
Arche Solar Project 

Case No. 20-0979-EL-BGN 

Exhibit M 

Preliminary Geotechnical Engineering Report 



 
 
 

 

 

REPORT C OVER PAGE  

 
 

 
 
 
 

Preliminary Geotechnical Engineering 
Report 

__________________________________________________________________________ 

 
 

Arche Fulton County Solar 
Fayette, Fulton County, Ohio 

June 22, 2020 
Terracon Project No. N6195224 

 
Prepared for: 

7X Energy 
Austin, Texas 

 
Prepared by: 

Terracon Consultants, Inc. 
Parma, Ohio 

 
 



 
 

 
Terracon Consultants, Inc.      12460 Plaza Drive     Parma, Ohio 

P (216) 459-8378     F (216) 459-8954     terracon.com 

REPORT C OVER LETTER  TO SIGN  

June 22, 2020 

7X Energy 
3809 Juniper Trace, Suite 100 
Austin, Texas 78738 

Attn: Mr. Rich Clark – Senior Director, Engineering 
P: (866) 298-1632, ext. 109 
E: Rich.Clark@7x.energy 

Re: Preliminary Geotechnical Engineering Report 
Arche Fulton County Solar 
Fayette, Fulton County, Ohio 
Terracon Project No. N6195224 

Dear Mr. Clark: 
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subsurface exploration and provides geotechnical recommendations concerning earthwork and the 
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Sincerely, 
Terracon Consultants, Inc. 

 

 

 

Daniel R. Pratt, P.E., P.G. Thomas F. McDonnell, P.E. 
Project Engineer Principal 
 

 

SME Reviewer: Arin Barkataki, P.E. (TX) 



 

Responsive ■ Resourceful ■ Reliable  1 

REPORT TOPICS 

INTRODUCTION ............................................................................................................. 1 
SITE CONDITIONS ......................................................................................................... 1 
PROJECT DESCRIPTION .............................................................................................. 2 
GEOTECHNICAL CHARACTERIZATION ...................................................................... 3 
GEOTECHNICAL OVERVIEW ....................................................................................... 5 
EARTHWORK ................................................................................................................ 6 
FOUNDATIONS ............................................................................................................ 10 
SEISMIC CONSIDERATIONS ...................................................................................... 18 
PAVEMENTS ................................................................................................................ 18 
CORROSIVITY ............................................................................................................. 20 
GENERAL COMMENTS ............................................................................................... 21 
FIGURES ...................................................................................................................... 23 
 

 
Note: This report was originally delivered in a web-based format. Orange 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 
GeoReport logo will bring you back to this page. For more interactive features, please view your project online at 
client.terracon.com. 
 
ATTACHMENTS 

EXPLORATION AND TESTING PROCEDURES 
SITE LOCATION AND EXPLORATION PLANS 
EXPLORATION RESULTS 
SUPPORTING INFORMATION 

Note: Refer to each individual Attachment for a listing of contents. 

 



 

Responsive ■ Resourceful ■ Reliable  1 

INTRODUCTION  

Preliminary Geotechnical Engineering Report 
Arche Fulton County Solar 

Fayette, Fulton County, Ohio 
Terracon Project No. N6195224 

June 22, 2020 

 
INTRODUCTION 

This report presents the results of our subsurface exploration and geotechnical engineering 
services performed for the proposed 100 Megawatt (MW) AC photovoltaic (PV) solar power facility 
to be located in Fulton County, Ohio. The purpose of these services is to provide information and 
geotechnical engineering recommendations relative to: 

■ Subsurface Soil Conditions ■ Groundwater Considerations 
■ Foundation Design and Construction ■ Seismic Site Classification per IBC 
■ Site Preparation and Earthwork ■ Aggregate Surface Access Roadways 

 
The geotechnical engineering scope of services for this project included the advancement of 50 
test borings (i.e., B-01 through B-50) to a depth of 15 feet below existing site grades.  Field 
electrical resistivity and laboratory testing for thermal resistivity and corrosion potential were also 
performed.   

Maps showing the site and boring locations are shown in the Site Location and Exploration 
Plans section. The results of the laboratory testing performed on soil samples obtained from the 
site during the field exploration are included on the boring logs and/or as separate graphs in the 
Exploration Results section. 

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

SITE CONDITIONS 

The following description of site conditions is derived from our site visit in association with the 
field exploration and our review of publicly available geologic and topographic maps.   

Item Description 

Parcel Information 

The project is located within an approximate 1,000-acre area east of Fayette, 
Fulton County, Ohio.  Based on output of 100MWac, we anticipate the developed 
area of the site will be about 700 acres. 

Approximate coordinates of center of site: 41.6737°, -84.2942° (See Site 
Location) 
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Item Description 
Existing 
Improvements 

Parcels currently under consideration for development are being used primarily 
for agricultural purposes and are undeveloped. 

Current Ground 
Cover Crops, bare soil, or moderately wooded. 

Existing Topography 

Surface grades at the site are approximately 790 feet, MSL near the northwest 
corner of the planned development area and slope downward to an elevation of 
approximately 730 feet, MSL near the southeast corner of the planned 
development area. 

Geology 

Our experience near the vicinity of the proposed development and our review of 
geologic maps indicate subsurface conditions consist of over 100 feet of 
predominately cohesive soils overlying Mississippian aged Coldwater Shale. 
 
The findings of the subsurface exploration are consistent with these expectations 
within the depth explored. 

 

PROJECT DESCRIPTION 

Our understanding of the project conditions is as follows: 

Item Description 

Information Provided 

An emailed request for proposal and aerial view of the preliminary site 
boundary was provided to Terracon from 7X on October 29, 2019. On 
February 24, 2020, Terracon received from 7X an email that indicated 
that 8 California Bearing Ratio (CBR) tests were to be added to the scope 
of work and the pile load testing was to be removed from the scope of 
work. Additionally, planned boring locations were forwarded via a Google 
Earth™ kmz file. 

Project Description Construction of an approximate 100-Megawatt (MWac) solar facility. 

Proposed Structures 

Not provided. Anticipated to be photovoltaic panels supported on steel 
racking system founded on wide flange piles (W6x9 or similar) or other 
proprietary sections. Substation location is unknown at this time and so 
no recommendations are provided for the substation. 

Maximum Loads 

Structural loads were not provided, but have been estimated based on 
our experience on projects using single-axis, tracking rack systems: 

Downward: 1.5 to 4 kips 
Lateral 1 to 3.5 kips 
Uplift: 1.5 kips (exclusive of frost heave loads) 

Grading/Slopes Finish design grades are anticipated to be within 2 feet of existing grades.  
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Item Description 
Estimated Start of 
Construction Summer 2020 

GEOTECHNICAL CHARACTERIZATION 

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 logs. The individual logs can be found in the 
Exploration Results section and the GeoModel can be found in the Figures section 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 location, refer to the GeoModel. 

Model 
Layer Layer Name General Description 

1 Topsoil 2" to 14" of topsoil 

2 Cohesive 1 Lean to fat clay, very soft to soft 
3 Cohesive 2 Lean to fat clay, medium stiff to hard 
4 Granular 1 Silt, sand, and gravel, very loose to loose 

5 Granular 2 Silt, sand, and gravel, medium dense to very dense 
 

Static groundwater was measured during drilling operations and at completion of drilling. 
Groundwater observations are summarized in the following table. 

Boring 
Location 

Depth to Groundwater 
During Drilling (ft) 1 

Depth to Groundwater at 
Drilling Completion (ft) 1 

B-01 14 - 
B-02 9.5 - 
B-03 12.5 - 
B-04 - - 
B-05 6 - 
B-06 13 14 
B-07 - - 
B-08 9 14 
B-09 4.5 13 
B-10 14.5 15 
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Boring 
Location 

Depth to Groundwater 
During Drilling (ft) 1 

Depth to Groundwater at 
Drilling Completion (ft) 1 

B-11 14 - 
B-12 9.5 10 
B-13 - - 
B-14 - - 
B-15 4.5 11 
B-16 - - 
B-17 13.5 - 
B-18 4 7 
B-19 9 - 
B-20 - - 
B-21 - - 
B-22 - - 
B-23 9 - 
B-24 - - 
B-25 - - 
B-26 - - 
B-27 7 - 
B-28 6 - 
B-29 6 11.5 
B-30 - - 
B-31 6.5 12.5 
B-32 3 - 
B-33 3.5 - 
B-34 3.5 - 
B-35 14.5 - 
B-36 8 - 
B-37 - - 
B-38 6 - 
B-39 4.5 7.5 
B-40 4.5 11 
B-41 6 6.5 
B-42 4.5 12.5 
B-43 6.5 - 
B-44 4.5 - 
B-45 9.5 11.5 
B-46 9 - 
B-47 11 13 
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Boring 
Location 

Depth to Groundwater 
During Drilling (ft) 1 

Depth to Groundwater at 
Drilling Completion (ft) 1 

B-48 7.5 - 
B-49 9 - 
B-50 5 - 
1. “-“ indicates that no groundwater was observed 

 

These observations represent short-term groundwater conditions at the time of the field 
exploration and may not be indicative of other times, or at other locations.  Groundwater conditions 
can change with varying seasonal and weather conditions, and other factors.  

GEOTECHNICAL OVERVIEW 

50 borings were completed for the preliminary phase of the project. The subsurface conditions 
encountered in the preliminary borings generally consisted of glacially derived deposits extending 
to the maximum depth explored (i.e., 15 feet below ground surface). The consistency of native 
cohesive soils ranged from very soft to hard. The relative density of native granular soils ranged 
from very loose to very dense. 

Cobbles and boulders are commonly found in glacially deposited soil. The dimensions of the 
sampling equipment may preclude sampling particles larger than 2-inch in diameter. Therefore, it is 
possible that piles driven into the overburden soils can encounter refusal (due to cobbles and 
boulders) on some of the parcels across the facility site, especially in the vicinity of borings B-03, B-
04, and B-06 through B-08 where sampler refusal was encountered at depths of 14 to 15 feet. It 
is also anticipated that pre-drilling of undersized holes and backfilling with soil cuttings may be 
required to accommodate pile installation in areas where driving piles is difficult.  

Understanding that driven piles are the preferred foundation system for a solar PV project, and 
the presence of cobbles and boulders within the anticipated foundation driving depth, we 
recommend a pile driving and testing program be developed to assess the difficulty of piles 
penetrating the onsite soils. 

Design recommendations and construction considerations for the solar PV panel foundations are 
presented in the Foundations section of this report. 

We recommend lightly-loaded ancillary equipment be supported on concrete support slabs (mat 
foundations) underlain by at least a 12-inch thickness of Non-Frost Susceptible (NFS) material, 
Structural Fill or Crushed Stone placed on either native material or compacted fill placed for site 
grading.  Grading within the equipment pads should incorporate the limits of the proposed 
structures plus a minimum lateral extent of 1 foot. Design recommendations and construction 
considerations for the slabs are presented in the Foundations section of this report.  
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Terracon should be retained during the final geotechnical engineering services and construction 
phase of the project to observe earthwork and to perform necessary tests and observations during 
subgrade preparation; proof-rolling; placement and compaction of controlled compacted fill; 
backfilling of excavations in the completed subgrade; and for construction of foundations. 

Preliminary recommendations contained in this report are based upon the data obtained from the 
limited number of test borings. This report does not reflect conditions between the points 
investigated, or between sampling intervals in test borings. The nature and extent of variations 
between test borings and sampling intervals may not become evident until the course of 
construction. A detailed subsurface geotechnical investigation should be completed prior to final 
design and construction to assess localized subsurface conditions at proposed structure 
locations. 

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

EARTHWORK 

Earthwork will include clearing and grubbing as well as grading, excavation, and fill placement. 
The following sections provide recommendations for use in the preparation of specifications for 
the work. Recommendations include critical quality control criteria as necessary to prepare the 
site subsurface conditions consistent with the conditions considered in our geotechnical 
engineering evaluation for slabs/mats, and aggregate surfaced roadways. 
 
Site Preparation 

The sites are mostly fields with some wooded areas.   It is our understanding minimal grading will 
be performed within the solar arrays and the proposed grades will generally follow existing natural 
ground elevations.  Therefore, in areas where little or no regrading of the site is required it may 
be possible to selectively remove the trees and brush only, leaving the topsoil and grass. 
 
In areas where placement of fill will be required, and within the future shallow foundation and 
roadway areas, the site should be cleared and grubbed to remove stumps, roots, grass, topsoil, 
organic laden soil, organic matter, and any rubble or debris encountered.  When trees are 
removed, the entire root ball should be excavated such that the remaining roots measure 1 inch 
in diameter or less. The excavation created for the tree removal should be sloped to allow 
compaction equipment to achieve uniform backfill compaction.  

Topsoil measurements were made at the boring locations and are reported on the boring logs; 
however, stripping depths at or between our boring locations and across the site could vary 
considerably.  We recommend that actual stripping depths be evaluated by a representative of 
Terracon or other qualified geotechnical engineer during construction to aid in preventing removal 
of excess material.   
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The subgrade should be proofrolled with an adequately loaded vehicle such as a fully-loaded 
tandem-axle dump truck. The proofrolling should be performed under the direction of the 
Geotechnical Engineer. Areas excessively deflecting under the proofroll should be delineated and 
subsequently addressed by the Geotechnical Engineer. Such areas should either be removed or 
modified. Excessively wet or dry material should either be removed, or moisture conditioned and 
recompacted.   

Over-excavations should be backfilled with Structural Fill material placed and compacted in 
accordance with the Earthwork section of this report. Subgrade preparation and selection, 
placement, and compaction of Structural Fill should be performed under engineering-controlled 
conditions in accordance with the project specifications. 

Reuse of On-Site Materials 

The natural moisture contents for the samples (mixtures of clay, silt, sand and gravel) tested 
ranged from 6 to 44 percent, with an average value of approximately 21 percent. Atterberg Limits 
tests indicate the plasticity of the soil tested to be low. The Proctor tests indicate optimum water 
contents of 10 to 22 percent required to achieve a maximum dry density of 101 to 124 pcf. Please 
note that the moisture tests were performed on samples obtained from the split-spoon sampler, 
which may not be completely representative of the in-situ material moisture content.  

Silt and silty soils were encountered throughout the project site. These materials are not 
recommended for reuse as Structural Fill due to difficult compaction characteristics and stability 
issues at higher moistures.  Where encountered during excavation or grading, we recommend 
that materials consisting primarily of silt be segregated from the more granular materials and 
reused in non-structural, landscaped areas. 

Fill Material Types 

Fill required to achieve design grades should meet the following material property requirements: 

Soil Type 1 USCS Classification Acceptable Parameters 

Native Cohesive CL, CL-ML, CH 2 All locations and elevations  

Native Granular 3 
SC-SM, SM, SP, SC, 

GW, ML, MH 

All locations and elevations with the exception that 
silt (ML, MH) soils should not be used for fill within 2 
feet of the slab’s finished subgrade elevations due to 

frost heave concerns 
Imported Granular 

Material 3 
GW, GM, GC, 
SW, SM, SC All locations and elevations 
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Soil Type 1 USCS Classification Acceptable Parameters 

1. Structural fill should consist of approved materials free of organic matter and debris. Frozen material should not 
be used, and fill should not be placed on a frozen subgrade. A sample of each material type should be submitted 
to the Geotechnical Engineer for evaluation prior to use on this site. 

2. CH soils should not be used within 3 feet of finished grade in slab areas. 
3. Maximum particle size of 3 inches. 

 
Fill Compaction Requirements 

Structural fill should meet the following compaction requirements.   

Item Description 

Maximum fill lift thickness 
 8 inches or less in loose thickness when heavy, tamping 

foot or vibratory drum compaction equipment is used 
 4 inches or less in loose thickness when hand-guided 

equipment (i.e. jumping jack or plate compactor) is used 

Minimum compaction requirements1 
95% of the material’s standard Proctor maximum dry density 
(ASTM D 698) 

Moisture content – low plasticity 
cohesive soils 

Within the range of -1% to + 3% of the optimum moisture 
content as determined by the standard Proctor test at the time of 
placement and compaction 

Moisture content – well graded 
granular material containing little or 
no silt 

Workable moisture contents2 

1. We recommend that compacted structural fill be tested for moisture content and compaction during placement.  
Should the results of the in-place density tests indicate the specified moisture or compaction limits have not been 
met, the area represented by the test should be reworked and retested as required until the specified moisture 
and compaction requirements are achieved. 

2. Sufficient to achieve satisfactory compaction without the material pumping when proof rolled. 
 
Utility Trench Backfill 

Trench excavations should be made with sufficient working space to permit construction including 
backfill placement and compaction.  As utility trenches can provide a conduit for groundwater flow, 
trenches should be backfilled with material that approximately matches the permeability 
characteristics of the surrounding soil. Consideration should be given to installing seepage collars 
and/or check dams to reduce the likelihood of migration of water through the trenches. 
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Grading and Drainage 

Adequate drainage should be provided at the site to reduce the likelihood of an increase in 
moisture content of the foundation soils.  Surface drainage would likely consist of limited swales 
to control erosion and flow of runoff towards the equipment.  

Earthwork Construction Considerations 

Excavations for the bearing grade of the proposed project can be achieved with conventional 
construction equipment. Although the exposed soil subgrade is anticipated to be relatively stable 
upon initial exposure, unstable subgrade conditions could develop during general construction 
operations, particularly if the soils are wetted and/or subjected to repetitive construction traffic. 
Should unstable subgrade conditions develop, stabilization measures will be required.  

The Civil Engineer should also consider shallow placement of underground utilities if possible, to 
minimize excavation costs.  
  
Upon completion of filling and grading, care should be taken to maintain the subgrade water 
content prior to construction of slabs. Construction traffic over the completed subgrades should 
be avoided. The site should also be graded to prevent ponding of surface water on the prepared 
subgrades or in excavations. Water collecting over, or adjacent to, construction areas should be 
removed. If the subgrade freezes, desiccates, saturates, or is disturbed, the affected material 
should be removed, or the materials should be scarified, moisture conditioned, and recompacted, 
prior to slab construction. 
 
As a minimum, temporary excavations should be sloped or braced, as required by Occupational 
Safety and Health Administration (OSHA) regulations, to provide stability and safe working 
conditions.  The contractor is usually responsible for designing and constructing stable, temporary 
excavations and should shore, slope or bench the sides of the excavations, as required, to 
maintain stability of both the excavation sides and bottom.  All excavations should comply with 
applicable local, State, and federal safety regulations, including the current OSHA Excavation and 
Trench Safety Standards. 
 
Construction site safety is the sole responsibility of the contractor who controls the means, 
methods, and sequencing of construction operations. Under no circumstances shall the 
information provided herein be interpreted to mean Terracon is assuming responsibility for 
construction site safety, or the contractor's activities; such responsibility shall neither be implied 
nor inferred. 

Construction Observation and Testing  

A qualified testing agency should be retained during the construction phase of the project to 
observe earthwork and to perform necessary tests and observations during subgrade preparation; 
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proof-rolling; placement and compaction of controlled compacted fills; backfilling of excavations 
in the completed subgrade; and for construction of foundations. 
 
Each lift of compacted fill should be tested, evaluated, and reworked as necessary until approved 
by the Geotechnical Engineer prior to placement of additional lifts. Each lift of fill should be tested 
for density and water content at a frequency of at least one test for every 5,000 square feet of 
compacted fill in open areas and every 50 linear feet of compacted utility trench backfill. 
In areas of foundation excavations, the bearing subgrade should be evaluated under the direction 
of the Geotechnical Engineer. If unanticipated conditions are encountered, the Geotechnical 
Engineer should prescribe mitigation options.  

In addition to the documentation of the essential parameters necessary for construction, the 
continuation of the Geotechnical Engineer into the construction phase of the project provides the 
continuity to maintain the Geotechnical Engineer’s evaluation of subsurface conditions, including 
assessing variations and associated design changes. 

FOUNDATIONS 

We recommend the photovoltaic panels be supported on driven steel pile foundations which 
should be structurally designed to resist compression, uplift, and bending forces.  
 
Lightly-loaded ancillary equipment may be supported on concrete support slabs underlain by at 
least a 12-inch thickness of NFS material, Structural Fill, or Crushed Stone placed on either the 
native material or compacted fill placed for site grading, the surface of which should be proof-
rolled. All grading within the equipment pads should incorporate the limits of the proposed 
structures plus a minimum lateral extent of 1 foot.   
 
Design recommendations and construction considerations for the recommended foundation 
systems are presented below. 
 
Driven Piles 

Adfreeze Stress 

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 
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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: 

■ 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 2.5 feet 
below ground surface should be considered when determining the frost heave load on a pile.

Uplift forces will govern the design and length of the drilled and grouted 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.

Driven Pile Construction Considerations

Borings B-03, B-04, and B-06 through B-08 encountered sampler refusal at depths of 14 to 15 
feet. Cobbles and boulders are generally found in glacially deposited soil and should be 
anticipated.  Pile installation via conventional methods – such as driving into undisturbed soils 
may encounter difficulty at some locations and may result in early refusal and inadequate 
penetration, or else may cause excessive pile deflection, rotation or torsional rotation.  We 
recommend a pile driving and testing program be developed to assess the difficulty of piles 
penetrating the soil conditions.  

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 be
necessary to complete pre-drilled holes to their design depth.

Boring B-15 encountered very soft, highly organic material at a depth of approximately 5 to 9
feet. Piles in the vicinity of the B-15 location may need to be driven to deeper than typical
embedment depths.

Undersize Holes Design Recommendations

In areas of driven pile refusal prior to reaching the desired pile depth, it may be appropriate to
pre-drill an undersized hole. The predrilled hole may then be backfilled with the cuttings, provided
cobbles and boulders are culled from the material. The objective of pre-drilling an undersized hole
is to facilitate the driving of the web without disturbing the native soils supporting the flanges.
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Axial Pile Capacities 

The ultimate axial capacity of the straight sided pile in compression can be determined by the 
following equation: 
 

Qu = Qs + Qp = fAs + qAp 

Where: 
Qu = ultimate axial capacity in compression (lb) 
Qs = ultimate skin-friction resistance (lb) 
Qp = ultimate end bearing (lb) 
f =   ultimate unit stress transfer in skin friction (lb/ft2) 
q =  ultimate unit stress transfer in end bearing (lb/ft2) 
As = side surface area of the pile (ft2) 
Ap = gross end area of the pile (ft2)  
 

The ultimate unit skin friction was determined using the soil strength parameters based on our 
field and laboratory testing and published correlations. The following preliminary geotechnical 
design parameters were used to estimate the capacity of driven W-section pile foundations. These 
values should be revised as necessary based on the results of the detailed subsurface conditions 
to develop parameters suitable to prepare a full-scale pile load testing program which is 
recommended as part of the overall project design.  Final design values will vary from the 
preliminary estimates below. 
 

Description Depth 
(feet bgs) 

Ultimate Unit Skin 
Friction (psf) 1 

Ultimate End Bearing 
Capacity (lbs) 

Stratum 1 0 – 2.5 N/A N/A 

Stratum 2 2.5 – 6 245 250 

Stratum 3 6 – 15 600 500 

1. The upper 2.5 feet should be neglected in pile design due to frost heave. 
 
The recommended geotechnical design parameters in this table are based on average conditions 
encountered in our borings. Additional subsurface exploration and pile load testing should be 
performed to determine actual design parameters across the site. 
 
The axial tensile (pull-out) capacity is developed from skin friction while the axial compressive 
capacity is developed from skin friction and end bearing.  The above indicated ultimate skin friction 
and end bearing capacity values should be used with a FOS of 2..  The skin friction perimeter should 
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be calculated using the perimeter of the pile which equals twice the sum of the flange width and 
web depth.  The upper 2.5 feet of soil should be neglected when calculating skin friction due to 
the frost heave depth. 
 
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.  If the piles 
are designed using the above parameters, settlements are not anticipated to exceed 1 inch. 
 
Lateral Analyses 

Parameters for use in lateral analyses using LPILE are presented in the following table:  
 

Description Depth 
(feet bgs) 

LPILE  
Soil Type 

Effective 
Unit Weight 

(pcf) 

Undrained 
Cohesion, c 

(psf) 

Friction 
Angle 
(deg.) 

Strain 
Factor,  
ε50 

Stratum 1 0 – 2.5 
Stiff Clay 

without Free 
Water (Reese) 

120 500 --- default 

Stratum 2 2.5 – 6 
Stiff Clay 

without Free 
Water (Reese) 

125 1,500 --- default 

Stratum 3 6 – 10 
Stiff Clay 

without Free 
Water (Reese) 

68 3,500 --- default 

Stratum 4 10 – 15 
Stiff Clay 

without Free 
Water (Reese) 

68 4,500 --- default 

 

Shallow Foundations 

If the site has been prepared in accordance with the requirements noted in Earthwork, the 
following design parameters are applicable for shallow foundations.  

Design Parameters – Compressive Loads 

Item Description 
Maximum net allowable bearing pressure 1, 2 2,500 psf 

Required bearing stratum 3 
Suitable native soils; medium stiff or better cohesive 
soils, medium dense or better relative density granular 
soils, or new, controlled fill. 



Preliminary Geotechnical Engineering Report 
Arche Fulton County Solar ■ Fayette, Fulton County, Ohio 
June 22, 2020 ■ Terracon Project No. N6195224 
 
 

Responsive ■ Resourceful ■ Reliable  14 

Item Description 

Minimum foundation dimensions 
Isolated: 30 inches 
Continuous: 18 inches  

Ultimate passive resistance 4 
(equivalent fluid pressures) 

250 pcf 

Ultimate coefficient of sliding friction 5 0.30 (Concrete on approved native soils or compacted 
Structural Fill) 

Minimum embedment below 
finished grade 6 

30 inches 

Estimated total settlement from structural 
loads 2 Less than about 1 inch 

1. The maximum net allowable bearing pressure is the pressure in excess of the minimum surrounding 
overburden pressure at the footing base elevation.  The allowable bearing pressure may be increased by 
one-third when considering the alternative load combinations of Section 1605.3.2 of the 2015 International 
Building Code, however, it should not be increased when loads are determined by the basic allowable 
stress design load combinations of Section 1605.3.1.  

2. Values provided are for maximum loads noted in Project Description.   
3. Unsuitable or soft soils should be overexcavated and replaced according to the recommendations 

presented in Earthwork. 
4. Use of passive earth pressures require the sides of the excavation for the spread footing foundation to be 

nearly vertical and the concrete placed neat against these vertical faces or that the footing forms be 
removed and compacted structural fill be placed against the vertical footing face.   

5. Can be used to compute sliding resistance where foundations are placed on suitable soil/materials.  Should 
be neglected for foundations subject to net uplift conditions. Should be neglected if passive pressure is 
used to resist lateral loads. 

6. Embedment necessary to resist the effects of frost and/or seasonal water content variations.  For sloping 
ground, maintain depth below the lowest adjacent exterior grade within 5 horizontal feet of the structure. 

7.  

Foundation Construction Considerations 

As noted in Earthwork, the footing excavations should be evaluated under the direction of the 
Geotechnical Engineer. The base of all foundation excavations should be free of water and loose 
soil, prior to placing concrete. Any large cobbles and/or boulders encountered beneath the 
proposed foundations at the bearing grade elevation shall be removed from the bearing surface 
as necessary to avoid point-bearing, and then backfilled with properly compacted structural fill. 

Concrete should be placed soon after excavating to reduce bearing soil disturbance. Care should 
be taken to prevent wetting or drying of the bearing materials during construction. Excessively 
wet or dry material or any loose/disturbed material in the bottom of the footing excavations should 
be removed/reconditioned before foundation concrete is placed. Placement of a lean concrete 
mud-mat over the bearing soils should be considered if the excavations must remain open for an 
extended period. 
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If unsuitable bearing soils are encountered at the base of the planned footing excavation, the 
excavation should be extended deeper to suitable soils. The footings could then bear directly on 
these soils at the lower level or on lean concrete backfill placed in the excavations. This is 
illustrated on the sketch below. 

 

As an alternative, the footings could also bear on properly compacted structural backfill extending 
down to suitable soils. Over-excavation for compacted Structural Fill placement below footings 
should extend laterally beyond all edges of the footings at least 8 inches per foot of over-
excavation depth below footing base elevation. Over-excavation for Structural Fill placement 
below footings should be conducted as shown below. The over-excavation should be backfilled 
up to the footing base elevation as recommended in the Earthwork section.  
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Mat Foundations 

Design Parameters – Compressive Loads 

Reinforced concrete support slabs (mat foundations) are recommended to support the proposed 
lightly loaded ancillary equipment with small footprints. We recommend concrete slabs have 
thickened edges with a minimum embedment depth to the bottom edge of 12 inches below 
finished grade.  It is our opinion the thickened edge may help in both confining the aggregate 
placed beneath the slab and minimizing the potential for erosion and foundation damage from 
storm runoff.    
 
If the site has been prepared in accordance with the requirements noted in Earthwork, the 
following design parameters are applicable. 
 

Item Description 
Foundation Type Mat Foundation  
Maximum Net Allowable  

Bearing Pressure1, 2 
2,500 psf  

Required Bearing Stratum2 

Minimum 12-inch thickness of NFS material, 
Structural Fill, or Crushed Stone placed on either the 
native material or compacted fill placed for site 
grading, the surface of which should be proof-rolled.  
Bearing material should extend a minimum of 12 
inches beyond the edges of the foundations.   

Foundation Dimensions 
■ Mat foundations of unknown dimensions.  
■ Minimum foundation depth of 12 inches for 

thickened edges. 

Ultimate Coefficient of Sliding Friction3 0.50  

Minimum Embedment below 

Finished Grade4 

■ Base of NFS material will need to be placed at 
least 30 inches deep to reduce the effects of 
freeze-thaw. Alternately, the slab (mat) could 
be designed to allow movement due to frost 
action. 

■ Minimum 12 inches for thickened edges. 
Estimated Total Settlement from Structural 
Loads Less than about 1 inch 
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Item Description 
1. The maximum net allowable bearing pressure is the pressure in excess of the minimum surrounding 

overburden pressure at the footing base elevation. An appropriate factor of safety has been applied.  The 
allowable bearing pressure may be increased by one-third when considering the alternative load 
combinations of Section 1605.3.2 of the 2015 International Building Code, however, it should not be 
increased when loads are determined by the basic allowable stress design load combinations of Section 
1605.3.1.  

2. Unsuitable or soft soils should be over-excavated and replaced per the recommendations presented in the 
Earthwork. 

3. Can be used to compute sliding resistance where foundations are placed on suitable soil/materials. Should 
be neglected for foundations subject to uplift conditions. A factor of safety of at least 1.5 should be applied 
to the sliding resistance. 

4. Slab foundations will move due to freeze-thaw effects. Base of NFS material will need to be placed at least 
30 inches deep to significantly reduce the effects of freeze-thaw. Alternately, the slab could be designed to 
allow movement due to frost action. 

 
Foundations should be reinforced as necessary to reduce the potential for distress caused by 
differential foundation movement. Other details including treatment of loose foundation soils, 
superstructure reinforcement and observation of foundation excavations as outlined in the 
Earthwork section of this report are applicable for the design and construction of a mat 
foundation. 
 
For structural design of mat foundations, a Modulus of Subgrade Reaction (Kv1) of 90 pounds per 
cubic inch (pci) may be used.  The Modulus of Subgrade Reaction (Kv) for the mat is not a constant 
for a given soil1.  It depends on several factors, such as length and width of the foundation.  
Typically, the value of the Kv decreases with the width of the foundation and would vary according 
to the following equation: 
 

■ Kv = Kv1 * ((B+1)/(2*B))2 Foundations on Structural Fill 
 

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

 
Mat Foundation Construction Considerations 

On most sites, the site grading is generally accomplished early in the construction phase. 
However, as construction proceeds, the subgrade may be disturbed by foundation excavations, 
construction traffic, rainfall, etc. As a result, the subgrade may not be suitable for placement of 
fill, and corrective action will be required. 
 
We recommend the area underlying the mat foundation be rough graded and proof-rolled with a 
vibratory roller or heavy plate compactor prior to final grading and placement of Structural Fill. 

                                                

1 Principle of Foundation Engineering, 3rd Edition, Braja M. Das; pgs. 260-265.  
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Subgrades with fine-grained soils may need to be proof-rolled/compacted in static mode to avoid 
disturbance. Attention should be paid to high traffic areas that were rutted and disturbed earlier 
and to areas previously filled or backfilled. Areas where unsuitable or unstable conditions are 
located should be repaired by replacing the affected material with properly compacted Structural 
Fill, as necessary. Surface drainage should be provided away from the edge of foundations to 
reduce moisture transmission into the subgrade.  

SEISMIC CONSIDERATIONS 

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 encountered at the site and as described on the exploration logs and 
results, it is our professional opinion that the Seismic Site Classification is D. Subsurface 
explorations at this site were extended to a maximum depth of 15 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. 

PAVEMENTS 

General Comments 

Surficial materials below the topsoil at the site consist of very loose to loose mixtures of silt and 
sand or soft to medium stiff lean clays with varying fractions of sand. It is expected that the 
proposed site grades will be established near the existing site grades using engineered fill 
material similar to the surficial soils to level the planned haul road areas.   

We understand that haul roads consist of aggregate sections with no asphalt or concrete surface.  
Recommendations are presented below for two alternative aggregate sections:  one assuming 
the aggregate section placed over stable, proofrolled native subgrade materials; the second for 
the case where achieving a stabilized subgrade may be difficult or not possible due to weather 
conditions at the time of construction. 

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 
ponding of water on or within proximity to the drive area, which will shorten the life of the unpaved 
roadways.  
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The aggregate sections presented in this report are considered minimal sections based upon the 
expected traffic and the composite subgrade conditions; however, they are expected to function 
with periodic maintenance if good drainage is provided and maintained. 
 
Aggregate Section Over Stable Subgrade 

The haul road subgrades should be prepared in accordance with the recommendations provided 
in the Earthwork section, above, including proof-rolling and removal/replacement of soft/unstable 
areas identified by the proof-rolling.  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.  
For subgrades prepared in accordance with the Earthwork section, we recommend that the 
aggregate section consist of a minimum 9 inches of ODOT Item 304 Aggregate Base compacted 
to 98 percent of its maximum dry density as determined by the ASTM D1557 test procedure 
(Modified Proctor Test).   

To maintain surface drainage, the subgrade should have a minimum ¼-inch per foot slope and 
the final grade adjacent to the road should slope down from road edges at a minimum of 2 percent.  

Aggregate Section Over Weak Subgrades 

The requested pervious haul road could also be established over a relatively weak subgrade with 
California Bearing Ratio (CBR) values less than 3, which would allow placement of the roadway 
section over on-site soils with minimal subgrade preparation activities, without the need for proof-
rolling with heavy construction equipment.   

For this scenario, we recommend that the aggregate section consist of a minimum of 12 inches 
of compacted ODOT Item 304 Aggregate Base placed over high-performance geotextile Mirafi 
RS380i, or equivalent, installed over the existing subgrade. The high-performance geotextile will 
provide reinforcement strength to the aggregate material and will limit migration from the 
underlying subgrade, which may contribute to its degradation and loss of strength. 

In areas where fill materials are required to level the proposed pavement subgrade, we 
recommend that these fill materials be compacted at least to the density of the existing subgrade 
soils. 
 
Access Road Maintenance 

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 
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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. 

CORROSIVITY 

The table below lists the results of laboratory soluble sulfate, sulfites, soluble chloride, electrical 
resistivity, pH, and Red-Ox testing. The values may be used to estimate potential corrosive 
characteristics of the on-site soils with respect to contact with the various underground materials 
which will be used for project construction. 

Corrosivity Test Results Summary 

Boring 
Sample 
Depth 
(feet) 

Soil Description pH 
Soluble 
Sulfate 
mg/Kg 

Sulfites 
mg/Kg 

Chlorides 
mg/Kg 

Red-Ox 
(mV) 

Electrical 
Resistivity 

(Ω-cm) 

B-01 0-4 Sandy Lean Clay 7.06 81 Nil 28 674 2,144 

B-08 0-4 Sandy Lean Clay 7.16 78 Nil 55 675 1,876 

B-10 0-4 Sandy Lean Clay 7.17 133 Nil 50 674 3,350 

B-11 0-4 Silty Sand 7.09 34 Nil 27 680 6,700 

B-13 0-4 Lean Clay with Sand 7.59 94 Nil 33 678 3,685 

B-20 0-4 Sandy Lean Clay 7.47 119 Nil 58 675 1,474 

B-26 0-4 Sandy Lean Clay 7.49 69 Nil 42 674 2,144 

B-28 0-4 Sandy Lean Clay 7.29 79 Nil 50 676 3,551 

B-32 0-4 Silty Clayey Sand 7.69 72 Nil 38 677 3,685 
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Corrosivity Test Results Summary 

Boring 
Sample 
Depth 
(feet) 

Soil Description pH 
Soluble 
Sulfate 
mg/Kg 

Sulfites 
mg/Kg 

Chlorides 
mg/Kg 

Red-Ox 
(mV) 

Electrical 
Resistivity 

(Ω-cm) 

B-36 0-4 Sandy Lean Clay 7.44 70 Nil 37 675 1,943 

B-38 0-4 Lean Clay 7.71 103 Nil 40 676 3,484 

B-42 0-4 Sandy Lean Clay 7.65 165 Nil 60 675 2,479 

B-45 0-4 Sandy Lean Clay 7.74 82 Nil 75 677 3,752 

B-50 0-4 Sandy Lean Clay 7.68 148 Nil 40 676 2,747 
 
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 a potential deterioration or 
corrosion situation for driven 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) 
 chloride content greater than 500 ppm 

 
Based upon the results of the soils tested at the site, the soil may be classified as having a low 
corrosion potential to steel, except at B-08, B-20, and B-36 where the electrical resistivity is less 
than 2,000 ohm-cm. 

Results of soluble sulfate testing indicate that ASTM Type II Portland cement will be required for 
concrete on and below grade in the vicinity of B-42. There are no cement type restrictions for the 
remainder of the site. For the majority of the site, foundation concrete should be designed for a 
sulfate exposure class S0 in accordance with Table 19.3.1.1 of the ACI 318–14 Manual of 
Concrete Practice. However, the sulfate exposure class is S1 in the vicinity of B-42. Concrete 
should be designed in accordance with the provisions of the ACI 318, Chapters 19 and 26. 

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 
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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 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 

Number of Borings Boring Depth (feet) Planned Location 

50 14 to15 Within PV array areas 
 
Boring Layout and Elevations: Unless otherwise noted, Terracon personnel provided the boring 
layout. Coordinates were obtained with a handheld recreational GPS unit (estimated horizontal 
accuracy of about ±10 feet) and approximate elevations were obtained by interpolation from the 
Google Earth™. 

Subsurface Exploration Procedures: We advanced the borings with a track-mounted rotary drill 
rig using continuous flight hollow stem augers. Four samples were obtained in the upper 10 feet of 
each boring and at intervals of 5 feet thereafter. 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-barrel sampling procedure, a standard 2-inch outer 
diameter split-barrel sampling spoon was driven into the ground by a 140-pound automatic hammer 
falling a distance of 30 inches. The number of blows required to advance the sampling spoon the 
last 12 inches of a normal 18-inch penetration is recorded as the Standard Penetration Test (SPT) 
resistance value. The SPT resistance values, also referred to as N-values, are indicated on the 
boring logs at the test depths. We observed and recorded groundwater levels during drilling and 
sampling. For safety purposes, all borings were backfilled with auger cuttings and bentonite chips 
upon completion.  

The sampling depths, penetration distances, and other sampling information was recorded on the 
field boring logs. 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. These field logs included visual classifications of the 
materials encountered during drilling and our interpretation of the subsurface conditions between 
samples. 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. 

Field (In-Situ) Electrical Resistivity:  Electrical resistivity surveys were performed at 14 
locations distributed throughout the project area (see Site Location and Exploration Plans). 
The surveys were performed in general accordance with the Wenner Four Point method (ASTM 
G57). Two mutually perpendicular arrays with “a” spacing of 2, 5, 10, 20, and 40 feet were 
performed at each location.  



Preliminary Geotechnical Engineering Report 
Arche Fulton County Solar ■ Fayette, Fulton County, Ohio 
June 22, 2020 ■ Terracon Project No. N6195224 
 
 

Responsive ■ Resourceful ■ Reliable  EXPLORATION AND TESTING PROCEDURES 2 of 2 

Laboratory Testing 

The project engineer reviewed the field data and assigned laboratory tests to understand the 
engineering properties of the various soil strata.  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.  

■ ASTM D2216 Standard Test Methods for Laboratory Determination of Water (Moisture) 
Content of Soil and Rock by Mass 

■ ASTM D4318 Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of 
Soils 

■ ASTM D422 Standard Test Method for Particle-Size Analysis of Soils 
■ ASTM 698 Standard Test Method for Laboratory Compaction Characteristics of Soil Using 

Standard Effort 
■ ASTM D1883 Standard Test Method for California Bearing Ratio (CBR) of Laboratory-

Compacted Soils 
 

The laboratory testing program included observation of soil samples by an engineer or geologist. 
Based on the material’s texture and plasticity, we described and classified the soil samples in 
accordance with the Unified Soil Classification System. 

Corrosivity Testing:  Bulk samples of near surface soils obtained from 14 boring locations were 
tested in the laboratory for the following properties:  
 

 pH Analysis  
 Chloride, Sulfate, and Sulfide Content  
 Oxidation-Reduction Potential  
 Electrical Resistivity Testing 

 
Laboratory Thermal Resistivity Testing:  Thermal resistivity tests were performed at 14 
locations, B-05, B-07, B-09, B-11, B-14, B-23, B-26, B-28, B-30, B-33, B-38, B-42, B-45, and B-
50. At each test location, Terracon collected one bulk sample obtained between depths of 0 and 
4 feet below existing grade. Additionally, an undisturbed sample was obtained at each boring 
location at depths of 4 feet. Each bulk sample was tested for thermal resistivity on samples 
remolded to 85 percent of the material’s maximum dry density as determined by test method 
ASTM D698 (Standard Proctor) and at the material’s natural water content. 
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SITE LOCATION
Arche Fulton County Solar ■ Fayette, OH ■ Terracon Project No. N6195224

TOPOGRAPHIC MAP IMAGE COURTESY OF THE U.S. GEOLOGICAL SURVEY
QUADRANGLES INCLUDE: FAYETTE, OH (1/1/1977).

DIAGRAM IS FOR GENERAL LOCATION ONLY, AND IS 
NOT INTENDED FOR CONSTRUCTION PURPOSES

SITESITE



EXPLORATION PLAN
Arche Fulton County Solar ■ Fayette, OH ■ Terracon Project No. N6195224

DIAGRAM IS FOR GENERAL LOCATION ONLY, AND IS 
NOT INTENDED FOR CONSTRUCTION PURPOSES

AERIAL PHOTOGRAPHY PROVIDED 
BY MICROSOFT BING MAPS
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Boring Logs (B-01 through B-50) 
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Results of Corrosion Analysis (4 pages) 
Thermal Analysis of Native Soil Samples (17 pages) 
Moisture Density Relationship (14 pages) 
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FIELD ELECTRICAL RESISTIVITY TEST RESULTS
Fulton Co. OH

Project No. N6195224

Field Electrical Resistivity Test Summary:

Date
Weather (recent days)
Brief Description of Terrain
Test Location

Current-
Potential Pin 

Spacing 
(feet)

Electrode 
Depth 

(inches)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

2 6 15.27 5800 12.24 4700
5 6 4.19 4000 4.22 4000

10 6 2.640 5100 2.620 5000
20 12 1.680 6400 1.712 6600
40 12 1.066 8200 1.062 8100

April 15, 2020

North-South Traverse East-West Traverse

Snow/rain up to 1/4"
Flat, Cover crop

41.6788 N -84.2986 W
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FIELD ELECTRICAL RESISTIVITY TEST RESULTS
Fulton Co. OH

Project No. N6195224

Field Electrical Resistivity Test Summary:

Date
Weather (recent days)
Brief Description of Terrain
Test Location

Current-
Potential Pin 

Spacing 
(feet)

Electrode 
Depth 

(inches)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

2 6 15.24 5800 13.92 5300
5 6 5.47 5200 5.10 4900

10 6 2.970 5700 2.960 5700
20 12 1.940 7400 1.946 7500
40 12 1.082 8300 1.124 8600

East-West Traverse

April 15, 2020
Snow/rain up to 1/4"

flat, Cover Crop
41.6762 N   -84.3004 W
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FIELD ELECTRICAL RESISTIVITY TEST RESULTS
Fulton Co. OH

Project No. N6195224

Field Electrical Resistivity Test Summary:

Date
Weather (recent days)
Brief Description of Terrain
Test Location

Current-
Potential Pin 

Spacing 
(feet)

Electrode 
Depth 

(inches)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

2 6 7.63 2900 6.50 2500
5 6 2.90 2800 2.90 2800

10 6 1.576 3000 1.614 3100
20 12 0.958 3700 0.980 3800
40 12 0.644 4900 0.658 5000

East-West Traverse

April 15, 2020
Snow/rain up to 1/4"

Flat, Bean field
41.6724 N   -84.2909 W

North-South Traverse
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FIELD ELECTRICAL RESISTIVITY TEST RESULTS
Fulton Co. OH

Project No. N6195224

Field Electrical Resistivity Test Summary:

Date
Weather (recent days)
Brief Description of Terrain
Test Location

Current-
Potential Pin 

Spacing 
(feet)

Electrode 
Depth 

(inches)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

2 6 16.08 6200 14.57 5600
5 6 4.90 4700 5.02 4800

10 6 2.710 5200 2.670 5100
20 12 1.482 5700 1.468 5600
40 12 0.802 6100 0.816 6300

East-West Traverse

April 15, 2020
Snow/rain up to 1/4"

Rolling hills,Terrain Slopes up towards west
41.6679 N   -84.2915 W

North-South Traverse
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FIELD ELECTRICAL RESISTIVITY TEST RESULTS
Fulton Co. OH

Project No. N6195224

Field Electrical Resistivity Test Summary:

Date
Weather (recent days)
Brief Description of Terrain
Test Location

Current-
Potential Pin 

Spacing 
(feet)

Electrode 
Depth 

(inches)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

2 6 8.44 3200 7.98 3100
5 6 3.57 3400 3.57 3400

10 6 1.916 3700 1.952 3700
20 12 1.162 4500 1.130 4300
40 12 0.764 5900 0.750 5700

East-West Traverse

April 16, 2020
Snow/rain up to 1/4"

Sloped Terrain, Slopes up to West
41.6736 N   -84.2828 W

North-South Traverse
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FIELD ELECTRICAL RESISTIVITY TEST RESULTS
Fulton Co. OH

Project No. N6195224

Field Electrical Resistivity Test Summary:

Date
Weather (recent days)
Brief Description of Terrain
Test Location

Current-
Potential Pin 

Spacing 
(feet)

Electrode 
Depth 

(inches)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

2 6 9.57 3700 8.81 3400
5 6 2.89 2800 2.89 2800

10 6 1.610 3100 1.566 3000
20 12 1.066 4100 1.056 4000
40 12 0.716 5500 0.742 5700

East-West Traverse

April 16, 2020
Snow/rain up to 1/4"

Flat, Bean Field
41.6691 N   -84.2852 W

North-South Traverse
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FIELD ELECTRICAL RESISTIVITY TEST RESULTS
Fulton Co. OH

Project No. N6195224

Field Electrical Resistivity Test Summary:

Date
Weather (recent days)
Brief Description of Terrain
Test Location

Current-
Potential Pin 

Spacing 
(feet)

Electrode 
Depth 

(inches)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

2 6 4.92 1900 4.90 1900
5 6 2.32 2200 2.26 2200

10 6 1.564 3000 1.522 2900
20 12 1.112 4300 1.106 4200
40 12 0.818 6300 0.802 6100

East-West Traverse

April 16, 2020
Snow/rain up to 1/4"

Corn Field, Slopes up to East
41.6660 N   -84.28552 W

North-South Traverse

0

1000

2000

3000

4000

5000

6000

7000

0 5 10 15 20 25 30 35 40 45

Re
sis

tiv
ity

 (O
hm

-c
m

)

"A" Spacing (ft)

EER-7 Resistivity Summary

N-S Traverse E-W Traverse



FIELD ELECTRICAL RESISTIVITY TEST RESULTS
Fulton Co. OH

Project No. N6195224

Field Electrical Resistivity Test Summary:

Date
Weather (recent days)
Brief Description of Terrain
Test Location

Current-
Potential Pin 

Spacing 
(feet)

Electrode 
Depth 

(inches)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

2 6 7.65 2900 7.77 3000
5 6 3.07 2900 3.28 3100

10 6 1.648 3200 1.632 3100
20 12 0.818 3100 0.842 3200
40 12 0.500 3800 0.506 3900

East-West Traverse

April 16, 2020
Snow/rain up to 1/4"

Flat, Corn Field
41.6633 N   -84.2797 W

North-South Traverse
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FIELD ELECTRICAL RESISTIVITY TEST RESULTS
Fulton Co. OH

Project No. N6195224

Field Electrical Resistivity Test Summary:

Date
Weather (recent days)
Brief Description of Terrain
Test Location

Current-
Potential Pin 

Spacing 
(feet)

Electrode 
Depth 

(inches)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

2 6 14.61 5600 16.95 6500
5 6 5.55 5300 5.60 5400

10 6 2.170 4200 2.150 4100
20 12 1.024 3900 1.030 3900
40 12 0.596 4600 0.604 4600

East-West Traverse

April 16, 2020
Snow/rain up to 1/4"

Flat, Corn Field
41.6606 N   -84.2856 W

North-South Traverse
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FIELD ELECTRICAL RESISTIVITY TEST RESULTS
Fulton Co. OH

Project No. N6195224

Field Electrical Resistivity Test Summary:

Date
Weather (recent days)
Brief Description of Terrain
Test Location

Current-
Potential Pin 

Spacing 
(feet)

Electrode 
Depth 

(inches)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

2 6 10.31 3900 10.23 3900
5 6 3.92 3800 3.88 3700

10 6 2.380 4600 2.480 4700
20 12 1.372 5300 1.378 5300
40 12 0.736 5600 0.728 5600

East-West Traverse

April 16, 2020
Snow/rain up to 1/4"

Flat, Bean Field
41.6655 N   -84.2756 W

North-South Traverse
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FIELD ELECTRICAL RESISTIVITY TEST RESULTS
Fulton Co. OH

Project No. N6195224

Field Electrical Resistivity Test Summary:

Date
Weather (recent days)
Brief Description of Terrain
Test Location

Current-
Potential Pin 

Spacing 
(feet)

Electrode 
Depth 

(inches)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

2 6 6.99 2700 5.46 2100
5 6 2.58 2500 2.40 2300

10 6 1.342 2600 1.410 2700
20 12 0.698 2700 0.736 2800
40 12 0.422 3200 0.414 3200

East-West Traverse

April 16, 2020
Snow/rain up to 1/4"

Flat, Cover Crop
41.6621 N   -84.2747 W

North-South Traverse
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FIELD ELECTRICAL RESISTIVITY TEST RESULTS
Fulton Co. OH

Project No. N6195224

Field Electrical Resistivity Test Summary:

Date
Weather (recent days)
Brief Description of Terrain
Test Location

Current-
Potential Pin 

Spacing 
(feet)

Electrode 
Depth 

(inches)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

2 6 22.90 8800 24.70 9500
5 6 3.98 3800 4.54 4400

10 6 1.716 3300 1.777 3400
20 12 0.940 3600 0.990 3800
40 12 0.568 4400 0.558 4300

East-West Traverse

April 16, 2020
Snow/rain up to 1/4"

Flat, Cover Crop
41.6584 N   -84.2765 W

North-South Traverse
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FIELD ELECTRICAL RESISTIVITY TEST RESULTS
Fulton Co. OH

Project No. N6195224

Field Electrical Resistivity Test Summary:

Date
Weather (recent days)
Brief Description of Terrain
Test Location

Current-
Potential Pin 

Spacing 
(feet)

Electrode 
Depth 

(inches)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

2 6 23.30 8900 23.00 8800
5 6 7.14 6800 7.57 7200

10 6 2.668 5100 2.754 5300
20 12 1.128 4300 1.125 4300
40 12 0.599 4600 0.585 4500

East-West Traverse

April 15, 2020
Snow/rain up to 1/4"

Flat, Corn Field, Recently Plowed
41.66099 N   -84.2916 W

North-South Traverse
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FIELD ELECTRICAL RESISTIVITY TEST RESULTS
Fulton Co. OH

Project No. N6195224

Field Electrical Resistivity Test Summary:

Date
Weather (recent days)
Brief Description of Terrain
Test Location

Current-
Potential Pin 

Spacing 
(feet)

Electrode 
Depth 

(inches)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

Apparent 
Resistance 

(Ohms)

Apparent 
Resitsivity 
(Ohm-cm)

2 6 16.33 6300 14.97 5700
5 6 4.19 4000 4.27 4100

10 6 2.004 3800 1.890 3600
20 12 1.017 3900 1.038 4000
40 12 0.600 4600 0.602 4600

East-West Traverse

April 16, 2020
Snow/rain up to 1/4"

Flat, Corn Field, Recently Plowed
41.6566 N   -84.2896 W

North-South Traverse
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Sandy Lean Clay









Poorly Graded Sand with

Silt

The best fit curve generated by the soft-
ware indicates a CBR @ 95% Density of
0.4 however we believe the CBR @ 95%
density is approximately 3.6









750 Pilot Road, Suite F
Las Vegas, Nevada  89119
(702) 597-9393

Client

Date Received:

-- -- -- --
B-01 B-08 B-10 B-11

0.0-4.0 0.0-4.0 0.0-4.0 0.0-4.0

7.06 7.16 7.17 7.09

81 78 133 34

Nil Nil Nil Nil

28 55 50 27

+674 +675 +674 +680

2144 1876 3350 6700

Analyzed By: 
Trisha Campo

pH Analysis, ASTM G 51

Water Soluble Sulfate (SO4), ASTM C 1580 
(ppm) 

Sulfides, AWWA 4500-S D, (mg/kg)

Chlorides, ASTM D 512, (ppm)

Red-Ox, ASTM G 200, (mV)

Resistivity, ASTM G 187, (ohm-cm) 

7x Energy, Inc. Arche Fulton County Solar 
Austin, TX

Lab No.: 20-0579

Sample Number

Sample Location 

Sample Depth (ft.) 

The tests were performed in general accordance with applicable ASTM and AWWA test methods.  This report is exclusively for the use of the client indicated 
above and shall not be reproduced except in full without the written consent of our company.  Test results transmitted herein are only applicable to the actual 
samples tested at the location(s) referenced and are not necessarily indicative of the properties of other apparently similar or identical materials.

Terracon (N6)Sample Submitted By: 5/20/2020

Results of Corrosion Analysis

Chemist

Project



750 Pilot Road, Suite F
Las Vegas, Nevada  89119
(702) 597-9393

Client

Date Received:

-- -- -- --
B-13 B-20 B-26 B-28

0.0-4.0 0.0-4.0 0.0-4.0 0.0-4.0

7.59 7.47 7.49 7.29

94 119 69 79

Nil Nil Nil Nil

33 58 42 50

+678 +675 +674 +676

3685 1474 2144 3551

Analyzed By: 
Trisha Campo

pH Analysis, ASTM G 51

Water Soluble Sulfate (SO4), ASTM C 1580 
(ppm) 

Sulfides, AWWA 4500-S D, (mg/kg)

Chlorides, ASTM D 512, (ppm)

Red-Ox, ASTM G 200, (mV)

Resistivity, ASTM G 187, (ohm-cm) 

7x Energy, Inc. Arche Fulton County Solar 
Austin, TX

Lab No.: 20-0579

Sample Number

Sample Location 

Sample Depth (ft.) 

The tests were performed in general accordance with applicable ASTM and AWWA test methods.  This report is exclusively for the use of the client indicated 
above and shall not be reproduced except in full without the written consent of our company.  Test results transmitted herein are only applicable to the actual 
samples tested at the location(s) referenced and are not necessarily indicative of the properties of other apparently similar or identical materials.

Terracon (N6)Sample Submitted By: 5/20/2020

Results of Corrosion Analysis

Chemist

Project



750 Pilot Road, Suite F
Las Vegas, Nevada  89119
(702) 597-9393

Client

Date Received:

-- -- -- --
B-32 B-36 B-38 B-42

0.0-4.0 0.0-4.0 0.0-4.0 0.0-4.0

7.69 7.44 7.71 7.65

72 70 103 165

Nil Nil Nil Nil

38 37 40 60

+677 +675 +676 +675

3685 1943 3484 2479

Analyzed By: 
Trisha Campo

pH Analysis, ASTM G 51

Water Soluble Sulfate (SO4), ASTM C 1580 
(ppm) 

Sulfides, AWWA 4500-S D, (mg/kg)

Chlorides, ASTM D 512, (ppm)

Red-Ox, ASTM G 200, (mV)

Resistivity, ASTM G 187, (ohm-cm) 

7x Energy, Inc. Arche Fulton County Solar 
Austin, TX

Lab No.: 20-0579

Sample Number

Sample Location 

Sample Depth (ft.) 

The tests were performed in general accordance with applicable ASTM and AWWA test methods.  This report is exclusively for the use of the client indicated 
above and shall not be reproduced except in full without the written consent of our company.  Test results transmitted herein are only applicable to the actual 
samples tested at the location(s) referenced and are not necessarily indicative of the properties of other apparently similar or identical materials.

Terracon (N6)Sample Submitted By: 5/20/2020

Results of Corrosion Analysis

Chemist

Project



750 Pilot Road, Suite F
Las Vegas, Nevada  89119
(702) 597-9393

Client

Date Received:

-- --
B-45 B-50

0.0-4.0 0.0-4.0

7.74 7.68

82 148

Nil Nil

75 40

+677 +676

3752 2747

Analyzed By: 

The tests were performed in general accordance with applicable ASTM and AWWA test methods.  This report is exclusively for the use of the client indicated 
above and shall not be reproduced except in full without the written consent of our company.  Test results transmitted herein are only applicable to the actual 
samples tested at the location(s) referenced and are not necessarily indicative of the properties of other apparently similar or identical materials.

Terracon (N6)Sample Submitted By: 5/20/2020

Results of Corrosion Analysis

Chemist

Project

Austin, TX

Lab No.: 20-0579

Sample Number

Sample Location 

Sample Depth (ft.) 

Trisha Campo

pH Analysis, ASTM G 51

Water Soluble Sulfate (SO4), ASTM C 1580 
(ppm) 

Sulfides, AWWA 4500-S D, (mg/kg)

Chlorides, ASTM D 512, (ppm)

Red-Ox, ASTM G 200, (mV)

Resistivity, ASTM G 187, (ohm-cm) 

7x Energy, Inc. Arche Fulton County Solar 



                                     

 

 

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 

 
June 10, 2020 
 
 
 
Terracon Consultants 
12460 Plaza Drive 
Cleveland, OH 44130 
Attn: Daniel R. Pratt, P.E., P.G. 
 

Re: Thermal Analysis of Native Soil Samples 
Arche Fulton County Solar Project – Fayette, OH (Project No. N6195224) 

 
 
The following is the report of thermal dryout characterization tests conducted on fourteen 
(14) Shelby tube samples and fourteen (14) bulk samples of native soil from the 
referenced project sent to our laboratory. 
  
Thermal Resistivity Tests:  The tube samples were tested “as is”.  The bulk samples 
were tested at the ‘optimum’ moisture content and at 85% of the maximum 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 dry out curves are presented 
in Figures 1 to 14. 
 
Sample ID, Description, Thermal Resistivity, Moisture Content and Density 
 

Sample ID 
Compaction 

Effort 
(%) 

Description 
(Terracon) 

Thermal Resistivity 
(°C-cm/W) Moisture 

Content 
 (%) 

Dry 
Density 
(lb/ft3) Wet Dry 

B-5 
85 

Brown, Sandy 
Lean Clay 

86 214 16 94 

Tube 71 168 19 103 

B-7 
85 

Brown, Sandy 
Lean Clay 

89 239 17 92 

Tube 73 171 14 102 

B-9 
85 

Brown, Sandy 
Lean Clay 

86 237 17 93 

Tube 71 161 22 104 
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Sample ID, Description, Thermal Resistivity, Moisture Content and Density 
 

Sample ID 
Compaction 

Effort 
(%) 

Description 
(Terracon) 

Thermal Resistivity 
(°C-cm/W) Moisture 

Content 
 (%) 

Dry 
Density 
(lb/ft3) Wet Dry 

B-11 
85 

Brown, Sandy Lean 
Clay 

94 258 17 91 

Tube 85 165 17 104 

B-14 
85 

Brown, Sandy Lean 
Clay 

89 285 19 87 

Tube 70 141 19 109 

B-23 
85 

Brown, Fat Clay 
97 291 22 86 

Tube 88 180 22 102 

B-26 
85 

Brown, Sandy Lean 
Clay 

108 266 17 90 

Tube 90 201 22 99 

B-28 
85 

Brown, Sandy Lean 
Clay 

91 190 13 100 

Tube 90 229 28 95 

B-30 
85 

Brown, Sandy Lean 
Clay 

90 184 13 101 

Tube 70 167 25 102 

B-33 
85 

Brown, Sandy Lean 
Clay 

102 263 17 90 

Tube 79 150 20 107 

B-38 
85 

Brown, Sandy Silty 
Clay 

100 250 18 91 

Tube 82 169 21 105 

B-42 
85 

Brown, Lean Clay 
with Sand 

85 266 18 90 

Tube 78 175 28 101 

B-45 
85 

Brown, Sandy Lean 
Clay 

98 186 13 100 

Tube 82 178 24 101 

B-50 
85 

Brown, Sandy Lean 
Clay 

95 197 13 99 

Tube 84 236 28 95 
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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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Responsive ■ Resourceful ■ Reliable   

SUPPORTING INFORMATION 

 

Contents: 

General Notes 
Unified Soil Classification System 

 

Note: All attachments are one page unless noted above. 

 
 





UNIFIED SOIL CLASSIFICATION SYSTEM 
 
 

 

UNIFIED  SOIL C LASSIFIC AT ION  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 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. 
 

 


