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REPORT SUMMARY

Topic 1 Overview Statement 2

Project
Description The approximately 1,200-acre site is to be developed with a solar farm.

Subsurface
Conditions

In general, the borings found glaciolacustrine and glacial till deposits (mainly silt,
sand and clay soils) to an explored maximum depth of 20 ft.

Pile Load
Testing

This section provides the results of the full-scale compression, uplift, and lateral
pile load testing.

PV Array
Based on preliminary information, solar panel racking systems and other
miscellaneous structures may be supported on driven steel piles.  Shallow or mat
foundations may also be used for support of miscellaneous structures.

Substation Pending completion of the substation borings.

Access Roads

Substation Access Roads:
 6 to 12 inches of Aggregate Base potentially stabilized with geogrid.

Array Access Roads:
 6 inches of Aggregate Base over compacted subgrade.

General
Comments

This section contains important information about the limitations of this
geotechnical engineering report.

1. If the reader is reviewing this report as a pdf, the topics above can be used to access the appropriate
section of the report by simply clicking on the topic itself.

2. This summary is for convenience only. It should be used in conjunction with the entire report for design
purposes.
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Preliminary Geotechnical Engineering Report
North Side Solar

St. Lawrence County, New York
Terracon Project No. J5205195

January 7, 2020

INTRODUCTION

Terracon Consultant-NY, Inc. (Terracon) is pleased to submit this preliminary report detailing the
completed pile load testing and geotechnical engineering services performed for the proposed
solar farm to be located in the Towns of Massena, Brasher and Norfolk in St. Lawrence County,
New York. The purpose of these services is to provide information and preliminary geotechnical
engineering recommendations relative to:

■ Subsurface soil conditions ■ Groundwater conditions
■ Site preparation and earthwork ■ Seismic considerations
■ Thermal resistivity ■ Electrical resistivity for grounding design
■ Unpaved access roads ■ Foundation design and construction
■ Pile load test results

Our preliminary geotechnical engineering scope of work for this phase of the project included the
following:

 Drilling twenty-four (24) SPT borings (NS-B1 through NS-B24) to approximate depths
ranging from 16 to 20 feet below the existing ground surface (bgs). Three borings planned at
the substation area were not drilled at this time due to access constraints.

 Test pits (NS-TP1 through NS-TP12) completed at twelve (12) locations to depths ranging
from 6 to 11 feet.

 Hand Auger borings (NS-HA1 through NS-HA4) completed at four (4) locations to a depth of
8 feet.

 Field electrical resistivity testing at ten (10) locations within the solar array areas. Two
additional field electrical resistivity planned at the proposed substation area were not
performed at this time as a result of access constraints.

 Laboratory thermal resistivity dry-out curve testing conducted on bulk and undisturbed
samples obtained from eight (8) locations within the solar array areas. The samples were
obtained from depths of approximately 1 to 4 feet bgs.

 Pile load testing at 15 locations with groups of two, three or four piles. This includes 30 axial
tension tests, 30 lateral load tests and 20 axial compression tests.

 Infiltration tests at ten (10) locations to depths of 4.5 to 5 feet bgs.
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 Temporary groundwater monitoring wells at seven (7) locations to depths ranging from 16 to
20 feet bgs.

 Laboratory corrosion tests performed on bulk samples obtained at fourteen (14) locations
within the solar array areas from depths of approximately 1 to 4 feet bgs.

 Laboratory testing of soil samples.
 Preparation of this report.

The locations of the borings, test pits and hand augering are shown on the Exploration Plans
(Exhibit A-001 to A-002) in Appendix A.  Logs of each boring, test pit and hand-augering are also
included in Appendix A. The results of the geotechnical and corrosion laboratory testing
performed on soil samples obtained from the site during the field exploration are included in
Appendix B. The location of thermal resistivity tests is shown on Thermal Resistivity Test
Locations (C-001) in Appendix C. The thermal resistivity test results are also included in
Appendix C. The location of the field soil electrical resistivity tests is shown on the Electrical
Resistivity Locations Diagram (Exhibit D-001) in Appendix D.  The field soil electrical resistivity
test results are also included in Appendix D. The pile load testing locations are shown on the Pile
Load Test Location Plan and Analysis Zones (Exhibit E-001) in Appendix E.  The pile load testing
results are included in Appendices F, G and H.

PROJECT INFORMATION

2.1 Project Description

Item Description

Proposed project

Based upon the Google Earth Files received by NextEra, the planned PV Array
area is to be about 1,200 acres. The site development may consist of an
approximately 180-MW photovoltaic (PV) solar power facility. Ultimately, the
power plant will consist of solar panels installed on steel structures and various
other equipment and appurtenances associated with the power plant (e.g.
switchgear, transformers, inverters, overhead and underground electrical
conveyance, substation, and operations and maintenance (O&M) building).

Proposed
construction

We anticipate the proposed project will include the construction of ground-
mounted solar panels on steel racks founded on driven W-Section steel beams
(W6x9 or similar). Electrical equipment and substation elements (including
transmission lines) are anticipated to be supported on concrete slabs-on-grade
(mat foundations), spread footings or drilled shafts.
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Item Description

Maximum loads

Structural loads were not provided, but the following loads have been estimated
based on our experience with similar projects using fixed rack systems:

  Downward: 3 to 7 kips
  Uplift: 2 kips (does not include frost heave loads)
  Lateral: 3.5 kips
  Slabs: 2,000 pounds per square foot (psf)
  Substation Structures: TBD

Grading/Slopes

It is anticipated that the site work may involve cuts and fills within +/- 2 feet of
existing grade. Localized high and low areas may require greater
depths/heights of cut and/or fill; however, a site grading plan has not been
developed at this time.

Other
Improvements

Other improvements associated with this project are not specified at this time,
but could include electrical equipment pads to support switchgear, inverters,
transformers, and buried utilities.

Access Roads
(Based on NextEra)

We understand that access road cross sections used for construction of the
project will be the responsibility of the EPC, and that only post construction
traffic with an allowable rut depth of 2 inches is what we are to design for in this
report. We anticipate low-volume, aggregate-surfaced and native soil access
roads based on a design loading of 75,000 pounds (gross vehicle weight) and
will have travel over the access roads only once per week.

2.2 Site Location and Description

ITEM DESCRIPTION

Location

The project is located in the Towns of Massena, Brasher and Norfolk in St.
Lawrence County, New York. The center of the overall target site is located
at approximate latitude 44.9019 N and longitude: -74.849464 W.

(Aerial photo from google with project boundaries shown in light orange).
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Existing improvements
The proposed solar power facility is spread over a mixture of private
undeveloped land and farmland.

Current ground cover Agricultural fields with wooded areas.

Existing topography
The existing ground surface elevations range from about +180 to +270 feet
(ref. Google Earth).

SUBSURFACE CONDITIONS

3.1 Geology

Physiography

The project site is located in St. Lawrence County, within the St. Lawrence Lowlands, in an area
comprised by relatively flat – leveled plains situated south of the St. Lawrence River and within
the piedmont section of the northwest Adirondack Mountain range in northwestern New York
(Figures 1 and 2; Buddington et al., 1962; Carlisle, 2005; Erickson, 1993).
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Figure 1: Geologic Map depicting the town of Massena in St. Laurence County, New York. Notice Massena township sits within
the St. Lawrence Lowlands, just north of the Adirondack Mountains. The Lowlands are represented by areas shaded in blue,
while the Adirondack Mountains are shaded in green, and the town of Massena, in red.  Image modified by Erickson (1993).

The St. Lawrence County encompasses a surface area of approximately 2,821 square miles
which extend across two physiographic provinces, namely the St. Lawrence Lowlands and the
Adirondack Mountains (Carlisle, 2005; Figures 1 and 2). It is bounded by the St. Lawrence River
in the north, and in the south, by the Adirondack Mountains (MacClintock, 1958).

Four major river systems meander throughout the area, from elevated surface areas in the south
and into the St. Lawrence River. The rivers provide significant drainage throughout the valley and
include, from west to east, the Oswegatchie, Grasse, Raquette, and St. Regis Rivers (Figure 2).
While these major river systems are not within proximity to the field area (having a distance >
16,016 ft), stream and stream tributaries occur frequently, and can be observed at field localities
along Small and Hopson Roads. Two creeks, Brook and Squeak, are also recognized throughout
the field area, particularly along Massena-Helena and Taylor Roads.

Figure 2: Locality Map depicting Massena township in St. Lawrence County, within the St. Lawrence Lowlands. The Lowlands are
recognized here by the blue shaded area, while the Adirondack Mountains are shaded in green, and the town of Massena, in red.
Notice the two major rivers; Grass and Raquette rivers, which envelope areas north and south. Notice the north-east south-west
trending St. Lawrence River, just north of the Lowlands. Note that these areas are general and intended for illustrative purposes only.
Photo by courtesy of Google Earth.

N
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Regional Geology

The St. Lawrence Lowlands may be recognized as the lowest outlet, and thus primary drainage
area within the Eastern Great Lake Region of North America (Chauvin et al., 1985). The
development of these Lowlands results from glacial and non-glacial processes of late Pleistocene
age (Chauvin). Current topographic expressions which comprise the area reflect, in particular,
the existence of a massive ice sheet (otherwise referred to as an Appalachian Ice mass) that upon
deglaciation (which started between 13,500 to 13,000 years B.P.), involved detachment of the
northwest flowing Appalachian Ice, from the southwest flowing Laurentide Ice Sheet to
subsequently produce erosional remnants such as glacial moraines, eskers and stratified drift
(Chauvin et al., 1985).

Surficial and Bedrock Geology

The St. Lawrence Lowlands are underlain by Cambro-Ordovician terrains of sandstone and
limestone that are presumed to form a boundary between the St. Lawrence River and the
underlying bedrock of the Adirondack Mountains (Buddington et al., 1962; Carlisle, 2005;
Erickson, 1993). This underlying, sedimentary sequence of rock varies eastward along the St.
Lawrence River from a quartzose dolostone to a younger sequence of dolostone and limestone
of Ordovician age (Van Diver 1985). Both sedimentary sequences are presumed to dip gently
north, from the underlying metamorphic bedrock of the Adirondack dome, and in part account for
the gentle sloping and relatively flat – leveled plains which form the St. Lawrence Lowlands.

Geological maps1 indicate surficial deposits at the project site to consist of glacial till and glacio-
lacustrine deposits underlain by bedrock of the Lower Ordovician Beekmantown Group. In
particular, the bedrock within the St. Lawrence Lowlands, and thus Massena Township, is
mapped as the Ogdensburg Dolostone (Formation).

3.2 Typical Subsurface Profile

We have developed a general characterization of the subsurface conditions based upon our
review of the subsurface exploration, laboratory data, geologic setting and our understanding of
the project. This characterization, termed GeoModel, forms the basis of our geotechnical
calculations and evaluation of site preparation and foundation options. Conditions encountered at
each exploration point are indicated on the individual boring, test pit and hand augering logs. The

1 Fisher, D.W., Isachsen, Y.W., and Rickard, L.V., 1970, Geologic Map of New York State, consisting of 5 sheets:
Niagara, Finger Lakes, Hudson-Mohawk, Adirondack, and Lower Hudson, New York State Museum and Science
Service, Map and Chart Series No. 15, scale 1: 250,000.
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individual boring, test pit and hand auger logs and the GeoModels can be found in Exhibit A-006
through A-049 of the Appendix A of this report.

As part of our analyses, we identified the following model layers within the subsurface profile. For
a more detailed view of the model layer depths at each boring and test pit locations, refer to the
GeoModel.

Model Layer Layer Name General Description

1 Glaciolacustrine
Deposits

Fine-grained (fine sand, silt, and clay) sediments with
gravel; brown to gray; very soft to very stiff or loose to
medium dense

2 Glacial Till
Mixtures of sand and silt with gravel, cobbles, and boulders.
Occasional clay partings; brown to gray; medium dense to
very dense

1. The sampling equipment utilized may preclude sampling particles larger than 2-inch in dimension. Split-
spoon sampler refusal was encountered at some locations within the depths explored, indicating the
presence of possible cobbles and boulders.

Specific conditions encountered at each SPT boring, test pit and hand augering are indicated on
the individual logs included in Appendix A of this report.  Stratification boundaries on the logs
and profiles represent the approximate location of changes in soil types; in-situ, the transition
between materials may be more gradual.

3.3 Groundwater

Open boreholes, test pits and hand augered-holes were observed during or at the completion of
drilling/excavation for the presence and level of groundwater. The groundwater levels at each
exploration location can be found on the boring logs, test pits and hand augered logs in in Exhibit
A-010 through A-0049 of the Appendix A of this report.  A summary of the groundwater table at
the exploration locations are presented below.

Boring/ Test
Pit/Hand

Augered No.

Groundwater Level while
Drilling/Excavation (ft.)

Groundwater Level at Completion of
Drilling/ Excavation(ft.)

NS-B1 Not encountered 7

NS-B2 Not encountered 11 ft. on 9/11/2020

NS-B3 Not encountered 6

NS-B4 10 Not encountered

NS-B5 14 Not encountered

NS-B6 Not encountered 17 ft

NS-B7 10 Not encountered

NS-B8 14 Not encountered
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Boring/ Test
Pit/Hand

Augered No.

Groundwater Level while
Drilling/Excavation (ft.)

Groundwater Level at Completion of
Drilling/ Excavation(ft.)

NS-B9 8 11

NS-B10 10 Not encountered

NS-B12 4 13

NS-B14 Not encountered 14.5

NS-B15 8 18

NS-B17 4 Not encountered

NS-B18 Not encountered 17

NS-B19 Not encountered 2

NS-B21 6 12

NS-B22 12 Not encountered

NS-B23 5 Not encountered

NS-B24 17.5 17.5

NS-TP7 9 (during excavation) ---

NS-TP8 5 (during excavation) ---

NS-TP10 Not encountered 3

NS-HA2 Not encountered 6 ft. (after 24 hrs.)

NS-HA3 6 (while sampling) 4 ft. (after 24 hrs.)

Note: In remaining borings, test pits and hand-augered holes, groundwater was not encountered at
the time of drilling/excavation or at the completion of drilling/excavation.

In addition to the groundwater level readings taken during or after completion of drilling/ excavation,
initial and final readings were taken from monitoring wells installed at seven locations.  A summary
of the groundwater table from the wells are presented below.

Boring/Well
No.

Depth
(ft.)

Groundwater Level at
Completion of Drilling

(ft.)

Reading from the Wells

Initial (ft.) Final (ft)

NS-B2 20 11.2 ft. on 9/11/2020
4 ft. on 9/11/2020
(after 1 to 2 hrs.)

4.9 ft. on 10/29/2020

NS-B6 20 17 ft. on 9/9/2020
12 ft. on 9/9/2020
 (after 1 to 2 hrs.)

0 ft. (at the surface)
on 10/28/2020
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Boring/Well
No.

Depth
(ft.)

Groundwater Level at
Completion of Drilling

(ft.)

Reading from the Wells

Initial (ft.) Final (ft)

NS-B11 20
Not encountered on

9/15/2020
13.3 ft. on 9/15/2020

(after 1 to 2 hrs.)
0.3 ft. on 10/29/2020

NS-B16 16 Not encountered on
9/9/2020

6 ft. on 9/9/2020
(after 1 to 2 hrs.)

0.4 ft. on 10/28/2020

NS-B22 20 Not encountered on
9/9/2020

 Not encountered on
9/9/2020 (after 1 hr.)

4 ft. on 10/28/2020

NS-B23 18.1 Not encountered on
9/4/200

1.8 ft. on 9/9/2020 1.4 ft. on 10/28/2020

NS-B24 19.4 17.5 ft. on 9/9/2020 Not Taken 2.3 ft. on 10/28/2020

Based upon the subsurface conditions encountered in the borings, test pits and hand augered holes,
the soils appear to contain a high percentage of low permeability silt and clay that may release water
very slowly, and it may take several days for the groundwater levels to rise within the borings.
Therefore, we anticipate the groundwater levels from the final readings of the wells should be near
the typical wet season high water table.

The Seasonal High Groundwater Level (SHGWL) is the highest sustained groundwater elevation
during a typical (normal or average rainfall amount) wet season and not the peak groundwater
elevation immediately following a major storm event. Therefore, the SHGWL referred to in this report
is an average, high value and not necessarily a peak (upper bound) value. The SHGWL generally
occurs at the end of the wet season.

The groundwater observations completed in the wells are generally consistent with those reported
in the NRCS/USDA publications, which indicate water table at shallow depths (1 to 2 feet bgs) across
the project site. For this preliminary investigation, it is our opinion that we should indicate that the
Seasonal High Groundwater Level (SHGWL) is expected at depths ranging from less than 1 foot to
a depth of 4 feet. At the time of the Design Level investigation, we should include additional wells at
the locations of proposed stormwater management areas, and (if feasible) leave the wells in-place
for a longer period of time to allow for multiple stabilized readings.

Furthermore, additional wells are also planned for at the substation locations. We should consider
leaving these wells in place longer (if allowed by the landowners).

3.4 Infiltration Testing

Infiltration tests were conducted at ten locations in proximity to ten respective soil borings to depths
of approximately 4.5 to 5 feet below the existing surface. The infiltration tests are designated as IT-
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01 through IT-10. The infiltration test at each location was performed in general accordance with
NYDEC Stormwater Management Design Manual - Appendix D.  The test results, presented on
Exhibit A-062 through A-063 in Appendix A, indicated infiltration rates ranging from about 0 to 7
inches per hour.

3.5 Laboratory Thermal Resistivity Testing

Laboratory thermal resistivity testing was performed by Geotherm-USA on eight (8) bulk and 8
undisturbed soil samples, obtained during our field exploration from a depth of approximately 1 to 4
feet below the existing ground surface.  The thermal resistivity testing was performed in general
accordance with the IEEE standard.  Dry-out curves were developed from soil specimens
compacted to 90% of the standard Proctor (ASTM D698) maximum dry density at each location.
Each sample was incrementally dried back to 0% moisture to allow for a dry-out curve to be
developed.  The results of the laboratory thermal resistivity testing are presented in Appendix C.

3.6 Corrosivity

Samples for corrosion testing were obtained from fourteen (14) locations.  The samples were
obtained from depths of approximately 1 to 4 feet below existing ground surface.  The samples
were tested for pH, water soluble sulfate, chloride content, sulfides, oxygen reduction potential,
total salts, and electrical resistivity.  The results of the Corrosion Series Testing are presented on
Exhibit B-031 to B-034 in Appendix B.

3.7 Field Electrical Resistivity Test Results

Field measurements of soil electrical resistivity were performed by Terracon on September 22,
2020.  The soil resistivity testing was performed at the locations identified as Exhibit D-001 in
Appendix D.  The Wenner arrangement (equal electrode spacing) was used with “a” spacings of
2.5, 5, 10, 20, and 50 feet at ten (10) locations within the solar array area. The “a” spacing is
generally considered to be the depth of influence of the test.  The testing was performed in both
a north-south and an east-west orientation at each location. Results of the soil resistivity
measurements are presented on D-002 through D-011 in Appendix D.

SEISMIC CONSIDERATIONS

The seismic design requirements for buildings and other structure 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 soil 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 encountered at the site and as described on the boring logs/test pits,
it is our professional opinion that Seismic Site Classification of D (in Zone 1, 2 and 4) and E (Zone
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3) can be used for the site.  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 in the general area. Additional deeper
borings or geophysical testing may be completed to confirm the conditions below the current
boring depth.

PRELIMINARY PILE LOAD TESTING (PLT) PROGRAM

We completed a preliminary pile load testing program that included:

■ As a result of encountering very soft soil in the borings, an additional pile (designated with
the letter “D”) was installed at six PLT locations to be tested for compressive load.

■ Directing the installation of a group of two test piles at 1 location (NS-B3), a group of three
test piles at 8 locations (NS-B1, 2, 9, 11, 13, 20, 22, and 24), and a group of four test piles
at 6 locations (NS-B8, 15, 16, 17, 21, and 13) for a total of 50 test piles installed at 15
locations.

■ Performing full-scale testing under axial tensile loads for two test piles in each group.
■ Performing full-scale testing under axial compression loads for one or two test piles in

each group at 14 locations.
■ Performing full-scale testing under lateral loads for two test piles in each group.

These activities are further described in the following sections.

5.1 Pile Location Procedures

The field-testing locations are indicated on the attached Pile Load Test Location Plan and Analysis
Zones (Exhibit E-001) in Appendix E.  These locations were established in the field by using a hand-
held GPS (accurate to about 10 feet) and existing site features as reference points.  Ground surface
elevations were not obtained.  The mapped test locations should be considered accurate only to
the degree implied by the means and methods used to define them.

5.2 Test Pile Installation

The test piles consisted of wide-flange, bare steel W6x9 sections. A total of 50 test piles were
installed in 15 locations in groups of two, three, and four. These test piles were installed to depths
ranging from about of 3 to 13 feet below existing ground surface.  The test piles have been identified
using an alphanumeric system.  The pile identification system for each location begins with “NS-
B” and is followed by the number corresponding to the nearby soil boring location and followed
by letter “A”, “B”, “C” and “D”. Pile load tests with letter “A” and “B” were tested for axial tension first
and lateral load next.  Pile load tests with letter “C” and “D” were tested for axial compression only.
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Prior to installation, Terracon augered an oversized hole having an approximate diameter of 12-
inches to a depth of 24 inches to model the frost zone soils.

The piles were installed on October 14 and 15, 2020. Piles were installed using a track mounted
Vermeer PD10 equipped with a hydraulic hammer and the time rate of installation was recorded
with a stopwatch. The total time required to advance each pile to its specified depth was recorded
and is summarized in the following table:

Pile
Location

Target Pile Tip
Depth

Actual Pile Tip
Depth Drive Time Average Drive

Time1

(feet-bgs) (feet-bgs) (seconds) (seconds/foot)
NS-B1A 9 9 205.7 30.5
NS-B1B 12 12 412.1 42.3
NS-B1C 8.5 8.32 219.7 35.2
NS-B2A 9 9 276.2 39.5
NS-B2B 12 102 600.1 77.4
NS-B2C 8.5 82 382.7 66.6
NS-B3A 9 4.42 285.8 118.1
NS-B3B 12 3.32 61.9 46.5
NS-B8A 9 9 172.0 26.5
NS-B8B 12 12 196.8 20.7
NS-B8C 8.5 8.5 126.0 21.0
NS-B8D 13 13 148.4 14.1
NS-B9A 9 9 59.9 8.6
NS-B9B 12 12 147.9 14.8
NS-B9C 8.5 8.5 39.8 6.4
NS-B11A 9 9 383.3 56.8
NS-B11B 12 12 542.5 55.6
NS-B11C 8.5 8.5 301.3 48.2
NS-B13A 9 62 290.2 72.5
NS-B13B 12 6.82 420.3 91.8
NS-B13C 8.5 6.42 300.3 67.9
NS-B15A 9 9 113.4 17.5
NS-B15B 12 12 202.4 20.8
NS-B15C 8.5 8.5 161.2 24.8
NS-B15D 13 13 289.0 26.3
NS-B16A 9 9 269.1 41.40
NS-B16B 12 12 431.8 45.5
NS-B16C 8.5 8.5 278.2 46.4
NS-B16D 13 13 670.2 65.4
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Pile
Location

Target Pile Tip
Depth

Actual Pile Tip
Depth Drive Time Average Drive

Time1

(feet-bgs) (feet-bgs) (seconds) (seconds/foot)
NS-B17A 9 9 77.2 11.9
NS-B17B 12 12 121.4 12.8
NS-B17C 8.5 8.42 51.1 8.6
NS-B17D 13 12.82 164.8 15.7
NS-B20A 9 5.52 300.1 85.8
NS-B20B 12 6.82 540.1 120.0
NS-B20C 8.5 4.82 300.3 109.2
NS-B21A 9 9 19.6 2.9
NS-B21B 12 12 24.0 2.5
NS-B21C 8.5 8.32 29.8 4.8
NS-B21D 13 12.82 37.4 3.5
NS-B22A 9 9 270.7 38.7
NS-B22B 12 12 477.5 47.8
NS-B22C 8.5 8.5 83.8 12.9
NS-B23A 12 3.72 110.0 65.9
NS-B23B 8.5 3.42 54.8 46.8
NS-B23C 9 5.32 300.2 78.4
NS-B23D 13 2.82 61.6 61.6
NS-B24A 12 3.32 175.8 132.2
NS-B24B 12 4.62 300.1 116.3
NS-B24C 8.5 3.42 112.87 79.49

1. At each location prior to driving the pile, an oversized hole having an approximate diameter of 12-
inches was augered to a depth of 24 inches to model the frost zone soils. The average time presented
in this table considers the depth of the pre-augered hole and settling of the pile under its own weight
that occurred prior to start driving the pile. Refer also to “Approximate push depth” presented in the
pile installation records included in Exhibits E-002 to E-006.

2. Indicates the pile encountered refusal prior to reaching the intended depth.

Pile installation records showing individual drive rates (ft./sec.) are included in Appendix E.

5.3 Testing Under Axial Tensile (“pull-out”) Load

We performed testing under axial tensile load for the piles at each location using the procedures
generally outlined below.

Thirty (30) piles, two piles at each PLT location, were tested under axial tensile (“pull-out”) load.
The test piles with the designations “A” and “B” were tested under axial tensile load. The “pull-
out” load reaction was supported using an excavator (Takeuchi TB290) supported at an
appropriate lateral distance from the post.
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Axial loads were applied to the test pile using a hydraulic pump and 10-kip pull cylinder.
Connections to the test posts were made using a 5-ton plate clamp (vertical) designed for
connection to W-sections.

The hydraulic pull cylinder and load cell were connected in series with chains and clevises to the
two test piles, and the load was applied by pulling the chain through the chain fall in successive
500-pound increments from 0 to 10,000 pounds or until 1-inch of vertical movement was reached.

Vertical movements were measured with digital gauges and loads were measured with a 25-kip
electronic load cell. Each load increment was sustained for a minimum of 60 seconds and the
stabilized deflection reading of both indicators’ gauges were recorded.  The gauges and load cell
were read, and the data was recorded manually by Terracon field personnel. Results of the axial
tension load tests are provided in Appendix F, Exhibits F-001 through F-030.

5.4 Testing Under Lateral Load

After testing under axial tensile load, the piles at each location were tested under lateral load as
described below.

As the test piles were installed in-line with each other, the piles were connected together to
provide a reaction for the opposite post and tested simultaneously in the strong axis direction.

For lateral load testing, the pair of piles were pulled toward each other and deflections of each
pile were measured.  The load for the lateral tests was applied at about 2 feet above the ground
surface (or 4 feet above the bottom of the pre-augered oversized hole) against the strong axis of
the piles.  The loads were applied in 500-pound increments in a maximum 5 cycles from 0 pounds
to a maximum lateral load of 7,000 pounds. The limit of soil capacity during the lateral test is
defined as movement in excess of 1-inch at 6 inches above the ground surface. Deflections were
measured with digital gauges and loads were measured with a 25-kip electronic load cell. Each
load increment was held for at least 1 minute and the stabilized deflection reading of both indicator
gauge was recorded.

The gauges and load cell were read, and the data was recorded manually by Terracon field
personnel. Results of the lateral load tests are provided in Appendix G, Exhibits G-001 through
G-042.

5.5 Testing Under Axial Compression Load

We performed testing under axial compression load for selected piles at each location using the
procedures generally outlined below.

Twenty (20) piles were tested under axial compression load.  As a result of encountering very soft
soil in the borings, an additional pile (designated with the letter “D”) was installed at six PLT
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locations to be tested for compressive load. The test piles with the designations “C” and “D” were
tested under axial compression load.

A Takeuchi TB290 excavator was mobilized to the site to provide a reaction for the applied vertical
compression test loads.  A load cell on the top of the pile, a hydraulic cylinder (jack) was placed
above the load cell and under the excavator counter- weight.

The loads were applied in 500-pound increments up to a maximum load of 10,000 pounds, which
is the maximum safe working load of our equipment. Two dial gauges were used to measure the
pile vertical movement.  The test was ended after the conclusion of the maximum load schedule
or after the pile reaches 1-inch axial deflection.  Axial compression test results are shown in
Appendix H, Exhibits H-1 through H-20.

5.6 Summary of Pile Load Test Results

In general, the axial tensile, lateral, and compression loads were applied at approximately 500-pound
increments. The maximum applied load during the axial tension and compression test was 10,000
pounds or until the deflection exceeded 1 inch.  The maximum applied load during the lateral load
test was 7,000 pounds or until the deflection exceeded 1 inch when measured at 6 inches above the
ground surface.

The following table provides a summary of each test pile location, embedment depth, total drive
time, uplift load at ¼ of an inch of vertical displacement, the lateral load at ½ of an inch of lateral
displacement and compression load at ¼ of an inch of vertical displacement:

Pile
Location

Target Pile
Tip Depth

Actual Pile
Tip Depth

Drive
Time

Uplift Load at
¼ of an inch

Displacement

Lateral Load
at ½ of an

inch
Displacement

Compression
Load at ¼ of

an inch
Displacement

(feet-bgs) (feet-bgs) (seconds) (lbs.) (lbs.) (lbs.)
NS-B1A 9 9 205.7 >10,000 2,220 ---
NS-B1B 12 12 412.1 >10,000 2,250 ---
NS-B1C 8.5 8.31 219.7 --- --- >10,000
NS-B2A 9 9 276.2 8,530 2,010 ---
NS-B2B 12 101 600.1 8,500 1,500 ---
NS-B2C 8.5 81 382.7 --- --- >10,000
NS-B3A 9 4.41 285.8 4,960 1,080 ---
NS-B3B 12 3.31 61.9 6,670 690 ---
NS-B8A 9 9 172.0 >10,000 2,200 ---
NS-B8B 12 12 196.8 8,100 1,890 ---
NS-B8C 8.5 8.5 126.0 --- --- 8,500
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Pile
Location

Target Pile
Tip Depth

Actual Pile
Tip Depth

Drive
Time

Uplift Load at
¼ of an inch

Displacement

Lateral Load
at ½ of an

inch
Displacement

Compression
Load at ¼ of

an inch
Displacement

(feet-bgs) (feet-bgs) (seconds) (lbs.) (lbs.) (lbs.)
NS-B8D 13 13 148.4 --- --- >10,000
NS-B9A 9 9 59.9 4,060 2,620 ---
NS-B9B 12 12 147.9 9,280 2,020 ---
NS-B9C 8.5 8.5 39.8 --- --- 9,100
NS-B11A 9 9 383.3 >10,000 2,630 ---
NS-B11B 12 12 542.5 >10,000 2,820 ---
NS-B11C 8.5 8.5 301.3 --- --- >10,000
NS-B13A 9 61 290.2 >10,000 2,070 ---
NS-B13B 12 6.81 420.3 >10,000 2,470 ---
NS-B13C 8.5 6.41 300.3 --- --- >10,000
NS-B15A 9 9 113.4 7,840 2,190 ---
NS-B15B 12 12 202.4 9,000 2,140 ---
NS-B15C 8.5 8.5 161.2 --- --- 6,500
NS-B15D 13 13 289.0 --- --- >10,000
NS-B16A 9 9 269.1 >10,000 2,080 ---
NS-B16B 12 12 431.8 >10,000 2,090 ---
NS-B16C 8.5 8.5 278.2 --- --- >10,000
NS-B16D 13 13 670.2 --- --- >10,000
NS-B17A 9 9 77.2 6,500 1,930 ---
NS-B17B 12 12 121.4 9,500 2,040 ---
NS-B17C 8.5 8.41 51.1 --- --- 6,500
NS-B17D 13 12.81 164.8 --- --- 8,000
NS-B20A 9 5.51 300.1 6,460 2,560 ---
NS-B20B 12 6.81 540.1 >10,000 2,160 ---
NS-B20C 8.5 4.81 300.3 --- --- >10,000
NS-B21A 9 9 19.6 4,500 1,940 ---
NS-B21B 12 12 24.0 6,500 2,080 ---
NS-B21C 8.5 8.31 29.8 --- --- 5,500
NS-B21D 13 12.81 37.4 --- --- 7,500
NS-B22A 9 9 270.7 >10,000 2,300 ---
NS-B22B 12 12 477.5 >10,000 2,270 ---
NS-B22C 8.5 8.5 83.8 --- --- >10,000
NS-B23A 12 3.71 110.0 3,350 1,190 ---
NS-B23B 8.5 3.41 54.8 600 680 ---
NS-B23C 9 5.31 300.2 --- --- >10,000
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Pile
Location

Target Pile
Tip Depth

Actual Pile
Tip Depth

Drive
Time

Uplift Load at
¼ of an inch

Displacement

Lateral Load
at ½ of an

inch
Displacement

Compression
Load at ¼ of

an inch
Displacement

(feet-bgs) (feet-bgs) (seconds) (lbs.) (lbs.) (lbs.)
NS-B23D 13 2.81 61.6 --- --- >10,000
NS-B24A 12 3.31 175.8 2,500 1,080 ---
NS-B24B 12 4.61 300.1 >10,000 3,000 ---
NS-B24C 8.5 3.41 112.87 --- --- >10,000

1. Indicates the pile encountered refusal prior to reaching the intended embedment depth.

The individual axial tension test results are provided in Appendix F. The lateral load test summary
graphs and individual load test results are shown in Appendix G. The individual axial
compression test results are provided in Appendix H.

CONTRIBUTORY RISK COMPONENTS

ITEM DESCRIPTION

Suitability
Statement

The proposed site appears suitable for the use of driven steel W-Section steel
piles for the support of the proposed solar arrays.

Soil Conditions

The project site is separated into four zones based on the subsurface conditions
encountered in the borings, Zone 1 through Zone 4. The soil conditions in Zone 1
generally consists of sand over medium stiff to stiff clay; Zone 2 generally consists
of dense silty sand soil; Zone 3 generally consists of sand over soft clay; and Zone
4 consists of loose to medium dense sand.

Access
Wet and loose/soft surface conditions due to rainwater will create access issues
for vehicles. The site will generally be more accessible in the summer and early
fall due to the improved drying conditions.

Grading We anticipate minimal site grading will be required. On-site materials appear to
generally be suitable for re-use as fill or backfill. We assume grading will require
less than 2 feet of excavation or fill placement.

Groundwater

Groundwater is currently at depths of 0 (on the surface) to 17 feet bgs which is
typical for the geologic setting of the project site. Excavations, such as trenches
for electrical cable and conduit, will likely encounter groundwater and require
dewatering. Excavations for shallow foundations could also encounter
groundwater, especially if construction is performed during periods of seasonally
high groundwater. While precipitation is relatively constant throughout the year,
groundwater levels are expected to be deepest during the late summer due to
increased evaporation rates.
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ITEM DESCRIPTION

Site Drainage
It is likely that the site may have ditches/canals which may have been installed to
facilitate farming activities and site access.  If encountered, filling the drainage
canals or destruction of other site drainage systems will result in increased
groundwater levels, softer soils, and generally undesirable subsurface conditions.

Corrosion Hazard
The results of our laboratory testing of soil chemical properties are expected to
assist a qualified engineer design corrosion protection for the production piles and
other project elements.

Excavation
Hazards

Based on the results of our borings and our experience with the geology of the
project site, we do not expect that difficult excavation conditions or widespread
obstructions to pile driving operations will be encountered during construction in
Zone 1, Zone 3 and Zone 4. However, in Zone 2, excavation difficulty may be
encountered due to dense soil conditions with the possible presence of
cobbles/boulders. As previously noted, groundwater is expected to be
encountered in excavations. Additionally, we expect general instability in the form
of caving, sloughing, and raveling to be encountered in excavations. Excavations
will likely require bracing, sloping, and/or other means to create safe and stable
working conditions.

Anticipated Pile
Drivability

Based on the preliminary pile load testing program, it is our opinion that the soils
on the site are generally suitable for pile installation. However, pile driving refusal
should be anticipated in portions of the site, especially in Zone 2. In the other
Zones (1, 3 and 4), we anticipate piles to be driven with less difficulty and pre-
drilling is likely not required.

General
Construction
Considerations

The near-surface soils are moderately moisture sensitive and subject to
degradation with exposure to moisture. To the extent practical, earthwork should
be performed during warmer and drier periods of weather to reduce the amount of
necessary subgrade remedial measures for soft and unsuitable conditions beneath
access roadways, equipment pads, etc.

PRELIMINARY RECOMMENDATIONS FOR PV ARRAY FIELD

7.1 Geotechnical Considerations

We have performed preliminary geotechnical analyses for driven pile foundations to support the
typical PV panel racking system.  Subsequent analyses will be required once design level
geotechnical information is available and once other design considerations are more fully defined.
THEREFORE, THE RESULTS OF THE ANALYSES DESCRIBED BELOW ARE NOT
SUITABLE FOR FINAL DESIGN.  Instead, this analysis is intended to assist you in roughly
evaluating construction costs and development viability for the proposed project.  It should also
be noted that our analyses are based on short-term conditions based on boring, test pits, and pile
load testing information.
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The results of the borings, test pits, and pile load tests found variable subsurface conditions
throughout the site.  Therefore, we have separated the site into four zones, Zone 1 through Zone
4.  A map showing the various zones is included as Exhibit D-001 in Appendix D. Note that
additional load testing of piles should be completed to refine the zone division, especially within
Zone 2.

The soil conditions in Zone 1 generally consists of sand over medium stiff to stiff clay, Zone 2
generally consists of dense silty sand soil; Zone 3 generally consists of sand over soft; and Zone
4 generally consists of medium dense sand.

The table below summarizes zones with pre-drilling expectations.

Zones Subsurface Condition Description Is pre-drilling expected?

Zone 1 Sand over medium stiff to stiff clay No

Zone 2 Dense silty sand Yes

Zone 3 Sand over soft clay No

Zone 4 Loose to medium dense sand No

In areas of driven pile refusal prior to reaching the desired pile depth, it may be appropriate to
pre-drill an undersized hole (typically 80 to 90% of selected W-section diagonal width) at the pile
location to a depth of about 1 foot above the designed embedment depth of the pile. The pre-
drilled hole may then be backfilled with the cuttings, provided cobbles and boulders are culled
from the material, and the pile driven to the design embedment depth. The objective of pre-drilling
an undersized hole is to facilitate the driving of the web without disturbing the native soils
supporting the flanges. Additional testing should be completed on piles installed in pre-drilled
undersized holes to evaluate the impacts to both axial and lateral capacity.

7.2 Adfreeze Stress

It is Terracon’s professional opinion that the overburden soils encountered in the borings are frost
susceptible. In cold weather climates, design to resist frost heave forces exerted on foundations
is often the limiting factor in the foundation design. Specifically, pile lengths will need to be long
enough to counteract potential heave forces in the seasonal frost zone.

As the frost penetrates deeper into the soil and the ground swells due to freezing, the ground
surface will rise due to frost heaving. The upward displacement is due to freezing water contained
in the soil voids along with the formation of ice lenses in the soil. The freezing material grips the
steel pile and exerts an uplift force due to the adfreeze stress developed around the surface area
of the pile. The amount of upward force depends on the following:
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■ The thickness of ice lenses formed in the seasonal frozen ground
■ The bond between the steel pile surface and the frozen ground
■ The surface area of the steel pile in the seasonally frozen ground

Based on our review of soil samples, we recommend an adfreeze stress of 1,500 psf be
considered when determining the frost heave load on a pile.  The box perimeter of the pile (two
times the depth plus two times the flange width) acting over a maximum depth of about 3 feet
below ground surface should be considered when determining the frost heave load on a pile.

Uplift forces will likely govern the design and length of the panel array piles; therefore, uplift will
be the primary factor in foundation costs. The factor of safety against uplift should be determined
based on discussions with the owner and design engineer considering the desired level or risk,
construction costs, and the long-term maintenance program.

7.3 Solar Panel Support on Driven Steel Piles

Preliminary Axial Capacity Recommendations

The axial uplift capacity of driven piles may be estimated based on skin friction developed along
the perimeter of the pile, while the compression capacity may be estimated using the skin friction
and end bearing. When determining embedment depths, the perimeter of a wide flange beam
should be taken as twice the sum of the flange width and section depth. The upper 3 feet of soil
for each pile should be neglected in the axial capacity analyses.

Below is a table of skin friction and end bearing values recommended for the areas in proximity
to the pile load tests:

Zones

Minimum
Drive Time

Pile Tip
Depth

Ultimate Uplift and Compression
Skin Friction, qs

Ultimate End
Bearing, qt

(seconds/ft) (feet) (psf) (lbs.)

Zone 1 29 9 to 13 870 1,000

Zone 2 66 3.3 to 12.8 1,000 5,000

Zone 3 11 9 to 13 500 500

Zone 4
9

9 to 12
From 3 to 9 ft = 350 psf

4,000
15 From 9 to 12 ft = 1,050 psf
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The above values are to be used in the following equations to obtain the ultimate uplift or
compression load capacity of a pile:

Qult (compressive) = qt + H x P x qs

                                                          Qult (uplift) = H x P x qs

Qult = Ultimate uplift or compression capacity of post (lbs.)
            Qult (end) = Ultimate end bearing capacity per table above (lbs.)

H = Depth of embedment of pile (ft.)
P = Perimeter area/ft. of pile.  (i.e. W6x9 = 1.64 sf/ft.)
qs = Skin friction per table above (psf)
qt = Unit end-bearing resistance per table above (pounds)

The provided skin friction values are applicable for piles that are driven using equipment similar to a
Vermeer PD10 pile driver with a hydraulically operated hammer.  If a smaller or larger drive
hammer is used, we recommend that Terracon be consulted to determine the minimum drive time
based on the actual equipment to be used.

For Allowable Stress Design (ASD), we recommend the allowable skin friction and end bearing
values be determined by applying a factor of safety of at least 1.5 to the ultimate value.

Piles should have a minimum center-to-center spacing of at least 3 times their largest cross-
sectional dimension to prevent reduction in the axial capacities due to group effects. Final pile
design to be completed by an engineering licensed in the State of New York based upon
information contained in this geotechnical report and independent pile load testing.

Preliminary Lateral Capacity Recommendations

Lateral load response of pile foundations was calculated using the computer program L-Pile 2019,
by Ensoft, Inc. The stiffness of the pile and the stress-strain properties of the surrounding soils
determine the lateral resistance of the foundation. We modeled the lateral response of the tested
piles to evaluate L-Pile input parameters that can be used for design of the production piles.
Recommended L-Pile input parameters for lateral load analysis for driven pile foundations are
shown in the following tables:
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Zone 1 – Near NS-B1, NS-B11 and NS-B22

Depth
Range

(ft)
Soil Type Soil Type (P-y)

Curve Model1

Effective
Unit

Weight1

(pcf)

Friction
Angle Φ’ 1

(degrees)

Undrained
Cohesion, C1

(psf)
P-Multiplier

0 to 3
Silt and

Sand (ML;
SM)

Sand (Reese)1 110 32 0 1.82

3 to 5
Silt and

Sand (ML;
SM)

Sand (Reese)1 110 32 0 2.5

5 to 12 Clay and Silt
(CL-ML)

Stiff Clay
without Free

Water (Reese)1
115 0 2,000 2.5

1. Use default subgrade modulus reaction (k) and Strain Factor ().
2. Reduced by 30% to account for seasonal freeze/thaw effects.

Zone 2 – Near NS-B2, NS-B3, NS-B13, NS-B20, NS-B23, and NS-B24

Depth Range
(ft) Soil Type Soil Type (P-y) Curve

Model1
Effective Unit
Weight1 (pcf)

Friction Angle Φ’ 1

(degrees)

0 to 12
Silt and sand (SM;

SW-SM); some
gravel

Sand (Reese)1 125 35

1. Use default subgrade modulus reaction (k).

The lateral load test results in Zone 2 were highly variable due to the significant variation of
embedment depths that were achieved.  Due to the varying embedment depths, several of the
LPile analyses only had one load test result available.  We recommend completing additional load
test on piles installed in pre-drilled undersized holes such that more consistent p-multiplier values
can be obtained which would simplify the structural design.  The table below summarizes the
various p-multipliers that were back-calculated for the varying pile embedment depths.
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P-Multipliers for Zone 2:

Pile Tip Depth (feet-bgs) P Multiplier
3 to 4 4.0

4.5 to 5.5 1.0 (near LT-B3A)
3.3 (near LT-B20A and LT-B24A)

6 1.5
7 1.7
9 1.0
10 1.0

For preliminary design, the p-multiplier in the upper 3 feet should be reduced by 30% to account
for seasonal freeze/thaw effects.  For instance, if the p-multiplier in the table above is 1.0, the p-
multiplier should be reduced to a value of 0.7 in the upper 3 feet of the soil profile.

Zone 3 – Near NS-B8, NS-B15, NS-B16, NS-B17, and NS-B21

Depth
Range

(ft)
Soil Type Soil Type (P-y)

Curve Model1

Effective
Unit

Weight1

(pcf)

Friction
Angle Φ’ 1

(degrees)

Undrained
Cohesion, C1

(psf)
P-Multiplier

0 to 3
Silt and

Sand (ML;
SM)

Sand

(Reese)1
110 32 0 1.22

3 to 5
Silt and

Sand (ML;
SM)

Sand

(Reese)1
110 32 0 1.7

5 to 12 Clay and Silt
(CL-ML)

Soft Clay

(Matlock)1
110 0 750 1.7

1. Use default subgrade modulus reaction (k) and Strain Factor ().
2. Reduced by 30% to account for seasonal freeze/thaw effects.

Zone 4 – Near NS-B9

Depth
Range

(ft)
Soil Type Soil Type (P-y)

Curve Model1
Effective Unit
Weight1 (pcf)

Friction Angle
Φ’ 1 (degrees) P-Multiplier

0 to 3 Sand (SW, SP) Sand (Reese)1 110 32 1.92

3 to 12 Sand (SW, SP) Sand (Reese)1 110 32 2.7
1. Use default subgrade modulus reaction (k).
2. Reduced by 30% to account for seasonal freeze/thaw effects.
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L-PILE analyses were performed by applying the field test load that resulted in approximately ½-
inch deflection at a point about six inches above the ground surface.  The shear load was applied
at approximately 2 feet above the ground surface (or 4 feet from the bottom of the pre-augered
hole).  The effective unit weight, friction angle and modulus of subgrade reaction (k-value) were
based on the results of the SPT borings.  The p- multiplier was then adjusted (by trial and error
method) such that the applied load resulted in a deflection value that matched the load test results.
Please note that this procedure was based on only one discrete set of data determined at about
six inches from the ground surface during the field load testing.  These results should be used for
L-PILE analysis only using the 2019 version of L-Pile.  These parameters are only applicable to
piles driven to depths of nine and twelve feet below grade in Zones 1, 3, and 4.  The parameters
are applicable to piles driven to depths of 3 to 12 feet below grade in Zone 2.  In our evaluation,
the piles were modeled as a Steel AISC Section Strong Axis.

The structural engineer should evaluate the moment capacity of the pile as part of their structural
evaluation.  Piles should have a minimum center-to-center spacing of at least five times their
largest cross-sectional dimension in the direction of the lateral loads, or the lateral capacities
should be reduced due to group effects.  If piles will be spaced closer than five times their largest
cross-sectional dimension, we should be notified to provide supplemental recommendations
regarding resistance to lateral loads.

Construction Considerations

Cobbles and boulders are commonly found in glacially deposited soil and should be anticipated
in some areas.  Pile installation via conventional methods – such as driving into undisturbed soils
may encounter difficulty and may result in early refusal and inadequate penetration, or else may
cause excessive pile deflection, rotation or torsional rotation. Auger drilling typically is
unsuccessful for subgrades containing appreciable cobbles and boulders. We expect that
percussive drilling methods such as ODEX or air-rotary could then be necessary to complete pre-
drilled holes to their design depth.

Based on the field exploration and laboratory testing, it is our opinion that the soils on the site are
suitable for pile installation. Pile driving refusal should be anticipated at portions of the site,
especially in Zone 2. In areas of driven pile refusal prior to reaching the desired pile depth, it may
be appropriate to predrill an undersized hole (typically 80 to 90% of selected W-section diagonal
width) at the pile location to a depth of about 1 foot above the designed embedment depth of the
pile. The predrilled hole may then be backfilled with the cuttings, provided cobbles and boulders
are culled from the material, and the pile driven to the design embedment depth. Supplemental
testing of piles installed in pre-drilled undersized holes could be completed to better evaluate the
impacts of pre-drilling on the uplift and lateral capacity.
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A geotechnical engineer should be engaged to observe pile driving operations.  Each pile should
be observed and checked for buckling, crimping and alignment in addition to recording penetration
resistance, depth of embedment, and general pile driving operations.

7.4 Preliminary Pile Design Recommendations for Other Structures

Some structures may require piles to be driven to greater depths than ten feet in order to achieve
the required axial capacities.

Based on the results of the SPT borings, we recommend the following ultimate skin friction and
end bearing values for the various zones:

Zones

Pile Tip Depth Ultimate Uplift and Compression Skin
Friction, qs

Ultimate End Bearing,
qt

(feet) (psf) (lbs)

Zone 1 12 to 20 870 1,000

Zone 2 12 to 20 1,000 5,000

Zone 3 12 to 20 500 500

Zone 4 12 to 20 1,050 psf 4,000

The formulas provided in Section 7.3.1 can be used to calculate the ultimate uplift and
compression capacities, and the upper 3 feet of soil for each pile should be neglected.

We recommend Terracon be consulted to determine the minimum drive time based on the
proposed equipment to be used for driving of the piles.

For allowable strength design, we recommend the allowable skin friction be determined by
applying a factor of safety of at least 2 to the ultimate values provided in this section for piles
embedded greater than 12 feet.  We recommend a factor of safety of at least 2 be applied to the
end bearing ultimate values provided in this section for piles embedded greater than 12 feet.

Piles should have a minimum center-to-center spacing of at least three times their largest cross-
sectional dimension to prevent reduction in the axial capacities due to group effects.
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7.5 Mat/Slab Foundation Design Recommendations

Description Mat
Net allowable bearing pressure 1 2,000 psf
Modulus of subgrade reaction for slab-on-
grade design (Kv1)

100 pounds per square inch per in (psi/in) for point
loading conditions

Bearing material Compacted Structural Fill or approved in-situ soil as
discussed in Earthwork

Minimum dimensions N/A
Minimum embedment below finished grade2 12 inches
Approximate total settlement3 1 inch
Estimated differential settlement ½ inch over 30 feet
Ultimate coefficient of sliding friction4 0.35

1. The recommended net allowable bearing pressure is the pressure in excess of the minimum surrounding
overburden pressure at the footing base elevation.  It assumes any unsuitable soils, if encountered, will be
replaced with compacted structural fill.

2. Required for the allowable bearing pressure, erosion protection and to reduce the effects of seasonal
moisture variations in the subgrade soils.

3. The foundation settlement will depend upon the variations within the subsurface soil profile, the structural
loading conditions, the embedment depth of the footings, the thickness of compacted fill, and the quality of
the earthwork operations.  Footings should be proportioned to relatively constant dead-load pressure in
order to reduce differential movement between adjacent footings.

4. Sliding friction along the base of the footing will not develop where net uplift conditions exist.

The allowable foundation bearing pressures apply to dead loads plus design live load conditions.
The weight of the foundation concrete below grade may be neglected in dead load computations.

The subgrade modulus (Kv) for the mat is affected by the size of the mat foundation and would
vary according to the following equation:

Kv = Kv1*((B+1)/2B)2

Where: Kv is the modulus for the size footing being analyzed
B is the width of the mat foundation.

Foundation excavations should be observed by the Geotechnical Engineer. If the soil conditions
encountered differ significantly from those presented in this report, Terracon should be contacted
to provide additional evaluation and supplemental recommendations.
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EARTHWORK

The site work conditions will be largely dependent on the weather conditions and the contractor’s
means and methods in controlling surface drainage and protecting the subgrade.  The near-
surface silt, clay and sand encountered in the borings may provide relatively wet subgrade during
construction.  Site preparation where inverter mat foundations will be installed should include
clearing and grubbing, installation of a site drainage system (where necessary), subgrade
preparation, proof-rolling and vibratory densification as necessary.  Site preparation is not
necessary in the PV Array field or where inverters will be supported on driven piles except to
improve site drainage where necessary.

We would expect typical earthmoving equipment (bulldozers, excavators, steel drum vibratory
rollers) to be suitable for completion of earthwork activities on the site.  The most challenging
obstacle for earthwork construction will be the control of surface and groundwater, especially
during the typical wet season.  The site should be graded to prevent ponding of surface water.
Additionally, dewatering (rim ditches, sump pumps, well points, etc.) may be needed to lower the
groundwater and allow for adequate compaction in trenches.

PRELIMINARY RECOMMENDATIONS FOR SUBSTATION

This section will be updated once the substation borings are completed.

PRELIMINARY UNPAVED ACCESS ROADS

Surficial materials below the topsoil at the site primarily consists of mixtures of silt, sand, and clay.
It is expected that the proposed site grades will be established near the existing site grades using
small amounts of engineered fill material similar to the surficial soils to level the planned access
road areas.  Reportedly, the planned access roads will experience light traffic load, primarily
during construction stage, with very little maintenance traffic thereafter.

Typical unpaved access roads in the lightly loaded array areas consisting of about 6 inches of
Aggregate Base on compacted native soil should be suitable.  The substation access road will
likely require 6 to 12 inches of Aggregate Base compacted native soils or native soils reinforced
with a geogrid. Based upon the soil conditions at the time of construction, additional Aggregate
Base and/or multiple layers of high-strength geotextile may be required to stabilize the aggregate
section.

The access road area subgrades should be properly sloped to direct water from beneath the drive
area gravel section toward the edge, and/or down gradient.  Collected water should be channeled
away from the access road.  Adequate sloping of the gravel surface will minimize the potential for
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ponding of water on or within proximity to the drive area, which will shorten the life of the unpaved
roadways.

Access road subgrades should be proof-rolled or compacted with a heavy vibratory roller in static
mode on cohesive soil. Unstable subgrades should be replaced with compacted Structural Fill,
as necessary.  Structural Fill may then be placed to attain the required grade.   These subgrades
should be prepared immediately prior to the time of aggregate placement to reduce the risk of
disturbance due to weather or construction vehicle traffic.  If this cannot be done, the subgrades
should be reevaluated by a qualified Geotechnical Engineer for disturbance or softening
immediately prior to aggregate placement.

Regardless of the design, unsurfaced roadways will display varying levels of wear and
deterioration. We recommend implementation of a site inspection program at a frequency of at
least once per year to verify the adequacy of the roadways. Preventative measures should be
applied as needed for erosion control and regrading.  An initial site inspection should be
completed approximately three months following construction. For planning purposes, we
recommend assuming that over time the placement of additional aggregate material will likely be
required to level depressions and long-term rutting.  These areas should be filled with additional
aggregate rather than scalping of material from adjacent areas.

Shoulder build-up on both sides of proposed roadways should match the road surface elevation
and slope outwards at a minimum grade of 10 percent for five feet. Surface drainage should be
provided away from the edge of roadways to reduce lateral moisture transmission into the
subgrade.

When potholes, ruts, depressions or yielding subgrades develop, they must be repaired prior to
applying additional traffic loads. Typical repairs could consist of placing additional Crushed Stone
in ruts or depressed areas and, in some cases, complete removal of Crushed Stone surfacing,
repair of unstable subgrade, and replacement of the Crushed Stone surfacing. Potholes and
depressions should not be filled by blading adjacent ridges or high areas into the depressed areas.
New material should be added to the depressed areas as they develop. Failure to make timely
repairs will result in more rapid deterioration of the roadways, making more extensive repairs
necessary.
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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. Natural variations will occur
between exploration point locations or due to the modifying effects of construction or weather.
The nature and extent of such variations may not become evident until during or after construction.
Terracon should be retained as the Geotechnical Engineer, where noted in this report, to provide
observation and testing services during pertinent construction phases. If variations appear, we
can provide further evaluation and supplemental recommendations. If variations are noted in the
absence of our observation and testing services on-site, we should be immediately notified so
that we can provide evaluation and supplemental recommendations.

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 or collaboration through this system 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 and not to estimate
excavation cost. Any use of our report in that regard is done at the sole risk of the excavating cost
estimator as there may be variations on the site that are not apparent in the data that could
significantly impact excavation cost. Any parties charged with estimating excavation costs should
seek their own site characterization for specific purposes to obtain the specific level of detail
necessary for costing. Site safety, and cost estimating including, excavation support, and
dewatering requirements/design are the responsibility of others. If changes in the nature, design,
or location of the project are planned, our conclusions and recommendations shall not be
considered valid unless we review the changes and either verify or modify our conclusions in
writing.
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EXPLORATION AND TESTING PROCEDURES

Field Exploration and Laboratory Testing

Number of
Explorations Type of Exploration

Depth or “a” Spacing
(feet)1 Planned Location1

24 SPT Boring 16 to 20 Array area

12 Test Pit 6 to 10 Array area

4 Hand Augered Hole 4 Array area

10 Electrical Resistivity 2.5, 5, 10, 20, and 50 Array area

16 (2 per location) Thermal Resistivity

 1 to 4
(Remolded 90 percent of the
Standard Proctor maximum

dry density and an
undisturbed sample)

Array area

14 Corrosion Testing 1 to 4 Array area Array area

7 Temporary Groundwater
Wells 16 to 20 Array area

10 Infiltration Tests 4.5 to 5 Proposed Infiltration
BMPs

1. Below ground surface.
2. Field explorations and laboratory tests were not performed at the substations due to access/permit issues.

Boring Layout and Elevations: Terracon personnel provided the exploration layout.
Coordinates were obtained with a handheld GPS unit (estimated horizontal accuracy of about ±10
feet) and approximate elevations were obtained by interpolation from the Google Earth. If
elevations and a more precise exploration layout are desired, we recommend explorations be
surveyed following completion of fieldwork.

SPT Borings: The SPT soil borings utilized an ATV-mounted, rotary drilling rig equipped with an
automatic hammer. Soil samples were obtained by thin-walled tube or split spoon sampling
procedure in general accordance with the Standard Penetration Test (SPT) procedure. In the thin-
walled tube sampling procedure, a thin-walled, seamless steel tube with a sharp cutting edge was
pushed hydraulically into the soil to obtain a relatively undisturbed sample. In the split spoon
sampling procedure, the number of blows required to advance the sampling spoon the last 12
inches of an 18-inch penetration or the middle 12 inches of a 24-inch penetration by means of a
140-pound hammer with a free fall of 30 inches, is the standard penetration resistance value (N).
This value is used to estimate the in-situ relative density of cohesionless soils and the consistency
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of cohesive soils.  The sampling depths and penetration distance, plus the standard penetration
resistance values, are shown on the boring logs.

Portions of the samples from the borings were sealed in jars to reduce moisture loss, and then
the jars were taken to our laboratory for further observation and classification.  Upon completion,
the boreholes were backfilled with soil cuttings.

Field logs of each boring were prepared by a geologist. These logs included visual classifications
of the materials encountered during drilling as well as the geologist interpretation of the
subsurface conditions between samples.

Test Pits: The test pits were excavated using an excavator with a 19.5-inch wide bucket after
completion of pile load testing.  Continuous lithologic logs of each test pit were recorded by our
field engineer during the field exploration and photographs of the excavated pits were taken.
Samples were collected from the test pits and were placed in sealed plastic bags to prevent
moisture loss, and then transported to our laboratory for further observation, testing, and
classification.  The test pits were backfilled with excavated soils upon completion.

Monitoring wells: A total of seven groundwater level observation wells were installed at select
boring locations across the project site as part of this geotechnical investigation. Upon completion
of the split barrel sampling, a 10-foot length of machine threaded and slotted (0.010-inch slot size)
2-inch ID Schedule 40 PVC well screen equipped with a bottom plug was coupled to the
appropriate length of 2-inch ID PVC well riser pipe to allow for approximately 2 feet of above grade
stickup. The well pipe was then lowered into the hollow stem augers and gently seated at the
bottom of the borehole. The well was then constructed inside the hollow stem augers by slowly
filling the annular space with clean graded #1 filter sand while removing the augers. The filter
sand pack was completed at a depth of approximately 3 feet above the top of the screened portion
of the well. Similar methods were then utilized to install a bentonite chip seal above the filter sand
pack. Generally, the bentonite seal ranged from 2 to 3 foot in thickness. The remaining augers
were then pulled from the borehole, and the remaining annular space backfilled with excess auger
cuttings generated during the advancement of the borehole. A PVC “slip cap” was then placed
over the exposed end of the riser pipe. The groundwater observation well was then completed by
placing a PVC “slip cap” over the exposed end of the riser pipe.

Infiltration Testing: Ten PVC pipes were installed for infiltration testing in proximity to respective
ten test borings to depths of approximately 4.5 to 5 feet below the existing surface. The infiltration
tests are designated as IT-01 through IT-10. The infiltration test at each location was performed
in general accordance with NYDEC Stormwater Management Design Manual - Appendix D. The
infiltration test results are presented on Exhibit A-062 to A-062 in Appendix A. The infiltration
testing was performed as follows:
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■ Upon reaching the planned boring depth, a solid, 4-inch diameter PVC pipe was firmly
seated into the bottom of the borehole.

■ The pipe was filled with water to a depth of 24 inches above the bottom of the borehole
and allowed to pre-soak for 24 hours to simulate saturated conditions.

■ After 24 hours, water was added to the casing, as necessary, to bring the water level to a
depth of 24 inches above the bottom of the borehole and the drop in the water level was
monitored and measured after 1 hour.

■ The monitoring process was repeated a total of four times.

Soil Electrical Resistivity Testing: Soil electrical resistivity data was obtained in accordance
with ASTM G57 Standard Test Method for Field Measurement of Soil Resistivity Using the
Wenner Four-Electrode Method.  For testing, we performed two mutually perpendicular lines with
electrode “a” spacing of 2.5, 5, 10, 20, and 50 feet at ten (10) locations within the solar array
areas.

Geotechnical Testing

The project engineer reviewed the field data and assigned laboratory tests to understand the
engineering properties of the various soil strata, as necessary, for this project. Procedural
standards noted below are for reference to methodology in general. In some cases, variations to
methods were applied because of local practice or professional judgment. Standards noted below
include reference to other, related standards. Such references are not necessarily applicable to
describe the specific test performed.

■ Moisture Contest Test
■ Atterberg Limit Test
■ Unit Weight
■ Grain Size Distribution Test
■ Unconsolidated Undrained (UU) Triaxial Test
■ Moisture-Density Relationship Test
■ CBR Test

Our laboratory testing program also included examination of soil samples by an engineer. Based
on observation and test data, the engineer classified the soil samples in accordance with the
Unified Soil Classification System (ASTM D2487). Additional laboratory testing was also
completed as described below:

Laboratory Thermal Resistivity Testing

Laboratory thermal resistivity testing was performed by Terracon on 16 soil samples, bulk and
undisturbed, obtained during our field exploration from a depth of approximately 1 to 4 feet below the
existing ground surface.  The thermal resistivity testing was performed in general accordance with
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the IEEE standard.  The dry-out curves were developed from soil specimens compacted to 90
percent of the standard Proctor criteria (ASTM D698) at the optimum moisture content.

Corrosion Test Samples

Fourteen (14) soil samples were collected from a depth of 1 to 4 feet bgs for laboratory corrosion
testing.  The corrosion testing consisted of water-soluble sulfate ion content (ASTM C1580),
water-soluble chloride ion content (ASTM D512), pH (ASTM D4972), Sulfides (ASTM D4658),
Oxidation Reduction Potential (ASTM G200), and electrical resistivity using the “soil box” method
(ASTM G187).
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APPENDIX A – FIELD EXPLORATION

Contents:

Exhibit A-001 Site Location
Exhibit A-002  to A-003 Exploration Location Plans
Exhibit A-004 General Notes
Exhibit A-005 Unified Soil Classification System
Exhibit A-006 to A-009 GeoModel (4 pages)
Exhibit A-010 to A-049 Boring Logs, Test Pit and Hand Auger Logs (40 pages)
Exhibit A-050 to A-061 Test Pit Photographs (12 Pages)
Exhibit A-062 to A-063 Infiltration Test Data Summary (2 Pages)

Note: All attachments are one page unless noted above.
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Exhibit A-004



UNIFIED SOIL CLASSIFICATION SYSTEM 
 
 

 

UNIFIED  SOIL C L ASSIFIC AT ION  SYST EM  

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 on or above “A” 
li J

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

Organic: 
Liquid limit - oven dried 

 0.75 OL Organic clay K, L, M, N 
Liquid limit - not dried 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: 
Liquid limit - oven dried 

 0.75 OH Organic clay K, L, M, P 
Liquid limit - not dried 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 = 
6010

2
30

DxD

)(D
 

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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