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INTRODUCTION 
 
This report presents the findings of the geotechnical investigation performed at 
accessible wind turbine and transmission line locations during the first mobilization 
for the proposed Eight Points Wind Farm and Transmission Line.  This report 
presents an analysis of the available geotechnical data and recommendations for the 
proposed construction.   This report has been prepared for NextEra Energy 
Resources, Inc. (NextEra). 
 
No environmental services are included in this study.  No conclusions have been 
drawn regarding environmental conditions of the site, potential contaminants, 
potential special treatment or disposal of site materials, or other environmental 
considerations. 
 
AUTHORIZATION 
 
Our services for this project were authorized by Eight Point Wind LLC Purchase 
Order 2000239122 dated May 12, 2017.  Our scope of work was developed by 
Sargent and Lundy LLC in the document entitled “Eight Point Wind Substation 
Geotechnical Investigation Work & Specification Detail”, Revision A, dated July 13, 
2017. 

PROJECT DESCRIPTION 

The proposed wind farm and transmission line will be constructed over a large 
portion of Steuben County, New York stretching from the Pennsylvania state line in 
the south to Hornell in the north (see Figure 1).  It is our understanding that the 
proposed project will consist of twenty-seven 3.43MW GE wind turbine generators, 
four 2.3 MW GE wind turbine generators, and a transmission line approximately 16.5 
miles in length.  We further understand that the wind turbine foundations are 
assumed to consist of typical spread (inverted T) foundations.  Transmission poles 
are assumed to be steel monopole structures, direct-embedded, with an estimated 
butt diameter of 36 to 60 inches typical. Tangent structures will utilize braced post 
assemblies in a triangular configuration.  Light angle un-guyed structures will have 
up to an eight degree line deflection. Medium angle structures will have line 
deflections of ten to forty degree and will be guyed on bisector with one or two guys 
per phase and on for the shield wires.  Dead ends with a deflection angle greater 
than 40 degrees will be guyed with two guys per phase and one per shield wire.   
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AREA PHYSIOGRAPHY 
 
The project site is located within south central part of New York State in the glaciated 
portion of the Allegheny Plateau physiographic section of the Appalachian Plateau 
physiographic province as seen in Appendix A.  Major topographic and geologic 
features in this area were formed during the last glacial advance and retreat, which 
ended approximately 12,000 years ago.  The site is located just south of the most 
recent glacial maximum advance. 
 
The project site is a hilly highland area dissected by creeks and rivers.  Publically 
available information suggest soils on most of the uplands formed in glacial till.  The 
valley sections are primarily glacial outwash or alluvial sediments.     The following 
section from the USDA Soil Survey of Steuben County provides a good generalization 
of typical subsurface conditions. 
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The proposed wind turbines will be constructed on upland areas.  The transmission 
line will encounter a wide variation of soil types as it crosses upland areas, slopes, 
and valley bottoms.   
 
GEOLOGIC CONDITIONS 
 
Publically available geologic mapping suggests that Oswayo and Cattaraugus 
formation shale, siltstone and sandstone underlies soils at the site.  The bedrock may 
be located within close proximity to the ground surface in many upland areas.  The 
shale and sandstone is typically horizontally bedded with near-vertical orthogonal 
stress fractures.  
 
The transition to bedrock from the overlying glacial till is chaotic in the project area.  
During glaciation large sections of rock were moved short distances or not at all but 
were detached from the bedrock below. When they weathered, they settled and 
tilted.   Sometimes just the layers that are chemically weaker weather (iron rich, 
mica rich, feldspars or layers that are cemented with calcite). The rock pops open 
along bedding planes and clay rich minerals swell, mechanically breaking down the 
rock. This allows more surface area for chemical weathering creating void and 
allowing sediment from above to wash into the open voids over the past 30-40 
thousand years.  The result is that soil zones are encountered below what appears to 
be solid bedrock.   
 
Groundwater aquifers are located in the glacial outwash in the valley areas.  Upland 
areas typically do not have a true water table above a depth of approximately 70 or 
80 feet.  However upland areas are subject to perched groundwater conditions 
during wetter periods as infiltrating water becomes trapped within the soil above 
undisturbed clayey glacial till and bedrock.   
 
Oil and natural gas wells are located in the vicinity of the project site.  The local oil 
and gas wells typically draw from bedrock formations located 4000 to 5000 feet 
below the ground surface. 
   
SUBSURFACE EXPLORATION   
 
The subsurface exploration program for this phase of investigation was limited to 
those sites that could be accessed without clearing trees.  A total of 24 borings were 
advanced at wind turbine locations and 9 borings were advanced at transmission 
line structures for this preliminary report.  Table 1 presents a summary of the 
borings performed to date.  The scope and specifications for the drilling program 
were established by NextEra Energy and Sargent & Lundy, the wind turbine and 
transmission line designers, respectively.  The test boring location, depth, sampling, 
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and refusal criteria are summarized in Table 2. 
 
The test borings were advanced to depths of up to 42.1 feet using CME 550 and 
Geoprobe 7822DT all-terrain drill rigs equipped with an automatic sampling 
hammer, hollow stem augers, and NQ double-tube diamond core barrels.  Standard 
penetration testing (ASTM D1586) was performed during advancement of the augers 
through overburden.  Coring was performed after auger refusal occurred. 
 
Soil samples obtained during the subsurface investigation were classified by a 
Geotechnical Engineer using the Unified Soil Classification System. Boring logs 
documenting the subsurface conditions encountered are attached. The boring logs 
and related information depict subsurface conditions only at the specific locations 
and times indicated. Subsurface conditions and water levels at other locations may 
differ from conditions at the locations where sampling was conducted. The passage 
of time also may result in changes in the conditions interpreted to exist at the 
locations where sampling was performed. 
 
SUBSURFACE CONDITIONS ENCOUNTERED 
 
The following interpretation of subsurface conditions is based on our review of the 
recovered samples, the boring logs, drilling observations, laboratory testing results, 
and our professional experience 
 
The four primary strata encountered at wind turbine locations during the subsurface 
investigation included: 
 

• Stratum A-  Glaciofluvial Soil 
• Stratum B – Glacial Till 
• Stratum C – Transition Zone Rock, and 
• Stratum D – Bedrock 

Stratum A – Glaciofluvial Soil was encountered at the ground surface at some of the 
transmission line locations and extended to depths of up to 6 feet.  This stratum was 
primarily composed of loose to medium dense silty sand with gravel.  Standard 
Penetration Testing “N” values in this stratum were typically less than 20 blows per 
foot. 
 
Stratum B – Glacial Till was typically encountered from the ground surface to depths 
of up to 25 feet and consisted of very stiff to hard silt and lean clay with sand, gravel, 
cobbles and boulders.  With the exception of the uppermost two feet, which was 
softened by weathering, Standard Penetration Testing “N” values in this stratum 
typically ranged between 20 to 100 blows per foot.  
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Stratum C – Transition Zone Rock was encountered at the interface of Strata B and D.  
This stratum consisted of bedrock that had been altered by glaciation and/or 
weathering.  In some areas the Transition Zone Rock consisted of large slabs of 
detached competent bedrock with interbedded soil zones. In other areas the 
Transition Zone Rock consisted of highly weathered bedrock.   The detached 
bedrock typically consisted of the local sandstone and siltstone.  The interbedded 
soil zones typically consisted of red clay with angular green sandstone fragments the 
size of gravel.  The red clay was derived from the weathering of the local red shale.  
This stratum typically had to be cored for sample recovery.  At locations where 
augers could penetrate into this stratum the Standard Penetration Testing “N” values 
typically exceeded 100 blow per foot. 
 
Stratum D- Bedrock was encountered below Stratum C.  The bedrock encountered 
consisted of fresh sandstone, siltstone, conglomerate, shale and slate.  This stratum 
was sampled by coring.  The recovered bedrock core were typically fresh, medium 
hard to hard rock with horizontal bedding planes.  Photographs of the rock cores are 
included in the Appendix. 
 
GROUNDWATER CONDITIONS ENCOUNTERED 
 
Groundwater observations during this phase of investigation were limited to water 
measurement in the augers.  Piezometer installation, and long term groundwater 
observations, were not authorized at this time. 
 
Water was present in the borehole following drilling at some of the locations where 
rock coring was performed.  However, water was introduced into the borehole 
during coring operations and it is not possible to distinguish between water 
remaining from coring operations and possible perched groundwater at the 
transition zone/bedrock interface. 
 
It if our opinion that a true groundwater table was not encountered during the 
subsurface investigation.  Available public data indicates the groundwater table is 
located in bedrock approximately 70 feet or more below the ground surface in the 
project area.  The depth of groundwater will vary with changes in precipitation 
patterns and other factors.  No long term groundwater monitoring was performed as 
part of this study. 
 
Glacial till samples recovered during drilling typically exhibited low moisture 
content and it did not appear that a perched groundwater table was present within 
the till at the time of drilling.  However, the glacial till will have a low in-situ 
permeability and it is possible that water will collect in backfill surrounded by the 



Geotechnical Investigation Report 
Eight Point Wind Farm Turbines and Transmission Line 
Steuben County, NY 
 

Job Number: 2017-054                                                                                    Kenney Geotechnical Engineering Services, PLLC 
P.O. Box 117, Warners, NY, 13164, Phone (315)-638-2706, Fax (315)-638-1544, www.kenneygeotechnical.com 

 

Pa
ge

7 

till. 
 
LABORATORY TESTING 
 
Laboratory testing was performed upon samples obtained during the geotechnical 
investigation and included: 
 

- Moisture content (ASTM D2166),  
- Particle size analysis (ASTM D422), 
- Compaction characteristics (ASTM D698 or ASTM D1557) 
- Corrosion series (chloride, sulfate, and pH),  
- Unconfined compressive strength (ASTM D2166)) 
- Atterberg limits (ASTM D4318), and 
- Unconfined compressive strength and unit weight (ASTM D2928) for intact 

rock core specimens. 
 

  Test results are attached to this report. 
 
SEISMIC CONDITIONS 
 
The project site is located in an area of relatively low seismic activity.  The USGS 
Seismic Hazards database indicates a 0.74% chance of a magnitude 5.0 earthquake 
occurring in the next 50 years in the project area.  The site has a dense soil cover and 
will not provide significant amplification of seismic waves.   
 
Geophysical surveys are part of the overall scope of services but were not authorized 
for this phase of the investigation and no site-specific shear wave velocity data is 
available.  Based upon correlations with Standard Penetration Testing “N” values and 
New York State Building Code guidelines  the available data suggests that Site Class 
C is appropriate. The estimated design spectral response acceleration parameters 
are SDS = .101g and SD1 = .060g.  Liquefaction, surface rupture from faulting or lateral 
spreading is estimated to have a low probability of occurrence given the soil 
conditions encountered and typical regional seismicity.  
 
SOIL CHEMISTRY 
 
Laboratory corrosion series testing was performed on six site samples.  Results are 
as follows: 
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Boring Depth pH
Sulfates 

(ppm)
Chlorides 

(ppm)
T-4 2-4' 8.1 <50 <50
T-9 0-2' 6.2 <50 <50

T-18 4-6' 7 <50 <50
T-24 4-6' 6.7 <50 <50
T-29 2-4' 6.1 <50 <50

ALT-2 4-6' 5.8 <50 <100  
 
In general, a pH of less than 3.5, a chloride concentration greater than 500 parts per 
million (ppm), or a sulfate concentration greater than 2000 ppm is considered to be 
indicative of a corrosive environment for most structures.  Based on the test results it 
appears that standard Type I/II cement may be utilized on this project. 
 
GEOTECHNICAL ANALYSIS 
 
Overview 
 
Based on the subsurface conditions encountered during the investigation performed 
to date, it appears that the primary geotechnical issues will be: 
 

• Excavation of the glacial till, transition zone rock and bedrock; 
• Possible deterioration of the glacial till and transition zone rock upon 

excavation and exposure to the elements and construction traffic. 

The glacial till encountered in the area typically consists of a binder of hard, low-
plasticity silty clay that encapsulates particles ranging in size from fine sand to 
boulders the size of automobiles.  The transition zone rock appears to include large 
slabs of intact medium hard to hard bedrock with weathered seams that are infilled 
with soil.   
 
The glacial till, transition zone rock and bedrock will provide high bearing strength 
and good short term excavation stability if left undisturbed.  However, the strength 
of the glacial till and transition zone rock strata will deteriorate if they are allowed to 
saturate or if they are disturbed by over-excavation.   The stability of slopes and 
excavations in these strata will decrease over time.  Typically permanent slopes in 
the glacial till are graded no more steeply than 33% (18.4 degrees) unless they are 
reinforced. 
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Turbine Foundations 
 
The available information suggests that the wind turbine foundations will be 
underlain by hard glacial till, transition zone rock with soil infill, and bedrock.  It is 
therefore anticipated that the turbines can utilize a gravity shallow foundation system 
or a Patrick & Henderson Tensionless Pier (PHTP) foundation system.  Design frost 
depth is four feet in the project area, and foundations must bear below this depth to 
prevent movement due to frost heave.  
 
The glacial till typically provides high bearing strength and good short term 
excavation stability if it is left undisturbed.  The glacial till contains a significant 
percentage of silt and clay and loses strength rapidly if saturated and subjected to 
dynamic loading such as that imparted by construction equipment.   
 
Assuming the foundation excavations are properly managed during construction, a 
allowable bearing pressure of 5,000 pounds per square foot is appropriate for 
shallow foundations bearing on undisturbed glacial till.  An allowable bearing 
pressure of 6,500 pounds per square foot is estimated for foundations bearing on 
Stratum C-Transition Zone Rock materials.    An allowable bearing pressure of 10,000 
pounds per square foot is estimated for foundations bearing on Stratum D – Bedrock.  
The turbine foundations excavations must be reviewed by geotechnical personnel to 
verify these allowable bearing pressures are appropriate during construction. 
 
Settlement estimates will require more detailed information concerning turbine 
loading and will be prepared by others after the geotechnical investigation is 
completed.  Based upon the borings performed to date, the following geotechnical 
parameters are suggested for preliminary turbine foundation design: 
 

φ 
Cohesion c 

(psf) φ '  c' (psf)

Stratum B -
Glacial Till 15 135 0 2500 34 300 1000 0.005 1 9

Stratum C -
Transition 

Zone 30 140   32 2500 1000 0.005 6 18

Stratum D - 
Bedrock n/a 145   36 3500 2000 0.004 10 32

Stratum
Avg 

Thickness (ft)

Unit 
Weight 

(pcf) k (pci) ε50

Allow. Skin 
Friction 

(ksf) Kp 

Total Stress Effective Stress
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Transmission Line Monopoles 
 
Drilled shafts and direct embedment monopoles set in grout or concrete can be 
utilized to support the transmission line structures, although it will be necessary to 
core through boulders, detached rock slabs, and hard bedrock.  It is assumed the 
drilled shafts will be constructed using temporary steel casing to support the drilled 
hole above competent rock.  Loose material should be removed from the bottom of 
the drilled shaft prior to the placement of concrete.  Dewatering should be 
performed prior to concrete placement if more than 2 feet of water accumulates in 
the bottom of the shaft.  Concrete should be placed in the shafts the same working 
day that drilling is completed.  A dropchute that extends at least 75% of the length of 
the drilled shaft should be utilized during concrete placement.  The top of the fluid 
concrete placement must be maintained at least 3 feet above the bottom of the 
temporary casing as it is being extracted during concrete placement.  Reinforcing 
cages should be supported at the ground surface until the concrete adequately 
hardens. 
 
Suggested geotechnical design parameters for each of the transmission line sites is 
presented in a table attached to the end of this report. 

 
The estimated parameters assume proper management of geomaterials during 
construction. 
 
Access Roads and Earthwork 
 
The glacial soils encountered contain significant percentages of silt and clay, may be 
saturated during wetter periods, and will be subjected to freeze-thaw cycles during 
the winter months.  The design of unpaved access roads for this project will require 
careful consideration of these factors. The glacial till loses strength rapidly if 
saturated and subjected to dynamic loading such as that imparted by construction 
equipment.   Freeze-thaw action will significantly deteriorate access road subgrades 
composed of glacial till.   Construction access roads will deteriorate rapidly without 
a gravel base and geosynthetic reinforcement.  Proper drainage of roads and 
excavations will be essential to maintaining their stability. 
 
The glacial soils have generally acceptable engineering properties for the proposed 
construction.  However, moisture control of soils will be critical during earthwork for 
this project.  Glacial soils that are exposed to the elements will saturate and lose 
strength rapidly.  Cut slopes in glacial soils will lose strength over time.  Cut or fill 
slopes using the glacial till should be designed for a final grade no greater than 
3H:1V (33%). 
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We anticipate that temporary excavations can be open cut.  Excavation at the site 
will require large hydraulic excavators with rock teeth.  Large hoe rams may be 
necessary to remove boulders and rock slabs.  Smaller excavations in bedrock 
could require blasting.   
 
Temporary excavation slopes must be evaluated by the Contractor’s on-site 
Responsible Person.  We anticipate soil above the groundwater table will be 
classified as Type B.  Type B materials must be graded to slopes no greater than 1:1 
(horizontal to vertical).  The Contractors on-site Responsible Person should 
periodically review excavations for signs of movement or distress.  Excavation 
sidewalls should be periodically raked to remove loose particles. 
 
Earthwork must be performed using methods that will result in a stable excavations 
and fills.  Typical temporary earthwork measures such as temporary drainage 
swales, stabilized haul roads, and the use of protective layers of crushed stone can 
be employed at this site.  It is recommended that earthwork is observed by 
geotechnical personnel to ensure that all organic material is removed from beneath 
structures and roadways.  Additional recommendations are as follows: 
 

• Strip existing topsoil, pavement, roots and organics from all areas that 
will receive new construction to establish subgrade.   

• Proof-roll exposed slab-on-grade subgrade with a fully loaded dump 
truck, or accepted alternative equipment, under the observation of 
geotechnical personnel.  Areas that rut, weave, or deflect should be 
over-excavated and replaced with compacted structural fill (see below 
for structural fill characteristic requirements). 

• Utilize structural fill to raise site grades to the desired elevation.  
Structural fill should consist of imported granular material conforming 
to NYSDOT Subbase Course (2” minus), NYSDOT Item 4 or 304.12 
aggregate, or approved equal.   

• Field moisture contents for structural fill should be maintained within 2 
percentage points of the optimum moisture content established by 
laboratory testing to provide adequate compaction.  All fill should be 
placed in level lifts having a loose thickness no greater than 12 inches 
and should be compacted with vibratory rollers to at least the following 
minimum percentages of the Modified Proctor (ASTM D-1557) 
maximum dry density: 

 
• Below foundations:                                                                 95% 
• Beneath slab-on-grade or access roads:                          95% 
• Utility trench backfill:                                                            95% 
• Beneath landscape areas:                                                     90% 
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• Beneath sidewalks and exterior slabs:                              95% 
 

Bulk samples of proposed structural fill materials should be delivered 
to our testing laboratory at least two weeks prior to the initiation of 
earthwork.  In-place density testing should be performed at a 
frequency of one test per 500 square feet per lift in open areas and one 
test per 25 feet per lift in trenches. 

• If the structure is to be constructed during the winter months, adequate 
frost cover and protection must be provided.  Earthwork cannot be 
performed with frozen material. 

• Permanent slopes should be graded no steeper than 3 horizontal: 1 
vertical. 

• In utility trenches, or other confined areas, small compaction 
equipment may be necessary such as a vibratory plate, jumping jack or 
walk-behind vibratory roller.  In-place density testing should be 
performed at a frequency of one test per 25 feet per lift in trenches. 
Utility trench fill should be placed in level lifts no greater than 8 inches 
in thickness and should be compacted to at least 95%the Modified 
Proctor (ASTM D-1557) maximum dry density.  Structural fill should 
consist of imported granular material such as NYSDOT Subbase (2” 
minus) or approved equal. Adequate frost cover and protection must 
be provided during winter weather construction.  Earthwork cannot be 
performed with frozen material. 
 

Groundwater Seepage and Management 

Groundwater was not encountered during drilling within the anticipated depths of 
excavation.  As previously noted, the glacial till has a low in-situ permeability and a 
bathtub effect may occur around structures placed and backfilled within the glacial 
till.   We anticipate that temporary dewatering measures, such as sump and pump 
methods, will be adequate to control groundwater and allow construction to proceed 
“in the dry”. All dewatering discharge should be to a temporary dewatering basin 
constructed consistent with NYDEC construction stormwater and/or dewatering 
treatment Best Management Practices (BMPs). 
 
LOCAL SOURCES OF CONSTRUCTION MATERIALS  
 
Concrete for foundations and aggregate for unpaved roadways can be obtained in 
Allegheny and Steuben Counties.    Ready-mix concrete is available in a variety of 
strengths from: 
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• Hanson Aggregates, Alfred Station, NY   (607) 276-5881 
• Coots Concrete, Bath, NY  (607) 776-3966 

Gravel and crushed stone can also be obtained from these producers.  The subbase 
material most commonly specified in this area is referred to as “Item 4” sand and 
gravel.  This is a crushed gravel or crushed rock product engineered to meet the the 
gradation NYS DOT Type 2 subbase. 

LIMITATIONS 
The recommendations presented in this report are predicated on the performance of 
construction observation and testing by qualified geotechnical personnel.  We 
request continued involvement with this project so that we may assess subsurface 
conditions exposed during construction to determine if modifications to our 
recommendations are necessary.  

REFERENCES 
“Surficial Geologic Map of New York – Central New York Sheet”, New York State 
Museum, 1986. 
 
“Bedrock Map of New York – Central New York Sheet”, New York State Museum, 
1970. 
 
“Soil Survey of Steuben County”, USDA, 1973 
 
“FAD Tools – FAD 5.1 Users Guide”, Revision 0, December 2015 
 
“Hazard Analysis Report, Steuben County, New York”, Steuben County Office of 
Emergency Services, April 1, 2014 
 
 
 
 



TABLE 1





Component
Total # 
Borings

Target 
Depth 
(feet)

Minimum 
Depth 
(feet)

Max. SPT 
Interval 

(feet)

WTG 36 70 40 5

Transmission Line 42

25' except 
borings 
#33 and 

#37 to 50'

15 5

Substation 6 30 30 5

Collector 0 0 0 0

O & M Building 1 20 15 5

Table 1 - Test Boring Program Summary Eight Points Wind Farm

Hollow Stem Auger 
Refusal Criteria Rock Coring Criteria (feet)

50 blows/inch for first 6 
inches and 50 blow/6 

inches thereafter

If rock encountered above a depth 
of 30 feet, core rock until a depth of 

40 feet is achieved.  If refusal 
encountered below a depth of 30 

feet, no coring necessary

50 blows/inch for first 6 
inches and 50 blow/6 

inches thereafter

If rock encountered prior to iarget 
depth, core rock to a minimum 
depth of 15 feet and a minimum 

coring length of 5 feet

50 blows/inch for first 6 
inches and 50 blow/6 

inches thereafter

If rock encountered prior to target 
depth, core rock until target depth 

achieved

50 blows/inch for first 6 
inches and 50 blow/6 

inches thereafter

If rock encountered prior to target 
depth, obtain 5 foot rock core



LOCATION
BEARING STRATUM 

AT 8' DEPTH

GLACIAL TILL 
DEPTH BELOW 

BEARING GRADE  

T-1 HARD GLACIAL TILL 7  

T-3 HARD GLACIAL TILL 17  
T-4 SANDSTONE N/A
T-6 SILTSTONE N/A
T-7 SHALE N/A

T-9 WEATHERED ROCK N/A

T-10 WEATHERED ROCK N/A

T-11 HARD GLACIAL TILL 2

T-14 WEATHERED ROCK N/A

T-16 WEATHERED ROCK N/A

T-17 WEATHERED ROCK N/A

T-18 HARD GLACIAL TILL 7

T-21 HARD GLACIAL TILL 9.2

T-22 WEATHERED ROCK N/A

T-23 WEATHERED ROCK N/A

T-24 HARD GLACIAL TILL 7

T-26 HARD GLACIAL TILL 15

T-28 HARD GLACIAL TILL 10

T-30 WEATHERED ROCK N/A

T-31 WEATHERED ROCK N/A

ALT-1 WEATHERED ROCK N/A

ALT-2 HARD GLACIAL TILL 8.5

TABLE 3 -WIND TURBINE GEOTECHNICAL SUMMARY



LOCATION

GLACIOFLUVIAL 
SOIL THICKNESS 

(FEET)
GLACIAL TILL 

THICKNESS (FEET)

DEPTH TO 
BEDROCK 

(FEET)
TL-4 2 8
TL-9 6 19+

TL-10 2.5 22.5+
TL-26 0 25+
TL-29 0 3.5
TL-32 2.5 6
TL-33 2.5 22.5+
TL-43 6 7.5

TABLE 4 -TRANSMISSION LINE GEOTECHNICAL SUMMARY
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Boring 

Soil Depth Avg N

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Internal 
Angle of 
Friction 
(degrees)

Cohesion, 
c (psf)

Sandy ML‐CL 0‐4 14 800 ignore 400 ignore ‐ 1750 500 0.007 1
Sandy ML‐CL 4'‐7' 16 1000 12000 500 6000 ‐ 2000 500 0.007 1.3
Gravelly CL 7'‐13' 47 2000 30000 1000 15000 ‐ 5000 1000 0.005 3.5
Sandy ML‐CL 13'‐18' 32 1500 24000 750 12000 ‐ 4000 1000 0.005 2.5
Sandy ML‐CL 18'‐25' 88 1500 36000 750 18000 ‐ 6000 2000 0.004 7

Boring 

Soil Depth Avg N

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Internal 
Angle of 
Friction 
(degrees)

Cohesion, 
c (psf)

Sandy ML 0‐4 8 ignore ignore ignore ignore 30 ignore 25 ‐ 0.8
Sandy ML 4'‐10' 52 1000 12000 500 6000 40 ‐ 275 ‐ 3

Rock Depth qu (ksi) RQD qu (ksi) RQD Jt Space Jt Cond GW Orient RMR76
Sandstone 10'‐25' 1.5 0 1 3 5 0 7 ‐7 9 42 
Boring 

Soil Depth Avg N

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Internal 
Angle of 
Friction 
(degrees)

Cohesion, 
c (psf)

Sandy ML‐CL 0‐4 14 800 ignore 400 ignore ‐ 1750 500 0.007 1
Sandy ML‐CL 4'‐8' 12 650 9000 325 4500 ‐ 1500 500 0.007 0.9
Sandy ML‐CL 8'‐18' 42 1000 30000 500 15000 ‐ 5000 1000 0.005 2.5
Sandy ML‐CL 18'‐25' 100 1500 36000 750 18000 ‐ 6000 2000 0.004 7

Boring 

Soil Depth Avg N

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Internal 
Angle of 
Friction 
(degrees)

Cohesion, 
c (psf)

Sandy ML 0‐2.5 8 ignore ignore ignore ignore 30 ignore 25 ‐ 0.8
Sandy ML‐CL 2.5'‐4' 12 650 ignore 325 ignore ‐ 1500 500 0.007 0.9
Sandy ML‐CL 4'‐6' 26 1000 19200 500 9600 ‐ 3200 1000 0.005 2
Sandy ML‐CL 6'‐10' 51 2000 30000 1000 15000 ‐ 5000 1000 0.005 3.5
Sandy ML‐CL 10‐25' 27 1000 19200 500 9600 ‐ 3200 1000 0.005 2

Boring 

Soil Depth Avg N

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Internal 
Angle of 
Friction 
(degrees)

Cohesion, 
c (psf)

Sandy ML‐CL 0‐4 19 900 ignore 450 ignore ‐ 2200 500 0.007 1.5
Sandy ML‐CL 4'‐14' 32 1500 24000 750 12000 ‐ 4000 1000 0.005 2.5
Sandy ML‐CL 14'‐20' 36 1500 25200 750 12600 ‐ 4200 1000 0.005 2.9
Sandy ML‐CL 20'‐25' 100 1500 36000 750 18000 ‐ 6000 2000 0.004 7

Boring 

Soil Depth Avg N

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Internal 
Angle of 
Friction 
(degrees)

Cohesion, 
c (psf)

Sandy ML 0‐4 18 ignore ignore ignore ignore 30 ignore 25 ‐ 0.8
HW Shale 4'‐10.5' 66 1500 12000 750 6000 ‐ 5500 2000 0.004 5

Ultimate Allowable Total StressTL‐3

TL‐4 Ultimate Allowable Total Stress
MFAD 

Deformation 
Modulus ED 

(ksi)

TL‐10 Ultimate Allowable Total Stress Static 
Lateral 

Subgrade 
Modulus, 
k (pci) Strain50

Rock Mass Rating (RMR76) MFAD 
Deformation 
Modulus ED 

(ksi)

TL‐9 Ultimate Allowable Total Stress

Static 
Lateral 

Subgrade 
Modulus, 
k (pci) Strain50

MFAD 
Deformation 
Modulus ED 

(ksi)

TL‐26 Ultimate Allowable Total Stress Static 
Lateral 

Subgrade 
Modulus, 
k (pci) Strain50

MFAD 
Deformation 
Modulus ED 

(ksi)

MFAD 
Deformation 
Modulus ED 

(ksi)

Static 
Lateral 

Subgrade 
Modulus, 
k (pci) Strain50

MFAD 
Deformation 
Modulus ED 

(ksi)

Static 
Lateral 

Subgrade 
Modulus, 
k (pci) Strain50

TL‐29 Ultimate Allowable Total Stress Static 
Lateral 

Subgrade 
Modulus, 
k (pci)

MFAD 
Deformation 
Modulus ED 

(ksi)Strain50

Geotechnical Parameters for Deep Foundations ‐ Transmission Line Structures



Rock Depth qu (ksi) RQD qu (ksi) RQD Jt Space Jt Cond GW Orient RMR76
Shale 10'‐25' 1.5 0 1 3 5 0 7 ‐7 9 42

Boring 

Soil Depth Avg N

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Internal 
Angle of 
Friction 
(degrees)

Cohesion, 
c (psf)

Sandy ML 0‐4 15 800 ignore 400 ignore ‐ 1800 500 0.007 1.5
Sandy ML‐CL 4'‐8' 23 950 12000 475 6000 40 3000 1000 0.005 1.8

Rock Depth qu (ksi) RQD qu (ksi) RQD Jt Space Jt Cond GW Orient RMR76
W. Sandstone 8‐13' 1.5 0 1 3 5 0 7 ‐7 9 42
Sandstone 13‐25' 3 34 4 3 5 0 7 ‐7 46 1016

Boring 

Soil Depth Avg N

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Internal 
Angle of 
Friction 
(degrees)

Cohesion, 
c (psf)

Sandy ML 0‐4 10 800 ignore 400 ignore ‐ 1200 500 0.007 0.7
Sandy CL 4'‐12' 29 1000 19200 500 9600 ‐ 3200 1000 0.005 2
Sandy CL 12'‐25' 55 2000 30000 1000 15000 ‐ 5000 1000 0.005 4

Boring 

Soil Depth Avg N

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Skin 
Friction 
(psf)

End 
Bearing 
Pressure 
(psf)

Internal 
Angle of 
Friction 
(degrees)

Cohesion, 
c (psf)

Sandy ML‐CL 0‐4 13 700 ignore 350 ignore ‐ 1500 500 0.007 0.9
Sandy CL 4'‐17.5' 62 1500 12000 750 6000 ‐ 5500 2000 0.004 5

Rock Depth qu (ksi) RQD qu (ksi) RQD Jt Space Jt Cond GW Orient RMR76
Sandstone 17.5‐25' 1.5 0 1 3 5 0 7 ‐7 9 42

TL‐32 Ultimate Allowable Total Stress Static 
Lateral 

Subgrade 
Modulus, 
k (pci)

Static 
Lateral 

Subgrade 
Modulus, 
k (pci) Strain50

MFAD 
Deformation 
Modulus ED 

(ksi)

Rock Mass Rating (RMR76) MFAD 
Deformation 

Strain50

MFAD 
Deformation 
Modulus ED 

(ksi)

MFAD 
Deformation 
Modulus ED 

(ksi)

Rock Mass Rating (RMR76) MFAD 
Deformation 

TL‐43 Ultimate Allowable Total Stress Static 
Lateral 

Subgrade 
Modulus, 
k (pci) Strain50

Rock Mass Rating (RMR76) MFAD 
Deformation 

TL‐33 Ultimate Allowable Total Stress
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