
Report Cover Page

Barrett Solar Facility
Preliminary Geotechnical Engineering
Report

September 5, 2023  |  Terracon Project No. 94235249-R3

Prepared for:

Cobra Industrial Activities, Inc.
1800 St. James Place
Houston, Texas 77056



8901 John W. Carpenter Frwy. Ste. 100
Dallas, TX 75247

P (214) 630-1010
Terracon.com

Facilities  |  Environmental  | Geotechnical | Materials

Report Cover Letter to Sign

September 5, 2023

Cobra Industrial Activities, Inc.
1800 St. James Place
Houston, Texas 77056

Attn: Ignacio Fernandez
P: 281-814-3582
E: ignacio.fernandezr@grupocobra.com

Re: Preliminary Geotechnical Engineering Report
Barrett Solar Facility
Near W US Hwy 69 and FM 2737
Point, Rains County, Texas
Terracon Project No. 94235249-R3

Dear Mr. Fernandez:

This geotechnical report provides a description of observed subsurface conditions and
preliminary recommendations for design of pile foundations, earthworks, and access
roads.  This report has been updated to address comments received on our previous report
submittals. Our services were provided in general accordance with Terracon Proposal No.
P94235249 dated June 2, 2023.

We appreciate the opportunity to be of service to you on this project. If you have any
questions concerning this report or if we may be of further service, please contact us.

Sincerely,
Terracon Consultants, Inc.
    Texas Registration No. F-3272

Mohammed Alhachami, E.I.T. Tim G. Abrams, P.E.
Senior Staff Engineer Senior Geotechnical Engineer

Subject Matter Expert: Aditya Rayudu, P.E.



Preliminary Geotechnical Engineering Report
Barrett Solar Facility | Point, Rains County, Texas
September 5, 2023 | Terracon Project No. 94235249-R3

Facilities  | Environmental | Geotechnical |  Materials i

Table of Contents

INTRODUCTION ............................................................................................... 1
SITE CONDITIONS AND PROJECT INFORMATION .............................................. 1
GEOTECHNICAL CHARACTERIZATION ............................................................... 2

Site Geology ............................................................................................ 2
Subsurface Condition................................................................................. 2
Groundwater Conditions ............................................................................. 3

GEOTECHNICAL OVERVIEW .............................................................................. 4
DRIVEN PILE FOUNDATIONS ............................................................................ 4

Driven Pile Construction Considerations ........................................................ 8
Preliminary Pile Driving Recommendations .................................................... 9
Preliminary Driven Pile Axial Capacity Design Recommendations ...................... 9
Preliminary Lateral Capacity for Driven Piles ................................................ 11
Driven Pile Design – Soil Induced Uplift ....................................................... 12
Potential Vertical Movement ...................................................................... 13

RECOMMENDATIONS FOR FINAL DESIGN ....................................................... 13
EARTHWORK ................................................................................................. 13
ACCESS ROADWAYS ....................................................................................... 14
SEISMIC SITE CLASS ..................................................................................... 15
CORROSIVITY ............................................................................................... 15
FIELD ELECTRICAL RESISTIVITY .................................................................... 16
THERMAL RESISTIVITY .................................................................................. 16
GENERAL COMMENTS ..................................................................................... 17

Figures
GeoModel
FHWA SPT and Undrained Compressive Strength Correlation Table
U.S. Seismic Design Maps

Attachments

Exploration and Testing Procedures
Site Location and Exploration Plans
Exploration and Laboratory Results
Supporting Information

Note: This report was originally delivered in a web-based format. Blue Bold text in the
report indicates a referenced section heading. The PDF version also includes hyperlinks
which direct the reader to that section and clicking on the    logo will bring you
back to this page. For more interactive features, please view your project online at
client.terracon.com. Refer to each individual Attachment for a listing of contents.



Preliminary Geotechnical Engineering Report
Barrett Solar Facility | Point, Rains County, Texas
September 5, 2023 | Terracon Project No. 94235249-R3

Facilities  | Environmental | Geotechnical |  Materials 1

INTRODUCTION

This report provides preliminary geotechnical engineering recommendations for the
proposed Barrett Solar Facility.  The solar facility is planned near West US Hwy 69 and
FM 2737 near City of Point in Rains County, Texas. This report includes findings and
geotechnical engineering recommendations for:

Subsurface soil conditions
Groundwater observations
Seismic site classification per IBC
Pile Drivability discussion
Preliminary PV Array pile design recommendations
Subgrade preparation/earthwork
Aggregate surfaced and native soil access road
This report does not include preliminary recommendations for substation or
switchyard foundations and earthwork

Our Scope of Services:

18 borings to depths of about 20 feet
Four bulk samples for standard proctor and thermal resistivity testing
Field electrical resistivity testing at nine locations
Laboratory testing on soil samples
Preliminary geotechnical engineering report

The preliminary design recommendations presented in this report are based on the data
obtained from widely spaced soil borings and the project information provided to us.
Additional borings, laboratory testing, and full-scale pile load tests are recommended to
develop final geotechnical recommendations.

Maps showing the site and boring locations are shown in the Site Location and
Exploration Plan sections, respectively. The results of the laboratory testing performed
on soil samples obtained from the site during the field exploration are included on the
boring logs in the Exploration Results section.

SITE CONDITIONS AND PROJECT INFORMATION

Item Description

Project Location

The project is located near West US. Hwy 69 and FM 2737
northwest of the City of Point, Texas. The site has a total area
of about 914 acres. We have assumed the whole area to be used
for development. General site location: Latitude/Longitude
32.96963, -95.91490, See Site Location

Existing
Improvements

The site includes farmland, grass land with dense wooded areas
along creeks. Small stock ponds are scattered over the project
site.



Preliminary Geotechnical Engineering Report
Barrett Solar Facility | Point, Rains County, Texas
September 5, 2023 | Terracon Project No. 94235249-R3

Facilities  | Environmental | Geotechnical |  Materials 2

Item Description

Current Ground
Cover Soil, grass and scattered trees

Project Description The project site is expected to be developed as solar facility on
about 914 acres.

Proposed PV Array
Foundations

The wide flange steel pile foundations are anticipated for the
solar arrays

Pile Loads

Structural loads were not provided but have been estimated
based on our experience on projects using single axis tracking
rack systems. The design loads will be racking system
dependent.

Downward: 2 to 5 kips
Lateral 2 to 4 kips
Uplift: 2.5 to 6 kips

Grading in Array
Area

Grading details were not provided. We have assumed site
grades will generally follow existing grades within the solar
panel area with cuts and fills of less than two feet.

Access Roads

Access roads to support post-construction traffic
consisting primarily of light maintenance vehicles and
will have a maximum fire truck vehicle load of 80,000
lbs.
We understand it is acceptable for the access roads to
require ongoing maintenance during their design life

GEOTECHNICAL CHARACTERIZATION

Site Geology

The site is situated in the outcrop of Wills Point Formation. The Willis Point Formation
mainly consists of stratified clays of various colors and interbedded with sand layers and
some limestone concretions. Estimated thickness 250 to 500 feet.  A rosette limestone
layer is present near middle section of the formation.

Subsurface Condition

Subsurface conditions were explored by 18 borings sampled to depths of 20 feet.  The
observed soils are described on the boring logs.  Note that the soil boundaries between
soil types may be more transitional than indicated on the boring logs. The boring logs
are presented in the Exploration Results section of the report.

In addition to borings, four bulk samples were collected for thermal resistivity testing
from four-foot-deep pits.  Electrical resistivity tests were performed at nine locations.
The locations of the bulk sampling pits, and the electrical resistivity surveys are
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presented Exploration Plan and the test results are included in Exploration Results
report section.

Soil conditions were found to consist of cohesive clay soils. Clay soil samples are more
desirable to be obtained from push tubes for direct measurement of soil unconfined
compressive strengths rather than estimates based on Standard Penetration Test (SPT)
correlations presented in the Figures report section.  The soil unconfined compressive
strengths were used to develop pile skin friction, end bearing and lateral soil parameters
for developing preliminary design values recommendations.

In addition to unconfined compression tests, other tests to characterize subsurface
conditions included Atterberg Limits, water content, soil unit weight measurements, and
Standard Proctor tests. Other tests to evaluate soil corrosion potential and thermal
resistivity were performed.  The results of the soil classification and strength tests are
listed on the boring logs and table in the Exploration Results section of the report.
Plots of the standard Proctor tests and thermal resistivity dry out curves and corrosion
result table are also presented in the Exploration Results section.

We have developed a general characterization of the subsurface conditions termed
GeoModel. The GeoModel forms the basis of our geotechnical calculations and
preliminary recommendations. The GeoModel is in the Figures report section. The
GeoModel has been divided into the layers listed in the following table.

Model
Layer

Layer Name General Description

1
Sandy Clay and
Clay (CH)

dark brown and light brown, very stiff to hard,
expansive

2 Lean Clay (CL) brown and light brown, very stiff to hard

Groundwater Conditions

Dry auger drilling techniques were used to drill the borings, which allows short-term
groundwater observations.  Groundwater was observed in boring B-17 at depth of 17 feet.
Groundwater was not observed in any of the other borings while drilling or for the short
duration the borings remained open. However, this does not necessarily mean the borings
terminated above groundwater. Due to the low permeability of the soils encountered in the
borings, a relatively long period may be necessary for a groundwater level to develop and
stabilize in a borehole. Long term observations in piezometers or observation wells sealed from
the influence of surface water are often required to define groundwater levels in materials of
this type.

Groundwater level fluctuations occur due to seasonal variations in the amount of rainfall,
runoff and other factors not evident at the time the borings were performed. Therefore,
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groundwater levels during construction or at other times in the life of the structure may
be higher or lower than the levels indicated on the boring logs.

GEOTECHNICAL OVERVIEW

Driven piles are being considered to be used to support the solar panel arrays. Our
preliminary design recommendations are based on the area around the piles supporting
the solar panel arrays does not pond water and the piles are not bearing in thick fills.

Very stiff to hard clays, sandy clays and lean clays are present.  Pile driving may
experience prolong drive times to reach the planned pile embedment depths due to
presence of hard soil. Predrilling may be required to expedite pile installation. A pile load
testing program is required to confirm the need for predrilling.

The Driven Pile Foundations section present geotechnical recommendations for solar
panel array support and Access Road section addresses preliminary pavement section for
access roads.

The General Comments section provides an understanding of the report limitations.

DRIVEN PILE FOUNDATIONS

The pile design parameters for axial and lateral pile capacity analyses were developed
using the following steps:

1- Plots of the soil unconfined compressive strength and factored hand penetrometer
tests with depth to were created to evaluate the soil strength variation with
depth.

2- Design soil strengths with depth were selected using engineering judgement

3- The design soil strengths were used in conjunction with the pile design
procedures provided in FHWA  GEC 012 - Pile Design and Construction of Drive
Pile Foundations – Volume 1 publication number FHWA-NHI-16-009, dated July
2016 to estimate pile design values.

4- Design parameters for lateral pile load analyses were developed in accordance
with guidelines presented in Ensoft’s technical and user manuals.

The following tables include the summary pocket penetrometer and the unconfined
compressive strength tests results
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UNCONFINED COMPRESSION STRENGTH DATA

Boring
Depth
(ft.)

Compressive
Strength

(tsf)

Strain
(%)

Boring
Depth
(ft.)

Compressive
Strength

(tsf)

Strain
(%)

B-1

2 – 4 9.19 9
B-11

2 – 4 4.01 11.5

4 – 6 2.74 5.8 8 – 10 2.61 8.0

8 – 10 2.73 5.5

B-2 4 – 6 9.64 11.8
B-12

2 – 4 6.25 11

B-3
2 – 4 3.39 15 6 – 8 11.10 6.5

6 – 8 16.33 4.2
B-13

2 – 4 7.38 9.8

B-4
4 – 6 4.60 7.5 6 – 8 11.64 7.3

8 – 10 3.01 5.3
B-14

4 – 6 2.49 9.3

B-5
2 – 4 9.03 5.0 8 – 10 4.00 7.0

6 – 8 2.78 6.0

B-15

2 – 4 3.14 3.6

B-6
2 – 4 9.51 4.0 6 – 8 12.89 5.3

8 – 10 2.56 6.5 10 – 12 6.25 2.7

B-7
4 – 6 2.89 13

B-16
2 – 4 3.02 9.5

8 – 10 2.74 7.5 6 – 8 6.08 9.8

B-8
2 – 4 2.65 9.5

B-17
2 – 4 3.41 8.5

6 – 8 15.40 9.5 8 – 10 1.61 5.5

B-9
2 – 4 1.02 14.5

B-18
2 – 4 4.90 12.3

8 – 10 2.83 4.7 6 – 8 10.62 4.6

B-10
2 – 4 3.14 14.8 Unconfined Compressive Strengths are listed

on the boring logs with sample unit weight
and moisture content8 – 10 5.44 6.0
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HAND PENETROMETER TEST RESULT (HP)

Boring
Depth
(ft.)

HP
(tsf)

Boring
Depth
(ft.)

HP
(tsf)

Boring
Depth
(ft.)

HP
(tsf)

B-1

0 – 2 4.5+

B-4

0 – 2 3.5

B-7

0 – 2 2

2 – 4 4.5+ 2 – 4 4 2 – 4 3

4 – 6 2.5 4 – 6 4 4 – 6 2.5

6 – 8 3.5 6 – 8 4.5 6 – 8 3.5

8 – 10 2.5 8 – 10 4.5 8 – 10 4.5

13 – 15 4.5 13 – 15 4.5 13 – 15 4.5

18 – 20 4.5+ 18 – 20 4.5+ 18 – 20 4.5

B-2

0 – 2 4.5

B-5

0 – 2 4.5

B-8

0 – 2 3.5

2 – 4 4.5 2 – 4 4.5 2 – 4 4.5

4 – 6 4.5 4 – 6 4.5 4 – 6 4.5

6 – 8 4.5 6 – 8 4.5 6 – 8 4.5

8 – 10 4.5 8 – 10 4.5 8 – 10 4.5

13 – 15 4.5 13 – 15 4.5 13 – 15 4.5

18 – 20 4.5 18 – 20 4.5 18 – 20 4.5

B-3

0 – 2 0.5

B-6

0 – 2 4.5+

B-9

0 – 2 2.5

2 – 4 4.5 2 – 4 4.5+ 2 – 4 2

4 – 6 4.5 4 – 6 4.5+ 4 – 6 4

6 – 8 4.5 6 – 8 4.5+ 6 – 8 4.5

8 – 10 3 8 – 10 3.5 8 – 10 3

13 – 15 4.5 13 – 15 4.5+ 13 – 15 4.5

18 – 20 4.5 18 – 20 4.5+ 18 – 20 4.5
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HAND PENETROMETER TEST RESULT (HP)

Boring
Depth
(ft.)

HP
(tsf)

Boring
Depth
(ft.)

HP
(tsf)

Boring
Depth
(ft.)

HP
(tsf)

B-10

0 – 2 1

B-13

0 – 2 4.5+

B-16

0 – 2 2

2 – 4 2.5 2 – 4 4.5+ 2 – 4 2

4 – 6 4.5 4 – 6 4.5+ 4 – 6 2.5

6 – 8 4.5 6 – 8 4.5+ 6 – 8 4.5

8 – 10 3.5 8 – 10 4.5+ 8 – 10 4.5

13 – 15 4.5 13 – 15 4.5+ 13 – 15 4.5

18 – 20 4.5 18 – 20 4.5+ 18 – 20 3.5

B-11

0 – 2 4.5

B-14

0 – 2 4.5+

B-17

0 – 2 3.5

2 – 4 3 2 – 4 3.5 2 – 4 4

4 – 6 4 4 – 6 2 4 – 6 4.5

6 – 8 4 6 – 8 4 6 – 8 4.5

8 – 10 3 8 – 10 4.5 8 – 10 3.5

13 – 15 3 13 – 15 4.5+ 13 – 15 3

18 – 20 4.5 18 – 20 4.5+ 18 – 20 2.5

B-12

0 – 2 4.5

B-15

0 – 2 4.5

B-18

0 – 2 4.5+

2 – 4 4.5+ 2 – 4 4.5 2 – 4 3

4 – 6 4.5+ 4 – 6 4.5 4 – 6 4.5+

6 – 8 4.5+ 6 – 8 4.5 6 – 8 4.5+

8 – 10 4.5+ 8 – 10 4.5 8 – 10 4.5+

13 – 15 4.5 13 – 15 4.5 13 – 15 4.5+

18 – 20 4.5+ 18 – 20 4.5 18 – 20 4.5+
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Driven Pile Construction Considerations

Based on our preliminary borings, steel piles can be driven to support the solar panel
racking system. Very stiff to hard clays were encountered within the upper ten feet.  The
hard clay layers will likely impede the rate of pile advancement.

The table below provides our estimated depths where more than two minutes may be
required to advance the pile one foot using a PD10 pile driving equipment. The driving
penetration rate could be increased during periods of prolonged rainfall or decreased for
drought conditions.  Pile driving equipment can also be a factor. Pile driving tests will be
needed to confirm pile driving times.

Figure 1 shows an approximate area where direct driving is anticipated to encountered
increased driving resistance. It should be noticed that the boring coverage in this
preliminary study was not sufficient to develop enough certainty to zone the site based
on the refusal depth, additional borings and pile load testing is required during the final
study to confirm or modify the findings of this study.

Boring

Estimated Depth of
Where Driving Time May

Exceed
2 minutes/foot

Boring

Estimated Depth of
Where Diving Time May

Exceed
2 minutes/foot

B-1 3 to 4 feet B-10 6 to 7 feet

B-2 3 to 4 feet B-11 Below 18 feet

B-3 6 to 7 feet B-12 3 to 4 feet

B-4 Below 15 feet B-13 2 to 3 feet

B-5 3 to 4 feet B-14 Below 18 feet

B-6 3 to4 feet B-15 6 to 7 feet

B-7 Below 15 feet B-16 6 to 7 feet

B-8 6 to 7 feet B-17 Below 20 feet

B-9 Below 15 feet B-18 6 to 7 feet
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Figure 1 Possible Areas Where Driving Time Could Exceed 2 Minutes per foot at
Depths Less than 10 feet

Preliminary Pile Driving Recommendations

A pile testing program is recommended to evaluate pile driving rates and axial and
lateral capacity for direct drive piles and driven piles installed in predrilled holes.  We
recommend piles be installed where high driving resistance is anticipated based on the
soil unconfined compressive strength and at locations where pile driving rate is likely to
be acceptable.

At each pile test location where hard soils are expected, we recommend two piles be
driven without predrilling, two piles driven in nominal four-inch diameter, and two piles
driven in nominal six-inch diameter holes. Predrilled holes would be backfilled with
excavated soil and the pile driven into the predrilled hole.  Manual rod tamping of the
soil cutting as they are placed back in the holes.  Where hard soils conditions are not
expected to be present, install two piles for testing by driving only. Pile embedment
depths of 6 and 9 feet are recommended for testing axial and lateral capacity.

Preliminary Driven Pile Axial Capacity Design Recommendations

The following preliminary geotechnical parameters can be used to estimate the capacity
of driven W-section pile foundations.  A full-scale pile load testing program is



Preliminary Geotechnical Engineering Report
Barrett Solar Facility | Point, Rains County, Texas
September 5, 2023 | Terracon Project No. 94235249-R3

Facilities  | Environmental | Geotechnical |  Materials 10

recommended as part of the overall project design.  Design values derived from pile load
tests may vary from the preliminary estimates below.

Soil strength conditions indicate the borings can be subdivided into at least two groups
for developing pile ultimate skin friction and end bearing preliminary design values for
direct drive piles.  These two groups are listed in the following table and approximate
limits of these zones is shown on Figure 2. The boundary limits of the design Zones A and
B are very approximate.

Groups Group Borings

A B-1, B-4, B-5, B-7, B-8, B-9, B-10, B-11, B-14, B-15, B-16, B-17

B B-2, B-3, B-6, B-12, B-13, B-18

Figure 2 – Approximate Limits of Design Zones A and B

The ultimate skin friction values should be neglected in the upper three feet when
calculating the ultimate axial uplift capacity from skin friction due to presence of expansive
soil. The upper three feet can be included for computing axial compression capacity. The
preliminary design values are only intended for planning purposes and not for final design.
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GROUP A SOIL CONDITIONS FOR DRIVEN PILES WITHOUT PREDRILLING

Embedment Depth
Ultimate Skin Friction,

(fs)
Ultimate End Bearing

(qs)

0 to 20 feet 700 psf 450 lbs.

GROUP B SOIL CONDITIONS FOR DRIVEN PILES WITHOUT PREDRILLING

Embedment Depth
Ultimate Skin Friction,

(fs)
Ultimate End Bearing

(qs)

0 to 6 feet 750 psf 600 lbs.

6 to 20 feet 1,500 psf 1,300 lbs.

The above values are to be used in the following equations to estimate the ultimate uplift or
compression load capacity of a pile:

Ultimate Compressive Resistance (lbs.), Qult  = qs + H x P x fs
Ultimate Uplift Resistance (lbs.), Qult = H x P x fs
H = Depth of pile embedment (ft.)
P = Perimeter area/ft. of pile.  (i.e., W6x9 = 1.64 sf/ft.)
fs = Ultimate skin friction (psf)
qs = unit end-bearing resistance pounds

A factor of safety of two is recommended to be applied to the preliminary ultimate skin friction
and end bearing values. The pile design values are for piles with a minimum center-to-
center spacing of at least three times their largest cross-sectional dimension.  Closer pile
spacing needs to include group effects.

Preliminary Lateral Capacity for Driven Piles

Parameters for lateral load analysis are provided in the following table for use in Ensoft
LPILE program for driven piles in support of solar panel arrays. Due to the potential for the
development of shrinkage crack, we recommend reducing lateral resistance of the top
two feet. This can be modeled as using zero for undrained shear strength at the ground
surface and increasing linearly to the full soil undrained shear strength value provided in
the lateral load analyses design table at two feet.
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GROUP A - SOIL CONDITIONS FOR DRIVEN PILES WITHOUT PREDRILLING

Depth Range, feet 0 to 3 3 to 20

LPILE Model Mod. Stiff Clay w/o Free
Water

Mod. Stiff Clay w/o Free
Water

Effective Unit Weight, pcf 125 125

Undrained Cohesion, psf 0 at Surface
3,000 at 2 feet 3000

Strain Factor, E50 Default Default

Deformation Modulus, pci 500 500

GROUP B - SOIL CONDITIONS FOR DRIVEN PILES WITHOUT PREDRILLING

Depth Range, feet 0 to 3 3 to 6 6 to 20

LPILE Model Mod. Stiff Clay w/o
Free Water

Mod. Stiff Clay
w/o Free Water

Mod. Stiff Clay
w/o Free Water

Effective Unit Weight, pcf 125 125 130

Undrained Cohesion, psf 0 at Surface
4,000 at 2 feet 4,000 9,000

Strain Factor, E50 Default Default Default

Deformation Modulus, pci 500 500 800

Group effects for lateral loading conditions should be included for shafts spaced closer
than six diameters center to center.  Group effect P-multipliers recommended by
ENSOFT are recommended for use in design.

Driven Pile Design – Soil Induced Uplift

The expansive clays are present at the site are expected to undergo volume change with
changes in soil moisture contents. These volume changes have the potential to lift driven
piles as a result of soil heave. The magnitude of these loads varies with the perimeter
area of the pile, soil parameters, and particularly the change in soil moisture levels
following periods of rainfall or droughts.

An estimate of the potential uplift load can be computed using a uniform adheave value
of 450 psf over the block perimeter of the pile to a depth of three feet. The depth range
to include the uplift adheave value is not likely to prevent uplift of the pile but is
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intended to reduce differential movements of the piles that could disrupt the rotation of
the PV arrays.  The adheave skin friction values and design depth are based on load
tests on shallow piles in soils similar to the ones at this site.

Potential Vertical Movement

The expansive soils present on the project site have the potential to swell and shrink
due to moisture fluctuations between dry and wet periods. The magnitude of the
moisture induced potential vertical movement at this site is dependent on several factors
including the thickness of active clay soils and moisture changes with depth. Potential
vertical movements were estimated based on the Plasticity Index of the soil using TxDOT
124-E method.  Estimated ground surface movements are between 3 to 5 inches.

RECOMMENDATIONS FOR FINAL DESIGN

The preliminary design recommendations presented in this report are based on the data
obtained from widely spaced soil borings and our experience with the recommended pile
installation methods.  Additional borings, laboratory testing, and pile load tests should
be performed to develop final design. We recommend that the geotechnical exploration
on site include the following:

1. Additional borings within the solar panel array field to depths of 20 feet (about one
boring per 25 acres of development)

2. Pile load test with various installation methods to determine axial tension, axial
compression, and lateral pile capacity as described previously.

EARTHWORK

Earthwork is anticipated to include clearing and grubbing, excavations, and fill
placement for access roads and substation structures. The following sections provide
recommendations for use as a general guide for the preparation of specifications for
earthwork.

Access road subgrades should be stripped of vegetation, debris, and other deleterious
materials. Stripped top soil can be used to re-vegetate filled areas or disposed of on-site
in designated areas.

The subgrade for the access roads must be proof rolled. The proof rolling must be
performed with a fully loaded, tandem-axle dump truck or other equipment providing an
equivalent subgrade loading. A axial gross weight that is representative of delivery and
construction vehicles to be used for this project is recommended for the proof rolling
equipment.
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Stock pond must be dewatered, and soft sediments removed before backfilling. Pushing
fill into water to fill stock ponds should be prohibited where solar array piling will be
installed or crossed by an access road. Soft sediments in the stock pond side slopes and
base must be excavated to relatively stiff layer.

Soft subgrades that impede equipment movement due to rutting and pumping of the soil
surface require improvements.  The following measures are some means that can be
used to improve the subgrade for equipment.

1. Drying by natural means of wind rowing with disc harrows.

2. Blending soils with cement or lime to increase the stability of the subgrade. Cement is
expected to be more weather resistant than lime, or

3. Removal and replacement with fill borrowed from site with soil water contents suitable
for compaction.

ACCESS ROADWAYS

We recommend the design team consider the use of crushed stone flexible base for
access roads to reduce down times due to wet weather. The following table provides a
preliminary design for light duty access road section to support passenger cars, pickup
trucks, and light maintenance trucks.

Access Road Section

Appropriate Use Material Recommended
Thickness, inches

Light Duty Access Road
in Well Drained Areas

TxDOT Item 247 Thickness, inches 4

Compacted Subgrade 6

Light Duty Access Road
in Poorly Drained Areas

TxDOT Item 247 Thickness, inches 6

Compacted Subgrade 8

Soft access road subgrades may require chemical stabilization to support operations and
maintenance vehicles.  Cement and/or lime mixed with the soils can greatly improve the
support capacity of the access road.
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SEISMIC SITE CLASS

The seismic design requirements for buildings and other structures are based on Seismic
Design Category. Site Classification is required to determine the Seismic Design Category
for a structure. The Site Classification is based on the upper 100 feet of the site profile
defined by a weighted average value of either shear wave velocity, standard penetration
resistance, or undrained shear strength in accordance with Section 20.4 of ASCE 7 and
the International Building Code (IBC).

Based on the soil properties observed at the site and as described on the boring logs and
results, our professional opinion is for that a Seismic Site Classification of D be considered
for the project. Subsurface explorations at this site were extended to a maximum depth
of 20 feet. The site properties below the boring depth to 100 feet were estimated based
on our experience and knowledge of geologic conditions of the general area. Additional
deeper borings or geophysical testing may be performed to confirm the conditions below
the current boring depth.

For preliminary seismic assessment, available public information from
https://www.seismicmaps.org/ can be used for reference. A sample of this
assessment is presented in Figure section of this report with an assumption of Risk
Category III.  A comprehensive seismic study should be conducted during the final stage
of the project.

CORROSIVITY
The table below lists the results of laboratory tests to characterize the corrosive properties
of the soils to steel and concrete.

Boring
Sample
Depth
(feet)

Soil
Description

Soluble
Sulfate

(mg/kg)

Sulfides

(mg/kg)

Soluble
Chloride
(mg/kg)

RedOx

(mV)

Electrical
Resistivity

( -cm)
pH

B-1 0 – 2
Fat Clay

(CH)
22 nil 31 +476 3,614 7.9

B-3 0 – 2
Fat Clay

(CH)
25 nil 38 +375 2,581 6.1

B-4 0 – 2
Fat Clay

(CH)
7 nil 31 +419 3,820 6.1

B-6 0 – 2
Lean Clay

(CL)
2 nil 38 +389 2,788 5.8

B-7 0 – 2
Fat Clay

(CH)
8 nil 63 +363 1,239 7.4
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Boring
Sample
Depth
(feet)

Soil
Description

Soluble
Sulfate

(mg/kg)

Sulfides
(mg/kg)

Soluble
Chloride
(mg/kg)

RedOx
(mV)

Electrical
Resistivity

( -cm)
pH

B-9 0 – 2
Fat Clay

(CH)
7 nil 31 +346 4,750 6.6

B-11 0 – 2
Fat Clay

(CH)
13 nil 44 +446 3,924 6.4

B-12 0 – 2
Fat Clay

(CH)
20 nil 50 +417 3,407 6.7

These test results are provided to assist in determining the type and degree of corrosion
protection required. As discussed in Section 10.7.5 of the AASHTO LRFD Bridge Manual,
8th Edition, 2017, the following soil or site conditions should be considered as indicative
of potential deterioration or corrosion situation for steel piles:

Soil electrical resistivity less than 2,000 ohm-cm
pH less than 5.5
pH between 5.5 and 8.5 with high organic content
Sulfate concentration greater than 1,000 ppm (mg/kg)

Based on the laboratory test results, on-site soil may be classified as low to moderately
corrosive for steel piles. The field electrical resistivity tests indicate a moderately to high
corrosion rate. We recommend that a certified corrosion engineer be retained to analyze
the need for corrosion protection and to design appropriate protective measures.

FIELD ELECTRICAL RESISTIVITY

Electrical resistivity surveys were conducted at nine locations with two perpendicular
pairs at each location.  The locations of the electrical resistivity tests are shown in report
section Exploration Results. Maximum electrode spacing of 100 feet was used.  The
tests were performed in general accordance with Wenner 4-Pin method described in
ASTM G57-06 (2012) and IEEE 81-2012.

THERMAL RESISTIVITY

Soil thermal resistivity tests were performed on two bulk samples by Geotherm USA. These
tests were conducted in accordance with the IEEE standards 442-2017. Thermal resistivity
test samples were prepared for moisture contents near optimum at 90 percent of
maximum dry density obtained from Standard Proctor tests. The results of the thermal
resistivity tests and dryout curves are presented in report section Exploration Results.
The table below summarize the thermal results.
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Sample ID
Sample
Depth
(feet)

Effort
(%)

Soil
Description

Thermal
Resistivity
(°C-cm/W)

Test
Moisture
Content

(%)

Test Dry
Density

(pcf)
Wet Dry

B-1/Bulk-1 0 – 4 90
Fat Clay

(CH)
65 125 18 96

B-10/Bulk-2 0 – 4 90
Fat Clay

(CH)
58 145 17 96

B-12/Bulk-3 0 – 4 90
Fat Clay

(CH)
67 138 17 97

B-16/Bulk-4 0 – 4 90
Lean Clay

(CL)
56 138 14 99

GENERAL COMMENTS

Our analysis and opinions are based upon our understanding of the project, the
geotechnical conditions in the area, and the data obtained from our site exploration.
Preliminary pile design parameters are presented in this report for evaluating site for a
solar facility. Additional borings, electrical resistivity surveys, thermal resistivity tests,
corrosion test, and pile load tests are recommended to finalize the project design.

Our Scope of Services does not include either specifically or by implication any
environmental or biological (e.g., mold, fungi, bacteria) assessment of the site or
identification or prevention of pollutants, hazardous materials or conditions. If the owner
is concerned about the potential for such contamination or pollution, other studies should
be undertaken.

Our services and any correspondence are intended for the sole benefit and exclusive use
of our client for specific application to the project discussed and are accomplished in
accordance with generally accepted geotechnical engineering practices with no third-party
beneficiaries intended. Any third-party access to services or correspondence is solely for
information purposes to support the services provided by Terracon to our client. Reliance
upon the services and any work product is limited to our client and is not intended for
third parties. Any use or reliance of the provided information by third parties is done solely
at their own risk. No warranties, either express or implied, are intended or made.

Site characteristics as provided are for preliminary design purposes. Construction and site
development have the potential to affect adjacent properties. Such impacts can include
damages due to vibration, modification of groundwater/surface water flow during
construction, foundation movement due to undermining or subsidence from excavation,
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as well as noise or air quality concerns. Evaluation of these items on nearby properties
are commonly associated with contractor means and methods and are not addressed in
this report. If changes in the nature, design, or location of the project are planned, our
conclusions and recommendations shall not be considered applicable to the new project
unless we review the changes and either verify or modify our conclusions in writing.
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FHWA SPT and Undrained Compressive Strength Correlation Table
U.S. Seismic Design Maps











8/30/23, 9:59 AM U.S. Seismic Design Maps

https://www.seismicmaps.org 1/3

USGS web services were down for some period of time and as a result this tool wasn't operational, resulting in timeout error.
USGS web services are now operational so this tool should work as expected.

Barret Solar
Latitude, Longitude: 32.96963, -95.91490

Date 8/30/2023, 9:59:05 AM

Design Code Reference Document ASCE7-16

Risk Category III

Site Class D - Default (See Section 11.4.3)

Type Value Description
SS 0.108 MCER ground motion. (for 0.2 second period)

S1 0.061 MCER ground motion. (for 1.0s period)

SMS 0.173 Site-modified spectral acceleration value

SM1 0.146 Site-modified spectral acceleration value

SDS 0.115 Numeric seismic design value at 0.2 second SA

SD1 0.097 Numeric seismic design value at 1.0 second SA

Type Value Description
SDC B Seismic design category

Fa 1.6 Site amplification factor at 0.2 second

Fv 2.4 Site amplification factor at 1.0 second

PGA 0.052 MCEG peak ground acceleration

FPGA 1.6 Site amplification factor at PGA

PGAM 0.083 Site modified peak ground acceleration

TL 12 Long-period transition period in seconds

SsRT 0.108 Probabilistic risk-targeted ground motion. (0.2 second)

SsUH 0.114 Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration

SsD 1.5 Factored deterministic acceleration value. (0.2 second)

S1RT 0.061 Probabilistic risk-targeted ground motion. (1.0 second)

S1UH 0.068 Factored uniform-hazard (2% probability of exceedance in 50 years) spectral acceleration.

S1D 0.6 Factored deterministic acceleration value. (1.0 second)

PGAd 0.5 Factored deterministic acceleration value. (Peak Ground Acceleration)



8/30/23, 9:59 AM U.S. Seismic Design Maps

https://www.seismicmaps.org 2/3

Type Value Description
PGAUH 0.052 Uniform-hazard (2% probability of exceedance in 50 years) Peak Ground Acceleration

CRS 0.946 Mapped value of the risk coefficient at short periods

CR1 0.894 Mapped value of the risk coefficient at a period of 1 s

CV 0.7 Vertical coefficient
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DISCLAIMER

While the information presented on this website is believed to be correct, SEAOC /OSHPD and its sponsors and contributors assume no responsibility or
liability for its accuracy. The material presented in this web application should not be used or relied upon for any specific application without competent examination
and verification of its accuracy, suitability and applicability by engineers or other licensed professionals. SEAOC / OSHPD do not intend that the use of this
information replace the sound judgment of such competent professionals, having experience and knowledge in the field of practice, nor to substitute for the
standard of care required of such professionals in interpreting and applying the results of the seismic data provided by this website. Users of the information from
this website assume all liability arising from such use. Use of the output of this website does not imply approval by the governing building code bodies responsible
for building code approval and interpretation for the building site described by latitude/longitude location in the search results of this website.
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Exploration and Testing Procedures

Exploration

Number of Borings
Approximate Boring

Depth (feet)
Location

18 20 Solar Panel Array

Boring Layout and Elevations: Terracon personnel staked the boring layout using
handheld GPS equipment (estimated horizontal accuracy of about ±15 feet) and
referencing existing site features. Approximate ground surface elevations were estimated
using Google Earth. If elevations and a more precise boring layout are desired, we
recommend borings be surveyed.

Subsurface Exploration Procedures: Borings were drilled using both truck-mounted drill
rig and All-Terrain Vehicle on June 22 and 23, 2023.  Borings were sampled using thin-
walled tube samplers in clays. The borings were sampled continuously to a depth of 10
feet and in 5-foot intervals thereafter.

Four bulk sample was obtained from 0 to 4 feet for Standard Proctor test and a
laboratory thermal resistivity test.

Upon the completion of drilling, the boreholes were backfilled with soil cuttings to depth
of 5 feet, and the next 3 feet with bentonite chips. The last 2 feet was backfilled with
soil cuttings.

The samples were placed in appropriate containers and taken to our soil laboratory for testing
and classification by a geotechnical engineer. Our exploration team prepared field boring logs
as part of the drilling operations. Final boring logs were prepared from the field logs. The
final boring logs represent the geotechnical engineer's interpretation of the field logs and
include modifications based on observations and tests of the samples in our laboratory.
The boring logs are presented.
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Laboratory Testing

The project engineer reviewed the field data and assigned laboratory tests to
characterize the engineering properties of the soils.  Liquid and Plastic Limits tests, and
moisture content tests were performed to aid in classifying the soils in accordance with
the Unified Soil Classification System (USCS). Our laboratory procedures were based on
applicable ASTM procedure.  Results of the laboratory tests are listed on the boring logs
in the report section Exploration Results. The USCS is summarized in Supporting
Information.

Standard Proctor Tests: The standard Proctor compaction test is a laboratory method
of experimentally determining the optimal moisture content at which a given soil type
will become most dense and achieve its maximum dry density. Four standard Proctor
tests were performed on the bulk samples in accordance with ASTM D 698. Standard
Proctor curves for the bulk samples are presented in report section Exploration
Results. Maximum dry density and optimum moisture content for the soil are presented
on these exhibits.

Soil Thermal Resistivity Test: Soil thermal resistivity tests were performed on two
bulk samples by Geotherm USA. These tests were conducted in accordance with the IEEE
standards 442-2017. Thermal resistivity test samples were prepared for moisture
contents near optimum at 90 percent of maximum dry density obtained from Standard
Proctor tests. The results of the thermal resistivity tests and dryout curves are presented
in report section Exploration Results.

The following table represents a summary of the laboratory tests performed in this study
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Site Location and Exploration Plans

Contents:

Site Location Plan
Exploration Plan

Note: All attachments are one page unless noted above.
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Note to Preparer: This is a large table with outside borders. Just click inside the table
above this text box, then paste your GIS Toolbox image.

When paragraph markers are turned on you may notice a line of hidden text above
and outside the table – please leave that alone. Limit editing to inside the table.

Site Location

DIAGRAM IS FOR GENERAL LOCATION ONLY, AND IS NOT INTENDED FOR CONSTRUCTION PURPOSES MAP PROVIDED BY MICROSOFT BING MAPS
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Note to Preparer: This is a large table with outside borders. Just click inside the table
above this text box, then paste your GIS Toolbox image.

When paragraph markers are turned on you may notice a line of hidden text above
and outside the table – please leave that alone. Limit editing to inside the table.

Soil Borings and Bulk Samples Locations Plan

DIAGRAM IS FOR GENERAL LOCATION ONLY, AND IS NOT INTENDED FOR CONSTRUCTION PURPOSES MAP PROVIDED BY MICROSOFT BING MAPS
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Note to Preparer: This is a large table with outside borders. Just click inside the table
above this text box, then paste your GIS Toolbox image.

When paragraph markers are turned on you may notice a line of hidden text above
and outside the table – please leave that alone. Limit editing to inside the table.

Electrical Resistivity Locations Plan

DIAGRAM IS FOR GENERAL LOCATION ONLY, AND IS NOT INTENDED FOR CONSTRUCTION PURPOSES MAP PROVIDED BY MICROSOFT BING MAPS
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Exploration and Laboratory Results

Contents:

Boring Logs (B-1 through B-18) (18 pages)
Field Electrical Resistivity Tests (9 pages)
Standard Proctor Test Results (4 pages)
Thermal Resistivity Test Results (4 pages)







































FIELD ELECTRICAL RESISTIVITY TEST DATA
Barrett Solar Facility  Point, Texas
July 2023  Terracon Project No. 94235249

Array Loc.
Instrument Weather

Serial # Ground Cond.
Cal. Check Tested By

Test Date Method
Notes & 

Conflicts

Apparent resistivity  is calculated as : 

Measured 
Resistance R

Apparent 
Resistivity 

Measured 
Resistance R

Apparent 
Resistivity 

( -m) ( -m)
1 0 1.2 0.03 45.700 87.63 44.300 84.94

1.5 0 1.8 0.05 14.852 43.80 26.400 77.85
5 2 6 0.15 0.985 9.57 1.060 10.29
10 3 12 0.30 0.537 10.46 0.472 9.20
20 6 12 0.30 0.235 9.04 0.261 10.05
30 9 12 0.30 0.146 8.40 0.171 9.84
50 15 12 0.30 0.090 8.62 0.090 8.62
100 30 12 0.30 0.042 8.04 0.042 8.04

#N/A #N/A #N/A
#N/A #N/A #N/A

(feet) (meters) (inches) (meters)

July 12, 2023 Wenner 4-pin (ASTM G57-06 (2012); IEEE 81-2012)

Electrode Spacing a Electrode Depth b N-S Test E-W Test

Yes Cameron

ER-1 (32.967481,-95.912946)
MiniRes Sunny, Hot
SN 333 Moist, Hard
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FIELD ELECTRICAL RESISTIVITY TEST DATA
Barrett Solar Facility  Point, Texas
July 2023  Terracon Project No. 94235249

Array Loc.
Instrument Weather

Serial # Ground Cond.
Cal. Check Tested By

Test Date Method
Notes & 

Conflicts

Apparent resistivity  is calculated as : 

Measured 
Resistance R

Apparent 
Resistivity 

Measured 
Resistance R

Apparent 
Resistivity 

( -m) ( -m)
1 0 1.2 0.03 8.844 16.96 6.017 11.54

1.5 0 1.8 0.05 4.118 12.14 4.336 12.79
5 2 6 0.15 0.710 6.89 0.777 7.55
10 3 12 0.30 0.315 6.14 0.294 5.73
20 6 12 0.30 0.168 6.47 0.171 6.58
30 9 12 0.30 0.120 6.90 0.124 7.13
50 15 12 0.30 0.078 7.47 0.082 7.86
100 30 12 0.30 0.038 7.28 0.041 7.85

#N/A #N/A #N/A
#N/A #N/A #N/A

Yes Cameron

ER-2 (32.961874,-95.918316)
MiniRes Sunny, Hot
SN 333 Moist, Hard

Wenner 4-pin (ASTM G57-06 (2012); IEEE 81-2012)

Electrode Spacing a Electrode Depth b N-S Test E-W Test

(feet) (meters) (inches) (meters)

July 12, 2023
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FIELD ELECTRICAL RESISTIVITY TEST DATA
Barrett Solar Facility  Point, Texas
July 2023  Terracon Project No. 94235249

Array Loc.
Instrument Weather

Serial # Ground Cond.
Cal. Check Tested By

Test Date Method
Notes & 

Conflicts

Apparent resistivity  is calculated as : 

Measured 
Resistance R

Apparent 
Resistivity 

Measured 
Resistance R

Apparent 
Resistivity 

( -m) ( -m)
1 0 1.2 0.03 16.225 31.11 15.096 28.95

1.5 0 1.8 0.05 6.249 18.43 6.754 19.92
5 2 6 0.15 0.845 8.21 0.850 8.25
10 3 12 0.30 0.435 8.48 0.453 8.83
20 6 12 0.30 0.269 10.35 0.257 9.89
30 9 12 0.30 0.186 10.70 0.178 10.24
50 15 12 0.30 0.108 10.35 0.106 10.16
100 30 12 0.30 0.051 9.77 0.047 9.00

#N/A #N/A #N/A
#N/A #N/A #N/A

(feet) (meters) (inches) (meters)

July 12, 2023 Wenner 4-pin (ASTM G57-06 (2012); IEEE 81-2012)

Electrode Spacing a Electrode Depth b N-S Test E-W Test

Yes Cameron

ER-3 (32.961245,-95.908747)
MiniRes Sunny, Hot
SN 333 Moist, Hard
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FIELD ELECTRICAL RESISTIVITY TEST DATA
Barrett Solar Facility  Point, Texas
July 2023  Terracon Project No. 94235249

Array Loc.
Instrument Weather

Serial # Ground Cond.
Cal. Check Tested By

Test Date Method
Notes & 

Conflicts

Apparent resistivity  is calculated as : 

Measured 
Resistance R

Apparent 
Resistivity 

Measured 
Resistance R

Apparent 
Resistivity 

( -m) ( -m)
1 0 1.2 0.03 4.824 9.25 4.502 8.63

1.5 0 1.8 0.05 3.960 11.68 3.060 9.02
5 2 6 0.15 0.900 8.74 0.919 8.92
10 3 12 0.30 0.523 10.19 0.553 10.77
20 6 12 0.30 0.283 10.89 0.298 11.47
30 9 12 0.30 0.201 11.56 0.200 11.51
50 15 12 0.30 0.114 10.92 0.114 10.92
100 30 12 0.30 0.050 9.58 0.051 9.77

#N/A #N/A #N/A
#N/A #N/A #N/A

(feet) (meters) (inches) (meters)

July 12, 2023 Wenner 4-pin (ASTM G57-06 (2012); IEEE 81-2012)

Electrode Spacing a Electrode Depth b N-S Test E-W Test

Yes Cameron

ER-4 (32.956215,-95.913069)
MiniRes Sunny, Hot
SN 333 Moist, Hard
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FIELD ELECTRICAL RESISTIVITY TEST DATA
Barrett Solar Facility  Point, Texas
July 2023  Terracon Project No. 94235249

Array Loc.
Instrument Weather

Serial # Ground Cond.
Cal. Check Tested By

Test Date Method
Notes & 

Conflicts

Apparent resistivity  is calculated as : 

Measured 
Resistance R

Apparent 
Resistivity 

Measured 
Resistance R

Apparent 
Resistivity 

( -m) ( -m)
1 0 1.2 0.03 21.700 41.61 19.625 37.63

1.5 0 1.8 0.05 10.676 31.48 9.797 28.89
5 2 6 0.15 0.940 9.13 0.966 9.38
10 3 12 0.30 0.434 8.46 0.457 8.90
20 6 12 0.30 0.245 9.43 0.255 9.81
30 9 12 0.30 0.171 9.84 0.171 9.84
50 15 12 0.30 0.108 10.35 0.101 9.68
100 30 12 0.30 0.052 9.96 0.052 9.96

#N/A #N/A #N/A
#N/A #N/A #N/A

Yes Cameron

ER-5 (32.953992,-95.901496)
MiniRes Sunny, Hot
SN 333 Moist, Hard

Wenner 4-pin (ASTM G57-06 (2012); IEEE 81-2012)

Electrode Spacing a Electrode Depth b N-S Test E-W Test

(feet) (meters) (inches) (meters)

July 12, 2023
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FIELD ELECTRICAL RESISTIVITY TEST DATA
Barrett Solar Facility  Point, Texas
July 2023  Terracon Project No. 94235249

Array Loc.
Instrument Weather

Serial # Ground Cond.
Cal. Check Tested By

Test Date Method
Notes & 

Conflicts

Apparent resistivity  is calculated as : 

Measured 
Resistance R

Apparent 
Resistivity 

Measured 
Resistance R

Apparent 
Resistivity 

( -m) ( -m)
1 0 1.2 0.03 5.038 9.66 5.025 9.64

1.5 0 1.8 0.05 3.232 9.53 3.156 9.31
5 2 6 0.15 0.780 7.57 0.798 7.75
10 3 12 0.30 0.447 8.71 0.419 8.16
20 6 12 0.30 0.236 9.08 0.225 8.66
30 9 12 0.30 0.163 9.38 0.164 9.44
50 15 12 0.30 0.097 9.29 0.102 9.77
100 30 12 0.30 0.047 9.00 0.049 9.39

#N/A #N/A #N/A
#N/A #N/A #N/A

Yes Cameron

ER-6 (32.950774,-95.91028)
MiniRes Sunny, Hot
SN 333 Moist, Hard

Wenner 4-pin (ASTM G57-06 (2012); IEEE 81-2012)

Electrode Spacing a Electrode Depth b N-S Test E-W Test

(feet) (meters) (inches) (meters)

July 12, 2023
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FIELD ELECTRICAL RESISTIVITY TEST DATA
Barrett Solar Facility  Point, Texas
July 2023  Terracon Project No. 94235249

Array Loc.
Instrument Weather

Serial # Ground Cond.
Cal. Check Tested By

Test Date Method
Notes & 

Conflicts

Apparent resistivity  is calculated as : 

Measured 
Resistance R

Apparent 
Resistivity 

Measured 
Resistance R

Apparent 
Resistivity 

( -m) ( -m)
1 0 1.2 0.03 12.921 24.78 10.330 19.81

1.5 0 1.8 0.05 5.877 17.33 7.264 21.42
5 2 6 0.15 0.701 6.81 0.839 8.15
10 3 12 0.30 0.424 8.26 0.425 8.28
20 6 12 0.30 0.221 8.51 0.222 8.54
30 9 12 0.30 0.142 8.17 0.145 8.34
50 15 12 0.30 0.083 7.95 0.088 8.43
100 30 12 0.30 0.045 8.62 0.042 8.04

#N/A #N/A #N/A
#N/A #N/A #N/A

Yes Cameron

ER-7 (32.947517,-95.892598)
MiniRes Cloudy, Hot
SN 333 Moist, Hard

Wenner 4-pin (ASTM G57-06 (2012); IEEE 81-2012)

Electrode Spacing a Electrode Depth b N-S Test E-W Test

(feet) (meters) (inches) (meters)

July 13, 2023
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FIELD ELECTRICAL RESISTIVITY TEST DATA
Barrett Solar Facility  Point, Texas
July 2023  Terracon Project No. 94235249

Array Loc.
Instrument Weather

Serial # Ground Cond.
Cal. Check Tested By

Test Date Method
Notes & 

Conflicts

Apparent resistivity  is calculated as : 

Measured 
Resistance R

Apparent 
Resistivity 

Measured 
Resistance R

Apparent 
Resistivity 

( -m) ( -m)
1 0 1.2 0.03 11.505 22.06 8.285 15.89

1.5 0 1.8 0.05 5.313 15.67 5.058 14.92
5 2 6 0.15 0.751 7.29 0.739 7.18
10 3 12 0.30 0.388 7.56 0.366 7.13
20 6 12 0.30 0.186 7.16 0.178 6.85
30 9 12 0.30 0.119 6.85 0.118 6.79
50 15 12 0.30 0.070 6.71 0.070 6.71
100 30 12 0.30 0.037 7.09 0.035 6.70

#N/A #N/A #N/A
#N/A #N/A #N/A

Yes Cameron

ER-8 (32.940264,-95.888378)
MiniRes Cloudy, Hot
SN 333 Moist, Hard

Wenner 4-pin (ASTM G57-06 (2012); IEEE 81-2012)

Electrode Spacing a Electrode Depth b N-S Test E-W Test

(feet) (meters) (inches) (meters)

July 13, 2023

0.0

5.0

10.0

15.0

20.0

25.0

0 5 10 15 20 25 30 35

Ap
pa

re
nt

 R
es

is
tiv

ity
 R

(
-m

)

Electrode Spacing a (m)

Apparent resistivity vs a spacing

N-S Array

E-W Array



FIELD ELECTRICAL RESISTIVITY TEST DATA
Barrett Solar Facility  Point, Texas
July 2023  Terracon Project No. 94235249

Array Loc.
Instrument Weather

Serial # Ground Cond.
Cal. Check Tested By

Test Date Method
Notes & 

Conflicts

Apparent resistivity  is calculated as : 

Measured 
Resistance R

Apparent 
Resistivity 

Measured 
Resistance R

Apparent 
Resistivity 

( -m) ( -m)
1 0 1.2 0.03 5.232 10.03 4.839 9.28

1.5 0 1.8 0.05 3.186 9.40 2.747 8.10
5 2 6 0.15 0.747 7.25 0.695 6.75
10 3 12 0.30 0.420 8.18 0.412 8.03
20 6 12 0.30 0.237 9.12 0.220 8.47
30 9 12 0.30 0.161 9.26 0.152 8.75
50 15 12 0.30 0.093 8.91 0.087 8.34
100 30 12 0.30 0.041 7.85 0.040 7.66

#N/A #N/A #N/A
#N/A #N/A #N/A

Yes Cameron

ER-9 (32.9356103,-95.884691)
MiniRes Cloudy, Hot
SN 333 Moist, Hard

Wenner 4-pin (ASTM G57-06 (2012); IEEE 81-2012)

Electrode Spacing a Electrode Depth b N-S Test E-W Test

(feet) (meters) (inches) (meters)

July 13, 2023
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COOL SOLUTIONS FOR UNDERGROUND POWER CABLES 
THERMAL SURVEYS, CORRECTIVE BACKFILLS & INSTRUMENTATION 

 
Serving the electric power industry since 1978 

 
21239 FM529 Rd., Bldg. F 
Cypress, TX 77433  
Tel:     281-985-9344 
Fax:   832-427-1752 
info@geothermusa.com 
http://www.geothermusa.com 

July 12, 2023 
 
 
 
Terracon 
8901 John W. Carpenter Fwy, Suite 100 
Dallas, TX 75247 
Attn: Mohammed Alhachami, E.I.T. 
 
 

Re: Thermal Analysis of Native Soil Samples 
Barrett Solar Facility – Point, TX (Project No. 94235249) 

 
 
The following is the report of thermal dryout characterization tests conducted on four (4) 
native soil samples from the referenced project sent to our laboratory. 
  
Thermal Resistivity Tests:  The samples were tested at the ‘optimum’ moisture content 
and at 90% of the standard Proctor dry density provided by Terracon. The tests were 
conducted in accordance with the IEEE standard 442-2017. The results are tabulated 
below and the thermal dryout curves are presented in Figures 1 to 4. 
 
Sample ID, Description, Thermal Resistivity, Moisture Content and Density 
 

Sample ID Depth 
(ft) 

Effort 
(%) 

Description 
(Terracon) 

Thermal Resistivity 
(°C-cm/W) 

Moisture 
Content 

 (%) 

Dry 
Density 
(lb/ft3) Wet Dry 

B-1/ Bulk 1 0-4 90 Brown, dark Brown 
Fat Clay 65 125 18 96 

B-10/ Bulk 2 0-4 90 Brown Fat Clay 58 145 17 96 

B-12/ Bulk 3 0-4 90 Dark Brown Fat Clay 67 138 17 97 

B-16/ Bulk 4 0-4 90 Light Brown Lean 
Clay  56 138 14 99 

 
Comments:  The thermal characteristic depicted in the dryout curves apply for the soils 
at their respective test dry density. 
 
Please contact us if you have any questions or if we can be of further assistance. 
 
Geotherm USA 

 
Nimesh Patel 
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Preliminary Geotechnical Engineering Report 
Barrett Solar Facility | Point, Texas
August 14, 2023 | Terracon Project No. 94235249

Facilities  | Environmental | Geotechnical |  Materials

Unified Soil Classification System
Criteria for Assigning Group Symbols and Group Names Using
Laboratory Tests A

Soil Classification
Group
Symbol Group Name B

Coarse-Grained Soils:
More than 50% retained
on No. 200 sieve

Gravels:
More than 50% of
coarse fraction
retained on No. 4
sieve

Clean Gravels:
Less than 5% fines C

Cu 4 and 1 Cc 3 E GW Well-graded gravel F

Cu<4 and/or [Cc<1 or Cc>3.0] E GP Poorly graded gravel F

Gravels with Fines:
More than 12% fines C

Fines classify as ML or MH GM Silty gravel F, G, H

Fines classify as CL or CH GC Clayey gravel F, G, H

Sands:
50% or more of
coarse fraction
passes No. 4 sieve

Clean Sands:
Less than 5% fines D

Cu 6 and 1 Cc 3 E SW Well-graded sand I

Cu<6 and/or [Cc<1 or Cc>3.0] E SP Poorly graded sand I

Sands with Fines:
More than 12% fines D

Fines classify as ML or MH SM Silty sand G, H, I

Fines classify as CL or CH SC Clayey sand G, H, I

Fine-Grained Soils:
50% or more passes the
No. 200 sieve

Silts and Clays:
Liquid limit less than
50

Inorganic:
PI > 7 and plots above “A” line J CL Lean clay K, L, M

PI < 4 or plots below “A” line J ML Silt K, L, M

Organic: < 0.75 OL
Organic clay K, L, M, N

Organic silt K, L, M, O

Silts and Clays:
Liquid limit 50 or
more

Inorganic:
PI plots on or above “A” line CH Fat clay K, L, M

PI plots below “A” line MH Elastic silt K, L, M

Organic: < 0.75 OH
Organic clay K, L, M, P

Organic silt K, L, M, Q

Highly organic soils: Primarily organic matter, dark in color, and organic odor PT Peat
A Based on the material passing the 3-inch (75-mm) sieve.
B If field sample contained cobbles or boulders, or both, add “with

cobbles or boulders, or both” to group name.
C Gravels with 5 to 12% fines require dual symbols:  GW-GM well-

graded gravel with silt, GW-GC well-graded gravel with clay, GP-GM
poorly graded gravel with silt, GP-GC poorly graded gravel with clay.

D Sands with 5 to 12% fines require dual symbols:  SW-SM well-graded
sand with silt, SW-SC well-graded sand with clay, SP-SM poorly
graded sand with silt, SP-SC poorly graded sand with clay.

E Cu = D60/D10     Cc =

F If soil contains  15% sand, add “with sand” to group name.
G If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM.

H If fines are organic, add “with organic fines” to group name.
I If soil contains  15% gravel, add “with gravel” to group name.
J If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay.
K If soil contains 15 to 29% plus No. 200, add “with sand” or “with

gravel,” whichever is predominant.
L If soil contains  30% plus No. 200 predominantly sand, add

“sandy” to group name.
M If soil contains  30% plus No. 200, predominantly gravel, add

“gravelly” to group name.
N PI  4 and plots on or above “A” line.
O PI < 4 or plots below “A” line.
P PI plots on or above “A” line.
Q PI plots below “A” line.
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