.0

010 20 30 40 50 60 70 80 90

Medium dense, wet, weakly to strongly
reactive, gray (GLEY 1 N 5/), fine to
medium sand, some non-plastic fines,
SILTY SAND (SM/ A-4), few strongly
cemented nodules, (MC=28.4%, LL=22,
Pl=2, FC=34.8%)

Very dense, moist to wet, weakly to strongly|
reactive, weakly to strongly cemented, very
dark greenish gray (GLEY 1 10Y 3/1), fine
to medium sand, some non-plastic fines,
SILTY SAND (SM/ A-4), few fine to coarse
moderately to strongly cemented nodules,
(MC=29.0%, LL=27, PI=5, FC=33.2%)

SC-3 0.0'/5.0'

35.7

WILLIAMS BURG FORMATION -
CHICORA MEMBER:

Very dense, moist to wet, weakly to strongly
reactive, strongly cemented, dark greenish
gray (GLEY 1 10Y 4/1), fine to medium
sand, little non-plastic fines, SILTY SAND
(SM / A-2-4), mostly strongly cemented
nodules, trace shell fragments,(MC=16.5%)

SC-4 2.8'/5.0'

NO RECOVERY

Very hard, moist, strongly reactive, strongly
cemented, light greenish gray (GLEY 1 10Y
8/1), fine to coarse subangular sand, little
non-plastic to low plasticity fines, SILTY
SAND (SM / A-2-4), mostly strongly
cemented nodules and layers with
honeycombing, little fine to coarse shells

Less honeycombing

NO RECOVERY: (from cuttings) weakly
reactive, weakly cemented, light greenish
gray (GLEY 2 10BG 7/1), fine to coarse
subangular to subrounded sand, little
non-plastic to low plasticity fines, SILTY

SAND (SM / A-2-4), Driller noted fluctuating

SC-5 1.2'/5.0'

SC-6 1.0'/5.0'

"LEGEND

D

Continued Next Pag

SS
ub

- Split Spoon
- Undisturbed Sample
AWG - Rock Core, 1-1/8"

SAMPLER TYPE
NQ - Rock Core, 1-7/8"
CU - Cuttings
CT - Continuous Tube

HSA - Hollow Stem Auger

DC - Driving Casing

DRILLING METHOD

CFA - Continuous Flight Augers

RW - Rotary Wash
RC - Rock Core
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% Soil Test Log

Project ID:| 1413-16-153

| County:

| Georgetown, SC | Boring No.: | B-FMG

Site Description:

| USC-SCDOT Deep Seismic Holes

| Route:

Eng./Geo.: | CS & LE

| Boring Location:

| Offset: | Alignment: |

Elev.: |[27.01t

| Latitude: | 33.447666

Longitude:  |-79.59089 Date Started: 02/06/2017

Total Depth:

|615ft | Soil Depth:  [20.8 ft

| Core Depth:

|6

15 ft Date Completed: 2/18/2017

Bore Hole Diameter (in): | 4 | Sampler Configuration

[Liner Required: | Y N |[LinerUsed: | Y N

Drill Machine:

| CME-550 | Drill Method: | Mud Rotary

Hammer Type:| Automatic | Energy Ratio: | 91.5%

Core Size:

|HQ Driller: | AE Drilli

ng Groundwater: | TOB | 2.5 ft |24HR |28 ft

Elevation
(ft)

(ft)

Depth

MATERIAL DESCRIPTION

Graphic
Log
Sample
Depth
(ft)
Sample
No./Type

1st 6"

@® SPTN VALUE @
PL MC LL
o

A

N Value

A FINES CONTENT (%)

2nd 6"
3rd 6"

55.7

65.7

pressure and resistance

Very hard, moist, strongly reactive, strongly
cemented, greenish gray (GLEY 1 10Y 6/1),
fine to coarse subangular to subrounded
sand, little non-plastic to low plasticity fines,
SILTY SAND (SM / A-2-4), honeycombing,

some fine to coarse shells

010 20 30 40 50 60 70 80 90

SC-7

Very hard, moist, strongly reactive, strongly
cemented, greenish gray (GLEY 1 10Y 6/1),
fine to coarse angular to subangular sand,
few non-plastic to low plasticity fines,
POORLY GRADED SAND WITH SILT
(SP-SM / A-2-4), honeycombing, some
coarse shells

Moist to wet, weakly to strongly reactive,
weakly to moderately cemented, light
greenish gray (GLEY 1 10Y 7/1), fine to
medium sand, few non-plastic to low
plasticity fines, POORLY GRADED SAND
WITH SILT (SP-SM / A-2-4), trace mica,
trace shell fragments

Moist, strongly reactive, strongly cemented,
greenish gray (GLEY 1 10Y 6/1), fine to
medium sand, little low plasticity fines,
SILTY SAND (SM / A-2-4), slight
honeycombing, trace shell fragments

0.6'/5.0'

SC-8

60.7

0.3'/5.0'

SC-9

70.7

WILLIAMS BURG FORMATION - LOWER
BRIDGE MEMBER:

NO RECOVERY: (from cuttings)
non-reactive, greenish gray (GLEY 1 10Y
6/1), fine to medium sand, few non-plastic
fines, POORLY GRADED SAND WITH
SILT (SP-SM/ A-2-4), trace shell
fragments

0.1'/5.0'

SC-10

Moist to wet, weakly to strongly reactive,
very dark greenish gray (GLEY 1 10Y 3/1),
fine sand, few non-plastic fines, POORLY
GRADED SAND WITH SILT (SP-SM / A-3)
lens of strong cementation (~0.5' thick),
(MC=23.6%)

0.0'/5.0'

SC-11

1.0'/5.0' N

"LEGEND

Continued Next Page

SS - Split Spoon

SAMPLER TYPE
NQ - Rock Core, 1-7/8"

UD - Undisturbed Sample CU - Cuttings

AWG - Rock Core, 1-1/8"

CT - Continuous Tube

HSA - Hollow Stem Auger
CFA - Continuous Flight Augers RC - Rock Core
DC - Driving Casing

DRILLING METHOD
RW - Rotary Wash
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: |CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: [615ft |Soil Depth:  [20.8ft |Core Depth: |615ft |Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
@® SPTN VALUE @
§_|s MEFSEY E N
[ g Q.g Q5 E Q.g E |: - s = ©
% 2 MATERIAL DESCRIPTION g_. (;)“8 55 |% © o ; A FINES CONTENT (%)
Ll pzd ] c <4
- & o 0 10 20 30 40 50 60 70 80 90
75.7 75.7 O
- - NO RECOVERY: (from cuttings) weakly - R B
reactive, very dark greenish gray (GLEY 1 [
4 - 10Y 3/1), fine sand, some non-plastic to low oo -
plasticity fines, SILTY SAND (SM/ A-4), o
- | trace mica - oo -
sSc-12| 0.0'/5.0' Lo
80.7 80.7 oo
- - Moist to wet, weakly to strongly reactive, - oo E
non- to strongly cemented, very dark oo
- - greenish gray (GLEY 1 10Y 3/1) gray - . R
(GLEY 1 N @/), fine sand, some non-plastic o
_ _| to low plasticity fines, SILTY SAND (SM/ _ . i o i
A-4), trace mica, lenses of strong SC-13| 22'/50 O A
i _| cementation (~0.2' to 0.3' thick), | . ]
(MC=28.0%, LL=NP, PI=NP, FC=40.4%)
85.7 85.7 oo
- - Moist to wet, weakly reactive, very dark - oo E
greenish gray (GLEY 1 10Y 3/1), fine sand, .
- - some low plasticity fines, SILTY SAND (SM - . .
/ A-8), trace mica, trace shell fragments, o
i 1 (MC=32.6%, LL=32, PI=7, FC=35.4%) i o i
SC-14| 0.9'/5.0 XA
-63.0 B B
90.7
— - NO RECOVERY: (from cuttings) weakly — B
reactive, very dark greenish gray (GLEY 1
4 - 10Y 3/1), fine sand, some low plasticity 4 .
fines, SILTY SAND (SM/ A-6), trace mica,
_ _| trace shell fragments _ ]
SC-15 0.0'/5.0'
-68.0 1 1
95.7 95.7
- - Moist to wet, weakly reactive, very dark - B
greenish gray (GLEY 1 10Y 3/1), fine sand,
- - little low plasticity fines, SILTY SAND (SM/ - .
A-6), trace mica, (MC=34.2%, LL=NP, N
i | PI=NP, FC=37.2%) i T _
SC-16 2.3'/5.0 Q
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153

| County:

| Georgetown, SC | Boring No.:

B-FMG

Site Description:

| USC-SCDOT Deep Seismic Holes

| Route:

Eng./Geo.: | CS & LE

| Boring Location:

| Offset:

| Alignment: |

Elev.: |[27.01t

| Latitude: | 33.447666

Longitude:

| -79.59089

Date Started:

02/06/2017

Total Depth:

|615ft | Soil Depth:  [20.8 ft

| Core Depth:

|6

15 ft

Date Completed:

2/18/2017

Bore Hole Diameter (in):

|4 | Sampler Confi

guration

| Liner Required: | Y

N N

| Liner Used: | Y

Drill Machine:

| CME-550

Drill Method: | Mud Rotary

Hammer Type:

Automatic

| Energy Ratio: | 91.5%

Core Size:

|HQ

Driller: | AE Drilli

ng

Groundwater:

TOB [25ft

|24HR |28 ft

(ft)

Elevation

MATERIAL DESCRIPTION

Log

Sample
No./Type

1st 6"

2nd 6"
3rd 6"

N Value

@ SPT N VALUE @

PL MC
o

A4

LL

A FINES CONTENT (%)

105.7

Moist to wet, weakly to strongly reactive,
non- to strongly cemented, very dark
greenish gray (GLEY 1 10Y 3/1) gray
(GLEY 1 N 6/), fine sand, little medium
plasticity fines, CLAYEY SAND (SC/
A-2-6), trace mica, trace shell fagments,
lenses of strong cementation (~0.4' to 0.5'
thick), (MC=36.9%, LL=29, PI=7,
FC=44.4%)

\—-— Graphic

110.7

Moist to wet, weakly to strongly reactive,
non- to strongly cemented, very dark
greenish gray (GLEY 1 10Y 3/1) gray
(GLEY 1 N 6/), fine sand, some low to
medium plasticity fines, CLAYEY SAND
(SC / A-6), trace mica, trace shell
fragments, lens of strong cementation
(~0.1" thick), (MC=28.5%, LL=29, PI=6,
FC=33.6%)

| sc-17

25'15.0'

010 20 30 40 50 60 70 80 90

7K OA:

115.7

120.7

Moist, weakly to strongly reactive, non- to
strongly cemented, very dark greenish gray
(GLEY 1 10Y 3/1) gray (GLEY 1 N 5/), fine
sand, some medium plasticity fines,
CLAYEY SAND (SC / A-2-6), lens of strong
cementation (~0.5' thick), lens of fat clay
(~0.3' thick), laminated lean clay (~1mm),
(MC=38.6%, LL=30, PI=2, FC=35.8%)

Moist, strongly reactive, strongly cemented,
gray (GLEY 1 N 6/), fine sand, little to some
medium plasticity fines, CLAYEY SAND
(SC / A-2-6), lenses of strong cementation
(~0.1" to 0.5' thick), trace fine to coarse
shells

| sc-18

3.6'/5.0'

ciia

| sc-19

5.0'/5.0'

Moist, non- to strongly reactive, non- to
strongly cemented, gray (GLEY 1 N 6/) very
dark greenish gray (GLEY 1 10Y 3/1), fine
sand, little non-plastic to low plasticity fines,
SILTY SAND (SM / A-2-4), trace mica,
lenses of strongly cementation (~0.2' to 0.7
thick), (MC=34.4%, LL=26, PI=2,
FC=22.2%)

| sc-20

0.9'/5.0'

| sc-21

2.0'/5.0'

ax o

"LEGEND

Continued Next Pag

D

SS
ub

- Split Spoon
- Undisturbed Sample
AWG - Rock Core, 1-1/8"

SAMPLER TYPE
NQ - Rock Core, 1-7/8"
CU - Cuttings
CT - Continuous Tube

DRILLING METHOD

HSA - Hollow Stem Auger
CFA - Continuous Flight Augers
DC - Driving Casing

RW - Rotary Wash
RC - Rock Core
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: |CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: |615ft | Soil Depth:  [20.8ft |CoreDepth: |615ft | Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
@® SPTN VALUE @
§_ | g les | 28 E R
© g o.g Q5| o.g g - = - ©
3 8 MATERIAL DESCRIPTION g_. (;)“8 55 |% © o ; A FINES CONTENT (%)
Ll pzd ] c <4
- & o 0 10 20 30 40 50 60 70 80 90
125.7
- - Moist, weakly reactive, dark greenish gray N ]
(GLEY 1 10Y 4/1), fine sand, little o
- - non-plastic to low plasticity fines, SILTY N .
SAND (SM / A-2-4) R
. ] Isc22| o02/50 ’
-103.0- -
130.7 N
E - NO RECOVERY: (from cuttings) fine sand Lo E
suspended in bentonite o
] ] 7sc23| 0.07/50 )
-108.0- -
. ] Isc24| o00/50 ’
-113.0- -
140.7 N
- - Moist, weakly reactive, greenish gray Lo B
(GLEY 1 10Y 5/1), fine sand, some A
- - non-plastic to low plasticity fines, SILTY N .
SAND (SM / A-4), (MC=35.1%, LL=NP, A
_ | PI=NP, FC=45.0%) _ A i
SC-25| 1.6'/50 COA:
-118.0 .
145.7
- - Moist, weakly to strongly reactive, non- to b
strongly cemented, dark greenish gray
i 4 (GLEY 1 10Y 4/1) gray (GLEY 1 N 5/), fine 4
sand, some low to medium plasticity fines, N
_ _| CLAYEY SAND (SC / A-6), layer of strong _ . ) R ]
cementation (~149.0' to 149.7"), laminated SC-26| 5.0'/5.0 (O A
i _| weak cementation, laminated sandy lean oo |
clay, (MC=34.8%, LL=NP, PI=NP,
FC=46.2%) s T
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core

AWG - Rock Core, 1-1/8" CT - Continuous Tube

DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153

| County:

| Georgetown, SC | Boring No.:

B-FMG

Site Description: | USC-SCDOT Deep Seismic Holes

| Route:

Eng./Geo.: [CS & LE | Boring Location:

| Offset:

| Alignment: |

Elev.: |[27.01t | Latitude: | 33.447666

Longitude:

| -79.59089

Date Started: 02/06/2017

Total Depth: |615ft | Soil Depth: | 20.8 ft

| Core Depth:

1615 ft

Date Completed: 2/18/2017

Bore Hole Diameter (in): | 4

| Sampler Configuration

| Liner Required:

| Y N |LinerUsed: |Y N

Drill Machine: | CME-550

Drill Method: | Mud Rotary

Hammer Type:

Automatic

| Energy Ratio: | 91.5%

Core Size: |HQ Driller: | AE Drilling

Groundwater:

TOB [25ft

|24HR |28 ft

(ft)

MATERIAL DESCRIPTION

Elevation

Sample
No./Type

1st 6"
2nd 6"
3rd 6"

@ SPT N VALUE @

PL MC
o

A4

LL

N Value

A FINES CONTENT (%)

Hard, moist, weakly to strongly reactive,
non- to strongly cemented, very dark
greenish gray (GLEY 1 10Y 3/1) greenish
gray (GLEY 1 10Y 6/1), medium plasticity
_| fines, little to some fine sand, SANDY
LEAN CLAY (CL / A-6), weakly to
moderately cemented nodules, laminated
clayey sands, lens of strong cementation
(~0.2" thick), (MC=35.2%, LL=38, PI=13,
FC=64.2%)

(MC=32.6%, LL=51, PI=25, FC=84.2%)

_159.0

Hard, moist, weakly reactive, non- to
weakly cemented, greenish black (GLEY 1
10Y 2.5/1) dark greenish gray (GLEY 1 10Y
4/1), high plasticity fines, few to little fine

7| sand, FAT CLAY WITH SAND (CH / A-7-6),
laminated sandly lean clay, laminated weak
7 cementation

Strongly reactive, (MC=39.5%, LL=68,
PI=23, FC=93.8%)

-133.0

165.7

Hard, moist, strongly reactive, non- to
weakly cemented, greenish black (GLEY 1
10Y 2.5/1) dark greenish gray (GLEY 1 10Y
4/1), high plasticity fines,some fine sand,

AMBMIMMIDMDMDMDINY

167.7

clayey sand, laminated weak cementation,
(MC=43.4%, LL=64, P1=29, FC=81.8%)

Hard, moist, weakly to strongly reactive,
weakly to strongly cemented, very dark
greenish gray (GLEY 1 10Y 3/1) greenish
gray (GLEY 1 10Y 5/1), medium plasticity
fines, some fine sand, SANDY LEAN CLAY
(CL / A-6), layer of strong cementation,
trace mica, weakly to strongly cemented
nodules, laminated clayey sand,
(MC=29.2%, LL=NP, PI=NP, FC=50.2%)

Hard, moist, weakly to strongly reactive,
weakly to moderately cemented, very dark

\SANDY FAT CLAY (CH / A-7-6), laminated

|

170.7

20 30 40 50 60 70 80 90

| sc-27 5.0'/5.0'

155.7

| sc-28 5.0'/5.0'

160.7

| sc-29 3.2'/5.0'

165.7

Ox——x

| SC-30 2.0'/2.0

167.7

| sc-31 2.8'13.0"

| sc-32 3.0'/5.0'

LEGEND

D

Continued Next Pag

SAMPLER TYPE
NQ - Rock Core, 1-7/8"
CU - Cuttings
CT - Continuous Tube

SS - Split Spoon
UD - Undisturbed Sample
AWG - Rock Core, 1-1/8"

HSA - Hollow Stem Auger

DC - Driving Casing

DRILLING METHOD

CFA - Continuous Flight Augers

RW - Rotary Wash
RC - Rock Core
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% Soil Test Log

Project ID:| 1413-16-153

| County:

| Georgetown, SC | Boring No.: | B-FMG

Site Description:

| USC-SCDOT Deep Seismic Holes

| Route:

Eng./Geo.: [CS & LE | Boring Location:

| Offset: | Alignment: |

Elev.: |[27.01t | Latitude: | 33.447666

Longitude:

| -79.59089

Date Started: 02/06/2017

Total Depth: |615ft | Soil Depth: | 20.8 ft

| Core Depth:

| 615 ft Date Completed: 2/18/2017

Bore Hole Diameter (in): | 4

| Sampler Configuration

| Liner Required: | Y

N [LinerUsed: [ Y N

Drill Machine: | CME-550

Drill Method: | Mud Rotary

Hammer Type:

Automatic | Energy Ratio: | 91.5%

Core Size: |HQ Driller:

| AE Drilling

Groundwater:

TOB [25ft |24HR |28 ft

(ft)

MATERIAL DESCRIPTION

Elevation

Graphic
Log
Sample

@ SPT N VALUE @

PL MC
o

A4

LL

No./Type
N Value

A FINES CONTENT (%)

1st 6"
2nd 6"
3rd 6"

greenish gray (GLEY 1 10Y 3/1), medium
plasticity fines, little to some fine sand,
SANDY LEAN CLAY (CL / A-6), laminated
clayey sand, laminated weak to moderate
cementation, (MC=40.1%, LL=46, PI=8,
FC=81.8%)

Hard, moist, weakly to strongly reactive,
weakly cemented, greenish black (GLEY 1
10Y 2.5/1), high plasticity fines, little fine
sand, SANDY FAT CLAY (CH/ A-7-6),
trace mica, laminated sandy lean clay &
clayey sand, (MC=56.2%, LL=54, PI=14,
FC=83.4%)

(MC=52.9%, LL=54, PI=7, FC=71.2%)

185.7

20 30 40 50 60 70 80 90

180.7

| sc-33

5.0'/5.0'

RHEMS FORMATION - BROWNS
FERRY MEMBER:

Moist to wet, weakly to strongly reactive,
weakly to strongly cemented, very dark
greenish gray (GLEY 1 10Y 3/1) gray
(GLEY 1 N 5/), fine sand, some medium
plasticity fines, CLAYEY SAND (SC / A-6),
lenses of strong cementation (~0.2' to 0.3'
thick), trace mica, (MC=34.7%, LL=35,
PI=9, FC=60.0%)

190.7

| sc-34

4.8'/5.0

;MMIM1MMIIMMIINY

| sc-35

4.6'/5.0

Wet, weakly to strongly reactive, non- to
strongly cemented, very dark greenish gray
(GLEY 1 10Y 3/1) gray (GLEY 1 N 5/), fine
sand, little non-plastic to low plasticity fines,
SILTY SAND (SM / A-2-4), lenses of strong
cementation (~0.2' to 0.4' thick), trace mica,
(MC=34.4%, LL=-, PI=0, FC=12.6%)

Mostly strong cementation (~0.1' to 0.5'
thick) with washed out silty sand at
interfaces, trace shell fragments

| sc-36

1.1'/5.0'

| sc-37

0.7'/5.0'

“LEGEND

Continued Next Pag

D

SAMPLER TYPE
NQ - Rock Core, 1-7/8"
CU - Cuttings
CT - Continuous Tube

SS - Split Spoon
UD - Undisturbed Sample
AWG - Rock Core, 1-1/8"

HSA - Hollow Stem Auger
CFA - Continuous Flight Augers
DC - Driving Casing

DRILLING METHOD
RW - Rotary Wash
RC - Rock Core
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: [615ft |Soil Depth:  [20.8ft |Core Depth: |615ft |Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB [2.5ft |24HR |28 ft
@ SPTN VALUE @
§_ | g les | 28 E R
®© g o.g aglg o.g g . = - ®©
3 8 MATERIAL DESCRIPTION g_. &)“8 55 |% © o ; A FINES CONTENT (%)
Ll pzd ] c <4
- & o 0 10 20 30 40 50 60 70 80 90
7 7 7sc-38| 0.1'/5.0 )
7804 - —
205.7 T
- -4 NO RECOVERY: POTENTIAL VOID, loss — T —
of water and head pressure I
] ] Isc39| 00/50 ’
18304 - - —
210.7 210.7 S
— < Very hard, moist, strongly reactive, strongly — S ]
cemented, gray (GLEY 1 N 5/), medium L
4 - plasticity fines, some fine sand, SANDY - R .
LEAN CLAY (CL / A-6), mostly strong I
_ _| cementation, few shell fragments, clay on _| SC-40 0.2'/4.3' T ]
inner barrel (not in sample) L
213.9 | | T i
Hard, moist, weakly to strongly reactive, e
188.0 weakly cemented, very dark greenish gray 215.0 N T S
-160.U7 7 (GLEY 1 10Y 3/1) greenish gray (GLEY 1 ' ) ) NN
215.7 | 10Y 6/1), medium plasticity fines, little fine 2157 [SC41| 18707 PXOTX s A
§ < sand, SANDY LEAN CLAY (CL/A-6), § - .
laminated weakly cemented sands, trace oo
§ - mica N Doron .
(MC=30.8%, LL=43, PI=17, FC=69.8%) S
Very hard to stiff, moist to wet, weakly to SC-42| 1.9/50 (XX AQ
- | strongly reactive, weakly to strongly 4 oL i
cemented, greenish black (GLEY 1 10Y oo
-193.0 _| 2.5/1) dark greenish gray (GLEY 1 10Y i .
: 4/1), medium to high plasticity fines, some 2207 .
fine sand, SANDY LEAN CLAY (CL / A-6), ’ [
7] 1 trace mica, lens of strong cementation with 7 . 1
few shells (~220.1' to 220.7"), (MC=49.3%,
7 7 LL=32, PI=6, FC=41.4%) 7 N ]
2227 |\ (MC=27.9%, LL=27, PI=5, FC=54.4%) i Do Do 1
Moist, weakly to strongly reactive, weakly to Sc-43 18750 >€© A
e - moderately cemented, dark greenish gray 152 e B
(GLEY 1 10Y 4/1), fine sand, some medium [ / -
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: |CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: |615ft | Soil Depth:  [20.8ft |CoreDepth: |615ft | Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
@® SPTN VALUE @
5§ | g les | 28 2 X
®© g o.g aglg o.g g | - s - ©
3 2 MATERIAL DESCRIPTION g_. &gé’ 55 |% © o ; A FINES CONTENT (%)
Ll pzd ] c <4
7' - & o 0 10 20 30 40 50 60 70 80 90
plasticity fines, CLAYEY SAND (SC/ A-6), (/%% L
i 225'7_ laminated weak cementation, few / 2257 o : i
moderately cemented nodules, trace mica 59 A N :
. < UPPER PEEDEE FORMATION: e SC-44T|  3.3'/5.0' ——a g .
Moist to wet, weakly to strongly reactive, oo
n - weakly to strongly cemented, very dark : 7]
greenish gray (GLEY 1 10Y 3/1), fine sand, :
— < some medium plasticity fines, CLAYEY E
SAND (SC/ A-6), few to little moderately to (/547 SC-44B| 3.3'/5.0' XX O A
-203.0 - strongly cemented nodules, trace mica, s SRS S S
2307 | (MC=41.9%, LL=45, PI=26, FC=40.6%) Do
] (MC=0.0%, LL=32, PI=6, FC=51.6%) 7z i
- - Moist, weakly to strongly reactive, weakly to 7 Co .
moderately cemented, dark greenish gray L
4 4 (GLEY 1 10Y 4/1), fine sand, little to some i , : oo o |
medium plasticity fines, CLAYEY SAND SC-45| 5.2'/5.0 P XTOXAL
| | (SC/ A-2-6), trace moderately cemented L ]
nodules, trace mica, laminated sandy lean o
208.0 | clay, trace shell fragments, (MC=36.8%, R S S S
e = = = 9 A
235.7 LL=42, PI=16, FC=46.8%) Pl
— < Hard, moist, weakly to strongly reactive, — S ]
weakly cemented, dark greenish gray S
- 4 (GLEY 1 10Y 4/1), medium plasticity fines, - L R
some fine sand, SANDY LEAN CLAY (CL / ol
- | A-6), trace mica, laminated clayey sand, i . i S A S _
(MC=33.6%, LL=44, P|=18, FC=63.8%) SC-46| 43750 XX A
21304 - - —
240.7 oo
— < Laminated to seams of clayey sand (~2mm — S ]
to 0.2 thick), (MC=32.7%, LL=45, PI=19, L
- | FC=64.8%) - SN 1
i } Isc47| 40/50 EXO—X A ]
-218.0- - -
245.7 245.7 :
- - Hard, moist, weakly to strongly reactive, - : B
non- to weakly cemented, greenish gray :
- - (GLEY 1 10Y 5/1), low plasticity fines, some - : .
fine sand, SANDY SILT (ML / A-4), Do g
_ _| laminated clayey sand, trace mica, _ , ) Lo oo ]
(MC=32.4%, LL=40, PI=10, FC=68.0%) SC-48| 52'/50 =X D A
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153

| County:

| Georgetown, SC | Boring No.:

B-FMG

Site Description:

| USC-SCDOT Deep Seismic Holes

| Route:

Eng./Geo.: [CS & LE | Boring Location:

| Offset:

| Alignment: |

Elev.: |[27.01t | Latitude: | 33.447666

Longitude:  |-79.59089

Date Started:

02/06/2017

Total Depth: |615ft | Soil Depth: | 20.8 ft

| Core Depth: | 615 ft

Date Completed:

2/18/2017

Bore Hole Diameter (in): | 4

| Sampler Configuration

| Liner Required: | Y

N [LinerUsed: [ Y N

Drill Machine: | CME-550

Drill Method: | Mud Rotary

Hammer Type:

Automatic

| Energy Ratio: | 91.5%

Core Size: |HQ Driller:

| AE Drilling

Groundwater:

TOB [25ft

|24HR |28 ft

(ft)

MATERIAL DESCRIPTION

Elevation

Graphic
Log
Sample
Depth
(ft)
Sample
No./Type
1st 6"
2nd 6"
3rd 6"
N Value

@ SPT N VALUE @

PL MC
o

A4

LL

A FINES CONTENT (%)

250.7

Hard, moist, weakly to strongly reactive,
dark greenish gray (GLEY 1 10Y 4/1),
medium plasticity fines, little to some fine
sand, SANDY LEAN CLAY (CL / A-6),
laminated clayey sand, trace mica,
(MC=32.6%, LL=46, PI=17, FC=61.8%)

255.7

| sc-49 44150

255.7

Soft to firm, moist to wet, weakly to strongly
reactive, very dark greenish gray (GLEY 1
10Y 3/1), high plasticity fines, little fine
sand, SANDY FAT CLAY (CH/ A-7-6), few
strongly cemented nodules, lenses of
strong cementation (~0.2' to 0.3' thick),
(MC=48.5%, LL=43, PI=16, FC=68.0%)

260.7

010 20 30 40 50 60 70 80 90

| sc-50 1.7'/5.0

260.7

Very stiff to hard, moist, strongly reactive,
dark greenish gray (GLEY 1 10Y 4/1),
medium plasticity fines, some fine sand,
SANDY LEAN CLAY (CL / A-6), laminated
clayey sand, trace mica, (MC=31.7%,
LL=47, PI=20, FC=58.6%)

265.7

\ AN

| sc-51 25'15.0'

Moist, strongly reactive, dark gray (5Y 4/1),
fine sand, some low to medium plasticity
fines, CLAYEY SAND (SC / A-6), trace
mica, laminated sandy lean clay,
(MC=28.4%, LL=34, PI=11, FC=55.6%)

Layer of strong cementation (~1.2' thick)

270.7 Layer of weak cementation (~0.5' thick)

| sc-52 4.9'/5.0

Hard, moist, weakly to strongly reactive,
dark greenish gray (GLEY 1 10Y 4/1),
medium to high plasticity fines, some to
little fine sand, SANDY LEAN CLAY (CL /
A-6), laminated clayey sand, lens of
laminated to stratified sandy fat clay, trace
strongly cemented nodules, trace mica,
(MC=25.3%, LL=44, PI=20, FC=72.2%)

| sc-53 5.0'/5.0'

LEGEND

D

Continued Next Pag

SAMPLER TYPE
NQ - Rock Core, 1-7/8"
CU - Cuttings
CT - Continuous Tube

SS - Split Spoon
UD - Undisturbed Sample
AWG - Rock Core, 1-1/8"

HSA - Hollow Stem Auger
CFA - Continuous Flight Augers
DC - Driving Casing

DRILLING METHOD

RW - Rotary Wash
RC - Rock Core
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: [615ft |Soil Depth:  [20.8ft |Core Depth: |615ft |Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
@® SPTN VALUE @
- 2185 | 2% g I Sy
© =) ) adleggl gk | . B . ©
3 8 MATERIAL DESCRIPTION g_. &33 55 |% © o ; A FINES CONTENT (%)
Ll pzd ] c <4
- & o 0 10 20 30 40 50 60 70 80 90
275.7 S
E - Dark gray (5Y 4/1), trace mica, trace shell - L
fragments, (MC=24.4%, LL=41, PI=17, S
4 4 FC=61.0%)
iy iy Isc54| 52750 X A
Layer of moderate to strong cementation
-253.0 4 (~1.5" thick) . —_—
280.7 S
- = (MC=23.8%, LL=41, PI=17, FC=65.2%) b T
} } Isc55| 49750 X AL
25804 - - —
Lens of moderate to strong cementation 285.7
1 7 (~0.2"thick) i A R
N _| Very dark greenish gray (GLEY 1 10Y 3/1) N oo
dark greenish gray (GLEY 1 10Y 4/1), T R
laminated clayey sand and sandy fat clay, S Lo
7 7] trace shells, trace moderately to strongly 1sc-56| 5.0/5.0 R ‘AT
cemented nodules, (MC=25.2%, LL=43, A .
} 7 PI=18, FC=74.0%) ) N S
26304 - - —— ——
290.7 290.7 Lo oo
- - Hard, moist, strongly reactive, weakly 7 - oo .
cemented, very dark greenish gray (GLEY 1 N A
- 4 10Y 3/1), high plasticity fines, little to some / - . [ -
fine sand, SANDY FAT CLAY (CH / A-7-6), Co Co
i | laminated sandy lean clay, trace shells, / i . i o Lo
trace moderately to strongly nodules, SC-57| 5.0'75.0 DX A
| | (MC=25.8%, LL=38, PI=14, FC=72.2%) / | R .
-268.0- - % -
295.7 P
- < Very dark greenish gray (GLEY 1 10Y 3/1), / - Lol
laminated sandy lean clay, (MC=26.0%, N
4 | LL=47, PI=22, FC=82.2%) % § P
i i % Iscs8| 50750 DX A ]
% B B B B B B B
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing




% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: |CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: |615ft | Soil Depth:  [20.8ft |CoreDepth: |615ft | Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
® SPTNVALUE @
2ol £./22 | 28 g & X
®© g o.g S 5| g o.g EE | . = - ©
3 g MATERIAL DESCRIPTION g_, g,gé’ S5 |® o o ; A FINES CONTENT (%)
Ll pzd ] c <4
- - N © 0 1.0 2.0 3.0 4.0 59 60 70 89 90
- - (MC=26.6%, LL=45, PI=22, FC=81.2%) . oo
Layer of strong cementation (~0.9' thick) % -
11 % 1scse| 4750 o a
305.7 N
- 4 (MC=18.3%, LL=42, PI=17, FC=77.4%) / - S
Layer of strong cementation (~0.9' thick) / -
Lens of strong cementation (~0.4' thick) %
} } % Tsc60| 50750 O XX A
-283.0 . % .
310.7 |_Lens of strong cementation (~0.3' thick) A 310.7
i i : - 7/ i
Hard, moist, strongly reactive, very dark /
greenish gray (GLEY 1 10Y 3/1), high /
N 7| plasticity fines, few fine sand, FAT CLAY N
WITH SAND (CH / A-7-6), trace shell A
7 - fragments, (MC=28.5%, LL=48, PI=14, / 7 sC-61 4.0'/5.0 OX——xX% © A
FC=85.2%) / SRS
-288.0 . % .
315.7
- < Trace strongly cemented nodules, / -
(MC=17.1%, LL=45, PI=18, FC=82.4%) %
1 % {soss| 53150 FENENEEES
-293.0 . % .
320.7
- =4 (MC=17.5%, LL=38, PI=13, FC=81.0%) % —
1 % {soss| 53750 JENHINEE I I
4 B B B B B B B
LEGEND Continued Next Page

SC_DOT 141316153_USC-SCDOT DEEP BORINGS_B-FMG.GPJ SCDOT DATA TEMPLATE_01_30_2015.GDT 12/20/17

SAMPLER TYPE
NQ - Rock Core, 1-7/8"
CU - Cuttings
CT - Continuous Tube

SS - Split Spoon
UD - Undisturbed Sample
AWG - Rock Core, 1-1/8"

HSA - Hollow Stem Auger
CFA - Continuous Flight Augers

DRILLING METHOD
RW - Rotary Wash
RC - Rock Core

DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: |CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: |615ft | Soil Depth:  [20.8ft |CoreDepth: |615ft | Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
@® SPTN VALUE @
§_ | g les | 28 2 X
© g o.g Q5| o.g g - = - ©
3 8 MATERIAL DESCRIPTION g_. &gé’ 55 |% © o ; A FINES CONTENT (%)
Ll pzd ] c <4
. - & o 0 1.0 2.0 3.0 4.0 59 QO ?0 SO 90
) 5257
. -+ (MC=27.2%, LL=46, PI=9, FC=90.0%) / . Lo S
] ] é sc-64| 4.6/50 DO XX © A
w030 - % 1 — —
330.7 A P
. 4 (MC=21.2%, LL=45, PI=17, FC=93.0%) / . toioE Dol
| 333.1_| Layer of moderate cementation (~0.7" thick) é {eces| 50750 O : A ]
Hard, moist, strongly reactive, dark ; ’ ’ AT
- - greenish gray (GLEY 1 10Y 4/1), medium ] A .
plasticity fines, few fine sand, LEAN CLAY Soon o .
-308.0 | WITH SAND (CL / A-6), stratified sandy | oy .
' lean clay at top of layer 3357
. - Trace blocky clay, (MC=32.1%, LL=49, . oo .
PI=26, FC=88.6%) toioE Do
} } sc-66| 45/50 >ee—e< A ]
31304 - - —— —
340.7 R s
e < Very dark greenish gray (GLEY 1 10Y 3/1), — [ .
(MC=30.7%, LL=34, PI=13, FC=94.0%) Pl Do
T T 1sc-67 44'/5.0 W iA_
-318.0- - -
345.7 345.7 Do
- < Very hard, moist, strongly reactive, — .
moderately to strongly cemented, gray N
- 4 (GLEY 1 N 5/) dark greenish gray (GLEY 1 - .
10Y 4/1), medium plasticity fines, some fine o Lo
] | sand, SANDY LEAN CLAY (CL/A-6), ] A Lo Pl
mostly moderate to strong cementation, SC-68| 5.0'/5.0 OX—X DA
i _| trace shell fragments, (MC=20.5%, LL=37, i Lo o
349.4 | PI=11, FC=86.2%)
'/‘ : : : : : : :
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing




% Soil Test Log

SC_DOT 141316153_USC-SCDOT DEEP BORINGS_B-FMG.GPJ SCDOT DATA TEMPLATE_01_30_2015.GDT 12/20/17

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: |CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: [615ft |Soil Depth:  [20.8ft |Core Depth: |615ft |Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
@® SPTN VALUE @
§ | 2.2 | 28 3| X
© =) ) adleggl gk | . : - ©
3 8 MATERIAL DESCRIPTION g_j (;)“8 55 |% © o ; A FINES CONTENT (%)
Ll pzd ] c <4
7 - & o 0 10 20 30 40 50 60 70 80 90
Hard, moist, strongly reactive, very dark L
| 3997 1 greenish gray (GLEY 1 10Y 3/1), high 7/’ 3507 | SR
plasticity fines, little fine sand, SANDY FAT / oo
CLAY (CH/ A-7-6), trace shells, trace S
] 7| \blocky clay / L
i | Hard, moist, strongly reactive, very dark / i . S
gray (5Y 3/1) grayish brown (10YR 5/2), SC69| 4.8/50 PO 0 A
_ _| high plasticity fines, few fine sand, FAT _ S S
CLAY WITH SAND (CH / A-7-6), trace shell o o
328.0- _| fragments, trace blocky clay, (MC=24.6%, / i oot oot
Toes LL=49, PI=14, FC=94.2%) / 355.7 S oo
. 4 (MC=19.9%, LL=41, PI=11, FC=92.2%) % . S Do
735847 4 lsc70| 52/5.0 O %X St AT
Hard to very hard, moist, strongly reactive, 7 A oo
7 7| dark greenish gray (GLEY 1 10Y 4/1), high 7 oo T
plasticity fines, little to some fine sand, / oo Lo
-333.0 71 SANDY FAT CLAY (CH / A-7-6), trace shell b . T
fragments, lenses of moderate to strong / 360.7 . N
N - cementation (~0.2' to 0.5' thick) / — P N
(MC=26.8%, LL=41, PI=19, FC=82.6%) / N N
Hard, laminated sandy lean clay % A A
! 1 % Isc71| 46750 Lo xe—x L A ]
| i i i S R
. /
33804 1 / . —
/ 365.7 oo .
1 1 (MC=12.6%, LL=36, PI=13, FC=63.4%) / - Dol Do .
7 7| Grayish brown (10YR 5/2), fine to medium / ] ]
sand, trace strongly cemented nodules / R Lo
1 / Isc72| 51750 O XX i A :
- 369.21 7, - Lo :
Moist, strongly reactive, weakly to strongly [,/ Lo
| -343.0 - cemented, very dark greenish gray (GLEY 1 —
10Y 3/1) dark grayish brown (10YR 4/2), oo
. - fine to medium sand, some medium R -
plasticity fines, CLAYEY SAND (SC / A-6),
| _| trace shell fragments R ]
Trace moderately to strongly cemented
- - nodules, (MC=19.5%, LL=24, Pl=4, - , , s a -
FC=34.4%) SC-73 5.0'/5.0 @( A
! o S . . . . . . .
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
| UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: |CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: [615ft |Soil Depth:  [20.8ft |Core Depth: |615ft |Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
@® SPTN VALUE @
5 - % § 9 PL l\g) LL
SE | 28 EE . :x - | ©
3 8 MATERIAL DESCRIPTION 552 © o ; A FINES CONTENT (%)
w 2l § & 0 10 20 30 40 50 60 70 80 90
. - Trace wood fragments, (MC=12.2%, LL=24, -
PI=5, FC=38.4%) S
i i sc-74| 43/50 o >e< A i
35304 —
sg14 (MC=25.4%, LL=29, PI=6, FC=37.8%) -
MIDDLE & LOWER PEEDEE -
] | FORMATION: ’ o |
i | Hard, moist, strongly reactive, dark i R i
greenish gray (GLEY 1 10Y 4/1), medium SC-75| 4.8/50 oK A
N _| plasticity fines, some fine to medium sand, _ A i
SANDY LEAN CLAY (CL / A-6), few A
moderately to strongly cemented nodules, oo
-358.0 | lens of strong cementation (~0.3" thick), 385 7' S
13861 trace mica ] ]
\(MC=44.7%, LL=60, PI=30, FC=47.4%) 7 Pl
7 "] Hard, moist, strongly reactive, very dark / 7 A i
greenish gray (GLEY 1 10Y 3/1), high / A
7 7 plasticity fines, little fine sand, SANDY FAT sc-76| 52750 XA X ]
CLAY (CH / A-7-6), laminated to stratified / o
N - poorly graded sand with silt, trace N oo ]
moderately to strongly cemented nodules, / oo
-363.0 - trace mica —
/ 390.7 I
- = (MC=34.4%, LL=48, PI=16, FC=67.2%) % b A 7]
1 % Isc77| 5.0/50 B i
-368.0 B % B
/ 395.7
— = (MC=33.2%, LL=57, PI=24, FC=62.0%) % — —
N § % Isc78| 51750 H A i
/A S S
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing




SC_DOT 141316153_USC-SCDOT DEEP BORINGS_B-FMG.GPJ SCDOT DATA TEMPLATE_01_30_2015.GDT 12/20/17

% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: |CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: |615ft | Soil Depth:  [20.8ft |CoreDepth: |615ft | Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
@® SPTN VALUE @
5§ | g les | 28 2 Tk
®© g o.g aglg o.g g | - s - ©
3 8 MATERIAL DESCRIPTION g_. &gé’ 55 |% © o ; A FINES CONTENT (%)
Oy pzd ] c <4
. - & o 0 1.0 2.0 3.0 4.0 59 60 ?0 SO 90
400.7 /// 400.7 oL
- - Hard, moist, strongly reactive, dark - : : B
greenish gray (GLEY 1 10Y 4/1), medium : :
4 - plasticity fines, some fine sand, SANDY : : -
LEAN CLAY (CL / A-6), laminated to o :
i | stratified poorly graded sand with silt, trace i . i oo : i
mica, trace strongly cemented nodules, SC-79| 44'/5.0 oKX AL :
_ _| trace shells, (MC=26.7%, LL=35, PI=4, _ A : i
FC=45.8%) : :
-378.0- - -
405.7 : :
— = (MC=26.9%, LL=36, PI=8, FC=46.6%) — : : ]
i i Isc-80| 5.2/5.0 DOEX A ]
38301 A - —
410.7 410.7 oo : :
- - Hard, moist, strongly reactive, very dark 7 - oo : : .
greenish gray (GLEY 1 10Y 3/1) dark oo : :
- - greenish gray (GLEY 1 5GY 4/1), high / - . : : R
plasticity fines, little fine sand, SANDY FAT o : :
_ | CLAY (CH/ A-7-6), laminated to stratified / _ ) ) N : : ]
4135 |_ poorly graded sand with clay, trace mica, 7/ SC-81| 5.0'/50 KX A :
_ {\(MC=24.2%, LL=37, PI=14, FC=61.2%)  [{/7% o ' g -
Moist, weakly to strongly reactive, dark
-388.0 - greenish gray (GLEY 1 5GY 4/1), fine sand, [/ — -
415.7 | some medium plasticity fines, CLAYEY % Co :
- 4\SAND (SC / A-6), trace mica / - P : .
Hard, moist, strongly reactive, dark
7] 7| greenish gray (GLEY 1 10Y 4/1), medium 7] . : 1
plasticity fines, little fine sand, SANDY [ :
N 7 LEAN CLAY (CL / A-6), laminated clayey 71sc-82| 5.0/5.0 DOX——X LA 1
sand, trace mica, (MC=28.8%, LL=50, Co
= - PI=16, FC=78.2%) 7 oo 7
-393.0- - -
420.7 .
- =4 (MC=25.4%, LL=0, PI=0, FC=41.2%) b . 7]
} } 7sc-83| 5.0/50 ‘O A )
Some fine sand S
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: |CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: |615ft | Soil Depth:  [20.8ft |CoreDepth: |615ft | Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
@® SPTN VALUE @
5§ | g les | 28 2 Tk
®© g o.g aglg o.g g | - s - ©
3 8 MATERIAL DESCRIPTION g_. &33 55 |% © o ; A FINES CONTENT (%)
Ll pzd ] c <4
- & o 0 10 20 30 40 50 60 70 80 90
4257
- < Moist, strongly reactive, dark greenish gray . B
(GLEY 1 10Y 4/1), fine sand, some medium s
- - plasticity fines, CLAYEY SAND (SC / A-6), s .
trace mica, trace shell fragments, layer of I
- | strong cementation (~425.8' to 426.7"), i . i T i
(MC=29.5%, LL=39, PI=14, FC=47.4%) SC-84| 50750 (RO—X A
40304 A —
| 430'7_ Lens of strong cementation (~0.2' thick) i I i
Hard, moist, strongly reactive, dark
— - greenish gray (GLEY 1 10Y 4/1), medium T A ]
plasticity fines, some fine sand, SANDY T
4 - LEAN CLAY (CL / A-6), trace mica, trace - , , : N L s :3 oo -
shell fragments, lens of strong cementation SC-85| 46/50 ST A
_ 4 (~430.7't0 430.9"), (MC=25.9%, LL=48, _ L ]
PI1=23, FC=56.4%) .
-408.07 | Lens of strong cementation (~0.3' thick) 435 7_ oo
— - Some to little fine sand, (MC=28.4%, — A T ]
LL=48, PI=17, FC=66.0%) Do
N } Isc8s| 5.1/50 P O——X A ’
41304 - —
440.7 oono
- - Little fine sand, (MC=27.7%, LL=46, Pl=21, - A 7]
FC=59.0%) Sonor
N N Isc87| 51750 DEe—X: A ’
-418.0 . .
445.7 445.7
- - Very hard to hard, moist, strongly reactive, - B
weakly to strongly cemented, dark greenish
- - gray (GLEY 1 10Y 4/1), medium plasticity - .
fines, some fine sand, SANDY LEAN CLAY Lo
_ _J (CL/A-6), seams of clayey sand (~0.1' to _ . i IR i
0.2' thick), trace mica, trace shell SC-88| 5.2'/5.0 OK=X: A
i _| fragments, (MC=19.8%, LL=35, PI=12, i oo |
FC=48.8%)
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing




% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: | CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: [615ft |Soil Depth:  [20.8ft |Core Depth: |615ft |Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
® SPTNVALUE @
5 - o o, |28 2 PL MC LL
Sg | 3 MATERIAL DESCRIPTION §8IESE EC |, © | & -
8= | 87 7@ 83|12 2 9|2 A FINES CONTENT (%)
Ll pzd ] c <4
- & o 0 10 20 30 40 50 60 70 80 90
Little to some fine sand 450.7 : A
— — Little fine sand, trace mica to micaceous, — oo
(MC=27.9%, LL=45, PI=18, FC=75.2%) Do
7 7 7lsc-89| 4.8/5.0 )@—%< A
4280 A 1
455.7 A
- - Dark olive gray (5Y 3/2), (MC=28.2%, — oo
LL=50, PI=27, FC=80.6%) o
7 7 1sc90| 5.0/5.0 XH A
40| A 1
460.7 oo
- =4 (MC=29.1%, LL=51, PI=27, FC=82.2%) —
7 7 1sco1| 44'/50 X@——X : A
-438.0 . .
465.7
- =4 (MC=28.0%, LL=39, PI=16, FC=52.6%) —
7 7| Layer of stratified weakly to strongly 7
| | cemented clayey sand (~0.6" thick) | A
Trace moderately to strongly cemented SC-92| 5.0'/50 XO—X A
| | nodules | S
-443.0- . .
470.7 470.7
- - DONOHO CREEK FORMATION - BLACK 7 -
CREEK GROUP: /
7] 7 Hard, moist, strongly reactive, greenish / 7]
black (GLEY 1 10Y 2.5/1), high plasticity / ol
T - fines, little fine sand, SANDY FAT CLAY . ' ! [V IR
J ) - . . XOo———4AX
(CH/ A-7-6), trace mica, trace shell / SC-93 5.1'75.0 T
E - fragments, laminated to stratified sandy e
lean clay, trace wood fragments, / I
EGEND Continued Next Page

SC_DOT 141316153_USC-SCDOT DEEP BORINGS_B-FMG.GPJ SCDOT DATA TEMPLATE_01_30_2015.GDT 12/20/17

SAMPLER TYPE
NQ - Rock Core, 1-7/8"
CU - Cuttings
CT - Continuous Tube

SS - Split Spoon
UD - Undisturbed Sample
AWG - Rock Core, 1-1/8"

HSA - Hollow Stem Auger
CFA - Continuous Flight Augers
DC - Driving Casing

DRILLING METHOD
RW - Rotary Wash
RC - Rock Core
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: |CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: [615ft |Soil Depth:  [20.8ft |Core Depth: |615ft |Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
® SPTNVALUE @
5 |< g les |28 I
gg | g€ 3SE8E ES |4 o o | S
3 g MATERIAL DESCRIPTION g_, g,gé’ S5 |® o o ; A FINES CONTENT (%)
Ll pzd ] c <4
- & o 0 10 20 30 40 50 60 70 80 90
(MC=29.4%, LL=70, P1=48, FC=66.2%) 7 475.7 T
. 4 Few shell fragments, (MC=36.0%, LL=81, / . O -
PI=55, FC=76.2%) % O
N N é sco4| 5.07/50 o A ]
%
480.7 -
— < Greenish black (GLEY 1 10Y 2.5/1) dark — e —
greenish gray (GLEY 1 10Y 4/1), some fine -
4 -4 sand, laminated to stratified sandy lean - S .
clay, trace to few moderately cemented A
i _| nodules, (MC=29.6%, LL=81, PI=57, i N |
FC=67.0%) % SC-95 4.7'/15.0' : O — A: }
%
485.7 S
E - Little fine sand, laminated, trace shell - - 1
fragments, (MC=29.8%, LL=59, PI=35, -
1 1 Fc=67.0%) / - S
17 % 1scos| 50750 oA
o] - % - -
490.7 2/ 1907 S
- - Very hard, moist, strongly reactive, non- to 7 - A .
weakly cemented, greenish black (GLEY 1 L
- 4 10Y 2.5/1), high plasticity fines, few fine / - A i
sand, FAT CLAY WITH SAND (CH / A-7-6), S
i | laminated, trace shell fragments, / - . i N S SR A
(MC=40.3%, LL=80, PI=45, FC=91.8%) % SC97| 5.1'/5.0 RO X A
-468.0 . % 5
495.7 / 495.7
- < Very hard, moist, strongly reactive, very 7 - B
dark greenish gray (GLEY 1 10Y 3/1), high
- - plasticity fines, FAT CLAY (CH/ A-7-6), - .
trace shells, trace fine sand, (MC=59.1%, L
_ | LL=80, PI=35, FC=94.8%) ] S
SC-98| 5.1'/5.0' IX—e——X A
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing




SC_DOT 141316153_USC-SCDOT DEEP BORINGS_B-FMG.GPJ SCDOT DATA TEMPLATE_01_30_2015.GDT 12/20/17

% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: |CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: [615ft |Soil Depth:  [20.8ft |Core Depth: |615ft |Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
@ SPTN VALUE @
S| 2,25 | 28 3| &
®© g o.g aglg o.g g | - s - ©
3 g MATERIAL DESCRIPTION g_. &gé’ S5 |® o o ; A FINES CONTENT (%)
Ll pzd ] c <4
. - & o 0 1.0 2.0 3.0 4.0 59 60 70 SO 90
500.7 Y 5o
— < Hard, moist, weakly reactive, dark olive — S ]
gray (5Y 3/2), high plasticity fines, FAT S
i - CLAY (CH/ A-7-6), trace sand, / - i
(MC=37.5%, LL=60, PI=31, FC=81.0%) / S
1 - % 1scos| 49750 xe—x A ]
o] / : EEE .
505.7 L
. - Strongly reactive, (MC=36.9%, LL=67, / e L 7
PI=43, FC=71.6%) % SN
1 % toad 50750 e s
510.7 % 5107 o
- < Hard, moist, strongly reactive, dark olive - S B
gray (5Y 3/2), medium plasticity fines, few A
- - sand, LEAN CLAY WITH SAND (CL / A-6), - A B
(MC=26.3%, LL=40, PI=15, FC=41.8%)
] iy Isc-101| 52'/50 DA ’
. - Lens of sand ] 1
-488.0- - -
515.7 515.7 .
- - Hard, moist, strongly reactive, greenish - R B
black (GLEY 1 10Y 2.5/1), medium oo
4 - plasticity fines, little fine sand, SANDY - oo .
LEAN CLAY (CL / A-6), trace shells, o
_ 1 (MC=39.2%, LL=37, PI=13, FC=43.8%) _ U i
SC-102| 5.0'/5.0' HOA
-493.0 . 5
520.7
- - Strongly reactive, very dark greenish gray - B
(GLEY 1 10Y 3/1), little fine sand, layer of
- - strong cementation (~1.5' thick), - .
(MC=21.9%, LL=26, PI=5, FC=31.0%) Co
) ) 7sc-103]  3.0'/5.0' XA )
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: |CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: |615ft | Soil Depth:  [20.8ft |CoreDepth: |615ft | Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
® SPTN VALUE @
§_|s MEFSEY E et
®© g o.g aglg o.g g | - s - ©
3 g MATERIAL DESCRIPTION g_. (538 552 © o ; A FINES CONTENT (%)
Ll pzd ] c <4
- N © 0 10 20 30 40 50 60 70 80 90
E - Weakly reactive, some fine sand, B A 1
(MC=21.1%, LL=31, PI=9, FC=34.2%) Lo
i i sc-104/ 5.0'/5.0 @(—m i
R -| Strongly reactive, few shells R .
50304 A - —
530.7 530.7 oo
— - BLADEN FORMATION - BLACK CREEK — T B
GROUP: Lo
7 7| Weakly reactive, greenish black (GLEY 1 7 - 7
10Y 2.5/1), trace shells, (MC=25.7%, oo
. 1 LL=39, PI=19, FC=33.4%) dsc108l 50750 YO AN .
50804 A - —
535.7 ol
E - Weakly cemented, some fine sand, B A 1
(MC=28.6%, LL=41, PI=18, FC=31.2%) Lo
} ) “Isc-106| 53'/5.0 >ea—>< i
51304 A - —
540.7 A
- < Very dark greenish gray (GLEY 1 10Y 3/1), - S B
(MC=31.0%, LL=43, PI=17, FC=43.0%) Lo
7 7 sc-107] 4.5'/5.0 xe——x ]
-518.0 . -
545.7
- - Very dark gray (5Y 3/1), (MC=26.7%, - B
LL=40, PI=19, FC=34.0%)
7 7 ‘|sc-108/  3.0'/5.0 >€6—A%< ]
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: |CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: [615ft |Soil Depth:  [20.8ft |Core Depth: |615ft |Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
® SPTN VALUE @
PL MC LL
S s 2.8 | 28 3 .
© g Q.g Q& IS Q.g IS |: - = - ©
3 8 MATERIAL DESCRIPTION g_. &gé’ 552 © o ; A FINES CONTENT (%)
Ll pzd ] c <4
- & o 0 10 20 30 40 50 60 70 80 90
5507 B B B B B B B B B
- - Moist, strongly reactive, weakly cemented, B
very dark gray (2.5Y 3/1), fine sand, little
- - low plasticity fines, CLAYEY SAND (SC/ .
A-2-6), layer of strong cementation (~0.8'
4 | thick), (MC=31.0%, LL=43, PI=17, | _
FC=43.0%) SC-109| 1.0'/5.0'
-528.0+ .
— < Layer of strong cementation (~1.0' thick) B
T T ‘Isc-110| 1.0'/5.0' i
-533.0+ .
— -4 NO RECOVERY —
T T ‘Isc-111|  0.0'/5.0° i
-538.0 .
- < Layer of strong cementation (~1.2' thick) B
T T Isc-112]  1.2'/5.0° i
-543.0+ .
570.7
— < Moist, weakly reactive, weakly cemented, ]
very dark greenish gray (GLEY 1 10Y 3/1),
4 - fine sand, little medium plasticity fines, .
CLAYEY SAND (SC / A-2-6), (MC=25.9%, Lo
_ | LL=30, PI=8, FC=25.0%) _ Lo ]
SC-113| 3.5'/5.0' X
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: |CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: |615ft | Soil Depth:  [20.8ft |CoreDepth: |615ft | Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
® SPTN VALUE @
5 - % § 9 PL l\g) LL
SE | 28 EE . :x - | ©
3 g MATERIAL DESCRIPTION 53 o O o ; A FINES CONTENT (%)
w 2 & & 0 10 20 30 40 50 60 70 80 90
— =4 (MC=29.0%, FC=26.8%) ]
] ] Isc-114 3550 Y R
65309 - —
- =4 (MC=28.6%, LL=31, PI=11, FC=25.6%) 7]
i } Isc-115  3.0/5.0 XX s ]
65809 - —
585.7 L
E < Hard, moist, weakly reactive, weakly . L
cemented, very dark greenish gray (GLEY 1 L
- 4 5GY 3/1), medium plasticity fines, few fine - A
sand, LEAN CLAY WITH SAND (CL / A-6), R
- | layer of strong cementation (~1.2" thick), i . i ooror
(MC=33.0%, LL=82, P1=39, FC=81.8%) SC-116| 2.0'/5.0 O XK ¢
66309 - - —
590.7 590.7 oo
— - Very hard, weakly reactive, weakly — L
cemented, very dark greenish gray (GLEY 1 .
- 4 10Y 3/1), medium plasticity fines, few fine - L
sand, SANDY LEAN CLAY (CL/A-6), ol
] | (MC=31.1%, LL=87, PI=37, FC=90.6%) ] S S
SC-117|  1.0'/5.0" O X———XA
-568.0- . 5
595.7
— 596.0 Very hard, weakly reactive, very dark i o B
greenish gray (GLEY 1 10Y 3/1), high /
| 597.0_L | plasticity fines, FAT CLAY (CH / A-7-6), -
trace fine sand, (MC=22.8%, LL=30, PI=9, N
_ 1 ||FC=29.0%) _ Lo i
SC-118| 3.5'/5.0' oK
Moist, weakly reactive, very dark greenish .
7] 7 \gray (GLEY 1 10Y 3/1), fine to medium 7] 7]
sand, little low plasticity fines, SILTY SAND I
LEGEND Continued Next Page
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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% Soil Test Log

Project ID:| 1413-16-153 | County: | Georgetown, SC | Boring No.: | B-FMG
Site Description: | USC-SCDOT Deep Seismic Holes | Route:
Eng./Geo.: |CS & LE | Boring Location: | Offset: | Alignment: |
Elev.: |[27.01t | Latitude: 133.447666 | Longitude:  |-79.59089 | Date Started: 02/06/2017
Total Depth: |615ft | Soil Depth:  [20.8ft |CoreDepth: |615ft | Date Completed: | 2/18/2017
Bore Hole Diameter (in): | 4 | Sampler Configuration | Liner Required: | Y N | Liner Used: | Y N
Drill Machine: | CME-550 Drill Method: | Mud Rotary Hammer Type:| Automatic | Energy Ratio: | 91.5%
Core Size: |HQ Driller: | AE Drilling Groundwater: | TOB | 2.5 ft |24HR |28 ft
@ SPTNVALUE @
5 - o o, |28 2 PL MC LL
sg | §€ MATERIAL DESCRIPTION §8IESE EC |, © | & -
8- |87 5718871 88| 3 &2 A FINES CONTENT (%)
Ll pzd 2] c <4
- & o 0 10 20 30 40 50 60 70 80 90
600.7 | (SM/A-2-6) | 600.7 oL
- - | Soft, moist, weakly reactive, very dark b - .
greenish gray (GLEY 1 10Y 3/1), medium A
- - |plasticity fines, few fine sand, LEAN CLAY -
WITH SAND (CL / A-6) oo
7 7 Drilled sump for geophysical logging, Jsc-119 e ! ]
| | (MC=37.9%, LL=37, PI=15, FC=36.4%) i R |
S804 - 1
605.7 A
. -+ (MC=27.6%, LL=24, PI=3, FC=16.8%) . P .
1 Jsc-120 axo 1
58304 - 1
610.7 oo
. 4 (MC=39.6%, LL=38, PI=19, FC=16.2%) . Do .
i i Isc-121 L A—0 i
1 615.0
-588.0 Boring Terminated at 615 ft
-593.0 - .
LEGEND
SAMPLER TYPE DRILLING METHOD
SS - Split Spoon NQ - Rock Core, 1-7/8" HSA - Hollow Stem Auger RW - Rotary Wash
UD - Undisturbed Sample CU - Cuttings CFA - Continuous Flight Augers RC - Rock Core
AWG - Rock Core, 1-1/8" CT - Continuous Tube DC - Driving Casing
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INTRODUCTION

GEOVision acquired borehole geophysical data in three (3) boreholes at 2 South Carolina
Department of Transportation sites. The work was performed for S&ME, Inc. Analysis and report

were reviewed by a GEOVision Professional Geophysicist or Engineer.

SCOPE OF WORK

This report presents results of borehole geophysical measurements acquired in three boreholes
between January 28™ and February 27", 2017 as detailed in Table 1. The purpose of these
measurements was to supplement stratigraphic information by acquiring shear wave and

compressional wave velocities as a function of depth.

The OYO Suspension PS Logging System (Suspension System) was used to obtain in-situ
horizontal shear (S,) and compressional (P) wave velocity measurements in one cased and two
uncased boreholes at 1.6 foot intervals. Measurements followed GEOVision Procedure for PS
Suspension Seismic Velocity Logging, revision 1.5. Acquired data were analyzed and a profile of

velocity versus depth was produced for both S, and P waves.

A detailed reference for the suspension PS velocity measurement techniques used in this study is:

Guidelines for Determining Design Basis Ground Motions, Report TR-102293,

Electric Power Research Institute, Palo Alto, California, November 1993, Sections
7 and 8.

A Robertson Geologging Dual Induction probe (DUIN) was used to collect long and short

conductivity and natural gamma data at 0.05 foot intervals.
Measurement procedures followed these ASTM standards:

e ASTM D5753-05 (Re-approved 2010), “Planning and Conducting Boring Geophysical
Logging”
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e ASTM D6726-01 (Re-approved 2007), “Conducting Boring Geophysical Logging —

Electromagnetic Induction”
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INSTRUMENTATION

Suspension Velocity Instrumentation

Suspension velocity measurements were performed using the suspension PS logging system,
manufactured by OYO Corporation, and their subsidiary, Robertson Geologging. This system
directly determines the average velocity of a 3.3-foot high segment of the soil column surrounding
the borehole of interest by measuring the elapsed time between arrivals of a wave propagating
upward through the soil column. The receivers that detect the wave, and the source that generates
the wave, are moved as a unit in the borehole producing relatively constant amplitude signals at all

depths.

The suspension system probe consists of a combined reversible polarity solenoid horizontal shear-
wave source and compressional-wave source, joined to two biaxial receivers by a flexible isolation
cylinder, as shown in Figure 1. The separation of the two receivers is 3.3 feet, allowing average
wave velocity in the region between the receivers to be determined by inversion of the wave travel
time between the two receivers. The total length of the probe as used in these surveys is
approximately 25 feet, with the center point of the receiver pair 12.5 feet above the bottom end of

the probe.

The probe receives control signals from, and sends the digitized receiver signals to,
instrumentation on the surface via an armored multi-conductor cable. The cable is wound onto the
drum of a winch and is used to support the probe. Cable travel is measured to provide probe depth

data using a sheave of known circumference fitted with a digital rotary encoder.

The entire probe is suspended in the borehole by the cable, therefore, source motion is not coupled
directly to the borehole walls; rather, the source motion creates a horizontally propagating
impulsive pressure wave in the fluid filling the borehole and surrounding the source. This pressure
wave is converted to P and Sy-waves in the surrounding soil and rock as it impinges upon the wall

of the borehole. These waves propagate through the soil and rock surrounding the borehole, in turn
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causing a pressure wave to be generated in the fluid surrounding the receivers as the soil waves
pass their location. Separation of the P and S,-waves at the receivers is performed using the

following steps:

1. Orientation of the horizontal receivers is maintained parallel to the axis of the source,
maximizing the amplitude of the recorded S, -wave signals.

2. Ateach depth, S,;-wave signals are recorded with the source actuated in opposite directions,
producing Sy-wave signals of opposite polarity, providing a characteristic S,-wave
signature distinct from the P-wave signal.

3. The 6.3 foot separation of source and receiver 1 permits the P-wave signal to pass and
damp significantly before the slower S,;-wave signal arrives at the receiver. In faster soils or
rock, the isolation cylinder is extended to allow greater separation of the P- and S,-wave
signals.

4. In saturated soils, the received P-wave signal is typically of much higher frequency than the
received S,-wave signal, permitting additional separation of the two signals by low pass
filtering.

5. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers
because the wavelength of the pressure pulse in fluid is significantly greater than the
dimension of the fluid annulus surrounding the probe (feet versus inches scale), preventing

significant energy transmission through the fluid medium.

In operation, a distinct, repeatable pattern of impulses is generated at each depth as follows:

1. The source is fired in one direction producing dominantly horizontal shear with some
vertical compression, and the signals from the horizontal receivers situated parallel to the
axis of motion of the source are recorded.

2. The source is fired again in the opposite direction and the horizontal receiver signals are

recorded.
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3. The source is fired again and the vertical receiver signals are recorded. The repeated source
pattern facilitates the picking of the P and S,,-wave arrivals; reversal of the source changes

the polarity of the S,,-wave pattern but not the P-wave pattern.

The data from each receiver during each source activation is recorded as a different channel on the
recording system. The Suspension PS system has six channels (two simultaneous recording
channels), each with a 1024 sample record. The recorded data are displayed as six channels with a

common time scale. Data are stored on disk for further processing.

Review of the displayed data on the recorder or computer screen allows the operator to set the
gains, filters, delay time, pulse length (energy), and sample rate to optimize the quality of the data
before recording. Verification of the calibration of the Suspension PS digital recorder is performed
at least every twelve months using a NIST traceable frequency source and counter, as presented in

Appendix C.
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Induction / Natural Gamma Instrumentation

Formation conductivity and natural gamma data were collected using a DUIN model dual
induction probe, manufactured by Robertson Geologging, Ltd. The probe is 7.5 feet long, and 1.5

inches in diameter.

This probe is useful in the following studies:
e Bed boundary identification
e Strata correlation between borings

e Strata geometry and type (shale indication)

The probe receives control signals from, and sends the digitized measurement values to, a
Robertson Micrologger Il on the surface via an armored 4 conductor cable. The cable is wound
onto the drum of a winch and is used to support the probe. Cable travel is measured to provide
probe depth data, using a sheave of known circumference fitted with a digital rotary encoder. The
probe and depth data are transmitted by USB link from the Micrologger unit to a laptop computer

where it is displayed and stored on hard disk.

An Electro-Magnetic (EM) induction probe consists of transmitter and receiver coils. An
alternating current is applied to the transmitter coil, causing the coil to radiate a primary EM field.
This primary EM field generates eddy currents in subsurface materials, which give rise to a
secondary EM field. The secondary EM field is measured as an alternating current in the receiver
coils, which is proportional to formation conductivity. The probe coil spacing is optimized to
achieve high vertical resolution, minimal borehole influence and large radius of investigation. The
Robertson focused dual induction probe has effective coil spacings of 1.6 and 2.6 feet, operates at a
frequency of 39 kHz, has 1 millisiemens/meter resolution, and operates over a 5 to 3000

millisiemens/meter conductivity range.

Natural gamma measurements rely upon small quantities of radioactive material contained in soil

and rocks to emit gamma radiation as they decay. Trace amounts of uranium and thorium are
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present in a few minerals, where potassium-bearing minerals such as feldspar, mica and clays will
include traces of a radioactive isotope of potassium. These emit gamma radiation as they decay
with an extremely long half-life. This radiation is detected by scintillation - the production of a
tiny flash of light when gamma rays strike a crystal of sodium iodide. The light is converted into
an electrical pulse by a photomultiplier tube. Pulses above a threshold value of 60 KeV are
counted by the probe's microprocessor. The measurement is useful because the radioactive
elements are concentrated in certain soil and rock types e.g. clay or shale, and depleted in others

e.g. sandstone or coal.
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MEASUREMENT PROCEDURES

Suspension Velocity Measurement Procedures

Boreholes were logged filled with fresh water mud. Measurements followed the GEOVision
Procedure for P-S Suspension Seismic Velocity Logging, revision 1.5. Prior to the logging run, the
probe was positioned with the top of the probe even with a stationary reference point. The
electronic depth counter was set to the distance between the mid-point of the receiver and the top
of the probe, minus the height of the stationary reference point, if any. Measurements were verified

with a tape measure, and calculations recorded on a field log.

The probe was lowered to the bottom of the borehole, stopping at 1.6 foot intervals to collect data,
as summarized in Table 2. At each measurement depth the measurement sequence of two opposite
horizontal records and one vertical record was performed. Gains were adjusted as required. The
data from each depth were viewed on the computer display, checked, and saved to disk before

moving to the next depth.

Upon completion of the measurements, the probe was returned to the surface and the zero depth

indication at the depth reference point was verified prior to removal from the borehole.
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Induction / Natural Gamma Measurement Procedures

Measurement procedures, incorporated into Bechtel Specification 25938-000-3PS-CY05-G0002
Rev. 00, followed these ASTM standards:
e ASTM D5753-05 (Re-approved 2010), “Planning and Conducting Boring Geophysical
Logging”
e ASTM D6274-10, “Conducting Boring Geophysical Logging — Gamma”
e ASTM D6726-01 (Re-approved 2007), “Conducting Boring Geophysical Logging —

Electromagnetic Induction”

All borings were filled with water during logging. Prior to the logging run, the measurement
depths were referenced to ground level. This was done by placing the top of the probe at grade,
and the electronic depth counter was set to the probe length. These calculations are recorded on
the field logs. Offset distances between probe tip and measurement points are corrected for in the
data acquisition software. The probe was lowered to the bottom of the boring where data
acquisition was begun, and the probe was returned to the surface at approximately 10 feet/minute,

collecting data continuously at 0.05-foot spacing, as summarized in Table 2.

This probe was not calibrated in the field, as it is used to provide qualitative measurements, not
quantitative values, and is used only to assist in picking transitions between stratigraphic units, as
described in ASTM D5753-05 (Reapproved 2010), “Planning and Conducting Borehole
Geophysical Logging”. A functional test was performed prior to the logging run by placing a coil
with an effective conductivity value over the probe, and recording the resultant output of the
system. The results are recorded on the field logs, as reproduced in the separate Support Document
package 16133-03 delivered to S&ME. These functional checks are also presented in LAS 2.0
format in the boring specific sub-directories on the data disks labeled Report 16133-02 that

accompany this report.
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Natural gamma was not calibrated in the field, as it is a qualitative measurement, not a quantitative
value, and is used only to assist in picking transitions between stratigraphic units, as described in

ASTM D6274-10, “Conducting Borehole Geophysical Logging — Gamma”.

Upon completion of the measurements, the probe zero depth indication at the depth reference point

was verified prior to removal from the boring.
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DATA ANALYSIS

Suspension Velocity Analysis

Using the proprietary OYO program PSLOG.EXE version 1.0, the recorded digital waveforms
were analyzed to locate the most prominent first minima, first maxima, or first break on the
vertical axis records, indicating the arrival of P-wave energy. The difference in travel time between
receiver 1 and receiver 2 (R1-R2) arrivals was used to calculate the P-wave velocity for that 1.0
meter segment of the soil column. When observable, P-wave arrivals on the horizontal axis records
were used to verify the velocities determined from the vertical axis data. The time picks were then
transferred into a Microsoft Excel® template to complete the velocity calculations based on the

arrival time picks made in PSLOG. The Microsoft Excel® analysis file accompanies this report.

The P-wave velocity over the 6.3-foot interval from source to receiver 1 (S-R1) was also picked
using PSLOG, and calculated and plotted in Microsoft Excel®, for quality assurance of the velocity
derived from the travel time between receivers. In this analysis, the depth values as recorded were
increased by 4.8 feet to correspond to the mid-point of the 6.33-foot S-R1 interval. Travel times
were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting the
calculated and experimentally verified delay, in milliseconds, from source trigger pulse (beginning
of record) to source impact. This delay corresponds to the duration of acceleration of the solenoid

before impact.

As with the P-wave records, the recorded digital waveforms were analyzed to locate clear S;,-wave
pulses, as indicated by the presence of opposite polarity pulses on each pair of horizontal records.
Ideally, the S,,-wave signals from the 'normal’ and 'reverse’ source pulses are very nearly inverted
images of each other. Digital Fast Fourier Transform — Inverse Fast Fourier Transform (FFT -
IFFT) lowpass filtering was used to remove the higher frequency P-wave signal from the S;-wave
signal. Different filter cutoffs were used to separate P- and S,-waves at different depths, ranging
from 600 Hz in the slowest zones to 4000 Hz in the regions of highest velocity. At each depth, the
filter frequency was selected to be at least twice the fundamental frequency of the S,,-wave signal

being filtered.
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Generally, the first maxima were picked for the 'normal’ signals and the first minima for the
'reverse' signals, although other points on the waveform were used if the first pulse was distorted.
The absolute arrival time of the 'normal’ and 'reverse' signals may vary by +/- 0.2 milliseconds, due
to differences in the actuation time of the solenoid source caused by constant mechanical bias in
the source, or by borehole inclination. This variation does not affect the R1-R2 velocity
determinations, as the differential time is measured between arrivals of waves created by the same
source actuation. The final velocity value is the average of the values obtained from the 'normal’

and 'reverse' source actuations.

As with the P-wave data, S,-wave velocity calculated from the travel time over the 6.33-foot
interval from source to receiver 1 was calculated and plotted for verification of the velocity derived
from the travel time between receivers. In this analysis, the depth values were increased by 4.8 feet
to correspond to the mid-point of the 6.33-foot S-R1 interval. Travel times were obtained by
picking the first break of the S,,-wave signal at the near receiver and subtracting the calculated and
experimentally verified delay, in milliseconds, from the beginning of the record at the source

trigger pulse to source impact.

Poisson’s Ratio, v, was calculated in the Microsoft Excel® template using the following formula:

Figure 2 shows an example of R1 - R2 measurements on a sample filtered suspension record. In
Figure 2, the time difference over the 3.3 foot interval of 1.88 milliseconds for the horizontal

signals is equivalent to an S,-wave velocity of 1745 feet/second. Whenever possible, time
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differences were determined from several phase points on the S,,-waveform records to verify the
data obtained from the first arrival of the Sy-wave pulse. Figure 3 displays the same record before
filtering of the S,,-waveform record with a 1400 Hz FFT - IFFT digital lowpass filter, illustrating
the presence of higher frequency P-wave energy at the beginning of the record, and distortion of

the lower frequency S,,-wave by residual P-wave signal.

Data and analyses were reviewed by a GEOVision Professional Geophysicist or Engineer as a

component of the in-house data validation program.

Induction / Natural Gamma Analysis

No analysis is required with the induction and natural gamma data; however, depths to identifiable
boring log features, such as distinct natural gamma transitions, were compared to verify consistent
depth readings on all logs. Using WellCAD™ software version 5.1, these data were combined
with the Elog and caliper logs, and converted to LAS 2.0 and PDF formats for transmittal to the
client. In many of the boreholes at this site, multiple data sets were collected over several different

depth intervals, and each separate log is presented.
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RESULTS

Suspension Velocity Results

Suspension R1-R2 P- and Sj-wave velocities for borehole B-FMG are presented in Figure 4 and
data compiled in Table 3. Nearby boreholes HOR-1328 and Conway Offset were combined for
data analysis. Combined velocities for boreholes HOR-1328 and Conway Offset are plotted in
Figure 6 and data compiled in Table 4. The associated Microsoft Excel® analysis files are included
in the data deliverable included with this report. Included in the Microsoft Excel® analysis files are

Poisson’s Ratio calculations, tabulated data and plots.

P- and S,;-wave velocity data from R1-R2 analysis and quality assurance analysis of S-R1 data are
plotted together in Figures A-1 and A-2 in Appendix A to aid in visual comparison. Note that
R1-R2 data are an average velocity over a 3.3-foot segment of the soil column; S-R1 data are an
average over 6.3 feet, creating a significant smoothing relative to the R1-R2 plots. The S-R1

velocity data displayed in these figures are also compiled in Tables A-1 and A-2.

Induction / Natural Gamma Results

Induction and natural gamma data for boreholes B-FMG, and HOR-1328 combined with Conway
Offset are presented in single page log plots in Figures 5 and 7, respectively, as well as in scaled
(1in:20ft) multi-page log plots in Appendix B. Depths on all figures and tables are referenced to
ground surface. LAS 2.0 data and Acrobat files of the plots for each boring are included in the data

deliverable included with this report.
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SUMMARY

Discussion of Suspension Velocity Results

Suspension PS velocity data are ideally collected in uncased, fluid filled boreholes drilled with
rotary wash methods, as was the case for B-FMG in Andrews, and HDR-1328. The Conway
OFFSET hole was cased with 4 inch PVC to 310 feet.

Overall, Suspension PS velocity data quality is judged on 5 criteria, as summarized below.

Criteria HDR-1328 + OFFSET B-FMG
Consistent data between receiver to receiver
1 (R1 — R2) and source to receiver (S — R1) Yes Yes

data.
Consistency between data from adjacent

2 . Yes Yes
depth intervals.
Consistent relationship between P-wave and . ,
3 Sy -wave (excluding transition to saturated Yes. Saturation occurs [Yes. Saturation occurs at
scl)_iils) 9 at 9 ft depth about 15 ft depth
4 Clarity of P-wave and Spy-wave onset, as well Good Good
as damping of later oscillations.
5 Consistency of profile between adjacent Not applicable. Not applicable.

borings, if available.

These data indicate good consistency between R1-R2 and S-R1 velocities, and good consistency

between adjacent depths in the intervals tested.
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Discussion of Induction / Natural Gamma Results

Both gamma and conductivity are relative logs, not absolute; meaning relative changes in
amplitude are more informative than the absolute values. With that in mind, we can provide

general guidelines.

Conductivity: generally, conductivity is higher in materials in which electric and electromagnetic
fields flow preferentially. For earth materials, typically hard rock, limestone, dry sands and similar
exhibit relatively low conductivity (higher resistivity); whereas metallic ores and clays, and silts
exhibit relatively high conductivity (low resistivity). For near surface materials, unconsolidated
sediment is typically more conductive than consolidated sediment. Water content and salinity also
contribute to increased conductivity, e.g., wet soil and sand is more conductive than dry. Here

below is a jpg with general ranges, note there is overlap (from http://emgeo.sdsu.edu/emrockprop.html

Palacky, G. J., 1988, Resistivity characteristics of geologic targets, in Investigations in Geophysics
vol. 3: Electromagnetic methods in applied geophysics-theory, vol. 1, edited by M. N. Nabighian,
Soc. Expl. Geophys., 53-129.)

Typical near surface soils and hard rock exhibits low conductivity, usually near the low, or left,

axis close to (or less than) zero mS/m. In contrast, fat clays could be in the hundreds to low

thousands ms/m.
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Natural Gamma (NG): Higher in materials that contain uranium, thorium, or potassium (or similar)
bearing minerals, or soils / rocks in which these minerals are concentrated. For example, in near
surface measurements NG is higher in clays or shales and lower in sandstones and coals. Typical
sands or near surface unconsolidated materials are relatively low. Clay seams may spike very high,

the higher the value the more concentrated radioactive minerals.

Typical near surface soil often hovers around 100CPS or less, but this can vary by location. Fat

clays can cause deflections to the right to several hundred CPS.

Typically, there is an expected correlation between conductivity and natural gamma. For example,
a clay seam would be expected to exhibit a NG high and a corresponding conductivity high. A
sand would be expected to have a relatively flat NG response and a corresponding low
conductivity. However, relative, abrupt changes in amplitude are more indicative of formational or

lithologic changes, which may assist with observations in the borehole geologic logs.
The upper and lower sections of the Conway boring overlapped perfectly. However, the OFFSET

hole exhibits strong conductivity response from the metallic centralizers installed at 15, 45, 105,
155, 205, and 255 feet below ground surface.
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Quality Assurance

These borehole geophysical measurements were performed using industry-standard or better
methods for measurements and analysis. All work was performed under GEOVision quality

assurance procedures, which include:

e Use of NIST-traceable calibrations, where applicable, for field and laboratory instrumentation

e Use of standard field data logs

e Use of independent verification of velocity data by comparison of receiver-to-receiver and
source-to-receiver velocities

e Independent review of calculations and results by a registered professional engineer, geologist,

or geophysicist.

Suspension Velocity Data Reliability

P- and S,-wave velocity measurement using the Suspension Method gives average velocities over
a 3.3-foot interval of depth. This high resolution results in the scatter of values shown in the
graphs. Individual measurements are very reliable with estimated precision of +/- 5%. Depth
indications are very reliable with estimated precision of +/- 0.2 feet. Standardized field procedures

and quality assurance checks contribute to the reliability of these data.
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CERTIFICATION

All geophysical data, analysis, interpretations, conclusions, and recommendations in this document

have been prepared under the supervision of and reviewed by a GEOVision California Professional

Geophysicist or Engineer.

Prepared by
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*  This geophysical investigation was conducted under the supervision of a California
Professional Geophysicist or Engineer using industry standard methods and equipment. A high
degree of professionalism was maintained during all aspects of the project from the field
investigation and data acquisition, through data processing, interpretation and reporting. All
original field data files, field notes and observations, and other pertinent information are
maintained in the project files and are available for the client to review for a period of at least

one year.

A professional geophysicist’s certification of interpreted geophysical conditions comprises a
declaration of his/her professional judgment. It does not constitute a warranty or guarantee,
expressed or implied, nor does it relieve any other party of its responsibility to abide by
contract documents, applicable codes, standards, regulations or ordinances.
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Table 1. Borehole locations and logging dates

ELEVATION
COORDINATES
BOREHOLE DATES (TOP OF WELL
(US SURVEY FEET) @
CASING) ®
DESIGNATION LOGGED NORTHING EASTING (FEET)
HOR-1328 1/28/2017
B-FMG 2/26/2017
Conway Offset 2/27/2017
() survey data not available
Table 2. Logging dates and depth ranges
BOREHOLE TOOL AND RUN DEPTH OPEN | SAMPLE DATE
NUMBER NUMBER RANGE HOLE INTERVAL| | 556ED
(FEET) (FEET) | (FEET)
HOR-1328 | SUSPENSION DOWNO1 | 301.84- 469.16 | 505 1.6 1/28/2017
HOR-1328 INDUCTION UPO1 490 — 289 505 0.05 1/28/2017
B-FMG SUSPENSION DOWNO1 | 13.12-597.11 | 610 1.6 2/26/2017
B-FMG INDUCTION UPO1 609.75-4.55 | 640 0.05 2/26/2017
Cgfr;;veaty SUSPENSION DOWNO1 | 6.56 —293.64 | 310 1.6 21272017
Cgfr;;v:ty INDUCTION UP01-02 309.90-4.75 | 310 0.05 2/27/2017
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Figure 1: Concept illustration of P-S logging system
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Figure 4. Borehole B-FMG, Suspension R1-R2 P- and Sn-wave velocities
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Table 3. Borehole B-FMG, Suspension R1-R2 depths and P- and Sk-wave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Velocity Depth at Velocity
Midpoint Midpoint
Between Poisson's Between Poisson's
Receivers Vs Vp Ratio Receivers Vs Vp Ratio
(ft) (ft/s) (ft/s) (m) (m/s) | (m/s)
13.1 2260 | 5210 0.38 4.0 690 1590 0.38
14.8 2190 | 5380 0.40 4.5 670 1640 0.40
16.1 2920 | 8330 0.43 4.9 890 2540 0.43
18.0 3920 | 9260 0.39 55 1200 | 2820 0.39
19.7 3470 | 8440 0.40 6.0 1060 | 2570 0.40
21.3 4440 | 9520 0.36 6.5 1350 | 2900 0.36
23.0 3970 | 8130 0.34 7.0 1210 | 2480 0.34
24.6 4500 | 8550 0.31 7.5 1370 | 2610 0.31
26.3 5460 | 10100 0.29 8.0 1670 | 3080 0.29
27.9 5210 | 9260 0.27 8.5 1590 | 2820 0.27
29.5 4220 | 8890 0.35 9.0 1290 | 2710 0.35
31.2 2690 | 7170 0.42 9.5 820 2180 0.42
32.8 2410 | 7090 0.43 10.0 730 2160 0.43
345 2810 | 6470 0.38 10.5 860 1970 0.38
36.1 3400 | 7840 0.38 11.0 1040 | 2390 0.38
37.7 3550 | 7940 0.38 11.5 1080 | 2420 0.38
39.4 3750 | 7940 0.36 12.0 1140 | 2420 0.36
41.0 3420 | 7580 0.37 12.5 1040 | 2310 0.37
42.7 3510 | 6940 0.33 13.0 1070 | 2120 0.33
44.3 3450 | 6940 0.34 13.5 1050 | 2120 0.34
45.9 3250 | 7170 0.37 14.0 990 2180 0.37
47.6 3320 | 6470 0.32 14.5 1010 | 1970 0.32
49.2 2710 | 6870 0.41 15.0 830 2090 0.41
50.9 2110 | 6290 0.44 15.5 640 1920 0.44
52.5 1760 | 5800 0.45 16.0 540 1770 0.45
54.1 1360 | 5510 0.47 16.5 410 1680 0.47
55.8 1080 | 5950 0.48 17.0 330 1810 0.48
57.4 1260 | 5800 0.48 17.5 380 1770 0.48
59.1 1700 | 5950 0.46 18.0 520 1810 0.46
60.7 1290 | 5850 0.47 18.5 390 1780 0.47
62.3 1010 | 5560 0.48 19.0 310 1690 0.48
64.0 1080 | 5290 0.48 19.5 330 1610 0.48
65.6 950 5420 0.48 20.0 290 1650 0.48
67.3 1020 | 5460 0.48 20.5 310 1670 0.48
68.9 990 5650 0.48 21.0 300 1720 0.48
69.9 1280 | 5950 0.48 21.3 390 1810 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Velocity Depth at Velocity
Midpoint Midpoint
Between Poisson's Between Poisson's
Receivers Vs Vp Ratio Receivers Vs Vp Ratio
(ft) (ft/s) (ft/s) (m) (m/s) | (m/s)
72.2 1720 | 6670 0.46 22.0 520 2030 0.46
73.8 1620 | 6170 0.46 22.5 490 1880 0.46
75.5 1360 | 5700 0.47 23.0 410 1740 0.47
77.1 1320 | 5900 0.47 23.5 400 1800 0.47
78.7 1360 | 5700 0.47 24.0 410 1740 0.47
80.4 1170 | 5600 0.48 24.5 360 1710 0.48
82.0 1380 | 5750 0.47 25.0 420 1750 0.47
83.7 2430 | 7020 0.43 25.5 740 2140 0.43
85.3 2250 | 6870 0.44 26.0 690 2090 0.44
86.9 1240 | 5420 0.47 26.5 380 1650 0.47
88.6 1130 | 5330 0.48 27.0 340 1630 0.48
90.2 1300 | 5420 0.47 27.5 400 1650 0.47
91.9 1440 | 5460 0.46 28.0 440 1670 0.46
93.5 1270 | 5330 0.47 28.5 390 1630 0.47
95.1 1170 | 5290 0.47 29.0 360 1610 0.47
96.8 1180 | 5290 0.47 29.5 360 1610 0.47
98.4 1190 | 5420 0.47 30.0 360 1650 0.47
100.1 1120 | 5560 0.48 30.5 340 1690 0.48
101.7 1140 | 5290 0.48 31.0 350 1610 0.48
103.4 1550 | 6540 0.47 315 470 1990 0.47
105.0 1630 | 6800 0.47 32.0 500 2070 0.47
106.6 1260 | 5460 0.47 325 380 1670 0.47
108.3 1490 | 5750 0.46 33.0 460 1750 0.46
109.9 1780 | 6120 0.45 335 540 1860 0.45
111.6 1950 | 6410 0.45 34.0 590 1950 0.45
113.2 1360 | 5800 0.47 345 410 1770 0.47
114.8 1520 | 6290 0.47 35.0 460 1920 0.47
116.5 2190 | 7020 0.45 35.5 670 2140 0.45
118.1 1680 | 6120 0.46 36.0 510 1860 0.46
119.8 1670 | 5650 0.45 36.5 510 1720 0.45
121.4 2390 | 6940 0.43 37.0 730 2120 0.43
123.0 2560 | 5900 0.38 37.5 780 1800 0.38
124.7 1220 | 5510 0.47 38.0 370 1680 0.47
124.7 1250 | 5560 0.47 38.0 380 1690 0.47
126.3 1300 | 5600 0.47 38.5 400 1710 0.47
128.0 1370 | 5460 0.47 39.0 420 1670 0.47
129.6 1360 | 5420 0.47 39.5 410 1650 0.47
131.2 1160 | 5420 0.48 40.0 350 1650 0.48
132.9 1150 | 5460 0.48 40.5 350 1670 0.48
134.5 1150 | 5460 0.48 41.0 350 1670 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Velocity Depth at Velocity
Midpoint Midpoint
Between Poisson's Between Poisson's
Receivers Vs Vp Ratio Receivers Vs Vp Ratio
(ft) (ft/s) (ft/s) (m) (m/s) | (m/s)
136.2 1190 | 5380 0.47 41.5 360 1640 0.47
137.8 1210 | 5460 0.47 42.0 370 1670 0.47
139.4 1220 | 5460 0.47 42.5 370 1670 0.47
141.1 1190 | 5460 0.47 43.0 360 1670 0.47
142.7 1260 | 5460 0.47 43.5 380 1670 0.47
144.4 1280 | 5290 0.47 44.0 390 1610 0.47
146.0 1250 | 5460 0.47 44.5 380 1670 0.47
147.6 1440 | 6060 0.47 45.0 440 1850 0.47
149.3 1770 | 6290 0.46 45.5 540 1920 0.46
150.9 1650 | 5700 0.45 46.0 500 1740 0.45
152.6 1390 | 5700 0.47 46.5 430 1740 0.47
154.2 1430 | 5650 0.47 47.0 440 1720 0.47
155.8 1530 | 5650 0.46 47.5 470 1720 0.46
157.5 1560 | 5700 0.46 48.0 480 1740 0.46
159.1 1370 | 5420 0.47 48.5 420 1650 0.47
160.8 1210 | 5250 0.47 49.0 370 1600 0.47
162.7 1250 | 5460 0.47 49.6 380 1670 0.47
164.0 1280 | 5380 0.47 50.0 390 1640 0.47
165.7 1360 | 5560 0.47 50.5 410 1690 0.47
167.3 1630 | 5850 0.46 51.0 500 1780 0.46
169.3 2000 | 6120 0.44 51.6 610 1860 0.44
170.6 2140 | 6230 0.43 52.0 650 1900 0.43
172.2 1660 | 5800 0.46 52.5 510 1770 0.46
173.9 1460 | 5700 0.46 53.0 450 1740 0.46
175.5 1750 | 5800 0.45 53.5 530 1770 0.45
177.2 1810 | 5700 0.44 54.0 550 1740 0.44
178.8 1330 | 5290 0.47 545 400 1610 0.47
180.5 1050 | 5380 0.48 55.0 320 1640 0.48
182.1 1220 | 5460 0.47 55.5 370 1670 0.47
183.7 1700 | 5800 0.45 56.0 520 1770 0.45
185.4 2160 | 6670 0.44 56.5 660 2030 0.44
187.0 2670 | 7250 0.42 57.0 810 2210 0.42
188.7 3330 | 7840 0.39 57.5 1020 | 2390 0.39
190.3 2750 | 7250 0.42 58.0 840 2210 0.42
191.9 1880 | 5560 0.44 58.5 570 1690 0.44
193.6 2510 | 7170 0.43 59.0 760 2180 0.43
195.2 1920 | 7840 0.47 59.5 580 2390 0.47
196.9 2210 | 6060 0.42 60.0 670 1850 0.42
198.5 2980 | 7250 0.40 60.5 910 2210 0.40
200.1 2710 | 7410 0.42 61.0 830 2260 0.42
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Velocity Depth at Velocity
Midpoint Midpoint
Between Poisson's Between Poisson's
Receivers Vs Vp Ratio Receivers Vs Vp Ratio
(ft) (ft/s) (ft/s) (m) (m/s) | (m/s)
201.8 2650 | 8030 0.44 61.5 810 2450 0.44
203.4 1440 | 6540 0.47 62.0 440 1990 0.47
205.1 1400 | 6290 0.47 62.5 430 1920 0.47
206.7 1280 | 5900 0.48 63.0 390 1800 0.48
208.3 1260 | 5650 0.47 63.5 380 1720 0.47
210.0 1270 | 5700 0.47 64.0 390 1740 0.47
211.6 1200 | 5700 0.48 64.5 370 1740 0.48
213.3 1270 | 5510 0.47 65.0 390 1680 0.47
214.9 1380 | 5600 0.47 65.5 420 1710 0.47
216.5 1400 | 5560 0.47 66.0 430 1690 0.47
218.2 1570 | 6170 0.47 66.5 480 1880 0.47
219.8 2060 | 7090 0.45 67.0 630 2160 0.45
221.5 2160 | 6800 0.44 67.5 660 2070 0.44
223.1 2060 | 6800 0.45 68.0 630 2070 0.45
224.7 2350 | 6670 0.43 68.5 720 2030 0.43
226.4 2250 | 6670 0.44 69.0 690 2030 0.44
228.0 1800 | 5950 0.45 69.5 550 1810 0.45
229.7 1420 | 5700 0.47 70.0 430 1740 0.47
231.3 1440 | 5560 0.46 70.5 440 1690 0.46
232.9 1460 | 5650 0.46 71.0 450 1720 0.46
234.6 1440 | 5650 0.47 71.5 440 1720 0.47
236.2 1460 | 5650 0.46 72.0 450 1720 0.46
237.9 1420 | 5560 0.47 72.5 430 1690 0.47
239.5 1440 | 5600 0.46 73.0 440 1710 0.46
241.1 1440 | 5560 0.46 73.5 440 1690 0.46
242.8 1440 | 5650 0.47 74.0 440 1720 0.47
244.4 1420 | 5600 0.47 74.5 430 1710 0.47
246.1 1430 | 5850 0.47 75.0 440 1780 0.47
247.7 1440 | 5850 0.47 75.5 440 1780 0.47
249.3 1490 | 5700 0.46 76.0 460 1740 0.46
251.0 1530 | 5700 0.46 76.5 470 1740 0.46
252.6 1540 | 5800 0.46 77.0 470 1770 0.46
254.3 1550 | 6010 0.46 77.5 470 1830 0.46
255.9 1710 | 5900 0.45 78.0 520 1800 0.45
257.6 1730 | 6170 0.46 78.5 530 1880 0.46
259.2 1960 | 6730 0.45 79.0 600 2050 0.45
260.8 1930 | 6540 0.45 79.5 590 1990 0.45
262.5 1660 | 5900 0.46 80.0 510 1800 0.46
264.1 1760 | 5950 0.45 80.5 540 1810 0.45
265.8 2310 | 7410 0.45 81.0 700 2260 0.45
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Velocity Depth at Velocity
Midpoint Midpoint
Between Poisson's Between Poisson's
Receivers Vs Vp Ratio Receivers Vs Vp Ratio
(ft) (ft/s) (ft/s) (m) (m/s) | (m/s)
267.4 2650 | 7940 0.44 81.5 810 2420 0.44
269.0 2610 | 6410 0.40 82.0 800 1950 0.40
270.7 2000 | 6470 0.45 82.5 610 1970 0.45
272.3 1650 | 5800 0.46 83.0 500 1770 0.46
274.0 1580 | 5800 0.46 83.5 480 1770 0.46
275.6 1580 | 5850 0.46 84.0 480 1780 0.46
277.2 1760 | 6800 0.46 84.5 540 2070 0.46
278.9 2460 | 7250 0.43 85.0 750 2210 0.43
280.5 2340 | 7090 0.44 85.5 710 2160 0.44
282.2 1900 | 6170 0.45 86.0 580 1880 0.45
283.8 2310 | 6800 0.44 86.5 700 2070 0.44
285.4 2310 | 6870 0.44 87.0 700 2090 0.44
287.1 1840 | 5900 0.45 87.5 560 1800 0.45
288.7 1780 | 5750 0.45 88.0 540 1750 0.45
290.4 2160 | 6470 0.44 88.5 660 1970 0.44
292.0 2680 | 7490 0.43 89.0 820 2280 0.43
293.6 2540 | 6870 0.42 89.5 780 2090 0.42
295.3 2040 | 5900 0.43 90.0 620 1800 0.43
296.9 1760 | 5750 0.45 90.5 540 1750 0.45
298.6 1960 | 6940 0.46 91.0 600 2120 0.46
300.2 2480 | 6800 0.42 91.5 760 2070 0.42
301.8 2110 | 6230 0.44 92.0 640 1900 0.44
303.5 1960 | 6060 0.44 92.5 600 1850 0.44
305.1 2340 | 6730 0.43 93.0 710 2050 0.43
306.8 2300 | 6540 0.43 93.5 700 1990 0.43
308.4 2180 | 6470 0.44 94.0 660 1970 0.44
310.0 1910 | 6410 0.45 94.5 580 1950 0.45
311.7 1880 | 6060 0.45 95.0 570 1850 0.45
313.3 2030 | 5950 0.43 95.5 620 1810 0.43
315.0 2050 | 6010 0.43 96.0 630 1830 0.43
316.6 1940 | 6010 0.44 96.5 590 1830 0.44
318.2 1820 | 6540 0.46 97.0 550 1990 0.46
319.9 2120 | 6060 0.43 97.5 650 1850 0.43
321.5 2310 | 6350 0.42 98.0 710 1940 0.42
323.2 2490 | 6730 0.42 98.5 760 2050 0.42
324.8 2710 | 7090 0.41 99.0 830 2160 0.41
326.4 2270 | 6410 0.43 99.5 690 1950 0.43
328.1 1940 | 5900 0.44 100.0 590 1800 0.44
329.7 2020 | 6060 0.44 100.5 620 1850 0.44
331.4 2110 | 6060 0.43 101.0 640 1850 0.43
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Velocity Depth at Velocity
Midpoint Midpoint
Between Poisson's Between Poisson's
Receivers Vs Vp Ratio Receivers Vs Vp Ratio
(ft) (ft/s) (ft/s) (m) (m/s) | (m/s)
333.0 2100 | 6120 0.43 101.5 640 1860 0.43
334.7 2000 | 5950 0.44 102.0 610 1810 0.44
336.3 1950 | 6010 0.44 102.5 590 1830 0.44
337.9 1920 | 6010 0.44 103.0 580 1830 0.44
339.6 1860 | 5900 0.45 103.5 570 1800 0.45
341.2 1830 | 5750 0.44 104.0 560 1750 0.44
342.9 1950 | 5900 0.44 104.5 590 1800 0.44
344.5 2290 | 6410 0.43 105.0 700 1950 0.43
346.1 2750 | 7090 0.41 105.5 840 2160 0.41
347.8 2750 | 6940 0.41 106.0 840 2120 0.41
349.4 2110 | 6170 0.43 106.5 640 1880 0.43
351.1 1820 | 5850 0.45 107.0 560 1780 0.45
352.7 1790 | 5800 0.45 107.5 550 1770 0.45
354.3 1860 | 5900 0.44 108.0 570 1800 0.44
356.0 2000 | 6010 0.44 108.5 610 1830 0.44
357.6 2300 | 6350 0.42 109.0 700 1940 0.42
359.3 2600 | 6800 0.41 109.5 790 2070 0.41
360.9 2410 | 6730 0.43 110.0 730 2050 0.43
362.5 2160 | 6350 0.43 110.5 660 1940 0.43
364.2 2380 | 6540 0.42 111.0 730 1990 0.42
365.8 2550 | 6870 0.42 111.5 780 2090 0.42
367.5 3190 | 7940 0.40 112.0 970 2420 0.40
369.1 4300 | 9390 0.37 112.5 1310 | 2860 0.37
370.7 3900 | 8550 0.37 113.0 1190 | 2610 0.37
372.4 2850 | 7250 0.41 113.5 870 2210 0.41
374.0 2530 | 6800 0.42 114.0 770 2070 0.42
375.7 2790 | 7490 0.42 114.5 850 2280 0.42
377.3 2860 | 7490 0.41 115.0 870 2280 0.41
378.9 2190 | 6470 0.44 115.5 670 1970 0.44
380.6 2190 | 6410 0.43 116.0 670 1950 0.43
381.9 2410 | 6600 0.42 116.4 730 2010 0.42
383.9 1200 | 5750 0.48 117.0 360 1750 0.48
385.5 980 5330 0.48 117.5 300 1630 0.48
387.1 1190 | 5330 0.47 118.0 360 1630 0.47
388.8 1230 | 5420 0.47 118.5 370 1650 0.47
390.4 1280 | 5420 0.47 119.0 390 1650 0.47
392.1 1360 | 5560 0.47 119.5 410 1690 0.47
393.7 1400 | 5600 0.47 120.0 430 1710 0.47
395.3 1420 | 5600 0.47 120.5 430 1710 0.47
397.0 1440 | 5700 0.47 121.0 440 1740 0.47
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Velocity Depth at Velocity
Midpoint Midpoint
Between Poisson's Between Poisson's
Receivers Vs Vp Ratio Receivers Vs Vp Ratio
(ft) (ft/s) (ft/s) (m) (m/s) | (m/s)
398.6 1530 | 5700 0.46 121.5 470 1740 0.46
400.3 1610 | 5750 0.46 122.0 490 1750 0.46
401.9 1680 | 5900 0.46 122.5 510 1800 0.46
403.5 1700 | 5950 0.46 123.0 520 1810 0.46
405.2 1700 | 5950 0.46 1235 520 1810 0.46
406.8 1700 | 5950 0.46 124.0 520 1810 0.46
408.5 1680 | 5900 0.46 124.5 510 1800 0.46
410.1 1650 | 5950 0.46 125.0 500 1810 0.46
411.8 1690 | 6060 0.46 125.5 520 1850 0.46
413.4 1730 | 6010 0.45 126.0 530 1830 0.45
415.0 1760 | 6120 0.45 126.5 540 1860 0.45
416.7 1950 | 6170 0.44 127.0 590 1880 0.44
418.3 1940 | 6060 0.44 127.5 590 1850 0.44
420.0 1960 | 6170 0.44 128.0 600 1880 0.44
421.6 2030 | 6350 0.44 128.5 620 1940 0.44
423.2 2140 | 6940 0.45 129.0 650 2120 0.45
424.9 2490 | 7090 0.43 129.5 760 2160 0.43
426.5 2280 | 6410 0.43 130.0 690 1950 0.43
428.2 2160 | 7090 0.45 130.5 660 2160 0.45
429.8 2220 | 7020 0.44 131.0 680 2140 0.44
431.4 2060 | 6470 0.44 131.5 630 1970 0.44
433.1 2120 | 6800 0.45 132.0 650 2070 0.45
434.7 2180 | 6540 0.44 132.5 660 1990 0.44
436.4 2000 | 6540 0.45 133.0 610 1990 0.45
438.0 2030 | 6410 0.44 133.5 620 1950 0.44
439.6 2010 | 6470 0.45 134.0 610 1970 0.45
441.3 2040 | 6540 0.45 134.5 620 1990 0.45
442.9 2420 | 7020 0.43 135.0 740 2140 0.43
444.6 2940 | 7660 0.41 135.5 900 2340 0.41
446.2 2780 | 7090 0.41 136.0 850 2160 0.41
447.8 2320 | 6350 0.42 136.5 710 1940 0.42
449.5 2000 | 6230 0.44 137.0 610 1900 0.44
451.1 1870 | 6230 0.45 137.5 570 1900 0.45
452.8 1940 | 6170 0.44 138.0 590 1880 0.44
454.1 1960 | 6230 0.45 138.4 600 1900 0.45
456.0 1970 | 6170 0.44 139.0 600 1880 0.44
457.7 2000 | 6170 0.44 139.5 610 1880 0.44
459.3 2070 | 6470 0.44 140.0 630 1970 0.44
461.0 2010 | 6060 0.44 140.5 610 1850 0.44
462.6 1900 | 6120 0.45 141.0 580 1860 0.45
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Velocity Depth at Velocity
Midpoint Midpoint
Between Poisson's Between Poisson's
Receivers Vs Vp Ratio Receivers Vs Vp Ratio
(ft) (ft/s) (ft/s) (m) (m/s) | (m/s)
464.2 1940 | 6290 0.45 141.5 590 1920 0.45
465.9 1600 | 6540 0.47 142.0 490 1990 0.47
467.5 1530 | 6600 0.47 142.5 460 2010 0.47
469.2 1670 | 6060 0.46 143.0 510 1850 0.46
470.8 1630 | 5850 0.46 143.5 500 1780 0.46
472.4 1390 | 5600 0.47 144.0 420 1710 0.47
473.8 1400 | 5460 0.47 144.4 430 1670 0.47
475.7 1540 | 5600 0.46 145.0 470 1710 0.46
477.4 1560 | 5700 0.46 145.5 480 1740 0.46
479.0 1600 | 5750 0.46 146.0 490 1750 0.46
480.6 1620 | 5650 0.46 146.5 490 1720 0.46
482.3 1600 | 5900 0.46 147.0 490 1800 0.46
483.9 1760 | 5800 0.45 147.5 540 1770 0.45
485.6 1650 | 5750 0.46 148.0 500 1750 0.46
487.2 1460 | 5460 0.46 148.5 450 1670 0.46
488.9 1540 | 5510 0.46 149.0 470 1680 0.46
490.5 1370 | 5420 0.47 149.5 420 1650 0.47
492.1 1540 | 5460 0.46 150.0 470 1670 0.46
493.8 1730 | 5420 0.44 150.5 530 1650 0.44
495.4 1550 | 5460 0.46 151.0 470 1670 0.46
497.1 1670 | 5510 0.45 151.5 510 1680 0.45
498.7 1670 | 5510 0.45 152.0 510 1680 0.45
500.3 1650 | 5510 0.45 152.5 500 1680 0.45
502.0 1520 | 5900 0.46 153.0 460 1800 0.46
503.6 1710 | 5850 0.45 153.5 520 1780 0.45
505.3 1650 | 5650 0.45 154.0 500 1720 0.45
506.9 1720 | 5800 0.45 154.5 530 1770 0.45
508.5 2000 | 6540 0.45 155.0 610 1990 0.45
510.2 2140 | 6540 0.44 155.5 650 1990 0.44
511.8 1910 | 6170 0.45 156.0 580 1880 0.45
5135 1860 | 6540 0.46 156.5 570 1990 0.46
515.1 1930 | 6600 0.45 157.0 590 2010 0.45
516.7 1870 | 6170 0.45 157.5 570 1880 0.45
518.4 1960 | 6120 0.44 158.0 600 1860 0.44
520.0 2010 | 6410 0.45 158.5 610 1950 0.45
521.7 3140 | 8330 0.42 159.0 960 2540 0.42
523.3 3370 | 8660 0.41 159.5 1030 | 2640 0.41
524.9 2150 | 6350 0.44 160.0 660 1940 0.44
526.6 1850 | 6230 0.45 160.5 560 1900 0.45
528.2 2000 | 6290 0.44 161.0 610 1920 0.44
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Velocity Depth at Velocity
Midpoint Midpoint
Between Poisson's Between Poisson's
Receivers Vs Vp Ratio Receivers Vs Vp Ratio
(ft) (ft/s) (ft/s) (m) (m/s) | (m/s)
529.9 2120 | 6410 0.44 161.5 650 1950 0.44
531.5 2080 | 6350 0.44 162.0 640 1940 0.44
533.1 2120 | 6350 0.44 162.5 650 1940 0.44
534.8 2020 | 6230 0.44 163.0 620 1900 0.44
536.4 1830 | 6010 0.45 163.5 560 1830 0.45
538.1 1760 | 6010 0.45 164.0 540 1830 0.45
539.7 1790 | 6170 0.45 164.5 540 1880 0.45
541.3 1920 | 6120 0.45 165.0 580 1860 0.45
543.0 1940 | 6170 0.45 165.5 590 1880 0.45
544.6 1910 | 6230 0.45 166.0 580 1900 0.45
546.3 2430 | 6800 0.43 166.5 740 2070 0.43
547.9 2210 | 6170 0.43 167.0 670 1880 0.43
5495 1620 | 6120 0.46 167.5 490 1860 0.46
551.2 2160 | 7170 0.45 168.0 660 2180 0.45
552.8 2030 | 7020 0.45 168.5 620 2140 0.45
5545 1680 | 6870 0.47 169.0 510 2090 0.47
556.1 1680 | 5700 0.45 169.5 510 1740 0.45
557.7 2100 | 5800 0.42 170.0 640 1770 0.42
559.4 1760 | 6120 0.45 170.5 540 1860 0.45
561.0 1770 | 5750 0.45 171.0 540 1750 0.45
562.7 1780 | 6350 0.46 171.5 540 1940 0.46
564.3 2240 | 6010 0.42 172.0 680 1830 0.42
565.9 1640 | 5950 0.46 172.5 500 1810 0.46
567.6 2230 | 6350 0.43 173.0 680 1940 0.43
569.2 1850 | 6060 0.45 173.5 560 1850 0.45
570.9 1860 | 5900 0.45 174.0 570 1800 0.45
572.5 1900 | 6010 0.44 174.5 580 1830 0.44
574.2 1830 | 6010 0.45 175.0 560 1830 0.45
575.8 1870 | 6120 0.45 175.5 570 1860 0.45
577.4 1940 | 6120 0.44 176.0 590 1860 0.44
579.1 1760 | 6170 0.46 176.5 540 1880 0.46
580.7 1850 | 6470 0.46 177.0 560 1970 0.46
582.4 2010 | 6670 0.45 177.5 610 2030 0.45
584.0 3020 | 7660 0.41 178.0 920 2340 0.41
585.6 2000 | 6730 0.45 178.5 610 2050 0.45
587.3 1930 | 6290 0.45 179.0 590 1920 0.45
588.9 1830 | 6120 0.45 179.5 560 1860 0.45
590.6 2080 | 6120 0.43 180.0 640 1860 0.43
592.2 1970 | 6010 0.44 180.5 600 1830 0.44
593.8 1730 | 5750 0.45 181.0 530 1750 0.45
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Velocity Depth at Velocity
Midpoint Midpoint

Between Poisson's Between Poisson's

Receivers Vs Vp Ratio Receivers Vs Vp Ratio

(ft) (ft/s) (ft/s) (m) (m/s) | (m/s)

595.5 1750 | 6010 0.45 181.5 530 1830 0.45

597.1 1690 | 5950 0.46 182.0 510 1810 0.46
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DATE Feb. 26, 2017
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Figure 5. Boring B-FMG, Induction and natural gamma logs
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SCDOT CONWAY BORINGS HOR-1328 & OFFSET
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Figure 6: Boreholes HOR-1328 & Conway Offset, Suspension R1-R2 P- and Su-wave

velocities
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Table 4. Boreholes HOR-1328 & Conway Offset, Suspension R1-R2 depths and P- and

SuH-wave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units

Depth at Velocity Depth at Velocity

Midpoint Midpoint

Between Poisson's Between Poisson's

Receivers Vs Vp Ratio Receivers Vs Vp Ratio
(ft) (ft/s) (ft/s) (m) (m/s) | (m/s)
6.6 1190 | 2020 0.23 2.0 360 620 0.23
8.2 960 2310 0.40 2.5 290 700 0.40
9.8 940 4940 0.48 3.0 290 1510 0.48
11.5 760 5130 0.49 3.5 230 1560 0.49
13.1 920 5210 0.48 4.0 280 1590 0.48
14.8 750 5380 0.49 4.5 230 1640 0.49
16.4 910 5210 0.48 5.0 280 1590 0.48
18.0 850 5380 0.49 5.5 260 1640 0.49
19.7 980 5210 0.48 6.0 300 1590 0.48
21.3 1500 | 5050 0.45 6.5 460 1540 0.45
23.0 1010 | 5210 0.48 7.0 310 1590 0.48
24.6 1070 | 5460 0.48 7.5 330 1670 0.48
26.3 1600 | 5560 0.45 8.0 490 1690 0.45
27.9 1730 | 5750 0.45 8.5 530 1750 0.45
29.5 1600 | 5950 0.46 9.0 490 1810 0.46
31.2 1290 | 4830 0.46 9.5 390 1470 0.46
32.8 930 5050 0.48 10.0 280 1540 0.48
345 940 5380 0.48 10.5 290 1640 0.48
36.1 1360 | 5380 0.47 11.0 410 1640 0.47
37.7 1060 | 5290 0.48 11.5 320 1610 0.48
39.4 1170 | 5460 0.48 12.0 360 1670 0.48
41.0 1080 | 5560 0.48 12.5 330 1690 0.48
42.7 1670 | 5460 0.45 13.0 510 1670 0.45
44.3 1770 | 5650 0.45 13.5 540 1720 0.45
45.9 1860 | 5750 0.44 14.0 570 1750 0.44
47.6 2020 | 6170 0.44 14.5 620 1880 0.44
49.2 2240 | 6170 0.42 15.0 680 1880 0.42
50.9 2140 | 6290 0.43 15.5 650 1920 0.43
52.5 1960 | 5950 0.44 16.0 600 1810 0.44
54.1 1360 | 5650 0.47 16.5 410 1720 0.47
55.8 1090 | 5560 0.48 17.0 330 1690 0.48
57.4 1250 | 5560 0.47 17.5 380 1690 0.47
59.1 1250 | 5460 0.47 18.0 380 1670 0.47
60.7 1210 | 5460 0.47 18.5 370 1670 0.47
62.3 1190 | 5460 0.48 19.0 360 1670 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units

Depth at Velocity Depth at Velocity

Midpoint Midpoint

Between Poisson's Between Poisson's

Receivers Vs Vp Ratio Receivers Vs Vp Ratio

(ft) (ft/s) | (ft/s) (m) (m/s) | (ml/s)

64.0 1160 | 5460 0.48 19.5 350 1670 0.48
65.6 1300 | 5560 0.47 20.0 400 1690 0.47
67.3 1270 | 5460 0.47 20.5 390 1670 0.47
68.9 1130 | 5290 0.48 21.0 340 1610 0.48
70.5 1100 | 5380 0.48 215 340 1640 0.48
72.2 1100 | 5380 0.48 22.0 340 1640 0.48
73.8 1120 | 5380 0.48 225 340 1640 0.48
75.5 1100 | 5460 0.48 23.0 340 1670 0.48
77.1 1150 | 5380 0.48 23.5 350 1640 0.48
78.7 1240 | 5650 0.47 24.0 380 1720 0.47
80.4 1490 | 5950 0.47 24.5 460 1810 0.47
82.0 1390 | 5750 0.47 25.0 420 1750 0.47
83.7 1230 | 5560 0.47 25.5 370 1690 0.47
85.3 1180 | 5380 0.47 26.0 360 1640 0.47
86.9 1240 | 5130 0.47 26.5 380 1560 0.47
88.6 1160 | 5380 0.48 27.0 350 1640 0.48
90.2 1280 | 5380 0.47 275 390 1640 0.47
91.9 1280 | 5290 0.47 28.0 390 1610 0.47
93.5 1290 | 5560 0.47 28.5 390 1690 0.47
95.1 1480 | 5750 0.46 29.0 450 1750 0.46
96.8 1460 | 5650 0.46 29.5 450 1720 0.46
98.4 1110 | 5650 0.48 30.0 340 1720 0.48
100.1 1330 | 5750 0.47 30.5 410 1750 0.47
101.7 1460 | 5750 0.47 31.0 450 1750 0.47
103.4 1720 | 5290 0.44 315 520 1610 0.44
105.0 1590 | 5650 0.46 32.0 480 1720 0.46
106.6 1800 | 6290 0.46 325 550 1920 0.46
108.3 1630 | 6170 0.46 33.0 500 1880 0.46
109.9 1540 | 5950 0.46 33.5 470 1810 0.46
111.6 1680 | 6060 0.46 34.0 510 1850 0.46
113.2 1770 | 5950 0.45 34.5 540 1810 0.45
114.8 1620 | 6060 0.46 35.0 490 1850 0.46
116.8 2120 | 6800 0.45 35.6 650 2070 0.45
118.1 2330 | 6940 0.44 36.0 710 2120 0.44
120.1 3210 | 7750 0.40 36.6 980 2360 0.40
121.4 3470 | 7330 0.36 37.0 1060 | 2230 0.36
123.0 2360 | 6410 0.42 37.5 720 1950 0.42
124.7 2350 | 6120 0.41 38.0 720 1860 0.41
126.3 1770 | 7750 0.47 38.5 540 2360 0.47
128.0 3000 | 7660 0.41 39.0 920 2340 0.41
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units

Depth at Velocity Depth at Velocity

Midpoint Midpoint

Between Poisson's Between Poisson's

Receivers Vs Vp Ratio Receivers Vs Vp Ratio

(ft) (ft/s) | (ft/s) (m) (m/s) | (ml/s)

129.6 2150 | 6670 0.44 39.5 660 2030 0.44
131.2 1890 | 6230 0.45 40.0 580 1900 0.45
132.9 2180 | 6800 0.44 40.5 660 2070 0.44
134.5 3370 | 8440 0.41 41.0 1030 | 2570 0.41
136.5 3270 | 8660 0.42 41.6 1000 | 2640 0.42
137.8 2690 | 6120 0.38 42.0 820 1860 0.38
139.4 1920 | 6230 0.45 42.5 580 1900 0.45
141.1 2110 | 6600 0.44 43.0 640 2010 0.44
142.7 2530 | 6800 0.42 43.5 770 2070 0.42
144.4 2070 | 6870 0.45 44.0 630 2090 0.45
146.0 2710 | 7840 0.43 44.5 830 2390 0.43
147.6 2730 | 7170 0.42 45.0 830 2180 0.42
149.3 1700 | 5650 0.45 45.5 520 1720 0.45
150.9 1260 | 5420 0.47 46.0 380 1650 0.47
152.6 1360 | 5460 0.47 46.5 410 1670 0.47
154.2 1370 | 5700 0.47 47.0 420 1740 0.47
155.8 1520 | 5750 0.46 47.5 460 1750 0.46
157.5 1690 | 5900 0.46 48.0 520 1800 0.46
159.5 1690 | 6010 0.46 48.6 520 1830 0.46
160.8 1690 | 6010 0.46 49.0 520 1830 0.46
162.4 1640 | 5850 0.46 49.5 500 1780 0.46
164.0 1610 | 5900 0.46 50.0 490 1800 0.46
165.7 2030 | 6600 0.45 50.5 620 2010 0.45
167.3 2580 | 7170 0.43 51.0 790 2180 0.43
169.0 2750 | 6800 0.40 515 840 2070 0.40
170.6 2020 | 6010 0.44 52.0 620 1830 0.44
172.2 1500 | 6170 0.47 52.5 460 1880 0.47
173.9 1870 | 6470 0.45 53.0 570 1970 0.45
175.5 1790 | 6010 0.45 53.5 550 1830 0.45
177.2 1460 | 5750 0.47 54.0 450 1750 0.47
178.8 1480 | 5850 0.47 54.5 450 1780 0.47
180.5 1470 | 5850 0.47 55.0 450 1780 0.47
182.1 1520 | 5850 0.46 55.5 460 1780 0.46
184.1 1420 | 5650 0.47 56.1 430 1720 0.47
185.4 1590 | 5700 0.46 56.5 490 1740 0.46
187.0 1350 | 5510 0.47 57.0 410 1680 0.47
188.7 1320 | 5560 0.47 57.5 400 1690 0.47
190.3 1290 | 5600 0.47 58.0 390 1710 0.47
191.9 1390 | 5600 0.47 58.5 430 1710 0.47
193.6 1280 | 5650 0.47 59.0 390 1720 0.47
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units

Depth at Velocity Depth at Velocity

Midpoint Midpoint

Between Poisson's Between Poisson's

Receivers Vs Vp Ratio Receivers Vs Vp Ratio

(ft) (ft/s) | (ft/s) (m) (m/s) | (ml/s)

195.2 1370 | 5750 0.47 59.5 420 1750 0.47
196.9 1520 | 5700 0.46 60.0 460 1740 0.46
198.5 1430 | 5850 0.47 60.5 440 1780 0.47
200.1 1770 | 5950 0.45 61.0 540 1810 0.45
201.8 1740 | 5950 0.45 61.5 530 1810 0.45
203.7 1360 | 5700 0.47 62.1 410 1740 0.47
205.1 1370 | 5750 0.47 62.5 420 1750 0.47
206.7 1540 | 5700 0.46 63.0 470 1740 0.46
208.7 1490 | 5700 0.46 63.6 450 1740 0.46
210.0 1450 | 5650 0.46 64.0 440 1720 0.46
211.6 1430 | 5750 0.47 64.5 440 1750 0.47
213.3 1470 | 5750 0.47 65.0 450 1750 0.47
214.9 1370 | 5560 0.47 65.5 420 1690 0.47
216.5 1370 | 5460 0.47 66.0 420 1670 0.47
218.2 1310 | 5460 0.47 66.5 400 1670 0.47
219.8 1610 | 5800 0.46 67.0 490 1770 0.46
2215 1970 | 6010 0.44 67.5 600 1830 0.44
223.1 1890 | 5750 0.44 68.0 580 1750 0.44
224.7 1270 | 5650 0.47 68.5 390 1720 0.47
226.4 1420 | 5800 0.47 69.0 430 1770 0.47
228.0 1660 | 5850 0.46 69.5 510 1780 0.46
229.7 1560 | 5850 0.46 70.0 470 1780 0.46
231.3 1630 | 5850 0.46 70.5 500 1780 0.46
232.9 1680 | 5950 0.46 71.0 510 1810 0.46
234.6 1850 | 6120 0.45 715 560 1860 0.45
236.2 1780 | 5950 0.45 72.0 540 1810 0.45
237.9 1710 | 5900 0.45 72.5 520 1800 0.45
239.5 1740 | 6010 0.45 73.0 530 1830 0.45
241.1 1710 | 6010 0.46 73.5 520 1830 0.46
242.8 2190 | 7170 0.45 74.0 670 2180 0.45
244.4 2060 | 7250 0.46 74.5 630 2210 0.46
246.1 1670 | 5850 0.46 75.0 510 1780 0.46
247.7 1570 | 5850 0.46 75.5 480 1780 0.46
249.3 1570 | 5850 0.46 76.0 480 1780 0.46
251.0 1700 | 5800 0.45 76.5 520 1770 0.45
252.6 1600 | 5700 0.46 77.0 490 1740 0.46
254.3 1350 | 5700 0.47 77.5 410 1740 0.47
255.9 1400 | 5650 0.47 78.0 430 1720 0.47
257.6 1290 | 5510 0.47 78.5 390 1680 0.47
259.2 1260 | 5460 0.47 79.0 380 1670 0.47
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units

Depth at Velocity Depth at Velocity

Midpoint Midpoint

Between Poisson's Between Poisson's

Receivers Vs Vp Ratio Receivers Vs Vp Ratio

(ft) (ft/s) (ft/s) (m) (m/s) | (m/s)
260.8 1680 | 5700 0.45 79.5 510 1740 0.45
262.5 2360 | 5900 0.40 80.0 720 1800 0.40
264.1 1230 | 5600 0.47 80.5 370 1710 0.47
265.8 1490 | 5650 0.46 81.0 460 1720 0.46
267.4 1220 | 5510 0.47 81.5 370 1680 0.47
269.0 1760 | 8030 0.47 82.0 540 2450 0.47
270.7 1960 | 8030 0.47 82.5 600 2450 0.47
272.3 2100 | 5600 0.42 83.0 640 1710 0.42
274.0 1520 | 5560 0.46 83.5 460 1690 0.46
275.6 1510 | 5380 0.46 84.0 460 1640 0.46
277.2 1450 | 5420 0.46 84.5 440 1650 0.46
278.9 1460 | 5460 0.46 85.0 450 1670 0.46
280.5 1540 | 5460 0.46 85.5 470 1670 0.46
282.2 1400 | 5510 0.47 86.0 430 1680 0.47
283.8 1440 | 5560 0.46 86.5 440 1690 0.46
285.4 1520 | 5560 0.46 87.0 460 1690 0.46
287.1 1560 | 5600 0.46 87.5 480 1710 0.46
288.7 1520 | 5420 0.46 88.0 460 1650 0.46
290.4 1490 | 5510 0.46 88.5 460 1680 0.46
292.0 1610 | 5600 0.45 89.0 490 1710 0.45
293.3 1590 | 5560 0.46 89.4 490 1690 0.46
301.8 1370 | 5510 0.47 92.0 420 1680 0.47
303.5 1360 | 5700 0.47 92.5 410 1740 0.47
305.1 1590 | 5600 0.46 93.0 480 1710 0.46
306.8 1400 | 5900 0.47 93.5 430 1800 0.47
308.4 1310 | 5380 0.47 94.0 400 1640 0.47
310.0 1920 | 5850 0.44 94.5 580 1780 0.44
311.7 2000 | 6940 0.45 95.0 610 2120 0.45
313.3 2950 | 7660 0.41 95.5 900 2340 0.41
315.0 3120 | 7840 0.41 96.0 950 2390 0.41
316.6 2780 | 7020 0.41 96.5 850 2140 0.41
318.2 1900 | 6290 0.45 97.0 580 1920 0.45
319.9 1690 | 6870 0.47 97.5 520 2090 0.47
321.5 1500 | 7410 0.48 98.0 460 2260 0.48
323.2 1520 | 5850 0.46 98.5 460 1780 0.46
324.8 1320 | 5700 0.47 99.0 400 1740 0.47
326.4 1200 | 5650 0.48 99.5 370 1720 0.48
328.1 1370 | 5750 0.47 100.0 420 1750 0.47
329.7 1160 | 5750 0.48 100.5 350 1750 0.48
331.4 1180 | 5650 0.48 101.0 360 1720 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units

Depth at Velocity Depth at Velocity

Midpoint Midpoint

Between Poisson's Between Poisson's

Receivers Vs Vp Ratio Receivers Vs Vp Ratio

(ft) (ft/s) | (ft/s) (m) (m/s) | (ml/s)

333.0 1320 | 5700 0.47 101.5 400 1740 0.47
334.7 1440 | 5600 0.46 102.0 440 1710 0.46
336.3 1290 | 5600 0.47 102.5 390 1710 0.47
337.9 1190 | 5510 0.48 103.0 360 1680 0.48
339.6 1040 | 5420 0.48 103.5 320 1650 0.48
341.2 1160 | 5290 0.47 104.0 350 1610 0.47
342.9 1350 | 5250 0.46 104.5 410 1600 0.46
344.5 1380 | 5380 0.46 105.0 420 1640 0.46
346.1 1270 | 5330 0.47 105.5 390 1630 0.47
347.8 1130 | 5250 0.48 106.0 340 1600 0.48
349.4 1050 | 5380 0.48 106.5 320 1640 0.48
351.1 1280 | 5600 0.47 107.0 390 1710 0.47
352.7 1190 | 5650 0.48 107.5 360 1720 0.48
354.3 1360 | 5650 0.47 108.0 410 1720 0.47
356.0 1320 | 5750 0.47 108.5 400 1750 0.47
357.6 1500 | 5600 0.46 109.0 460 1710 0.46
359.3 1490 | 5700 0.46 109.5 460 1740 0.46
360.9 1560 | 6170 0.47 110.0 480 1880 0.47
362.5 2070 | 8230 0.47 110.5 630 2510 0.47
364.2 2090 | 7580 0.46 111.0 640 2310 0.46
365.8 1630 | 6600 0.47 111.5 500 2010 0.47
367.5 1710 | 5700 0.45 112.0 520 1740 0.45
369.1 1680 | 5800 0.45 112.5 510 1770 0.45
370.7 1750 | 5950 0.45 113.0 530 1810 0.45
3724 1890 | 6730 0.46 113.5 580 2050 0.46
374.0 2190 | 6470 0.44 114.0 670 1970 0.44
375.7 1800 | 6060 0.45 114.5 550 1850 0.45
377.3 1710 | 5950 0.46 115.0 520 1810 0.46
378.9 1410 | 5510 0.47 115.5 430 1680 0.47
380.6 1280 | 5380 0.47 116.0 390 1640 0.47
382.2 1360 | 5510 0.47 116.5 410 1680 0.47
383.9 1200 | 5420 0.47 117.0 370 1650 0.47
385.5 1080 | 5210 0.48 117.5 330 1590 0.48
387.1 1160 | 5210 0.47 118.0 350 1590 0.47
388.8 1310 | 5130 0.47 118.5 400 1560 0.47
390.4 1330 | 5420 0.47 119.0 400 1650 0.47
392.1 1390 | 5420 0.46 119.5 420 1650 0.46
393.7 1780 | 5510 0.44 120.0 540 1680 0.44
395.3 1680 | 5600 0.45 120.5 510 1710 0.45
397.0 1630 | 5650 0.45 121.0 500 1720 0.45

GEOQVision Report 17016-01 SME South Carolina Borehole Geophysics rev 0 Page 46 of 84 April 10, 2017




Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units

Depth at Velocity Depth at Velocity

Midpoint Midpoint

Between Poisson's Between Poisson's

Receivers Vs Vp Ratio Receivers Vs Vp Ratio

(ft) (ft/s) | (ft/s) (m) (m/s) | (ml/s)

398.6 1630 | 5800 0.46 121.5 500 1770 0.46
400.3 1620 | 5850 0.46 122.0 490 1780 0.46
401.9 2150 | 6290 0.43 122.5 660 1920 0.43
403.5 2000 | 5900 0.43 123.0 610 1800 0.43
405.2 1830 | 5460 0.44 123.5 560 1670 0.44
406.8 1460 | 5600 0.46 124.0 440 1710 0.46
408.5 1470 | 5510 0.46 124.5 450 1680 0.46
410.1 1410 | 5380 0.46 125.0 430 1640 0.46
411.8 1520 | 5510 0.46 125.5 460 1680 0.46
413.4 1550 | 6670 0.47 126.0 470 2030 0.47
415.0 2180 | 6730 0.44 126.5 660 2050 0.44
416.7 1980 | 6010 0.44 127.0 600 1830 0.44
418.3 1790 | 5900 0.45 127.5 550 1800 0.45
420.0 1580 | 5380 0.45 128.0 480 1640 0.45
421.6 1170 | 5250 0.47 128.5 360 1600 0.47
423.2 1220 | 5210 0.47 129.0 370 1590 0.47
424.9 1200 | 5170 0.47 129.5 370 1580 0.47
426.5 1170 | 5210 0.47 130.0 360 1590 0.47
428.2 1260 | 5210 0.47 130.5 380 1590 0.47
429.8 1540 | 5380 0.46 131.0 470 1640 0.46
431.4 1190 | 5510 0.48 131.5 360 1680 0.48
433.1 1600 | 5510 0.45 132.0 490 1680 0.45
434.7 1370 | 5420 0.47 132.5 420 1650 0.47
436.4 1770 | 5460 0.44 133.0 540 1670 0.44
438.0 1740 | 5510 0.44 133.5 530 1680 0.44
439.6 1270 | 5560 0.47 134.0 390 1690 0.47
441.3 1390 | 5420 0.46 134.5 430 1650 0.46
442.9 1220 | 5460 0.47 135.0 370 1670 0.47
444.6 1310 | 5420 0.47 135.5 400 1650 0.47
446.2 1510 | 5950 0.47 136.0 460 1810 0.47
447.8 1540 | 5750 0.46 136.5 470 1750 0.46
449.5 2080 | 6470 0.44 137.0 640 1970 0.44
451.1 2650 | 8550 0.45 137.5 810 2610 0.45
452.8 3300 | 8440 0.41 138.0 1010 | 2570 0.41
454.4 3400 | 8770 0.41 138.5 1040 | 2670 0.41
456.0 1880 | 5700 0.44 139.0 570 1740 0.44
457.7 1890 | 5600 0.44 139.5 580 1710 0.44
459.3 1360 | 5510 0.47 140.0 410 1680 0.47
461.0 1330 | 5460 0.47 140.5 400 1670 0.47
462.6 1320 | 5420 0.47 141.0 400 1650 0.47
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units
Depth at Velocity Depth at Velocity
Midpoint Midpoint

Between Poisson's Between Poisson's

Receivers Vs Vp Ratio Receivers Vs Vp Ratio

(ft) (ft/s) (ft/s) (m) (m/s) | (m/s)

464.2 1490 | 5560 0.46 141.5 460 1690 0.46

465.9 1600 | 5600 0.46 142.0 490 1710 0.46

467.5 1330 | 5600 0.47 142.5 410 1710 0.47

469.2 1630 | 6120 0.46 143.0 500 1860 0.46
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Figure 7. Boreholes HOR-1328 & Conway Offset, Induction and natural gamma logs
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APPENDIX A
SUSPENSION VELOCITY MEASUREMENT QUALITY

ASSURANCE SUSPENSION SOURCE TO RECEIVER
ANALYSIS RESULTS
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Figure A-1: Borehole B-FMG, Suspension S-R1 P- and Sn-wave velocities
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Table A-1. Borehole B-FMG, S - R1 quality assurance analysis P- and Su-wave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's

and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
18.0 1980 | 6960 0.46 5.5 600 2120 0.46
19.6 2840 | 7280 0.41 6.0 870 2220 0.41
20.9 3770 | 8010 0.36 6.4 1150 | 2440 0.36
22.9 4060 | 8270 0.34 7.0 1240 | 2520 0.34
245 4430 | 8670 0.32 7.5 1350 | 2640 0.32
26.2 4800 | 9310 0.32 8.0 1460 | 2840 0.32
27.8 4430 | 8670 0.32 8.5 1350 | 2640 0.32
29.4 3460 | 7450 0.36 9.0 1050 | 2270 0.36
31.1 3030 | 6810 0.38 9.5 920 2070 0.38
32.7 2920 | 6530 0.38 10.0 890 1990 0.38
34.4 2790 | 6590 0.39 10.5 850 2010 0.39
36.0 3000 | 6730 0.38 11.0 910 2050 0.38
37.6 3440 | 7110 0.35 11.5 1050 | 2170 0.35
39.3 3500 | 7360 0.35 12.0 1070 | 2240 0.35
40.9 3520 | 7810 0.37 12.5 1070 | 2380 0.37
42.6 3560 | 8120 0.38 13.0 1080 | 2470 0.38
44.2 3620 | 7810 0.36 13.5 1100 | 2380 0.36
45.8 3390 | 7450 0.37 14.0 1030 | 2270 0.37
47.5 2920 | 7030 0.40 14.5 890 2140 0.40
49.1 2410 | 6730 0.43 15.0 730 2050 0.43
50.8 2060 | 6330 0.44 15.5 630 1930 0.44
52.4 1590 | 5920 0.46 16.0 480 1800 0.46
54.0 1330 | 5600 0.47 16.5 410 1710 0.47
55.7 1340 | 5750 0.47 17.0 410 1750 0.47
57.3 1250 | 5100 0.47 17.5 380 1560 0.47
59.0 1230 | 5300 0.47 18.0 370 1610 0.47
60.6 1190 | 5550 0.48 18.5 360 1690 0.48
62.2 1150 | 5480 0.48 19.0 350 1670 0.48
63.9 1000 | 5340 0.48 19.5 310 1630 0.48
65.5 980 5300 0.48 20.0 300 1610 0.48
67.2 1040 | 5360 0.48 20.5 320 1640 0.48
68.8 1200 | 5480 0.47 21.0 370 1670 0.47
70.5 1340 | 5600 0.47 21.5 410 1710 0.47
72.1 1410 | 5860 0.47 22.0 430 1790 0.47
73.7 1470 | 6030 0.47 225 450 1840 0.47
74.7 1450 | 6150 0.47 22.8 440 1870 0.47
77.0 1310 | 5630 0.47 235 400 1720 0.47
78.7 1220 | 5340 0.47 24.0 370 1630 0.47
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's
and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
80.3 1480 | 5730 0.46 245 450 1750 0.46
81.9 1610 | 6240 0.46 25.0 490 1900 0.46
83.6 1510 | 6330 0.47 255 460 1930 0.47
85.2 1420 | 6210 0.47 26.0 430 1890 0.47
86.9 1310 | 5630 0.47 26.5 400 1720 0.47
88.5 1250 | 5550 0.47 27.0 380 1690 0.47
90.1 1210 | 5410 0.47 27.5 370 1650 0.47
91.8 1190 | 5410 0.47 28.0 360 1650 0.47
93.4 1200 | 5390 0.47 28.5 360 1640 0.47
95.1 1150 | 5360 0.48 29.0 350 1640 0.48
96.7 1100 | 5410 0.48 29.5 340 1650 0.48
98.3 1090 | 5500 0.48 30.0 330 1680 0.48
100.0 1140 | 5750 0.48 30.5 350 1750 0.48
101.6 1240 | 6090 0.48 31.0 380 1860 0.48
103.3 1250 | 6150 0.48 31.5 380 1870 0.48
104.9 1370 | 6300 0.48 32.0 420 1920 0.48
106.5 1510 | 6330 0.47 32.5 460 1930 0.47
108.2 1510 | 6030 0.47 33.0 460 1840 0.47
109.8 1510 | 5860 0.46 335 460 1790 0.46
111.5 1410 | 5780 0.47 34.0 430 1760 0.47
113.1 1470 | 5600 0.46 345 450 1710 0.46
114.7 1650 | 6270 0.46 35.0 500 1910 0.46
116.4 1640 | 6390 0.46 35.5 500 1950 0.46
118.0 1920 | 6560 0.45 36.0 590 2000 0.45
119.7 1740 | 6270 0.46 36.5 530 1910 0.46
121.3 1550 | 6390 0.47 37.0 470 1950 0.47
122.9 1620 | 6490 0.47 37.5 490 1980 0.47
124.6 1500 | 6060 0.47 38.0 460 1850 0.47
126.2 1210 | 5530 0.47 38.5 370 1690 0.47
127.9 1100 | 5530 0.48 39.0 330 1690 0.48
129.5 1080 | 5390 0.48 39.5 330 1640 0.48
129.5 1070 | 5360 0.48 39.5 330 1640 0.48
131.1 1050 | 5360 0.48 40.0 320 1640 0.48
132.8 1040 | 5320 0.48 40.5 320 1620 0.48
134.4 1040 | 5410 0.48 41.0 320 1650 0.48
136.1 1050 | 5410 0.48 41.5 320 1650 0.48
137.7 1070 | 5390 0.48 42.0 330 1640 0.48
139.3 1100 | 5340 0.48 42.5 340 1630 0.48
141.0 1120 | 5460 0.48 43.0 340 1660 0.48
142.6 1160 | 5430 0.48 43.5 350 1660 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's
and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
144.3 1240 | 5600 0.47 44.0 380 1710 0.47
145.9 1390 | 5810 0.47 44.5 420 1770 0.47
147.6 1420 | 5830 0.47 45.0 430 1780 0.47
149.2 1470 | 5860 0.47 45.5 450 1790 0.47
150.8 1530 | 5810 0.46 46.0 460 1770 0.46
152.5 1500 | 5680 0.46 46.5 460 1730 0.46
154.1 1470 | 5580 0.46 47.0 450 1700 0.46
155.8 1450 | 5600 0.46 47.5 440 1710 0.46
157.4 1420 | 5460 0.46 48.0 430 1660 0.46
159.0 1350 | 5320 0.47 48.5 410 1620 0.47
160.7 1290 | 5250 0.47 49.0 390 1600 0.47
162.3 1230 | 5250 0.47 49.5 370 1600 0.47
164.0 1240 | 5210 0.47 50.0 380 1590 0.47
165.6 1360 | 5340 0.47 50.5 410 1630 0.47
167.6 1590 | 5530 0.46 51.1 480 1690 0.46
168.9 1700 | 5580 0.45 51.5 520 1700 0.45
170.5 1730 | 5580 0.45 52.0 530 1700 0.45
172.2 1720 | 6060 0.46 52.5 520 1850 0.46
174.1 1650 | 5920 0.46 53.1 500 1800 0.46
175.4 1590 | 5780 0.46 535 480 1760 0.46
177.1 1560 | 5780 0.46 54.0 470 1760 0.46
178.7 1390 | 5630 0.47 545 420 1720 0.47
180.4 1270 | 5360 0.47 55.0 390 1640 0.47
182.0 1340 | 5550 0.47 55.5 410 1690 0.47
183.6 1700 | 5860 0.45 56.0 520 1790 0.45
185.3 2320 | 6270 0.42 56.5 710 1910 0.42
186.9 3150 | 7320 0.39 57.0 960 2230 0.39
188.6 3060 | 6960 0.38 57.5 930 2120 0.38
190.2 2860 | 6730 0.39 58.0 870 2050 0.39
191.8 2760 | 6960 0.41 58.5 840 2120 0.41
193.5 2560 | 6590 0.41 59.0 780 2010 0.41
195.1 2440 | 6560 0.42 59.5 740 2000 0.42
196.8 2210 | 6460 0.43 60.0 670 1970 0.43
198.4 1890 | 6530 0.45 60.5 580 1990 0.45
200.0 1510 | 6300 0.47 61.0 460 1920 0.47
201.7 1450 | 6150 0.47 61.5 440 1870 0.47
203.3 1460 | 5920 0.47 62.0 440 1800 0.47
205.0 1200 | 5600 0.48 62.5 360 1710 0.48
206.6 1180 | 5460 0.48 63.0 360 1660 0.48
208.2 1190 | 5410 0.47 63.5 360 1650 0.47
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's
and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
209.9 1160 | 5410 0.48 64.0 350 1650 0.48
211.5 1170 | 5480 0.48 64.5 360 1670 0.48
213.2 1160 | 5580 0.48 65.0 350 1700 0.48
214.8 1230 | 5530 0.47 65.5 380 1690 0.47
216.4 1480 | 5940 0.47 66.0 450 1810 0.47
218.1 1660 | 6090 0.46 66.5 510 1860 0.46
219.7 1820 | 6700 0.46 67.0 560 2040 0.46
221.4 2150 | 7320 0.45 67.5 650 2230 0.45
223.0 2080 | 6960 0.45 68.0 630 2120 0.45
224.7 2000 | 6770 0.45 68.5 610 2060 0.45
226.3 1860 | 6590 0.46 69.0 570 2010 0.46
227.9 1620 | 6270 0.46 69.5 490 1910 0.46
229.6 1470 | 6000 0.47 70.0 450 1830 0.47
231.2 1360 | 5730 0.47 70.5 410 1750 0.47
232.9 1330 | 5680 0.47 71.0 400 1730 0.47
234.5 1350 | 5630 0.47 71.5 410 1720 0.47
236.1 1350 | 5700 0.47 72.0 410 1740 0.47
237.8 1340 | 5730 0.47 72.5 410 1750 0.47
239.4 1370 | 5780 0.47 73.0 420 1760 0.47
241.1 1340 | 5550 0.47 73.5 410 1690 0.47
242.7 1380 | 5650 0.47 74.0 420 1720 0.47
244.3 1370 | 5630 0.47 74.5 420 1720 0.47
246.0 1370 | 5680 0.47 75.0 420 1730 0.47
247.6 1370 | 5630 0.47 75.5 420 1720 0.47
249.3 1370 | 5430 0.47 76.0 420 1660 0.47
250.9 1420 | 5480 0.46 76.5 430 1670 0.46
252.5 1500 | 5630 0.46 77.0 460 1720 0.46
254.2 1590 | 5650 0.46 77.5 480 1720 0.46
255.8 1680 | 5730 0.45 78.0 510 1750 0.45
257.5 1760 | 6090 0.45 78.5 540 1860 0.45
259.1 1830 | 6090 0.45 79.0 560 1860 0.45
260.7 1800 | 6120 0.45 79.5 550 1860 0.45
262.4 1820 | 6150 0.45 80.0 560 1870 0.45
264.0 2050 | 6360 0.44 80.5 620 1940 0.44
265.7 2180 | 6700 0.44 81.0 670 2040 0.44
267.3 2330 | 6770 0.43 81.5 710 2060 0.43
268.9 2200 | 6660 0.44 82.0 670 2030 0.44
270.6 1990 | 6180 0.44 82.5 610 1880 0.44
272.2 1770 | 5830 0.45 83.0 540 1780 0.45
273.9 1610 | 5650 0.46 83.5 490 1720 0.46
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's
and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
275.5 1740 | 5920 0.45 84.0 530 1800 0.45
277.1 2010 | 6360 0.44 84.5 610 1940 0.44
278.8 2180 | 6990 0.45 85.0 670 2130 0.45
280.4 2260 | 7110 0.44 85.5 690 2170 0.44
282.1 2370 | 7490 0.44 86.0 720 2280 0.44
283.7 2140 | 7030 0.45 86.5 650 2140 0.45
285.3 2120 | 6770 0.45 87.0 650 2060 0.45
287.0 2100 | 7110 0.45 87.5 640 2170 0.45
288.6 2140 | 6920 0.45 88.0 650 2110 0.45
290.3 2310 | 6560 0.43 88.5 700 2000 0.43
291.9 2380 | 6590 0.43 89.0 730 2010 0.43
293.5 2310 | 6430 0.43 89.5 700 1960 0.43
295.2 2120 | 6150 0.43 90.0 650 1870 0.43
296.8 2120 | 6060 0.43 90.5 650 1850 0.43
298.5 2060 | 6090 0.44 91.0 630 1860 0.44
300.1 2130 | 6210 0.43 91.5 650 1890 0.43
301.8 2290 | 6390 0.43 92.0 700 1950 0.43
303.4 2440 | 6360 0.41 92.5 740 1940 0.41
305.0 2340 | 6180 0.42 93.0 710 1880 0.42
306.7 2250 | 6180 0.42 93.5 690 1880 0.42
308.3 2100 | 6180 0.43 94.0 640 1880 0.43
310.0 2040 | 5890 0.43 94.5 620 1790 0.43
311.6 1960 | 5940 0.44 95.0 600 1810 0.44
313.2 1960 | 5650 0.43 95.5 600 1720 0.43
314.9 1970 | 5780 0.43 96.0 600 1760 0.43
316.5 1900 | 5780 0.44 96.5 580 1760 0.44
318.2 2000 | 5970 0.44 97.0 610 1820 0.44
319.8 2110 | 6210 0.43 97.5 640 1890 0.43
321.4 2530 | 6300 0.40 98.0 770 1920 0.40
323.1 2810 | 6700 0.39 98.5 860 2040 0.39
324.7 2400 | 6490 0.42 99.0 730 1980 0.42
326.4 2310 | 6330 0.42 99.5 700 1930 0.42
328.0 2160 | 6120 0.43 100.0 660 1860 0.43
329.6 2060 | 5890 0.43 100.5 630 1790 0.43
331.3 2040 | 5890 0.43 101.0 620 1790 0.43
332.9 2000 | 5920 0.44 101.5 610 1800 0.44
334.6 1960 | 5780 0.44 102.0 600 1760 0.44
336.2 1940 | 5810 0.44 102.5 590 1770 0.44
337.8 1940 | 5830 0.44 103.0 590 1780 0.44
339.5 1940 | 5780 0.44 103.5 590 1760 0.44
GEOQVision Report 17016-01 SME South Carolina Borehole Geophysics rev 0 Page 56 of 84 April 10, 2017




Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's
and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
341.1 1930 | 5940 0.44 104.0 590 1810 0.44
342.8 2120 | 6030 0.43 104.5 650 1840 0.43
344.4 2560 | 6120 0.39 105.0 780 1860 0.39
346.0 2780 | 6430 0.39 105.5 850 1960 0.39
347.7 2360 | 6430 0.42 106.0 720 1960 0.42
349.3 2140 | 6090 0.43 106.5 650 1860 0.43
351.0 1980 | 5830 0.44 107.0 600 1780 0.44
352.6 1850 | 5650 0.44 107.5 560 1720 0.44
354.2 1960 | 5780 0.44 108.0 600 1760 0.44
355.9 2060 | 6090 0.44 108.5 630 1860 0.44
357.5 2350 | 6390 0.42 109.0 720 1950 0.42
359.2 2310 | 6360 0.42 109.5 700 1940 0.42
360.8 2260 | 6390 0.43 110.0 690 1950 0.43
362.4 2280 | 6300 0.42 110.5 690 1920 0.42
364.1 2420 | 6330 0.41 111.0 740 1930 0.41
365.7 2710 | 6810 0.41 111.5 820 2070 0.41
367.4 2930 | 7280 0.40 112.0 890 2220 0.40
369.0 3210 | 7670 0.39 112.5 980 2340 0.39
370.6 3210 | 7720 0.40 113.0 980 2350 0.40
372.3 3060 | 7450 0.40 113.5 930 2270 0.40
373.9 2850 | 6990 0.40 114.0 870 2130 0.40
375.6 2670 | 6770 0.41 114.5 810 2060 0.41
377.2 2560 | 6590 0.41 115.0 780 2010 0.41
378.9 2420 | 6560 0.42 115.5 740 2000 0.42
380.5 2240 | 6590 0.43 116.0 680 2010 0.43
382.1 1940 | 6210 0.45 116.5 590 1890 0.45
383.8 1700 | 5940 0.46 117.0 520 1810 0.46
385.4 1510 | 5580 0.46 117.5 460 1700 0.46
386.7 1330 | 5320 0.47 117.9 400 1620 0.47
388.7 1330 | 5340 0.47 118.5 410 1630 0.47
390.3 1370 | 5340 0.46 119.0 420 1630 0.46
392.0 1440 | 5410 0.46 119.5 440 1650 0.46
393.6 1460 | 5550 0.46 120.0 440 1690 0.46
395.3 1490 | 5580 0.46 120.5 450 1700 0.46
396.9 1530 | 5530 0.46 121.0 460 1690 0.46
398.5 1540 | 5680 0.46 121.5 470 1730 0.46
400.2 1580 | 5730 0.46 122.0 480 1750 0.46
401.8 1640 | 5780 0.46 122.5 500 1760 0.46
403.5 1660 | 5860 0.46 123.0 510 1790 0.46
405.1 1710 | 5860 0.45 123.5 520 1790 0.45
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's
and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
406.7 1740 | 5860 0.45 124.0 530 1790 0.45
408.4 1720 | 5810 0.45 124.5 520 1770 0.45
410.0 1720 | 5920 0.45 125.0 520 1800 0.45
411.7 1730 | 5940 0.45 125.5 530 1810 0.45
413.3 1810 | 5940 0.45 126.0 550 1810 0.45
414.9 1890 | 6090 0.45 126.5 580 1860 0.45
416.6 1970 | 6060 0.44 127.0 600 1850 0.44
418.2 2020 | 6090 0.44 127.5 620 1860 0.44
419.9 2060 | 6300 0.44 128.0 630 1920 0.44
421.5 2160 | 6360 0.43 128.5 660 1940 0.43
423.1 2190 | 6490 0.44 129.0 670 1980 0.44
424.8 2250 | 6460 0.43 129.5 690 1970 0.43
426.4 2290 | 6730 0.43 130.0 700 2050 0.43
428.1 2240 | 6530 0.43 130.5 680 1990 0.43
429.7 2190 | 6460 0.44 131.0 670 1970 0.44
431.3 2200 | 6430 0.43 131.5 670 1960 0.43
433.0 2240 | 6300 0.43 132.0 680 1920 0.43
434.6 2210 | 6210 0.43 132.5 670 1890 0.43
436.3 2200 | 6270 0.43 133.0 670 1910 0.43
437.9 2210 | 6180 0.43 133.5 670 1880 0.43
439.5 2340 | 6090 0.41 134.0 710 1860 0.41
441.2 2530 | 6390 0.41 134.5 770 1950 0.41
442.8 2740 | 6880 0.41 135.0 840 2100 0.41
4445 2890 | 6880 0.39 135.5 880 2100 0.39
446.1 2890 | 7030 0.40 136.0 880 2140 0.40
447.7 2500 | 6630 0.42 136.5 760 2020 0.42
449.4 2260 | 6150 0.42 137.0 690 1870 0.42
451.0 2160 | 6120 0.43 137.5 660 1860 0.43
452.7 2100 | 6090 0.43 138.0 640 1860 0.43
454.3 2090 | 6030 0.43 138.5 640 1840 0.43
456.0 2140 | 6060 0.43 139.0 650 1850 0.43
457.6 2140 | 6060 0.43 139.5 650 1850 0.43
458.9 2120 | 6090 0.43 139.9 650 1860 0.43
460.9 2120 | 5970 0.43 140.5 650 1820 0.43
462.5 2160 | 6000 0.43 141.0 660 1830 0.43
464.2 2160 | 6300 0.43 141.5 660 1920 0.43
465.8 2160 | 6210 0.43 142.0 660 1890 0.43
467.4 2180 | 6300 0.43 142.5 670 1920 0.43
469.1 2020 | 6180 0.44 143.0 610 1880 0.44
470.7 1790 | 5890 0.45 143.5 550 1790 0.45
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's
and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
472.4 1600 | 5600 0.46 144.0 490 1710 0.46
474.0 1620 | 5600 0.45 144.5 490 1710 0.45
475.6 1680 | 5630 0.45 145.0 510 1720 0.45
477.3 1710 | 5630 0.45 145.5 520 1720 0.45
478.6 1740 | 5650 0.45 145.9 530 1720 0.45
480.6 1740 | 5600 0.45 146.5 530 1710 0.45
482.2 1740 | 5680 0.45 147.0 530 1730 0.45
483.8 1780 | 5730 0.45 147.5 540 1750 0.45
485.5 1770 | 5600 0.44 148.0 540 1710 0.44
487.1 1710 | 5550 0.45 148.5 520 1690 0.45
488.8 1610 | 5390 0.45 149.0 490 1640 0.45
490.4 1630 | 5360 0.45 149.5 500 1640 0.45
492.0 1580 | 5360 0.45 150.0 480 1640 0.45
493.7 1580 | 5430 0.45 150.5 480 1660 0.45
495.3 1590 | 5360 0.45 151.0 490 1640 0.45
497.0 1560 | 5430 0.46 151.5 480 1660 0.46
498.6 1570 | 5460 0.45 152.0 480 1660 0.45
500.2 1580 | 5580 0.46 152.5 480 1700 0.46
501.9 1590 | 5630 0.46 153.0 480 1720 0.46
503.5 1680 | 5680 0.45 153.5 510 1730 0.45
505.2 1680 | 5630 0.45 154.0 510 1720 0.45
506.8 1770 | 5920 0.45 154.5 540 1800 0.45
508.4 1850 | 6090 0.45 155.0 560 1860 0.45
510.1 2040 | 6210 0.44 155.5 620 1890 0.44
511.7 2080 | 6390 0.44 156.0 630 1950 0.44
513.4 2010 | 6270 0.44 156.5 610 1910 0.44
515.0 2020 | 6090 0.44 157.0 620 1860 0.44
516.6 2060 | 6090 0.44 157.5 630 1860 0.44
518.3 2290 | 6560 0.43 158.0 700 2000 0.43
519.9 2470 | 6920 0.43 158.5 750 2110 0.43
521.6 2590 | 7230 0.43 159.0 790 2210 0.43
523.2 2470 | 7450 0.44 159.5 750 2270 0.44
524.8 2360 | 7110 0.44 160.0 720 2170 0.44
526.5 2120 | 6730 0.45 160.5 650 2050 0.45
528.1 2080 | 6390 0.44 161.0 630 1950 0.44
529.8 2100 | 6360 0.44 161.5 640 1940 0.44
531.4 2060 | 6360 0.44 162.0 630 1940 0.44
533.1 1980 | 6240 0.44 162.5 600 1900 0.44
534.7 1920 | 6150 0.45 163.0 580 1870 0.45
536.3 1830 | 6060 0.45 163.5 560 1850 0.45
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole B-FMG

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's
and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
538.0 1830 | 6000 0.45 164.0 560 1830 0.45
539.6 1790 | 5920 0.45 164.5 550 1800 0.45
541.3 1800 | 5940 0.45 165.0 550 1810 0.45
542.9 1850 | 5940 0.45 165.5 560 1810 0.45
544.5 1780 | 6000 0.45 166.0 540 1830 0.45
546.2 1710 | 5940 0.45 166.5 520 1810 0.45
547.8 1780 | 5920 0.45 167.0 540 1800 0.45
549.5 1880 | 6300 0.45 167.5 570 1920 0.45
551.1 2030 | 6810 0.45 168.0 620 2070 0.45
552.7 2270 | 7540 0.45 168.5 690 2300 0.45
554.4 2220 | 7190 0.45 169.0 680 2190 0.45
556.0 2040 | 6810 0.45 169.5 620 2070 0.45
557.7 1960 | 6390 0.45 170.0 600 1950 0.45
559.3 1960 | 6150 0.44 170.5 600 1870 0.44
560.9 1780 | 5860 0.45 171.0 540 1790 0.45
562.6 2000 | 6300 0.44 171.5 610 1920 0.44
564.2 2070 | 6590 0.45 172.0 630 2010 0.45
565.9 2080 | 6490 0.44 172.5 630 1980 0.44
567.5 2040 | 6270 0.44 173.0 620 1910 0.44
569.1 1920 | 6180 0.45 173.5 580 1880 0.45
570.8 1760 | 6060 0.45 174.0 540 1850 0.45
572.4 1710 | 6000 0.46 174.5 520 1830 0.46
574.1 1710 | 6030 0.46 175.0 520 1840 0.46
575.7 1760 | 6060 0.45 175.5 540 1850 0.45
577.3 1720 | 6060 0.46 176.0 520 1850 0.46
579.0 1790 | 6000 0.45 176.5 550 1830 0.45
580.6 2000 | 6300 0.44 177.0 610 1920 0.44
582.3 2300 | 7150 0.44 177.5 700 2180 0.44
583.9 2550 | 7360 0.43 178.0 780 2240 0.43
585.5 2390 | 7150 0.44 178.5 730 2180 0.44
587.2 2230 | 6810 0.44 179.0 680 2070 0.44
588.8 2040 | 6060 0.44 179.5 620 1850 0.44
590.5 1870 | 5860 0.44 180.0 570 1790 0.44
592.1 1820 | 5890 0.45 180.5 550 1790 0.45
593.7 1770 | 5920 0.45 181.0 540 1800 0.45
595.4 1660 | 5810 0.46 181.5 510 1770 0.46
597.0 1700 | 5890 0.45 182.0 520 1790 0.45
598.7 1750 | 5890 0.45 182.5 530 1790 0.45
600.3 1800 | 5890 0.45 183.0 550 1790 0.45
601.9 1870 | 5970 0.45 183.5 570 1820 0.45
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole B-FMG

American Units

Metric Units

Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's
and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) (ft/s) (m) (m/s) | (m/s)
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SCDOT CONWAY BORINGS HOR-1328 & OFFSET
Source to Receiver and Receiver to Receiver Analysis
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Figure A-2: Boreholes HOR-1328 & Conway Offset, Suspension S-R1 P- and Sn-wave

velocities
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Table A-2. Boreholes HOR-1328 & Conway Offset, S - R1 quality assurance analysis P-

and Sh-wave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's

and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
11.4 910 5150 0.48 35 280 1570 0.48
13.0 950 5150 0.48 4.0 290 1570 0.48
14.7 960 | 4810 0.48 4.5 290 1470 0.48
16.3 940 5150 0.48 5.0 290 1570 0.48
18.0 910 5320 0.48 55 280 1620 0.48
19.6 870 5410 0.49 6.0 270 1650 0.49
21.2 850 5060 0.49 6.5 260 1540 0.49
22.9 890 5060 0.48 7.0 270 1540 0.48
245 1090 | 5060 0.48 7.5 330 1540 0.48
26.2 1230 | 5150 0.47 8.0 380 1570 0.47
27.8 1270 | 5060 0.47 8.5 390 1540 0.47
29.4 1290 | 4980 0.46 9.0 390 1520 0.46
31.1 1270 | 5020 0.47 9.5 390 1530 0.47
32.7 1210 | 4980 0.47 10.0 370 1520 0.47
34.4 1150 | 5190 0.47 10.5 350 1580 0.47
36.0 1100 | 5230 0.48 11.0 340 1590 0.48
37.6 1060 | 5460 0.48 11.5 320 1660 0.48
39.3 1240 | 5320 0.47 12.0 380 1620 0.47
40.9 1450 | 5320 0.46 12.5 440 1620 0.46
42.6 1690 | 5500 0.45 13.0 510 1680 0.45
44.2 1730 | 5700 0.45 13.5 530 1740 0.45
45.8 2060 | 5550 0.42 14.0 630 1690 0.42
47.5 2010 | 6030 0.44 14.5 610 1840 0.44
49.1 2010 | 5970 0.44 15.0 610 1820 0.44
50.8 1850 | 5860 0.44 15.5 560 1790 0.44
52.4 1680 | 5550 0.45 16.0 510 1690 0.45
54.0 1470 | 5600 0.46 16.5 450 1710 0.46
55.7 1310 | 5500 0.47 17.0 400 1680 0.47
57.3 1280 | 5320 0.47 17.5 390 1620 0.47
59.0 1260 | 5320 0.47 18.0 390 1620 0.47
60.6 1240 | 5320 0.47 18.5 380 1620 0.47
62.2 1210 | 5190 0.47 19.0 370 1580 0.47
63.9 1220 | 5280 0.47 19.5 370 1610 0.47
65.5 1240 | 5360 0.47 20.0 380 1640 0.47
67.2 1240 | 5360 0.47 20.5 380 1640 0.47
68.8 1200 | 5320 0.47 21.0 370 1620 0.47
70.5 1190 | 5100 0.47 21.5 360 1560 0.47
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's
and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
72.1 1150 | 5280 0.48 22.0 350 1610 0.48
73.7 1130 | 5190 0.47 22.5 350 1580 0.47
75.4 1150 | 5320 0.48 23.0 350 1620 0.48
77.0 1200 | 5190 0.47 235 370 1580 0.47
78.7 1300 | 5460 0.47 24.0 400 1660 0.47
80.3 1340 | 5550 0.47 245 410 1690 0.47
81.9 1370 | 5410 0.47 25.0 420 1650 0.47
83.6 1330 | 5360 0.47 255 410 1640 0.47
85.2 1240 | 5280 0.47 26.0 380 1610 0.47
86.9 1240 | 5190 0.47 26.5 380 1580 0.47
88.5 1260 | 5190 0.47 27.0 380 1580 0.47
90.1 1260 | 5280 0.47 27.5 390 1610 0.47
91.8 1250 | 5410 0.47 28.0 380 1650 0.47
93.4 1320 | 5500 0.47 28.5 400 1680 0.47
95.1 1330 | 5410 0.47 29.0 400 1650 0.47
96.7 1330 | 5500 0.47 29.5 410 1680 0.47
98.3 1350 | 5500 0.47 30.0 410 1680 0.47
100.0 1360 | 5360 0.47 30.5 410 1640 0.47
101.6 1370 | 5410 0.47 31.0 420 1650 0.47
103.3 1420 | 5500 0.46 31.5 430 1680 0.46
104.9 1500 | 5810 0.46 32.0 460 1770 0.46
106.5 1500 | 5810 0.46 32.5 460 1770 0.46
108.2 1480 | 5810 0.47 33.0 450 1770 0.47
109.8 1590 | 5600 0.46 335 490 1710 0.46
111.5 1620 | 5650 0.46 34.0 490 1720 0.46
113.1 1660 | 5860 0.46 345 510 1790 0.46
114.7 1850 | 6030 0.45 35.0 560 1840 0.45
116.4 2000 | 6530 0.45 35.5 610 1990 0.45
118.0 2340 | 7190 0.44 36.0 710 2190 0.44
119.7 2480 | 6960 0.43 36.5 760 2120 0.43
121.6 2340 | 6590 0.43 37.1 710 2010 0.43
122.9 2120 | 6530 0.44 37.5 650 1990 0.44
124.9 1960 | 6210 0.44 38.1 600 1890 0.44
126.2 1950 | 6390 0.45 38.5 590 1950 0.45
127.9 1840 | 6490 0.46 39.0 560 1980 0.46
129.5 1760 | 6390 0.46 39.5 540 1950 0.46
131.1 2300 | 6330 0.42 40.0 700 1930 0.42
132.8 2350 | 6460 0.42 40.5 720 1970 0.42
134.4 2670 | 6810 0.41 41.0 810 2070 0.41
136.1 2650 | 6770 0.41 41.5 810 2060 0.41
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's
and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
137.7 2580 | 6590 0.41 42.0 790 2010 0.41
139.3 2210 | 6660 0.44 42.5 670 2030 0.44
141.3 2010 | 6460 0.45 43.1 610 1970 0.45
142.6 2050 | 6530 0.45 43.5 620 1990 0.45
144.3 2410 | 7030 0.43 44.0 730 2140 0.43
145.9 2240 | 6770 0.44 44.5 680 2060 0.44
147.6 1820 | 6530 0.46 45.0 560 1990 0.46
149.2 1620 | 6000 0.46 45.5 490 1830 0.46
150.8 1430 | 5480 0.46 46.0 440 1670 0.46
152.5 1360 | 5280 0.46 46.5 410 1610 0.46
154.1 1370 | 5320 0.46 47.0 420 1620 0.46
155.8 1420 | 5390 0.46 47.5 430 1640 0.46
157.4 1500 | 5650 0.46 48.0 460 1720 0.46
159.0 1560 | 5920 0.46 48.5 480 1800 0.46
160.7 1560 | 6030 0.46 49.0 480 1840 0.46
162.3 1570 | 6300 0.47 49.5 480 1920 0.47
164.3 1810 | 6090 0.45 50.1 550 1860 0.45
165.6 1950 | 6270 0.45 50.5 590 1910 0.45
167.2 2050 | 6390 0.44 51.0 620 1950 0.44
168.9 1980 | 6270 0.44 51.5 600 1910 0.44
170.5 1840 | 6210 0.45 52.0 560 1890 0.45
172.2 1800 | 6150 0.45 52.5 550 1870 0.45
173.8 1650 | 6120 0.46 53.0 500 1860 0.46
175.4 1640 | 6090 0.46 535 500 1860 0.46
177.1 1590 | 5970 0.46 54.0 480 1820 0.46
178.7 1540 | 5920 0.46 545 470 1800 0.46
180.4 1540 | 5700 0.46 55.0 470 1740 0.46
182.0 1480 | 5830 0.47 55.5 450 1780 0.47
183.6 1480 | 5700 0.46 56.0 450 1740 0.46
185.3 1440 | 5550 0.46 56.5 440 1690 0.46
186.9 1380 | 5430 0.47 57.0 420 1660 0.47
188.9 1390 | 5500 0.47 57.6 420 1680 0.47
190.2 1310 | 5530 0.47 58.0 400 1690 0.47
191.8 1330 | 5480 0.47 58.5 400 1670 0.47
193.5 1400 | 5550 0.47 59.0 430 1690 0.47
195.1 1420 | 5650 0.47 59.5 430 1720 0.47
196.8 1450 | 5580 0.46 60.0 440 1700 0.46
198.4 1530 | 5700 0.46 60.5 460 1740 0.46
200.0 1530 | 5650 0.46 61.0 470 1720 0.46
201.7 1440 | 5650 0.47 61.5 440 1720 0.47
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's
and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
203.3 1390 | 5700 0.47 62.0 420 1740 0.47
205.0 1360 | 5650 0.47 62.5 410 1720 0.47
206.6 1370 | 5700 0.47 63.0 420 1740 0.47
208.6 1400 | 5750 0.47 63.6 430 1750 0.47
209.9 1410 | 5600 0.47 64.0 430 1710 0.47
211.5 1420 | 5750 0.47 64.5 430 1750 0.47
213.5 1430 | 5650 0.47 65.1 440 1720 0.47
214.8 1400 | 5630 0.47 65.5 430 1720 0.47
216.4 1370 | 5580 0.47 66.0 420 1700 0.47
218.1 1340 | 5550 0.47 66.5 410 1690 0.47
219.7 1340 | 5680 0.47 67.0 410 1730 0.47
221.4 1270 | 5650 0.47 67.5 390 1720 0.47
223.0 1360 | 5750 0.47 68.0 410 1750 0.47
224.7 1320 | 5700 0.47 68.5 400 1740 0.47
226.3 1320 | 5630 0.47 69.0 400 1720 0.47
227.9 1350 | 5780 0.47 69.5 410 1760 0.47
229.6 1450 | 5890 0.47 70.0 440 1790 0.47
231.2 1480 | 5890 0.47 70.5 450 1790 0.47
232.9 1560 | 5890 0.46 71.0 480 1790 0.46
234.5 1570 | 6000 0.46 71.5 480 1830 0.46
236.1 1590 | 5890 0.46 72.0 480 1790 0.46
237.8 1640 | 5730 0.46 72.5 500 1750 0.46
239.4 1560 | 5830 0.46 73.0 470 1780 0.46
241.1 1810 | 6180 0.45 73.5 550 1880 0.45
242.7 2010 | 6300 0.44 74.0 610 1920 0.44
244.3 1630 | 6390 0.47 74.5 500 1950 0.47
246.0 1530 | 6300 0.47 75.0 470 1920 0.47
247.6 1530 | 5920 0.46 75.5 470 1800 0.46
249.3 1480 | 5700 0.46 76.0 450 1740 0.46
250.9 1530 | 5650 0.46 76.5 460 1720 0.46
252.5 1530 | 5680 0.46 77.0 470 1730 0.46
254.2 1500 | 5700 0.46 77.5 460 1740 0.46
255.8 1460 | 5500 0.46 78.0 440 1680 0.46
257.5 1440 | 5500 0.46 78.5 440 1680 0.46
259.1 1420 | 5430 0.46 79.0 430 1660 0.46
260.7 1370 | 5410 0.47 79.5 420 1650 0.47
262.4 1300 | 5390 0.47 80.0 400 1640 0.47
264.0 1310 | 5340 0.47 80.5 400 1630 0.47
265.7 1290 | 5600 0.47 81.0 390 1710 0.47
267.3 1290 | 5810 0.47 81.5 390 1770 0.47
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's
and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
268.9 1370 | 6490 0.48 82.0 420 1980 0.48
270.6 1420 | 6390 0.47 82.5 430 1950 0.47
272.2 1580 | 6150 0.46 83.0 480 1870 0.46
273.9 1420 | 5830 0.47 83.5 430 1780 0.47
275.5 1350 | 5390 0.47 84.0 410 1640 0.47
277.1 1350 | 5390 0.47 84.5 410 1640 0.47
278.8 1360 | 5550 0.47 85.0 410 1690 0.47
280.4 1380 | 5410 0.47 85.5 420 1650 0.47
282.1 1400 | 5480 0.47 86.0 430 1670 0.47
283.7 1370 | 5410 0.47 86.5 420 1650 0.47
285.3 1380 | 5390 0.46 87.0 420 1640 0.46
287.0 1380 | 5500 0.47 87.5 420 1680 0.47
288.6 1400 | 5390 0.46 88.0 430 1640 0.46
290.3 1390 | 5390 0.46 88.5 420 1640 0.46
291.9 1400 | 5360 0.46 89.0 430 1640 0.46
293.5 1400 | 5430 0.46 89.5 430 1660 0.46
295.2 1380 | 5430 0.47 90.0 420 1660 0.47
296.8 1370 | 5550 0.47 90.5 420 1690 0.47
298.1 1380 | 5410 0.47 90.9 420 1650 0.47
306.7 1400 | 5480 0.46 93.5 430 1670 0.46
308.3 1570 | 5890 0.46 94.0 480 1790 0.46
310.0 1900 | 6960 0.46 94.5 580 2120 0.46
311.6 2320 | 8060 0.45 95.0 710 2460 0.45
313.2 2270 | 8790 0.46 95.5 690 2680 0.46
314.9 2180 | 8730 0.47 96.0 660 2660 0.47
316.5 1950 | 8170 0.47 96.5 590 2490 0.47
318.2 1850 | 7190 0.46 97.0 560 2190 0.46
319.8 1680 | 6920 0.47 97.5 510 2110 0.47
321.4 1460 | 6880 0.48 98.0 450 2100 0.48
323.1 1360 | 6770 0.48 98.5 410 2060 0.48
324.7 1300 | 5940 0.47 99.0 400 1810 0.47
326.4 1240 | 5780 0.48 99.5 380 1760 0.48
328.0 1190 | 5600 0.48 100.0 360 1710 0.48
329.6 1220 | 5580 0.47 100.5 370 1700 0.47
331.3 1210 | 5430 0.47 101.0 370 1660 0.47
332.9 1250 | 5500 0.47 101.5 380 1680 0.47
334.6 1280 | 5550 0.47 102.0 390 1690 0.47
336.2 1270 | 5630 0.47 102.5 390 1720 0.47
337.8 1210 | 5550 0.47 103.0 370 1690 0.47
339.5 1180 | 5390 0.47 103.5 360 1640 0.47
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's
and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
341.1 1140 | 5460 0.48 104.0 350 1660 0.48
342.8 1160 | 5360 0.48 104.5 350 1640 0.48
344.4 1200 | 5280 0.47 105.0 370 1610 0.47
346.0 1230 | 5250 0.47 105.5 370 1600 0.47
347.7 1170 | 5230 0.47 106.0 360 1590 0.47
349.3 1150 | 5250 0.47 106.5 350 1600 0.47
351.0 1120 | 5250 0.48 107.0 340 1600 0.48
352.6 1140 | 5390 0.48 107.5 350 1640 0.48
354.2 1160 | 5410 0.48 108.0 350 1650 0.48
355.9 1220 | 5530 0.47 108.5 370 1690 0.47
357.5 1320 | 5600 0.47 109.0 400 1710 0.47
359.2 1360 | 5860 0.47 109.5 420 1790 0.47
360.8 1410 | 6270 0.47 110.0 430 1910 0.47
362.4 1620 | 6430 0.47 110.5 490 1960 0.47
364.1 1810 | 6430 0.46 111.0 550 1960 0.46
365.7 1750 | 6430 0.46 111.5 530 1960 0.46
367.4 1680 | 6090 0.46 112.0 510 1860 0.46
369.0 1680 | 5810 0.45 112.5 510 1770 0.45
370.6 1630 | 5860 0.46 113.0 500 1790 0.46
372.3 1570 | 5750 0.46 113.5 480 1750 0.46
373.9 1500 | 5860 0.46 114.0 460 1790 0.46
375.6 1420 | 5580 0.47 114.5 430 1700 0.47
377.2 1310 | 5460 0.47 115.0 400 1660 0.47
378.9 1250 | 5340 0.47 115.5 380 1630 0.47
380.5 1210 | 5460 0.47 116.0 370 1660 0.47
382.1 1190 | 5460 0.48 116.5 360 1660 0.48
383.8 1190 | 5320 0.47 117.0 360 1620 0.47
385.4 1190 | 5320 0.47 117.5 360 1620 0.47
387.1 1180 | 5340 0.47 118.0 360 1630 0.47
388.7 1230 | 5320 0.47 118.5 380 1620 0.47
390.3 1270 | 5320 0.47 119.0 390 1620 0.47
392.0 1330 | 5390 0.47 119.5 410 1640 0.47
393.6 1430 | 5460 0.46 120.0 430 1660 0.46
395.3 1440 | 5460 0.46 120.5 440 1660 0.46
396.9 1490 | 5500 0.46 121.0 450 1680 0.46
398.5 1540 | 5780 0.46 121.5 470 1760 0.46
400.2 1610 | 6210 0.46 122.0 490 1890 0.46
401.8 1520 | 6180 0.47 122.5 460 1880 0.47
403.5 1610 | 5970 0.46 123.0 490 1820 0.46
405.1 1570 | 5750 0.46 123.5 480 1750 0.46
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity
Between Source Poisson's Between Source Poisson's
and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio
(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)
406.7 1450 | 5530 0.46 124.0 440 1690 0.46
408.4 1430 | 5430 0.46 124.5 430 1660 0.46
410.0 1460 | 5500 0.46 125.0 440 1680 0.46
411.7 1570 | 5860 0.46 125.5 480 1790 0.46
413.3 1710 | 6000 0.46 126.0 520 1830 0.46
414.9 1720 | 6240 0.46 126.5 520 1900 0.46
416.6 1670 | 6000 0.46 127.0 510 1830 0.46
418.2 1600 | 5750 0.46 127.5 490 1750 0.46
419.9 1450 | 5460 0.46 128.0 440 1660 0.46
421.5 1340 | 5360 0.47 128.5 410 1640 0.47
423.1 1230 | 5250 0.47 129.0 380 1600 0.47
424.8 1180 | 5250 0.47 129.5 360 1600 0.47
426.4 1330 | 5320 0.47 130.0 410 1620 0.47
428.1 1280 | 5410 0.47 130.5 390 1650 0.47
429.7 1330 | 5430 0.47 131.0 410 1660 0.47
431.3 1470 | 5430 0.46 131.5 450 1660 0.46
433.0 1510 | 5430 0.46 132.0 460 1660 0.46
434.6 1450 | 5320 0.46 132.5 440 1620 0.46
436.3 1450 | 5410 0.46 133.0 440 1650 0.46
437.9 1420 | 5340 0.46 133.5 430 1630 0.46
439.5 1560 | 5320 0.45 134.0 480 1620 0.45
441.2 1390 | 5320 0.46 134.5 420 1620 0.46
442.8 1410 | 5320 0.46 135.0 430 1620 0.46
4445 1520 | 5430 0.46 135.5 460 1660 0.46
446.1 1580 | 5460 0.45 136.0 480 1660 0.45
447.7 1650 | 5750 0.46 136.5 500 1750 0.46
449.4 2080 | 7030 0.45 137.0 630 2140 0.45
451.0 2710 | 7360 0.42 137.5 820 2240 0.42
452.7 3200 | 7490 0.39 138.0 970 2280 0.39
454.3 2710 | 6880 0.41 138.5 820 2100 0.41
456.0 2380 | 6300 0.42 139.0 730 1920 0.42
457.6 2060 | 5810 0.43 139.5 630 1770 0.43
459.2 1610 | 5530 0.45 140.0 490 1690 0.45
460.9 1510 | 5460 0.46 140.5 460 1660 0.46
462.5 1430 | 5460 0.46 141.0 430 1660 0.46
464.2 1310 | 5360 0.47 141.5 400 1640 0.47
465.8 1270 | 5460 0.47 142.0 390 1660 0.47
467.4 1200 | 6000 0.48 142.5 370 1830 0.48
469.1 1250 | 6150 0.48 143.0 380 1870 0.48
470.7 1340 | 6210 0.48 143.5 410 1890 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole HOR-1328 COMBINED WITH OFFSET

American Units Metric Units
Depth at Midpoint Velocity Depth at Midpoint Velocity

Between Source Poisson's Between Source Poisson's

and Near Receiver Vs Vp Ratio and Near Receiver Vs Vp Ratio

(ft) (ft/s) | (ft/s) (m) (m/s) | (m/s)

472.4 1360 | 6090 0.47 144.0 420 1860 0.47

474.0 1510 | 6090 0.47 144.5 460 1860 0.47
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APPENDIX B

INDUCTION, ELOG, NATURAL GAMMA AND CALIPER
LOGS
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GE@!; l '5"10 ” LoG TYPE PROJECT Conway / SCDOT Site A
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APPENDIX C

GEOPHYSICAL LOGGING
SYSTEMS - NIST TRACEABLE
CALIBRATION RECORDS
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MICRO PRECISION CALIBRATION, INC o
i

-\."\" ! 2
MICRO PRECISION e e S
714-901-5659 T
G TN o
Certificate of Calibration e e
Date: Jan 6, 2017 Cert No. 512200812659896
Customer:
GEOVISION
1124 OLYMPIC DRIVE
CORONA CA 92881
Work Order #: N/A
MPC Control #: AM6767 Serial Number: 160023
Asset ID: 160023 Department: N/A
Gage Type: LOGGER Performed By: TYLER MCKEEN
Manufacturer: OoYO Received Condition: IN TOLERANCE
Model Number: 3403 Returned Condition: IN TOLERANCE
Size: N/A Cal. Date: December 16, 2016
Temp/RH: 72.0°F / 54.0% Cal. Interval: 12 MONTHS
Location: Calibration performed at MPC facility Cal. Due Date: December 16, 2017

Calibration Notes:
THIS CERTIFICATE SUPERSEDES 512200812635836. REVISED PO SCP-0045 REVISION 1 JAN 04, 2017.

See attached data sheet for calculations. ( 1 Page )
Calibrated IAW customer supplied data form Rev 2.1
Frequency measurement uncertainty = 0.0005 Hz

Unit calibrated with Laptop Panasonic Model CF-29,s/n: 4FKSA41798
Calibrated To 4:1 Accuracy Ratio

This Calibration has been performed in conformance with, and complies to all requirements as set forth in S&ME purchase order
SCP-0045 Revision 1, Dated January 04, 2017

Standards Used to Calibrate Equipment

I.D. Description. Model Serial Manufacturer Cal. Due Date  Traceability #
T1100 UNIVERSAL COUNTER 53131A 3546A09912 HEWLETT PACKARD Feb2,2017  222008122827657
DB8748 GPS TIME AND FREQUENCY 58503A 3625A01225 HEWLETT PACKARD Jun 17,2017  222008122553843
RECEIVER
LAS0018 ARB / FUNC GENERATOR 33250A US40001522 AGILENT Dec 7,2017  512200812632023
Calibrating Technician: : QC Approval: (‘_). g g .
TYLER MCKEEN Jim Williams

The reported expanded uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by the coverage factor k=2, which for normal distribution corresponds to a coverage
probability of approximately 95%. The standard uncertainty of measurement has been determined in accordance with EA’s Publication and NIST Technical Note 1297, 1994 Edition. Services rendered
comply with ISO 17025:2005, ANSI/NCSL Z540-1, MPC Quality Manual, MPC CSD and with customer purchase order instructions.

Calibration cycles and resulting due dates were submitted/approved by the customer. Any number of factors may cause an instrument to drift out of tolerance before the next scheduled calibration.
Recalibration cycles should be based on frequency of use, environmental conditions and customer’s established systematic accuracy. The information on this report, pertains only to the instrument

identified.

All standards are traceable to Sl through the National Institute of Standards and Technology (NIST) and/or recognized national or international standards laboratories. Services rendered include proper
manufacturer’s service instruction and are warranted for no less than thirty (30) days. This report may not be reproduced in part or in a whole without the prior written approval of the issuing MPC lab.

Page 1 of 2 (CERT, Rev 3)
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MICRO PRECISION CALIBRATION, INC
MICRO PRECISION 2165 N. Glassell St.,

Orange, CA 92865
CALIBRATION 714-901-5659

Lkjig
il l”;.-;,/

ey
A

——
o

ifi i i o W alibration #
Certificate of Calibration St Calbraton CERT

AC-1969

1

\."{'\1
2
"'-"':'.-_I'

Date: Jan 6, 2017

Cert No. 512200812659896
Procedures Used in this Event

Procedure Name
GEOVISION SEISMIC

Description

Suspension PS Seismic Logger/Recorder Calibration Procedure

Calibrating Technician: QC Approval: (‘_). g g .

TYLER MCKEEN Jim Williams

The reported expanded uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by the coverage factor k=2, which for normal distribution corresponds to a coverage
probability of approximately 95%. The standard uncertainty of measurement has been determined in accordance with EA’s Publication and NIST Technical Note 1297, 1994 Edition. Services rendered
comply with ISO 17025:2005, ANSI/NCSL Z540-1, MPC Quality Manual, MPC CSD and with customer purchase order instructions.

Calibration cycles and resulting due dates were submitted/approved by the customer. Any number of factors may cause an instrument to drift out of tolerance before the next scheduled calibration.
Recalibration cycles should be based on frequency of use, environmental conditions and customer’s established systematic accuracy. The information on this report, pertains only to the instrument
identified.

All standards are traceable to Sl through the National Institute of Standards and Technology (NIST) and/or recognized national or international standards laboratories. Services rendered include proper
manufacturer’s service instruction and are warranted for no less than thirty (30) days. This report may not be reproduced in part or in a whole without the prior written approval of the issuing MPC lab.

Page 2 of 2
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GE Zszon

geophysical services

SUSPENSION PS SEISMIC LOGGER/RECORDER CALIBRATION DATA FORM

INSTRUMENT DATA
System mfg.: 0\/0 Model no.: 3403
Serial no.: 1LOOA S Calibration date: 2/l/1b
By: Al cro Precision Due date: 12 /l/17
Counter mfg.: pr[.e-H' Dackarﬁ Model no.: SS3131A
Serial no.: 3SH4LA099(2  Calibration date: 2/02 /16
By: Micvo Precision Due date: 2/02 /1%
Signal generator mfg.: Aagilent Model no.: 3 3250A
Serial no.: L SH4o00 IS22.  Calibration date: 12 /03/1b
By: Micero Prewsion Due date: 12 /o2 /(#
Laptop controller mfg.: \oow\as onic Model no.: CF - 2 0]
Serial no.: UFksA4(39% Calibration date: N/A
SYSTEM SETTINGS:
Gain: 2-%2
Filter lok / Y
Range: 57200 pmicrosecsnds
Delay: 1%
Stack (1 std) [
System date = correct date and time 7. [} N /1w . 133 A

[ t 7 7 T
PROCEDURE:

Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak
Note actual frequency on data form.

Set sample period and record data file to disk. Note file name on data form.

Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as
.sps file. Calculate average frequency for each channel pair and note on data form.

Average frequency must be within +/- 1% of actual frequency at all data points.

Maximum error ((AVG-ACT)/ACT*100)%  As found O.4Ho s As left 0.90 e
Target Actual [ Sample File Time for | Average | Time for | Average | Time for Average
Frequency |Frequency| Period | Name | 9 cycles |Frequency| 9 cycles Eggqu& )‘}}' 9 cycles | Frequency
(Hz) (Hz) (microS)| c@o| [Hn (msec)| Hn (Hz) | Hr (msec) V (msec) V (Hz)
50.00 0.0 200 | oof 1714 [ 50.] [F1.0 ‘/’-7 so.]| /80.0] so0.0
100.0 100.0 100 | 0ol q0.( | ;002 %99 | 100.2 90.0| 100.0
200.0 200.0 50 | o0?% Y$SoS | 918 | 4505 | 119.€ ys.[ 9.
500.0 So0.0 20 004 294 | SoI% | .00 | S00.0 [2.9% | Svo.€
1000 1000.0 10 005 $Aa% | lovod.0] 9.0/ 199.0 7.0/ 194.0
2000 2,000.0 5 00 U.4q9 | 200%9.0] 4505 | 799%.01 4.5 2000.0
Calibrated by: Tgle  Mele en '7’/‘6/‘¢ 4%‘\
Name Date _Signature
Witnessed by: ETVH‘D{ F-CM{VWW\ lZ/“’/'V YXW‘
Name Date lgn

Suspension PS Seismic Recorder/Logger Calibration Data Form Rev 2.1

February 7, 2012
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Appendix IV: Surface Wave Testing Data
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1 INTRODUCTION

In-situ seismic measurements using active surface wave techniques were performed at SCDOT
borehole sites near Andrews and Conway, South Carolina from March 6" to 8™ ,2017. The
Andrews site is located near 3167 County Line Road, Andrews, SC 29510 and the Conway site
is located near 8260 Morgan Lane, Anynor, SC 29511.

The purpose of this investigation was to provide shear (S) wave velocity profiles to a minimum
depth of 60 meters (m) and as great a depth as the energy source provided would permit. The
active surface wave techniques utilized during this investigation consisted of the multi-channel
analysis of surface waves (MASW) and spectral analysis of surface waves (SASW) methods.
Ambient vibration data were also recorded into the longest MASW array at each site in what is
often referred to as the passive MASW or refraction microtremor (ReMi™) method. These data
were not used for site characterization and only used to document the performance of linear
microtremor arrays, which are routinely used for site characterization in the United States. It is
preferable to utilize two-dimensional arrays for ambient vibration (array microtremor
measurements) over linear arrays and such data were acquired by the University of Texas, Austin
(UTA) as part of a separate investigation.

The location of the surface wave testing arrays at the Andrews and Conway sites are presented in
Figures 1 and 2, respectively.

This report contains the results of the surface wave measurements conducted at the Andrews and
Conway sites. An overview of the surface wave methods is given in Section 2. Field and data
reduction/modeling procedures are discussed in Sections 3 and 4, respectively. Data modeling
procedures are discussed in Section 5. Results are presented in Section 6. References and our
professional certification are presented in Sections 7 and 8, respectively.
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2 OVERVIEW OF SURFACE WAVE METHODS

Both active and passive (ambient noise) surface wave techniques were utilized during this
investigation. Active surface wave techniques include the spectral analysis of surface waves
(SASW) and multi-channel array surface wave (MASW) methods. Passive surface wave
techniques include the HVSR technique and the array and refraction microtremor methods.

The basis of surface wave methods is the dispersive characteristic of Rayleigh and Love waves
when propagating in a layered medium. The Rayleigh wave phase velocity (Vr) depends
primarily on the material properties (Vs, mass density, and Poisson’s ratio or compression wave
velocity) over a depth of approximately one wavelength. The Love wave phase velocity (Vi)
depends primarily on Vs and mass density. Rayleigh and Love wave propagation are also
affected by damping or seismic quality factor (Q). Rayleigh wave techniques are utilized to
measure vertically polarized S-waves (Sy-wave); whereas, Love wave techniques are utilized to
measure horizontally polarized S-waves (Sy-wave).

Surface waves of different wavelengths (A) or frequencies (f) sample different depths (Figure 2).
As a result of variance in the shear stiffness of the distinct layers, waves with different
wavelengths propagate at different phase velocities; hence, dispersion. A surface wave
dispersion curve is the variation of Vr or Vi with A or f (Figure 2).

Air Rayleigh-wave vertical particle motion  Rayleigh-wave phase velocity

Depth
Wavelength

Y Y

Material  Short wavelength,  Longer wavelength,

Dispersion Curve
profile PRI 'R

Figure 3  Relationship between the wavelength of surface waves and investigation depth

The SASW and MASW methods are in-situ seismic methods for determining shear wave
velocity (Vs) profiles (Stokoe et al., 1994; Stokoe et al., 1989; Park et al., 1999a and 1999b, Foti,
2000). Surface wave techniques are non-invasive and non-destructive, with all testing performed
on the ground surface at strain levels in the soil in the elastic range (< 0.001%). SASW testing
consists of collecting surface wave phase data in the field, generating the dispersion curve, and
then using iterative forward or inverse modeling to calculate the shear wave velocity profile.
MASW testing consists of collecting multi-channel seismic data in the field, applying a
wavefield transform to obtain the dispersion curve, and data modeling to obtain the Vg profile.
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A detailed description of the SASW field procedure is given in Joh, 1996. A typical SASW setup
is shown in Figure 4. A vertical dynamic load is used to generate horizontally-propagating
Rayleigh waves and a horizontal force is used to generate Love waves. The ground motions are
monitored by two, or more, vertical (Rayleigh wave) or horizontal (Love wave) receivers and
recorded by the data acquisition system capable of performing both time and frequency-domain
calculations. Theoretical, as well as practical considerations, such as signal attenuation,
necessitate the use of several receiver spacings to generate the dispersion curve over the
wavelength range required to evaluate the stiffness profile. To identify and/or minimize phase
shifts due to differences in receiver coupling and subsurface variability, the source location is
reversed. To develop a Vs model to a 30 meter depth using Rayleigh wave methods, energy
sources typically include: small hammers (rock hammer or 3 Ib hammer) for short receiver
intervals; 10 to 20 1b sledgehammers for intermediate separations, and accelerated weight drops
(AWD) or an electromechanical shaker for larger spacings. More energetic sources, such as
bulldozers or seismic vibrators (Vibroseis'™), can be used to characterize velocity structure to
depths of 100 m or more. Energy sources for shallow imaging using Love waves include a
hammer and horizontal traction plank, portable hammer impact aluminum source, and inclined or
horizontal accelerated weight drop systems. Energy sources for deeper imaging using Love
waves include horizontal seismic vibrators. Generally, high frequency (short wavelength) surface
waves are recorded across receiver pairs spaced at short intervals, whereas low frequency (long
wavelength) surface waves require greater spacing between receivers. Dispersion data averaged
across greater distances are often smoother because effects of localized heterogeneities are
averaged.

Dynamic signal analyzer
with disk drive

forward configuration

Vertical dynamic source: — ]
/
/ {

Figure 4  Typical SASW setup

After the time-domain motions from the two receivers are converted to frequency-domain
records using the Fast Fourier Transform, the cross power spectrum and coherence are
calculated. The phase of the cross power spectrum represents the phase differences between the
two receivers as the wave train propagates past them. It ranges from -x to  in a wrapped form
and must be unwrapped through an interactive process called masking. Phase jumps are
specified, near-field data (wavelengths longer than two times the distance from the source to first
receiver) and low-coherence data are removed. The experimental dispersion curve is calculated
from the unwrapped phase angle and the distance between receivers by:
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VrL= f* dz/(A¢/2’lt)

where Vg = Rayleigh wave phase velocity
Vi, = Love wave phase velocity
f = frequency
d, = distance between receivers
A¢ = the phase difference in radians

Figure 5 demonstrates phase unwrapping of the cross power spectrum during SASW data
reduction.
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Figure 5 Masking and unwrapping phase spectrum to calculate dispersion curve

A detailed description of the MASW method is given by Park, 1999a and 1999b. Ground
motions are recorded by 24, or more, geophones typically spaced 1 to 3 m apart along a linear
array and connected to a seismograph. Energy sources are the same as those outlined above for
SASW testing. When applying the MASW technique to develop a one-dimensional (1-D) Vg
model, the surface-wave data, preferably, are acquired using multiple-source offsets at both ends
of the array. The most commonly applied MASW technique is the Rayleigh-wave based MASW
method, which we refer to as MASRW to distinguish from Love-wave based MASW (MAS; W).
MASRW and MAS; W acquisition can easily be combined with P- and S-wave seismic refraction
acquisition, respectively. MASgW data are generally recorded using a vertical source and
vertical geophone, but may also be recorded using a horizontal geophone with radial (in-line)
orientation. MAS W data are recorded using transversely orientated horizontal source and
transverse horizontal geophone.

A wavefield transform is applied to the time-history data to convert the seismic record from the
time-offset domain to the frequency-phase velocity or frequency-wavenumber domain in which
the surface-wave dispersion curve can be easily identified. Common wave-field transforms
include: the frequency-wavenumber (f-k) transform, slant-stack transform (t-p), frequency
domain beamformer, and phase-shift transform. Figure 6 demonstrates application of the phase
shift and f-k transforms to identify surface wave energy. Occasionally, SASW analysis
procedures are used to extract surface wave dispersion data, from fixed receiver pairs, at smaller
wavelengths than can be recovered by wavefield transformation. Construction of a dispersion
curve, over the wide frequency/wavelength range necessary to develop a robust Vg model while
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also limiting the maximum wavelength based on an established near-field criteria (e.g. Yoon and
Rix, 2009; Li and Rosenblad, 2011), generally requires multiple source offsets.
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Figure 6 Phase shift and f-k transforms to identify surface wave energy

Although, the vast majority of MASW surveys record Rayleigh waves, it has been shown that
Love wave techniques can be more effective in some environments, particularly shallow rock
sites and sites with a highly attenuative, low velocity surface layer (Xia, et al., 2012;
GEOVision, 2012; Yong, et al., 2013; Martin, et al., 2014). Figure 7 provides an example of
frequency-velocity (f-v) transforms of MASgRW and MAS; W data from a site where the
fundamental mode Love wave was much more easily interpreted. Rayleigh wave techniques,
however, are generally more effective at sites where velocity gradually increases with depth
because larger energy sources are readily available for generation of Rayleigh waves. Rayleigh
wave techniques are generally more applicable to sites with high velocity layers and/or velocity
inversions because the presence of such structures is more apparent in the Rayleigh wave
dispersion curves than in Love wave dispersion curves. Additionally, Rayleigh wave techniques
are preferable at sites with a high velocity surface layer because Love waves do not theoretically
exist in such environments. Occasionally, the horizontal radial component of a Rayleigh wave
may yield higher quality dispersion data than the vertical component because different modes of
propagation may have more energy in one component than the other. Recording both the vertical
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and horizontal components of the Rayleigh wave is particularly useful at sites with complex
modes of propagation or when attempting to recover multiple Rayleigh wave modes for multi-
mode modeling as demonstrated in Dal Moro, et al, 2015. Joint inversion of Rayleigh and Love
wave data may yield more accurate Vs models and also offer a means to investigate anisotropy,
where Sy- and Sy-wave velocity are not equal, as shown in Dal Moro and Ferigo, 2011.

1000 1000 3
LOVE WAVE ‘ RAYLEIGH WAVE
|
750 ’ 750
Higher Mg@de
\_— Rayleigh Wave
Fundamental Mode 500 |

500 Love Wave

250 \ s 250

4 12 20 28 36 44 50 4 12 20 28 36 44 50
Frequency (Hz) Frequency (Hz)

Phase Velocity (m/s)

Fundamental Mode
Rayleigh Wave

Figure 7 Comparison of Rayleigh and Love wave f-v transforms from a site with complex Rayleigh
wave propagation but simple Love wave propagation

A detailed discussion of the array microtremor method can be found in Okada, 2003. Unlike the
SASW and MASW methods, which use an active energy source (e.g. hammer), the microtremor
technique records background noise emanating from ocean wave activity, traffic, industrial
activity, construction, etc. The technique uses 4, or more, receivers aligned in a 2-dimensional
array. Triangle, circle, semi-circle, and “L” shaped arrays are commonly used, although any 2-
dimensional arrangement of receivers can be used (Figure 8). For investigation of the upper 100
m, receivers typically consist of 1 to 4.5 Hz geophones. The nested triangle array, which consists
of several embedded equilateral triangles, is often used as it provides accurate dispersion curves
with a relatively small number of geophones. With this array, the outer side of the triangle should
be equal to or greater than the desired depth of investigation. The “L” array is useful at sites
located at the corner of perpendicular intersecting streets. Typically, 10 to 60 minutes of ambient
vibration data are recorded, depending on the size of the array. The surface wave dispersion
curve is typically estimated from array microtremor data using various f-k methods such as
beam-forming (Lacoss, et al., 1969), and maximum-likelihood (Capon, 1969), and the spatial-
autocorrelation (SPAC) method, which was originally based on work by Aki, 1957. The SPAC
method has since been extended and modified (Ling and Okada, 1993 and Ohori et al., 2002) to
permit the use of noncircular arrays, and is now collectively referred to as extended spatial
autocorrelation (ESPAC or ESAC). Further modifications to the SPAC method permit the use of
irregular or random arrays (Bettig et al., 2001). Although it is common to apply SPAC methods
to obtain a surface wave dispersion curve for modeling, other approaches involve direct
modeling of the coherency data, also referred to as SPAC coefficients (Asten, 2006 and Asten, et
al., 2015).
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Figure 8 Typical arrays used for array microtremor measurements

Analysis of array microtremor data using the SPAC method involves computation of the
complex coherence for all receiver pair combinations in the array. The real component of the
coherence for constant receiver separations and different azimuths are averaged resulting in a
plot of coherence as a function of frequency and receiver separation termed the SPAC
coefficients. Aki (1957) showed that the SPAC coefficients from a Bessel function of the first
kind, zero order. Figure 9 provides an example of ESAC data processing. The velocity-frequency
image shows the degree of fit of the Bessel function to the SPAC coefficients. The receiver
offset versus coherence plot shows the best fitting Bessel function for the SPAC coefficients at a
frequency of 1.7 Hz, which, in this case, is at a velocity of 463 m/s.
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Figure9 Example of ESAC data reduction

Report 17016-02 rev a 9 May 22,2017



The refraction microtremor technique (ReMi™), a detailed description of which can be found in
Louie (2001), differs from the more established array microtremor technique in that it uses a
linear receiver array rather than a two dimensional array. Two dimensional arrays are preferred
over linear arrays when applying the array microtremor method and should be utilized whenever
possible. Refraction microtremor field procedures typically consist of laying out a linear array of
at least 24 4.5 Hz geophones and recording 20, or more, 30 second noise records. These noise
records are reduced using the software package SeisOpt® ReMi™ v2.0 by Optim™ Software
and Data Services. This package is used to generate and combine the slowness (p) — frequency
(f) transform of the noise records. The surface wave dispersion curve is picked at the lower
envelope of the surface wave energy identified in the p-f spectrum. It should be noted that other
data reduction techniques such as seismic interferometry and ESAC can also be used to extract
surface wave dispersion curves from linear array, passive surface wave data. In fact, it is good
practice to always interpret linear array microtremor data using two analytical approaches and to
combine with active surface wave dispersion data. Figure 10 shows p-f images developed using
the ReMi™ technique where resulting dispersion curves are likely reliable and unreliable,
respectively.

FREQUENCY (H2)

FREQUENCY (Hz) i

SLOWNESS (s/m)

SURFACE WAVES

SLOWNESS (SEC/M)

RELIABLE

UNRELIABLE

Averaged ReMi Spectral Ratio
o 0 INTERPRETED DISPERSION CURVE 0.00

Figure 10 ReMi™analysis of linear array microtremor data

The horizontal-to-vertical spectral ratio (HVSR) technique was first introduced by Nogoshi and
Igarashi (1971) and popularized by Nakamura (1989). This technique utilizes single-station
recordings of ambient vibrations (microtremor or noise) made with a three-component
seismometer. In this method, the ratio of the Fourier amplitude spectra of the horizontal and
vertical components is calculated to determine the frequency of the maximum HVSR response
(HVSR peak frequency), commonly accepted as an approximation of the fundamental frequency
(fo) of the sediment column overlying bedrock. The HVSR peak frequency associated with
bedrock is a function of the bedrock depth and S-wave velocity of the sediments overlying
bedrock. The theoretical HVSR response can be calculated for an S-wave velocity model using
modeling schemes based on surface wave ellipticity, vertically propagating body waves, or
diffuse wavefields containing body and surface waves. The HVSR frequency peak can also be
estimated using the quarter-wavelength approximation:
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where fy is the site fundamental frequency and Vs is the average shear-wave velocity of the soil
column overlying bedrock at depth z.

Joint inversion of HVSR and surface wave dispersion data may reduce non-uniqueness of the
resulting Vg models in some cases. Figure 11 is an example of HVSR data collected at a site
where with bedrock at a depth of about 60 m.

1.6 Hz HVSR peak

Frequency (Hz)

Figure 11 Example H/V spectral ratio data

The active and passive surface wave techniques complement one another as outlined below:

e SASW/MASW techniques image the shallow velocity structure which cannot be
imaged by the microtremor technique and are needed for an accurate Vs model
and Vs30/Vsioor €Stimate.

e Microtremor techniques often perform well in noisy environments where
SASW/MASW depth investigation may be limited.

¢ In a high noise environment, the microtremor technique will extend the depth of
investigation of SASW/MASW soundings.

The dispersion curves generated from the active and passive surface wave soundings are
generally combined and modeled using iterative forward and inverse modeling routines. The
final model profile is assumed to represent actual site conditions. Several options exist for the
Rayleigh wave forward solution: a formulation that takes into account only fundamental-mode
Rayleigh wave motion; one that includes all stress waves and incorporates receiver geometry in
an SASW test named the 3-D solution (Roesset et al., 1991); one that computes an effective
mode for an MASW test but assumes a plane Rayleigh wave and no body wave effects, and a
multi-mode solution that models different Rayleigh wave modes. Both fundamental mode and
multi-mode forward solutions are available for modeling of Love wave data.

The theoretical model used to interpret the dispersion curve assumes horizontally layered,
laterally invariant, homogeneous-isotropic material. Although these conditions are seldom
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strictly met at a site, the results of active and/or passive surface wave testing provide a good
“global” estimate of the material properties along the array. The results may be more
representative of the site than a borehole “point” estimate.

It may not always be possible to develop a coherent, fundamental mode dispersion curve over
sufficient frequency range for modeling due to dominant higher modes with the higher modes
not clearly identifiable for multi-mode modeling. It may, however, be possible to identify the
Rayleigh wave phase velocity of the fundamental mode at 40 m wavelength (Vrao) in which case
Vs30 can at least be estimated using the Brown et al., 2000 relationship:

ngo =1 .045VR40

This relationship was established based on statistical analysis of a large number of surface wave
data sets from sites with control by velocities measured in nearby boreholes and has been further
evaluated by Martin and Diehl, 2004, and Albarello and Gargani, 2010.

As with all surface geophysical methods, inversion of surface wave dispersion data does not
yield a unique Vs model and there are multiple possible solutions that may equally well fit the
experimental data. Based on our experience at other sites, the shear wave velocity models (Vs
and layer thicknesses) determined by surface wave testing are within 20% of the velocities and
layer thicknesses that would be determined by other seismic methods (Brown, 1998). The
average velocity of the upper 30 m or 100 ft, however, is much more accurate when the
fundamental mode solution is valid, often to better than 5%, because it is not sensitive to the
layering in the model. Vs3p does not appear to suffer from the non-uniqueness inherent in Vg
models derived from surface wave dispersion curves (Martin et al., 2006, Comina et al., 2011).
Therefore, Vs3o is more accurately estimated from inversion of surface wave dispersion data
than the resulting Vs models.
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3 FIELD PROCEDURES

MASW data were acquired along three collocated arrays and SASW data were acquired along a
single array at each of the Andrews and Conway sites. The geometry of the MASW and SASW
arrays at the Andrews and Conway sites are presented in Figures 12 and 13, respectively.
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Figure 12 MASW and SASW field layout — Andrews site
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Figure 13 MASW and SASW field layout — Conway site
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The MASW seismic data acquisition system consisted of two 24-channel Geometrics Geode
signal enhancement seismographs combined to form a 48-channel system and a laptop computer
running Geometrics Seismodule Controller Software (Figure 14). Other seismic equipment
utilized during this investigation consisted of: Geospace 4.5 and 1 Hz vertical geophones (Figure
15), seismic cables, hammer switches, and multiple hammer sources including a 1.5 kg hammer,
12 and 20 1b sledgehammers, and an aluminum plate (Figure 16). A Caterpillar 336F excavator
was also used as an energy source (bucket drop and moving back and forth in place) to extend
depth of investigation to 60 m, or greater (Figure 17).

Figure 15 Looking north at 4.5 and 1 Hz geophones along Conway MASW Arrays 1 and 3
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Figure 16 1.5 kg hammer, and 4.5, and 9 kg sledgehammer energy sources at south end of Conway
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Figure 17 Caterpillar 336F excavator energy source — moving back and forth (left) and bucket drop
(right)

MASW Array 1 at the Andrews and Conway sites consisted of a linear array of 48 vertical 4.5
Hz geophones spaced 3 m apart for a line length of 141 m. The energy sources consisted of a 9
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kg sledgehammer utilized at locations offset 3 and 30 m from the end geophones, where
possible, and at the center of the array and the excavator (both bucket drops and moving back
and forth in place). At the Andrews site, the excavator was located 30 m from the end geophones
at each end of the array and 60 m from the end geophone at the western end of the array. At the
Conway site, the excavator could only be used at a single location 30 m south of the
southernmost geophone. Typically, ten 1 to 2 s seismic records were stacked for each
sledgehammer location, ten 1 to 2 s seismic records were saved at each bucket drop location, and
ten to thirty 30 s seismic records were saved when the excavator was moving back and forth.

Array microtremor data were acquired at both the Andrews and Conway sites along MASW
Array 1; primarily to assess the performance of a linear passive array relative to the MASW
technique and to the preferred 2-D array microtremor geometry deployed by UTA. Ambient
noise measurements were recorded along each array for at least 15 minutes at a 2 ms sample rate.

MASW Array 2 at the Andrews and Conway sites consisted of a linear array of 48 vertical 4.5
Hz geophones spaced 1.5 m apart for a line length of 70.5 m. This array was collocated with and
centered near the center of MASW Array 1. The energy sources consisted of a 9 kg
sledgehammer offset 1.5, 9, 18 and 30 m from the end geophones; 1.5 and/or 4.5 kg hammers
offset 1.5 m from the near geophones and at 6 to 12 geophones intervals along the array.
Typically, ten 1 s seismic records were stacked and saved at source location.

MASW Array 3 at the Andrews and Conway sites consisted of a linear array of 9 vertical 1 Hz
geophones with variable spacing as shown in Figures 12 and 13. Array 3 was collocated with
Array 1, but extended 9 m beyond the end of Array 1 at the Conway site. The energy sources
consisted of an excavator (both bucket drops and moving back and forth in place). At the
Conway site, the excavator could only be used at a single location 30 m south of the
southernmost geophone. At the Andrews site, the excavator was located 30, 60 and 90 m from
the end geophones at each end of the array. Typically, ten 1 to 2 s seismic records were stacked
for each sledgehammer location; ten 1 to 2 s seismic records were saved at each bucket drop

location; and ten to seventy 30 s seismic records were saved when the excavator was moving
back and forth.

All MASW seismic records were stored on a laptop computer with file names and acquisition
parameters documented on a field log.

The SASW seismic data acquisition system consisted of an HP 35670A dynamic signal analyzer
(Figure 18). Other seismic equipment utilized for acquisition of SASW data consisted of
Geospace Model GS-1 1 Hz vertical geophones (Figure 15) and sensor cables. A Caterpillar
336F excavator was used as an energy source for SASW data acquisition (Figure 17).

SASW data were collected at the Conway site using a common source configuration with base
receiver spacings of 45, 60, 75, 90, and 114 m as shown on Figure 13. The purpose of the SASW
survey was to extend depth of investigation of the MASW survey and, therefore, it was not
necessary to use smaller receiver spacings and energy sources. A common source geometry was
used at the Conway site instead of the preferred common center point geometry because the
source could only be used at a single location to minimize damage to a gravel road. SASW data
were collected at the Andrews site using a common source configuration with base receiver
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spacings of 30, 45, 60, 90, and 120 m as shown on Figure 14. Reversed source locations were
occupied at the Andrews site (Figure 12); however, a common center point geometry was not
utilized as MASW data were acquired concurrently and the excavator could not be utilized along
the MASW array. The SASW data were collected as the excavator repeatedly drove back at forth
over a 2 to 4 m long area at the source location. Ten to twenty-five 32 second records were
averaged in the frequency domain to improve signal-to-noise ratio. All field data were saved to
disk with acquisition parameters and file names documented on a field log.

Figure 18 HP 35670A dynamic signal analyzer used for SASW acquisition
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4 DATA REDUCTION

4.1 MASW Data Reduction

The MASW data were reduced using the software Seismic Pro Surface V8.0 developed by
Geogiga using the following steps:

e Input seismic record into software.

e Enter receiver spacing, geometry, offset range used for analysis, etc.

e Apply wavefield transform to seismic record to convert the data from time —
offset to frequency — phase velocity space.

e If seismic data were not stacked in the time domain (e.g. excavator source) stack
f-v images from each individual seismic record from a fixed source location.

e Identify and pick Rayleigh wave dispersion curve.

e Repeat for all seismic records.

e Apply near-field criteria (maximum wavelength equal 1 to 1.3 times the source to
midpoint of receiver array distance).

e Merge multiple dispersion curves extracted from the MASW data collected along
each seismic spread (different source types, source locations, different receiver
offset ranges, etc.).

e Convert dispersion curves to required format for modeling.

e (alculate a representative dispersion curve for the combined MASW dispersion
data using a moving average polynomial curve fitting routine, as necessary.

A unique data acquisition and data reduction procedure used by GEOVision for 1-D MASW
soundings is the use of multiple source types and source locations during data acquisition and the
extraction of multiple (>50) dispersion curves from the different source locations and limited
offset range receiver gathers associated with each source location. The use of such a data
acquisition and processing strategy ensures that the modeled dispersion curve covers as wide a
frequency/wavelength range as possible and is representative of average conditions beneath the
array.

As an example, Figure 19 presents the frequency-phase velocity images of the seismic record
offset 1.5 m from the end geophone on MASW Array 2 at the Andrews site. The image on the
left is from a seismic record collected using a 9 kg sledgehammer source with all 48 channels
used for analysis. The image on the right is from a seismic record collected using a 1.5 kg
hammer source with only the near 12 channels used for analysis in order to extract higher
frequency (smaller wavelength) dispersion data. The 48 channel receiver gather only recovers
the fundamental mode Rayleigh wave at frequencies between about 25 and 35 Hz with the higher
mode Rayleigh waves dominant at higher and lower frequencies. The receiver gather comprised
of the nearest 12 geophones recovers the fundamental mode Rayleigh wave to a frequency of
greater than 75 Hz.

Also unique to this investigation was the use of an excavator energy source (both bucket drops
and continuous recording with the excavator moving back and forth in place), which is routinely
used for SASW acquisition, to acquire MASW data. MASW data were also collected using only
a 9 channel, 1 Hz geophone array to demonstrate the use of smaller numbers of geophones when
expensive low frequency geophones are required for data acquisition. Figure 20 compares the f-v
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transforms from an excavator bucket drop and excavator moving back and forth for the same
source location on MASW Array 1. The Rayleigh wave dispersion data from the two sources are
similar; although we expect that the excavator moving back and forth will generate lower
frequency energy than the bucket drop. Also note that the fundamental mode Rayleigh wave is
clearly defined at frequencies less than 8 Hz using the excavator source (Figure 20 and 21), but
not with the hammer source (Figure 19). Figure 21 demonstrates that similar Rayleigh wave
dispersion data can be obtained at low frequencies using a 9 channel array with variable
geophone spacing and the same length as a 48 channel array with constant geophone spacing.
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Figure 21 Comparison of Rayleigh wave f-v transforms from excavator bucket drop energy source for
the 48 channel, 141 m long Array 2 and 9 channel, 141 m long Array 3 at the Andrews site

Figure 22 presents the Rayleigh wave dispersion data from MASW Arrays 1 to 3 at the Andrews
site, plotted as log frequency versus Rayleigh wave phase velocity. Rayleigh wave propagation
at the Andrews site is very complex with dominant higher mode Rayleigh wave energy at
frequencies between about 10 and 20 to 25 Hz and no evidence of the fundamental mode
Rayleigh wave over this frequency range. This type of dispersion curve signature indicates that a
shallow high velocity layer may be present at the site.
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Figure 22 Andrews site — Rayleigh wave dispersion data from MASW Arrays 1 to 3
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Figure 23 presents the Rayleigh wave dispersion data from MASW Arrays 1 to 3 at the Conway
site, plotted as Rayleigh wave phase velocity versus log wavelength. There is considerable
scatter in the Rayleigh wave dispersion data which is indicative of significant lateral velocity

variability

beneath the testing arrays. Our data reduction procedure utilizes multiple variable

offset range receiver gathers when generating the f-v transforms for each source location to
quantify the degree of lateral velocity variability.
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Conway site — Rayleigh wave dispersion data from MASW Arrays 1to 3

4.2 SASW Data Reduction
The SASW data were reduced using the WinSASW software package and the following steps:
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e Input forward and/or reverse-direction phase spectrum and coherence for a
receiver spacing.

e Enter receiver spacing, geometry and wavelength restrictions (max. wavelength =
2 times the receiver spacing).

e Mask phase data (either the forward and reverse directions individually or the
average).

e Generate dispersion curve.

e Repeat for all receiver spacings and merge all dispersion curves as appropriate.
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e (alculate a representative dispersion curve for the combined SASW dispersion
data using the moving average polynomial curve fitting routine in the software
package WinSASW V3.

Figure 24 presents the Rayleigh wave dispersion data from the SASW array at the Andrews site,
plotted as log frequency versus Rayleigh wave phase velocity. The SASW dispersion data have
dominant higher mode Rayleigh waves at intermediate frequencies, similar to the MASW
dispersion data, which is indicative of a shallow high velocity layer.
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Figure 24 Andrews site — Rayleigh wave dispersion data from SASW array

Figure 25 presents the Rayleigh wave dispersion data from the SASW array at the Conway site,
plotted as Rayleigh wave phase velocity versus log wavelength. These data were acquired using
a common source geometry and are, therefore, very sensitive to lateral velocity variability as the
different receiver spacings characterize subsurface properties beneath different portions of the
array. As with the MASW arrays, there is considerable scatter in the Rayleigh wave dispersion
data which is indicative of significant lateral velocity variability beneath the array. The
dispersion data from the 45 and 60 m receiver spacings are relatively similar as are the dispersion
data from the 90 and 114 m receiver spacings. The dispersion data from the 75 m receiver
spacing is between that from the 45/60 and 90/114 m receiver spacings.

Report 17016-02 rev a 22 May 22,2017



Rayleigh Wave Phase Velocity (ft/s)

0 500 1000 1500 2000 2500
1 rrrrrrr o T T T T T T T T T
-1 4
5 L +  SASW Array (45 m receiver spacing) _ 6
SASW Array (60 m receiver spacing) ds
— x  SASW Array (75 m receiver spacing) =10
4 SASW Array (90 m receiver spacing)
6 — x  SASW Array (114 m receiver spacing)
- - 20
£ sfF | £
S 140 5
c — c
S L —60 2
5] = [
> - 80 %
c;U B — 100 =
40 ‘|'++
- #++_‘
60 - %(++# - 200
80 | B ko e . i
100 oy
o 7 400
W :
200 F¥og -] 600
1 l L | L l L | | L | | | L | 800
0 200 400 600 800

Rayleigh Wave Phase Velocity (m/s)

Figure 25 Conway site — Rayleigh wave dispersion data from SASW array

4.3 Array Microtremor Data Reduction

Acquisition of array microtremor data was not part of the scope of work for this investigation as
UTA acquired surface wave data using the 2D arr