December 18, 2018
Mr. Ben Yazman,
Project Development Manager
Apex Clean Energy, LLC
310 4th Street NE, Suite 210
Charlottesville, VA 22902
Subject:

Geotechnical Desktop Study
Heritage Wind Project
Town of Barre, Orleans County, NY
TRC Project No.: 318965

Dear Mr. Yazman:
This report presents the findings of the geotechnical desktop study and conceptual foundation
solutions for a proposed wind powered electric generating facility (the Facility) entitled as
“Heritage Wind Project” proposed to be located in the Town of Barre, Orleans County, New York.
The work performed herein is in accordance with your Work Order No. 6096 dated October 3,
2018.
This report addresses the following:
•
•
•
•
•
•
•

Topography and Geography; and
Soil, bedrock and groundwater conditions.
Soil corrosivity, bedrock competence, and subsurface hydrologic characteristics;
Regional geology, tectonic setting and seismology of the facility vicinity;
Potential and current seismic hazards;
Constructability;
Expected impacts of construction and potential issues for operation of the facility with
respect to regional geology;

Please note that this desktop study was performed solely based on the information provided to
us and available public references and documents.
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We trust this report contains the information you require and thank you for the opportunity to
work on this project.
Sincerely,
TRC Engineers, Inc.

Angelo Algeri
Staff Geotechnical Engineer

Shengkai Tu, P.E.
Senior Project Manager
Attachments:

Figures and Tables

Petro W. Kazaniwsky, P.E.
Chief Geotechnical Engineer
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INTRODUCTION

Heritage Wind, LLC, a wholly owned subsidiary of Apex Clean Energy, Inc. is planning to develop
an approximately 200-megawatt (MW) wind powered electric generating facility located in the
Town of Barre, Orleans County, New York. The project site is located on leased private land that
is generally rural in nature. There are thirty-three (33) proposed wind turbine locations and one
(1) alternate location covering an approximate area of 12,600 acres which is the basis of this
desktop study. In addition, it is anticipated that there will be more than 30 miles of electric
collection lines and 11 miles of access roads, permanent meteorological tower(s), one operation
and maintenance (O&M) building, and temporary construction staging/laydown areas.
1.1

Purpose

TRC has prepared this report that summarizes our desktop research of publicly available
information and data pertaining to the probable surface and subsurface soil, bedrock, and
groundwater conditions within the proposed facility area. The purpose of this study is to address
select requirements of New York Code Article 10, Exhibit 21 (Geology, Seismology, and Soils).
2.0

SITE CONDITIONS

2.1

Site Location and Physical Setting

The project site consists of approximately 12,600 acres located approximately 5 miles south of
Albion, 30 miles west of Rochester, and 40 miles northeast of Buffalo in the State of New York.
The project site is divided into approximately two portions by the NYS Route 98 between
Mileposts (MPs) 84.56 and 84.57. The existing ground elevations at proposed turbine locations
range from approximately 640 ft to 680 ft (AMSL).
The project site is located within the Erie and Ontario-Lowlands Physiographic Province of New
York State. A physiographic map is presented in attached Figure 1. The Erie and OntarioLowlands are an area of generally subdued topography, except for the Niagara escarpment and
the swarms of drumlins south of Lake Ontario (NYSDOT Geotechnical Design Manual, 2013). The
maps of site and turbine locations are presented in Figure 2 and 3, respectively. Topographic
maps and a soil map of the turbine locations are presented in Figure 4 and 5.
2.2

Geology

2.2.1 Surficial Soils
Surficial geologic mapping identified in Figure 5 indicate that the site is underlain by glacial till,
which generally consists of variable texture materials such as clay, silt-clay, boulder clay, etc.;
usually poorly sorted; deposition beneath glacier ice; relatively impermeable; variable clast
content ranging from abundant well-rounded diverse lithologies in valley tills to relatively
angular; more limited lithologies in upland tills; tends to be sandy in areas underlain by gneiss or
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sandstone. Thickness of the till is expected to be up to 160 ft according to New York State
Geological Survey published in 1986.
2.2.2 Subsurface Soils and Surface Texture
The Natural Resources Conservation Service (NRCS) of USDA provides readily available mapping
of soils. The USDA soil map of project site is presented in Figure 6. Characteristics of the mapped
site soils are described below:
Appleton Series (AnA, AnB)
The Appleton series consists of deep, nearly level to gently sloping, somewhat poorly
drained soils on till plains. These soils formed in glacial till derived from sandstone,
limestone, and shale. In a representative profile the surface layer is very dark grayish
brown silt loam 8 inches thick. The subsurface layer is 6 inches of light brownish gray
loam that is faintly mottled. The subsoil is firm, mottled brown heavy loam 8 inches thick.
The substratum is calcareous, firm brown loam. A seasonal high-water table is generally
perched above the moderately slowly or slowly permeable substratum. The subsoil is
moderately permeable. Available water capacity is moderate to high. The depth to a
restrictive layer is reported as being greater than 80 inches. A restrictive layer is a nearly
continuous layer that has one or more physical, chemical, or thermal properties that
significantly impede the movement of water and air through the soil or that restrict roots
or otherwise provide an unfavorable root environment. The restrictive layer can be
bedrock, cemented layers, dense layers, or frozen layers.
Arkport Series (ArB)
The Arkport series consists of deep, nearly level to hilly, well drained soils on deltaic glacial
lake deposits. These soils formed in water-laid deposits of very fine sand and fine sand.
In a representative profile the surface layer is dark brown very fine sandy loam 9 inches
thick. The upper 6 inches of the subsoil is friable, brown, very fine sandy loam. The lower
13 inches is brown, loamy very fine sand that has a few 1/16-inch bands of reddish brown
very fine sandy loam. The next layer is 30 inches of light reddish brown very fine sand
and loamy fine sand that has bands of reddish brown very fine sandy loam 1/16 inch to 4
inches thick. Below this is 34 inches of pinkish gray loamy fine sand that has bands of
reddish brown fine sandy loam and very fine sandy loam. The substratum is loose,
pinkish-gray fine sand. Permeability is moderately rapid in the subsoil and substratum.
Available water capacity is moderate to high. The depth to a restrictive layer is reported
as being greater than 80 inches.
Barre Series (Ba)
The Barre series consists of deep, nearly level, poorly drained soils in depressional areas
in lake plains bordering glacial till plains. These soils formed in silt and clay lacustrine
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deposits that are underlain by glacial till at a depth of 20 to 36 inches. In a representative
profile the surface layer is very dark gray silt loam 8 inches thick. The upper 4 inches of
the subsoil is firm, gray, distinctly mottled silty clay. The substratum is firm, reddish
brown gravelly loam that has a few distinct mottles. The water table is near the surface
for long periods. Permeability is slow to very slow in the subsoil and moderately slow to
slow in the substratum. Available water capacity is high. The depth to a restrictive layer
is reported as being greater than 80 inches.
Bergen Muck (Bg) – This type of soil is found in swamps and marshes among organic
material over silty and clayey glaciolacustrine deposits or alluvium. Slopes in these
soils range from 0% to 3%. The depth to bedrock is reported as being greater than 80

inches.

Bombay Series (BoA, BoB)
The Bombay series consists of deep, nearly level to gently sloping, moderately well
drained soils on glacial till plains. These soils formed in glacial till de rived from sandstone
and limestone. In a representative profile the surface layer is dark grayish brown fine
sandy loam 8 inches thick. The subsurface layer is 2 inches of brown fine sandy loam. The
subsoil is 22 inches thick. In sequence downward, it is 4 inches of brown to dark brown,
friable fine sandy loam; 7 inches of mottled brown to dark brown, firm fine sandy loam;
6 inches of mottled yellowish brown, firm fine sandy loam; and 5 inches of mottled
reddish brown, firm loam. The substratum is reddish brown, firm loam. A temporary
high-water table is perched above the substratum in spring and during other wet periods.
Permeability is moderate in the subsoil and moderately slow in the substratum. Available
water capacity is moderate. The depth to bedrock is reported to be greater than 80
inches.
Canandaigua Series (Ca)
The Canandaigua series consists of deep, nearly level, poorly drained and very poorly
drained soils in depressions on lake plains. These soils formed in lacustrine deposits of
silt, very fine sand, and clay. In a representative profile the surface layer is very dark gray
silt loam 8 inches thick. The subsoil is about 22 inches thick. The upper 4 inches is
mottled, light brownish gray, friable silt loam; the next 7 inches is mottled, gray, friable
silt loam; and the lower 11 inches is mottled, light brownish gray, friable silt loam. The
substratum is mottled light gray and light brown, stratified, friable silt loam and very fine
sandy loam in nearly equal proportions. The water table is near the surface for long
periods. Permeability is moderately slow. Available water capacity is high. The depth to
a restrictive layer is reported as being greater than 80 inches.
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Carlisle Series (Cb)
The Carlisle series consists of deep, nearly level, very poorly drained muck soils in swamps
and bogs. These soils formed in woody organic deposits more than 51 inches thick. In a
representative profile muck extends to a depth of 67 inches where it is underlain by
mineral material. The upper 11 inches is black and well decomposed, the next 19 inches
is very dark brown and firm, and the lower 37 inches is dark reddish brown and friable.
The substratum is gray silt. The water table is near the surface for long periods. Available
water capacity is high. The depth to bedrock is reported at being greater than 80 inches.
Cayuga Series (CcB)
The Cayuga series consists of deep, gently sloping, moderately well drained to well
drained soils on lake deposits in till plains. These soils formed in lacustrine silt and clay
underlain by glacial till. In a representative profile the surface layer is dark grayish brown
silt loam 8 inches thick. The subsurface layer is 4 inches of mottled brown silt loam. The
subsoil is 13 inches of reddish brown, firm silty clay. The substratum is firm, glacial till.
The upper 7 inches is mottled brown loam, the next 17 inches is brown gravelly fine sandy
loam, and the lower 11 inches is brown gravelly loam. A seasonal high-water table is
perched above the slowly permeable substratum for brief periods in spring, especially in
the lesser sloping areas. Available water capacity is high. The depth to a restrictive layer
is reported as being greater than 80 inches.
Cazenovia Series (CeA, CeB)
The Cazenovia series consists of deep, nearly level to gently sloping, moderately well
drained to well drained soils on till plains. These soils formed in glacial till derived from
limestone and shale and commonly modified by clayey lake sediment. In a representative
profile the surface layer is dark brown to brown silt loam 7 inches thick. The upper 6
inches of the subsoil is brown, friable silt loam. The lower 14 inches is mottled reddish
brown, firm clay loam. The substratum is brown, firm heavy loam. A seasonal high-water
table is perched above the moderately slowly permeable subsoil for brief periods in
spring, especially in lesser sloping areas. The substratum is slowly permeable. Available
water capacity is moderate to high. The depth to a restrictive layer is reported as being
greater than 80 inches.
Cut and Fill Land (CF)
Consists of well drained gravelly sandy loam. Udorthents, (cut and fill land), and similar
soils make up 70% of the content of this type of soil. These soil’s slope can range from 0%
to 8%. The depth to a restrictive layer is reported as being greater than 80 inches.
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Cheektowaga Series (Cg)
The Cheektowaga series consists of deep, nearly level, poorly drained and very poorly
drained soils in depressional areas in lake plains. These soils formed in sandy deltaic
deposits underlain by lacustrine silt and clay at a depth of 20 to 36 inches. In a
representative profile the surface layer is very dark gray fine sandy loam 9 inches thick.
The subsurface layer is 6 inches of mottled gray loamy fine sand. The upper 3 inches of
the subsoil is mottled grayish brown, very friable loamy fine sand. The lower 6 inches is
mottled dark grayish brown, loose loamy fine sand. The upper part of the substratum is
mottled yellowish brown, firm silty clay loam. The lower part is mottled reddish brown,
firm silty clay. The water table is near the surface for long periods. Permeability is rapid
in the subsoil and very slow in the substratum. Available water capacity is moderate to
high. The depth to restrictive layer ranges from 20 to 36 inches to strongly contrasting
textural stratification.
Churchville Series (ChA, ChB)
The Churchville series consists of deep, nearly level and gently sloping, somewhat poorly
drained soils on thin lake deposits on till plains. These soils formed in lacustrine silt and
clay underlain by glacial till. In a representative profile the surface layer is dark grayish
brown silt loam 9 inches thick. The subsoil is 13 inches of mottled reddish brown, firm
silty clay. The upper part of the substratum is mottled reddish brown, very firm silty clay
loam. The lower part is mottled reddish brown, firm loam. A seasonal high-water table
is generally perched above the slowly permeable subsoil. The substratum is also slowly
permeable. Available water capacity is moderate. The depth to a restrictive layer is
reported as being greater than 80 inches.
Claverack Series (CIB)
The Claverack series consists of deep, nearly level to gently sloping, moderately well
drained soils. on deltas and beaches associated with glacial lake plains. These soils formed
in sandy sediment underlain by lacustrine silt and clay. In a representative profile the
surface layer is dark grayish brown loamy fine sand 9 inches thick. The subsoil is about 18
inches thick. The upper 8 inches is mottled strong brown, very friable loamy fine sand;
the next 6 inches is mottled yellowish brown very friable loamy fine sand; and the lower
4 inches is dark yellowish brown and pale brown, very friable loamy fine sand. The
substratum is mottled reddish brown, firm silty clay. A temporary high-water table is
perched above the slowly or very slowly permeable substratum in spring and during other
wet periods. Available water capacity is low to moderate. The depth to restrictive layer
ranges from 20 to 36 inches to strongly contrasting textural stratification.
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Collamer Series (CmA, CmB)
The Collamer series consists of deep, nearly level to rolling, moderately well drained soils
on lake plains. These soils formed in glacial lake deposits of mainly silt and very fine sand
and some clay. In a representative profile the surface layer is dark grayish brown silt loam
8 inches thick. The subsurface layer is 2 inches of brown, friable silt loam. The upper 12
inches of the subsoil is mottled brown, firm, heavy silt loam. The lower 6 inches is brown,
firm silt loam. The substratum is mottled brown, calcareous silt loam. A temporary highwater table is perched above the slowly or moderately slowly permeable substratum in
spring and during other wet periods. Available water capacity is high. The depth to
bedrock is reported as more than 80 inches below the ground surface.
Colonie Series (CoB, CoC)
The Colonie series consists of deep, nearly level to rolling, well drained soils on beaches
and sand bars or deltaic positions associated with glacial lake deposits. These soils formed
in water laid or wind deposited fine or very fine sand. In a representative profile the
surface layer is dark grayish brown loamy fine sand 8 inches thick. The subsoil is about 55
inches thick. The upper 8 inches is yellowish brown, very friable loamy fine sand; the next
12 inches is yellowish brown, loose fine sand; and the lower 35 inches is brown, loose fine
sand that contains several thin dark brown bands. The substratum is mottled brown fine
sand. The depth to bedrock is reported as more than 80 inches.
Cosad Series (Cs)
The Cosad series consists of deep, nearly level, somewhat poorly drained soils on glacial
lake plains. These soils formed in sandy deltaic or lacustrine deposits that are underlain
by lacustrine silt and clay. In a representative profile the surface layer is very dark grayish
brown loamy fine sand 8 inches thick. The upper 7 inches of the subsoil is mottled pale
brown, very friable loamy fine sand. The lower 9 inches is mottled brown, very friable
loamy fine sand. The substratum is mottled brown, firm layers of silty clay loam and silty
clay. A seasonal high-water table is generally perched above the slowly permeable
substratum. Permeability is rapid in the subsoil. Available water capacity is moderate.
The depth to restrictive layer ranges from 18 to 36 inches to strongly contrasting textural
stratification.
Edwards Series (Ed)
The Edwards series consists of deep, nearly level, very poorly drained organic soils in
swamps or bogs. These soils formed in organic material underlain by marl at a depth of
16 to 40 inches. In a representative profile the surface layer is dark brown, well
decomposed muck 12 inches thick. The next layer is 10 inches of black, well decomposed
muck. The next 18 inches is light gray marl that has yellowish brown streaks and many
snail shells. Below this is dark greenish gray to gray clay that is massive, sticky, and
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calcareous. The water table is near the surface for long periods. Permeability is
moderately rapid in the organic part and variable in the marl. Available water capacity is
high. The depth to bedrock is reported as being greater than 80 inches.
Elnora Series (EIB)
The Elnora series consists of deep, nearly level and gently sloping, moderately well
drained soils in areas that were formerly deltas or beaches in old glacial lakes. These soils
formed in water laid or wind-deposited fine sand containing little or no gravel. In a
representative profile the surface layer is brown loamy fine sand 10 inches thick. The
upper 12 inches of the subsoil is mottled strong brown, very friable loamy fine sand. The
lower 17 inches is brown, loose fine sand. The upper part of the substratum is dark
grayish brown, loose fine and medium sand and the lower part is dark gray, loose medium
and coarse sand. The water table is high in spring and during other wet periods.
Permeability is rapid in the subsoil and substratum. Available water capacity is low to
moderate. The depth to bedrock is reported as being greater than 80 inches.
Farmington Series (FaC)
The Farmington series consists of shallow, nearly level to sloping, well drained soils on
bedrock-controlled till plains. These soils formed in 10 to 20 inches of glacial till that
overlies limestone or sandstone bedrock. In a representative profile the surface layer is
very dark grayish brown silt loam 7 inches thick. The subsoil is 6 inches of dark brown,
friable silt loam. The substratum is 1inch of brown, flaggy silt loam. Limestone bedrock
is at a depth of 14 inches. Permeability is moderate. Available water capacity is low.
Fonda Series (Fo)
The Fonda series consists of deep, nearly level, very poorly drained soils in depressions
on lake plains. These soils formed in lacustrine silt and clay. In a representative profile
the surface layer is black mucky silt loam 9 inches thick. The subsoil is about 25 inches
thick. The upper 7 inches is mottled gray, very plastic silty clay; the next 8 inches is
mottled pinkish gray, very plastic silty clay; and the lower 10 inches is light brownish gray,
very plastic silty clay. The substratum is light brownish gray, plastic silty clay loam and
layers of silt, clay, and very fine sandy loam. The water table is near the surface for long
periods. Permeability is slow in the subsoil and substratum. Available water capacity is
high. The depth to restrictive layer ranges from 10 to 20 inches to lithic bedrock.
Fredon Series (Fr)
The Fredon series consists of deep, nearly level, somewhat poorly drained to poorly
drained soils on outwash terraces and beach deposits of sand and gravel. These soils
formed in glacial outwash derived from limestone, sandstone, and shale. In a
representative profile the surface layer is very dark grayish brown loam 10 inches thick.
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The upper 10 inches of the subsoil is mottled light brownish gray, firm gravelly loam. The
lower 10 inches is brown, friable very gravelly loamy sand. The upper part of the
substratum is mottled brown and grayish brown, loose, fine and medium sand, and the
lower part is reddish brown and dark reddish gray, loose sand and gravel. The water table
is near the surface for long periods. Permeability is moderately rapid in the subsoil and
rapid in the substratum. Available water capacity is moderate. The depth to a restrictive
layer is reported as more than 80 inches below the ground surface.
Galen Series (GaA, GaB)
The Galen series consists of deep, nearly level to gently sloping, moderately well drained
soils on deltas that formed within glacial lakes in lake plains. These soils formed in waterdeposited fine sand, very fine sand, and some silt. In a representative profile the surface
layer is dark grayish brown, very fine sandy loam 9 inches thick. The upper 11 inches of
the subsoil is strong brown loamy very fine sand. The lower 27 inches is mottled brown
loamy fine sand that has thin bands of fine sandy loam. The substratum is dark reddish
gray fine sand. A temporary high-water table occurs in spring and during other wet
periods. Permeability is moderately rapid in the subsoil and substratum. Available water
capacity is low to moderate. The depth to bedrock is reported as more than 80 inches
below the ground surface.
Hilton Series (HbA, HbB, HcA, HcB, HnB)
The Hilton series consists of deep, nearly level to gently sloping, moderately well drained
soils on till plains. These soils formed in glacial till derived from sandstone and limestone.
In a representative profile the surface layer is dark grayish brown loam 8 inches thick. The
upper 6 inches of the subsoil is brown, friable loam. The lower 16 inches is mottled
reddish brown, firm heavy loam. The upper part of the substratum is mottled brown, firm
loam, and the lower part is mottled brown, firm gravelly loam. A temporary high-water
table is perched above the slowly permeable substratum in spring and during other wet
periods. The subsoil is moderately permeable. Available water capacity is high. The
depth to restrictive layer ranges from 40 to 60 inches to lithic bedrock for HcB and HcA as
well as reported more than 80 inches below the ground surface.
Howard Series (HoB, HpC)
The Howard series consists of deep, gently sloping to hilly, well drained to somewhat
excessively drained soils on outwash terraces, glacial beaches, kettles, and kames. These
soils formed in glacial outwash derived mainly from sandstone, limestone, and shale. In
a representative profile the surface layer is very dark grayish brown gravelly loam 7 inches
thick. The subsoil is about 41 inches thick. The upper 5 inches is brown to dark brown,
friable gravelly loam; the next 12 inches is reddish brown, friable gravelly loam; and the
lower 24 inches is dark reddish brown, friable very gravelly loam. The substratum is
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reddish brown, loose sand and gravel. Permeability is moderately rapid in the subsoil and
rapid in the substratum. Available water capacity is moderate. The depth to a restrictive
layer is reported as being greater than 80 inches.
Junius Series (Ju)
The Junius series consists of deep, nearly level, somewhat poorly drained soils on lake
plains, glacial beaches or sand bars of former glacial lakes. These soils formed in watersorted, sandy deposits derived mainly from quartz and feldspar. In a representative
profile the surface layer is very dark gray loamy fine sand 8 inches thick. The upper 8
inches of the subsoil is mottled brown, very friable loamy fine sand. The lower 11 inches
is mottled grayish brown, friable loamy fine sand. The substratum is gray, loose, fine and
medium sand. These soils have a seasonal high-water table. Permeability is rapid in the
subsoil and substratum. Available water capacity is low. The depth to bedrock is reported
as being greater than 80 inches.
Kendaia Series (KaA)
The Kendaia series consists of nearly level, somewhat poorly drained soils on till plains.
These soils formed in glacial till derived mainly from limestone. They are underlain by
limestone bedrock at a depth of 3.5 to 6 feet. In a representative profile the surface layer
is very dark grayish brown silt loam 9 inches thick. The subsoil is about 13 inches thick.
The upper 4 inches is mottled pale brown, firm heavy silt loam; the next 5 inches is
mottled brown, firm heavy silt loam; and the lower 4 inches is mottled brown, firm silt
loam. The upper 7 inches of the substratum is mottled pinkish gray, firm silt loam. The
lower 21 inches is mottled brown, firm loam. Limestone bedrock is at a depth of 50
inches. A seasonal high-water table is generally perched above the slowly permeable
substratum. The subsoil is moderately permeable. Available water capacity is moderate
to high. The depth to a restrictive layer ranges from 42 to 72 inches to lithic bedrock.
Lakemont Series (Lk)
The Lakemont series consists of deep, nearly level, poorly drained to very poorly drained
soils in depressions in lake plains. These soils formed in silt and clay glacial lake deposits.
In a representative profile the surface layer is very dark gray silty clay loam 8 inches thick.
The subsurface layer is 4 inches of mottled light gray silty clay loam. The subsoil is firm
silty clay about 18 inches thick. The upper 4 inches is mottled dark reddish gray, and the
lower 14 inches is mottled reddish brown. The substratum is mottled reddish brown,
firm, varved silty clay and clay. The water table is near the surface for long periods.
Permeability is slow in the subsoil and substratum. Available water capacity is moderate
to high. The depth to bedrock is reported as being greater than 80 inches.
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Lamson Series (Ln)
The Lamson series consists of deep, nearly level, poorly drained and very poorly drained
soils in depressions in glacial lake plains and deltas. These soils formed in water-sorted
sediment having particle sizes centered near the fine sand and silt limit. In a
representative profile the surface layer is very dark gray very fine sandy loam 9 inches
thick. The subsurface layer is 12 inches of mottled light brownish gray loamy very fine
sand. The subsoil is 11 inches of mottled brown, very friable fine sandy loam. The upper
part of the substratum is mottled grayish brown, friable fine sandy loam, and the lower
part is dark grayish brown, very friable fine sand and silt. The water table is near the
surface for long periods. Permeability is moderately rapid in the subsoil and substratum.
Available water capacity is moderate to high. The depth to bedrock is reported as being
greater than 80 inches.
Lyons Series (Ly, Lz)
The Lyons series consists of deep, nearly level, poorly drained and very poorly drained
soils in depressions in till plains. These soils formed in glacial till derived from limestone,
sandstone, and shale. In a representative profile the surface layer is very dark gray silt
loam 9 inches thick. The subsoil is about 27 inches thick. The upper 2 inches is mottled
light brownish gray silt loam; the next 7 inches is mottled grayish brown, firm silt loam;
and the lower 18 inches is mottled grayish brown, firm gravelly loam. The substratum is
light brownish gray, firm gravelly loam. The water table is near the surface for long
periods. Permeability is moderately slow in the subsoil and slow in the substratum.
Available water capacity is high. The depth to a restrictive layer is reported as being
greater than 80 inches.
Madalin Series (Ma)
The Madalin series consists of deep, nearly level, poorly drained and very poorly drained
sols in depressions in lake plains. These soils formed m lacustrine deposits of clay and silt.
In a representative profile the surface layer is very dark gray silt loam 8 inches thick. The
subsoil is 25 inches thick. The upper 8 inches is mottled dark grayish brown, firm silty clay
loam; the next 9 inches is mottled brown, firm silty clay; and the lower 8 inches is mottled
dark grayish brown silty clay. The substratum is mottled grayish brown silt and clay. The
water table is near the surface for long periods. Permeability is slow in the subsoil and
slow to very slow in the substratum. Available water capacity is moderate to high. The
depth to bedrock is more than 80 inches.
Madrid Series (MdB, MdC)
The Madrid series consists of deep, gently sloping to rolling, well drained soils on till
plains. These soils formed in glacial till derived mainly from sandstone and limestone. In
a representative profile the surface layer is dark grayish brown, fine sandy loam 9 inches
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thick. The upper 16 inches of the subsoil is brown, friable fine sandy loam. The lower 15
inches is reddish brown, friable loam. The upper part of the substratum is brown to dark
brown and pinkish gray, friable fine sandy loam. The lower part of the substratum is
brown, friable fine sandy loam. Permeability is moderate in the subsoil and moderately
slow in the substratum. Available water capacity is moderate to high. The depth to a
restrictive layer is reported as being greater than 80 inches.
Martisco Series (Me)
The Martisco series consists of level, very poorly drained muck soils that are less than 16
inches thick over marl. These soils are in swamps and bogs of lacustrine deposits, on
outwash and till plains, .and in backwater areas on flood plains. They formed in thin
organic deposits over marl. In a representative profile the surface layer is black muck 10
inches thick. The next 18 inches is friable, white marl that contains many soft snail shells.
Below this is 5 inches of firm, impervious, very dark gray organic material underlain by
dark gray silt. A high-water table is near the surface for long periods. Permeability is
moderate to moderately rapid in the organic layer and slow in the marl. The prolonged
high-water table, the ponding, the high content of organic matter, and the underlying
marl are the main limitations. The depth to bedrock is reported as being greater than 80
inches.
Massena Series (Mn)
The Massena series consists of deep, nearly level, somewhat poorly drained soils on till
plains. These soils formed in glacial till derived mainly from siliceous rocks and limestone.
In a representative profile the surface layer is very dark grayish brown fine sandy loam 8
inches thick. The upper 4 inches of the subsoil is mottled light brownish gray, very friable
fine sandy loam. The lower 12 inches is mottled brown, firm loam. The substratum is
mottled brown, firm, gravelly fine sandy loam. A seasonal high-water table is generally
perched above the moderately slowly to slowly permeable substratum. The subsoil is
moderately permeable. Available water capacity is moderate. The depth to bedrock is
reported as being greater than 80 inches.
Minoa Series (Mo)
The Minoa series consists of deep, somewhat poorly drained soils. These soils formed in
water-deposited sediment, dominantly very fine sand. In a representative profile the
surface layer is dark grayish brown very fine sandy loam 8 inches thick. The subsoil is 18
inches of mottled brown, friable loamy very fine sand. The upper 14 inches of the
substratum is mottled grayish brown, very friable loamy very fine sand. The next 5 inches
of the substratum is gray, very friable fine sand and very fine sand. Below this is brown,
firm silty clay loam. These soils have a seasonal high-water table. The subsoil and upper
part of the substratum are moderately permeable, and the lower part of the substratum
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is moderately rapidly permeable. Available water capacity is moderate to high. The depth
to bedrock is reported as being greater than 80 inches.
Newstead Series (Ne)
The Newstead series consists of nearly level, somewhat poorly drained to poorly drained
soils that are 20 to 40 inches deep over bedrock. These soils are on bedrock controlled
till plains. They formed in glacial till derived mainly from limestone and some sandstone
and shale. In a representative profile the surface layer is very dark gray silt loam 9 inches
thick. The upper 5 inches of the subsoil is mottled dark yellowish brown, friable silt loam.
The lower 10 inches is mottled brown, friable, flaggy silt loam. The substratum is 2 inches
of mottled grayish brown, friable, flaggy sandy loam. Limestone bedrock is at a depth of
26 inches. A seasonal high-water table is perched above the bedrock. The subsoil is
moderately permeable. Available water capacity is low to moderate. The depth to
restrictive layer ranges from 20 to 40 inches to lithic bedrock.
Niagra Silt Loam (NgA)
The Niagara series consists of deep, nearly level to gently sloping, somewhat poorly
drained soils on glacial lake plains. These soils formed in silty lacustrine sediment. In a
representative profile the surface layer is dark grayish brown silt loam 8 inches thick. The
subsurface layer is 5 inches of mottled brown, friable silt loam. The subsoil is 11 inches
of mottled brown to dark brown, firm, heavy silt loam. The substratum is mottled brown,
firm silt loam. These soils have a seasonal high-water table. Permeability is moderately
slow in the subsoil and moderately slow to slow in the substratum. Available water
capacity is high. The depth to bedrock is reported as being greater than 80 inches.
Odessa Series (OdA, OdB)
The Odessa series consists of deep, nearly level to gently sloping, somewhat poorly
drained soils on glacial lake plains. These soils formed in reddish colored silt and clay
lacustrine sediment. In a representative profile the surface layer is very dark grayish
brown silt loam 8 inches thick. The upper 9 inches of the subsoil is mottled brown, firm
silty clay loam. The lower 24 inches is mottled reddish brown, firm silty clay. The
substratum is mottled dark reddish gray and brown to dark brown, stratified silt and clay.
A seasonal high-water table is generally perched above the slowly permeable subsoil. The
substratum is slowly to very slowly permeable. Available water capacity is moderate to
high. The depth to bedrock is reported as more than 80 inches below the ground surface.
Ontario Series (Onb, OnC, OoB, OsC, OtB)
The Ontario series consists of deep, nearly level to sloping, well drained soils on drumlins
and till plains. These soils formed in glacial till derived mainly from limestone and
sandstone. In a representative profile the surface layer is dark grayish brown loam 8
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inches thick. The subsoil is 30 inches thick. The upper 8 inches is brown, friable loam; the
next 9 inches is brown to dark brown, friable loam; and the lower 13 inches is reddish
brown, firm, heavy loam. The substratum is brown, firm gravelly loam. Permeability is
moderate in the subsoil and slow in the substratum. Available moisture capacity is
moderate to high. The depth to bedrock is reported as more than 80 inches below the
ground surface, except for OtB which ranges from 40 inches to 60 inches below the
ground surface.
Ovid Series (OvA, OvB)
The Ovid series consists of deep, nearly level or gently sloping, somewhat poorly drained
soils on till plains. These soils formed in glacial till or glacial lake clays. In a representative
profile the surface layer is very dark grayish brown silt loam 8 inches thick. The subsurface
layer is 5 inches of leached, mottled grayish brown silt loam. The upper 5 inches of the
subsoil is mottled brown to dark brown, firm silty clay loam. The lower 10 inches of the
subsoil is mottled reddish brown, firm silty clay loam. These soils have a seasonal highwater table. The subsoil is moderately slow to slowly permeable, and the substratum is
slowly permeable. Available water capacity is moderate to high. The depth to bedrock is
reported as more than 80 inches below the ground surface.
Palms Series (Pm)
The Palms series consists of very poorly drained, level muck soils that are 16 to 51 inches
thick over mineral soil material. These soils are in swamps and bogs, mostly in the
southern parts of Orleans County. They formed in herbaceous material that accumulated
in basins formerly occupied by shallow ponds and lakes. In a representative profile the
surface layer is black muck 30 inches thick. The next layer is 4 inches of very dark brown,
woody muck. The upper part of the substratum is greenish gray, firm, light silty clay loam
and the lower part is mottled grayish brown, firm, light silty clay loam. The water table is
near the surface for long periods. Permeability is moderately rapid in the organic part
and moderate in the mineral part. Available water capacity is high. The depth to bedrock
is reported as being greater than 80 inches.
Phelps Series (Pp)
The Phelps series consists of deep, nearly level, moderately well drained soils on glacial
outwash terraces and glacial beaches. These soils formed in water-sorted, sandy and
gravelly materials derived mainly from limestone. In a representative profile the surface
is very dark grayish brown gravelly fine sandy loam 8 inches thick. The subsoil is 26 inches
thick. The upper 11 inches is mottled brown, friable gravelly loamy fine sand; the next 8
inches is mottled brown, friable gravelly sandy loam; and the lower 7 inches is mottled
reddish brown, friable gravelly loam. The substratum is mottled brown to dark brown,
friable very gravelly loamy sand. A temporary high-water table occurs in spring and during
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other wet periods. Permeability is moderate to moderately rapid in the subsoil and
moderately rapid to rapid in the substratum. Available water capacity is moderate. The
depth to bedrock is reported as being greater than 80 inches.
Schoharie Series (ScB)
The Schoharie series consists of deep, gently sloping, moderately well drained to well
drained soils on glacial lake plains. These soils formed in reddish silt and clay lacustrine
sediment. In a representative profile the surface layer is dark grayish brown silt loam 8
inches thick. The upper 4 inches of the subsoil is mottled reddish brown, firm silty clay
loam. The lower 16 inches is mottled reddish brown, firm silty clay. The upper part of
the substratum is mottled reddish brown, moderately alkaline silty clay, and the lower
part is reddish brown, firm silt loam. A temporary high-water table is generally perched
above the slowly permeable subsoil in spring and during other wet periods. The
substratum also is slowly permeable. Available water capacity is moderate to high. The
depth to restrictive layer is reported as being greater than 80 inches.
Sun Series (Su)
The Sun series consists of deep, nearly level, poorly drained to very poorly drained soils
on till plains. These soils formed in glacial till derived from limestone and sandstone. In
a representative profile the surface layer is very dark gray silt loam 8 inches thick. The
upper 4 inches of the subsoil is mottled light gray, friable fine sandy loam. The lower 10
inches is mottled reddish brown, friable fine sandy loam. The substratum is mottled
reddish brown, firm gravelly loam. The water table is near the surface for long periods.
The subsoil and substratum are slowly permeable. Available water capacity is high. The
depth to restrictive layer is reported as being greater than 80 inches.
Udifluvents (UD)
This frequently flooded material consists of nearly level, recent alluvial deposits on
narrow flood plains. Generally, it is flooded early in spring and late in fall and is moist or
wet the rest of the year. The deposits range from gravel and sand to clay. They are
commonly less than 40 inches deep over lake-laid material or glacial till. Included with
this unit in mapping are small areas of deeper alluvial soils, such as the well-drained
Hamlin soils, the moderately well drained and somewhat poorly drained Teel soils, and
the poorly drained to very poorly drained Wayland soils. Narrowness of the flood plain,
the varying texture, and flooding limit the use of this unit. Most areas are pastured or
wooded. Onsite investigation is needed to determine the feasibility of any proposed land
use change. The depth to bedrock is reported as being greater than 80 inches.
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Wampsville Series (WmB)
The Wampsville series consists of deep, gently sloping, well drained soils on outwash
terraces and glacial beaches. These soils formed in water-sorted deposits derived from
red shale, limestone, and sandstone. In a representative profile the surface layer is dark
grayish brown, gravelly loam 8 inches thick. The subsoil is 32 inches thick. The upper 7
inches is brown, friable, gravelly loam; the next 17 inches is dark brown to brown, firm,
light gravelly clay loam; and the lower 8 inches is dark brown to brown, friable gravelly
loam. The substratum is grayish brown, loose very gravelly loamy sand. The subsoil is
moderately rapidly permeable, and the substratum is rapidly permeable. Available water
capacity is high. The depth to bedrock is reported as being greater than 80 inches.
Wassaic Series (WsA, WsB)
The Wassaic series consists of moderately deep, nearly level and gently sloping, well
drained to moderately well drained soils that are 20 to 40 inches deep over bedrock.
These soils are on bedrock-controlled till plains. They formed in glacial till derived from
limestone, sandstone, and shale. In a representative profile the surface layer is dark
grayish brown silt loam 9 inches thick. The upper 7 inches of the subsoil is brown, friable
loam. The lower 11 inches is dark brown to brown, firm, heavy loam. The substratum is
reddish brown and brown to dark brown, firm, flaggy loam. Limestone bedrock is at a
depth of 36 inches. The subsoil is moderately permeable. Available water capacity is low
to moderate. The depth to bedrock ranges from 20 inches to 40 inches below the ground
surface.
Wayland Series (Ln)
The Wayland series consists of deep, nearly level, poorly drained and very poorly drained
soils on flood plains. These soils formed in alluvial sediment, mainly of silt and, to a lesser
extent, sand and clay. In a representative profile the surface layer is very dark grayish
brown silt loam 8 inches thick. Below this is mottled dark gray, friable silt loam; mottled
gray, firm silty clay loam; mottled reddish gray, friable silt loam; and gray fine sandy loam.
Wayland soils are frequently flooded, and the water table is near the surface for long
periods. Permeability is slow. Available water capacity is high, and excess water for plants
is common. The depth to bedrock is reported as being greater than 80 inches.
According to the surface texture map published by United States Department of Agriculture
(USDA) in attached Figure 7, the surface texture of subsurface soils within the project site are
classified as follows:
•
•
•
•

Silt loam
Very fine sandy loam
Muck
Fine sandy loam
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Loamy fine sand
Mucky silt loam
Loam
Gravelly loam
Silty clay loam

2.2.3 Bedrock
According to the information published in The National Geologic Map Database of United States
Geological Survey (USGS), the project site is underlain by bedrock of the Akron Dolostone and
Salina Group (Sab/Scv), and Lockport Group (Sl). Both groups are in Silurian geologic period and
system spanning 24.6 million years from the end of the Ordovician period at 443.8 million years
ago (Mya) to the beginning of the Devonian period at 419.2 Mya. The upper portion of the site
is in Akron Dolostone and Salina Group consisting of dolostone, shale, salt, and gypsum. The
lower portion of the site is in Lockport Group consisting of dolostone and limestone. A geologic
map is presented in Figure 8.
Limestone (karst) is generally susceptible to dissolution by acidic groundwater, fractures, joints,
and faults. According to an US Karst Map published by USGS in 2014, the carbonate rocks are
buried beneath less than 50 ft of glacially derived insoluble sediments. The karst map for the
project site is presented in Figure 9.
2.3

Hydrology and Groundwater

According to the New York State Section 305(b) “Water Quality Report” (2016), the project site
is located in Oak Orchard Creek Watershed of Western Lake Ontario Basin of Lake Ontario and
Minor Tributaries Watershed, which is comprised of the smaller drainage that lie between the
larger rivers that empty into Lake Ontario. It is indicated in the watershed report that currently
there is inadequate data to evaluate uses and determine a water quality assessment for this
waterbody. In addition, the waterbody segment is a Class A waterbody suitable for water supply,
public bathing, general recreation use, and support of aquatic life. The United States
Environmental Protection Agency (USEPA) and New York State Department of Environmental
Conservation (NYSDEC) have developed a Pollution Minimization Plan Guidance Manual, which
regulates the effluent quality that reaches publicly owned treatment facilities. The effluent from
point source dischargers and industrial users discharging into these public facilities must achieve
a quality at or below water quality-based standards.
As it was indicated in Section 2.2.1 of this report, the majority of the surficial soils within the site
were classified as fine-grained materials. These types of soils exhibit slow infiltration and low
permeability, which results in high volume of runoff. The USDA Web Soil Survey provides a map
of hydrologic soil groups presented in Figure 10, which consists of four (4) soil groups, A through
D. Group A soils feature a high infiltration rate and low runoff potential, which typically happens
with the materials of sands or gravelly sands. On the other hand, Group D soils present a slow
infiltration rate and high runoff potential, which generally takes place with fine-grained materials
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such as silt and clay. Most of the soils within the site are categorized as Group B, C or D,
representing medium to slow infiltration and medium to high runoff potential. With respect to
infiltration, Figure 11 indicates that greater than 90% of the site is rated “most limited”, which is
defined by several factors. One of the factors is the soil permeability that is less than 0.5 inches
per hour. Drainage flows into Lake Ontario through several small streams. Oak Orchard Creek
and its tributaries control the largest drainage area. Dissection by stream action has not been
thorough, and valleys are generally less than a quarter of a mile wide. Most of the flood plains
are only 100 to 300 feet wide.
The depth of groundwater within the site varies from location to location. Based on the historical
records, the groundwater is as shallow as 8 inches below ground surface (bgs) at some turbine
locations and deeper at more than 79 inches bgs. A map of groundwater depth published by
USDA Soil Survey is presented in Figure 12. There are historical wells which were recorded and
found within the project area based on a search in the database of the NYS Department of
Environmental Conservation. The locations of these historical wells are within the vicinity of
some turbine locations. The data provides a good reference regarding the depths to
groundwater and bedrock. A historical well data in kmz format can be downloaded on this
webpage: https://gis.ny.gov/gisdata/inventories/details.cfm?DSID=1203.
2.4

Seismic Activity

There have been 25 reported earthquakes in Orleans County from 1900 to 2005. None of them
have caused serious damage. Earthquake takes place most likely due to active faults around
Quebec, Canada and the New England area. Several fault lines run through the county but none
of these faults are thought to pose an imminent threat. Other faults may exist in the area, but
much research still needs to be done in order to determine exactly where they are or what
threats they pose to the region. The map presented in Figure 13 depicts New York State’s
vulnerability to earthquakes. The map shows the Peak Ground Acceleration (PGA) values with a
10% chance of being exceeded over any given 50-year period. PGA is a measure of the strength
of ground movements. This map shows the geographic area affected, the probability of an
earthquake of each given level of severity (10% chance in 50 years), and the severity. Areas with
the least earthquake risk are shown in green and areas with the greatest risk are shown in purple.
As the map indicates, the southwestern area of Orleans County has a PGA of 4% of gravity for
earthquakes with a 10% chance of occurring within 50 years. The remainder of the county has a
PGA of 3% of gravity for earthquakes with a 10% chance of occurring within 50 years.
According to Seismic Zoning Map for New York State Seismic Building Code, the site is in Seismic
Zone C and has a Z factor of 0.15. Since the bedrock condition is unknown, it was assumed that
site soil classification is stiff soil as “Site Class D” for conservation purpose. The USGS seismic
design was conducted and the result of the design is presented below.
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Soil Corrosivity

2.5.1 Corrosion to Concrete
Risk of corrosion pertains to potential soil-induced electrochemical or chemical action that
corrodes or weakens buried concrete. The rate of corrosion of concrete is based mainly on the
sulfate and sodium content, texture, moisture content, and acidity of the soil. The concrete in
installations that intersect soil boundaries or soil layers is more susceptible to corrosion than the
concrete in installations that are entirely within one kind of soil or within one soil layer. The risk
of corrosion is expressed as low, moderate or high in Figure 14. This figure indicates a high risk
of concrete corrosion in the vicinity of turbine location 10 mapped as a soil type “EIB”, which is
defined as Elnora loamy fine sand (less than 1% of the surface area of the project based on
information from the USDA Web Soil Survey). The rest of the turbine locations are rated as
moderate to low risk for corrosion to concrete.
2.5.2 Corrosion to Steel
The rate of corrosion of uncoated buried steel is related to such factors as soil moisture, particlesize distribution, acidity, and electrical conductivity of the soil. Special site examination and
design may be needed if the combination of factors results in a severe hazard of corrosion. The
risk of corrosion is expressed as low, moderate or high in Figure 15 which indicates that more
than 90% of the project site is mapped as high risk of corrosion to buried steel except the soil
material mapped as OnC located at turbine locations 5 and 8.
2.6

Soil Chemical Properties

The chemical properties of the soils are categorized in the following subsections and the
evaluations were based on the information provided by USDA Web Soil Survey. In order to
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evaluate the chemical properties of the soils, it was assumed that the proposed footing, if used,
will be placed below the frost depth and the footing is 5 ft in thickness. Therefore, the depth of
soil of interest ranges from 24 to 72 inches below ground surface.
2.6.1 Electrical Conductivity (EC) and Gypsum
Electrical conductivity is the electrolytic conductivity of an extract from saturated soil paste,
expressed as decisiemens per meter at 25 degrees C. Electrical conductivity is a measure of the
concentration of water-soluble salts in soils. It is used to indicate saline soils. The soil electrical
conductivity is affected by soil texture, cation exchange capability, drainage conditions, organic
matter level, salinity, and subsoil characteristics.
The content of gypsum is the percent, by weight, of hydrated calcium sulfates in the fraction of
the soil less than 20 millimeters in size. Gypsum is partially soluble in water. Soils high in content
of gypsum, such as those with more than 10 percent gypsum, may collapse if the gypsum is
removed by percolating water. In addition, gypsum is corrosive to concrete. As shown in Figure
16 and 17, no susceptible high electrical conductivity and gypsum content was found in the soil.
TRC notes that soil resistivity, which is the reciprocal of conductivity, is often used to assess
corrosion potential for metals in soil. Generally speaking, the lower the resistivity (or the higher
the conductivity), the higher the corrosion rate. While there are several factors that influence
corrosion rates of metals in soil, it might be possible to infer that areas not designated as having
high steel corrosion potential (as discussed in Section 2.5.2 above) will likely not exhibit high
electrical conductivity.
2.6.2 pH
Soil reaction is a measure of acidity or alkalinity. The level of pH in the soil will have an impact
to the risk of corrosion. In general, soils that are either highly alkaline or highly acid are likely to
be very corrosive to buried steel. As shown in Figure 18, most of the turbine locations have pH
values in a range of 7.0 to 8.2, except a pH 6.6 is anticipated at turbine location 20. However, pH
can often be used as indicator of corrosion potential for metals buried in soil. Extremely acid
soils (below pH 4.5) and very strongly alkaline soils (above pH 9.1) have significantly higher
corrosion loss rates when compared with other soils. While there are factors other than pH that
also influence corrosion potential for metals in soil, it might be possible to infer that areas not
designated as having high steel corrosion potential (as discussed in Section 2.5.2 above) will likely
not be extremely acidic or extremely alkaline soils.
2.7

Organic Matter

Organic soils are commonly soft, saturated and unconsolidated deposits that have poor
engineering properties and rise geotechnical problems. The soil organic matter is a complex
mixture of organic compounds. Amount of organics in the soils significantly affects index,
physical and chemical engineering properties such as specific gravity, water content, liquid limit,
plastic limit, density, cation exchange capacity, hydraulic conductivity, compressibility and
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strength. The USDA Soil Survey in Figure 19 indicates that no susceptible high organic content
was found in the soil with exception of mucky and silty materials labeled as Cb (Carlisle muck),
Ed (Edwards muck), Me (Martisco muck), OtB (Ontario loam), and Pm (Palms much).
2.8

Frost Depth

According to NYSDOT’s survey presented in Figure 20, the frost depth is expected to be 28.5 to
33.5 inches bgs. Therefore, the bearing stratum of the proposed foundations should be below a
depth of 3.0 ft from the ground surface.
3.0

FINDINGS AND IMPACTS

Based on our findings of this desktop study, the site is generally suitable for the proposed
construction of the wind turbines and auxiliary structures. A summary of USDA Web Soil Survey
is presented in the Table 1.
3.1

Foundations

The wind turbines can be supported by shallow or deep foundations. Typically, the foundations
are required to sustain both compressive, lateral and tensile loads imposed from the wind turbine
structure, which typically results in a large footing foundation. The advantages of footing
foundations are that they can be less costly, easier to construct, contain controlled bearing
materials, offer savings in time required for construction, etc. The cost effectiveness of shallow
foundations for this project will be somewhat influenced by actual depth to rock, ease of
excavation and required size and or need for rock anchors for resisting overturning loads.
A deep foundation system can be a very viable alternate for the wind turbine structure. Based
on anticipated subsurface and structure loading conditions, most suitable deep foundation
systems for this particular project would likely consist of drilled shafts (caissons) or micropiles.
Both of these deep foundation systems basically involve drilling, reinforcement and
concrete/grout. Depending on the structure loads, the drilled shafts or micropiles can be
multiple diameters with various shaft/pile lengths. To provide suitable support for deep
foundations it is anticipated that each drilled shaft or micropile will be embedded into competent
bedrock.
In conclusion, a shallow foundation system is generally suitable for wind turbine structures
providing they are bearing in competent soils or rock if encountered at relatively shallow depths
at the project site, but a deep foundation system such as drilled shaft or micropile is a suitable
alternative where subsurface conditions warrant. Whichever of the foundation systems is
selected, a comprehensive project specific subsurface investigation program will be required for
each turbine location prior to final foundation selection and design.
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Roadway

Figure 21 presents the suitability of natural surface soil for construction of access roads. Based
on available NRCS mapping, the majority of proposed roadways cross areas are rated as
moderately suited for roadway construction, with a minor percentage of the area crossing areas
rated as poorly suited. The areas designated as soil types Ca, AnA, Ly, HpC, and KaA shown in
Table 1 are identified as being poorly suited for roadway because these surface soils tend to be
fine-grained materials such as silt, clay or a combination thereof. Due to the types of the existing
surface soils, it is expected that considerable surface runoff may take place after a rain event in
these areas. In addition, mucks were not rated and evaluated for roadway by USDA, however
these soil materials are considered unsuitable for roadway support. Storm water management
(SWM) and erosion and sediment controls (ESC) should be implemented prior to the
construction. Where required, potential limitations related to “poor” soils from the standpoint
of roadway stability can be mitigated through proper drainage as well as through geosynthetic
reinforcement for unpaved aggregate roadways.
3.3

Re-use of On-site Materials

Most of the subsurface soils are silt and clays with fine sands. Such fine-grained materials can be
used for general overall grading but are generally not suitable for re-use as engineered structural
fills. If re-used in compacted fills including foundation backfill, these materials will be difficult to
work with in wet conditions and will lose considerable strength when wet and disturbed by
construction equipment. Muck soils are unsuitable for reuse.
3.4

Construction Dewatering

Dewatering of excavations may be required to facilitate foundation construction in areas of
shallow water table including perched groundwater, especially during wet periods of the year.
Where applicable, it is anticipated that sump and pump methods of dewatering may be used to
control surface water and near surface groundwater conditions. Dewatering may also be
required to facilitate drilled shaft construction, depending on the overall length of the shafts as
well as depth of the water table. While concrete placement for drilled shafts can be performed
in the wet, this would require very controlled tremie placement procedures and, where
applicable, dewatering is generally recommended over wet placement.
4.0

LIMITATIONS

This desktop study report has been prepared for the sole use of Apex Clean Energy specifically
for the proposed wind turbines facility planned in Orleans County, NY. The opinions and
conclusions presented in this report have been formulated based on publicly available data in
accordance with your request and generally accepted geotechnical engineering practices that
exist in the area at the time this report was written. No other warranty, expressed or implied, is
made or should be inferred.
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The opinions and conclusions contained in this report are based upon the information obtained
from our desktop study, which includes data from widely separated discrete locations and
geotechnical data available to us from various public sources, along with our experience and
engineering judgment.

TABLES

TABLE 1

SUMMARY OF USDA SOIL
SURVEY

Turbine
Possible
Description
USDASC2
Locatioin1
USCS3
1
HbB
Hilton Loam
ML
2
Ca
Canandaigua soils
SM
3
HbB
Hilton Loam
ML
4
AnA
Appleton silt loam
ML
5
OnC
Ontario loam
ML
6
HbB
Hilton Loam
ML
7
HbB/ChA
Hilton Loam/Churchville silt loam
ML
8
OnC
Ontario loam
ML
9
AnA
Appleton silt loam
ML
10
HbB
Hilton Loam
ML
11
AnA
Appleton silt loam
ML
12
Ly
Lyons soils
ML
13
HbB
Hilton Loam
ML
14
ChA
Churchville silt loam
ML
15
HbB
Hilton Loam
ML
16
HbB
Hilton Loam
ML
17
AnA
Appleton silt loam
ML
18
AnA
Appleton silt loam
ML
19
Ca
Canandaigua soils
SM
20
HpC
Howard soils
SM
21
ChA
Churchville silt loam
ML
22
HbB
Hilton Loam
ML
23
AnA
Appleton silt loam
ML
24
Ca
Canandaigua soils
SM
25
AnA
Appleton silt loam
ML
26
HbB
Hilton Loam
ML
27
HbB
Hilton Loam
ML
28
AnA
Appleton silt loam
ML
29
HcA
Hilton loam
ML
30
HnB
Hilton‐Cazenovia complex
SM
31
KaA
Kendaia and Appleton soils
ML
32
HnB
Hilton‐Cazenovia complex
SM
33
ChA
Churchville silt loam
ML
Alternate
HnB
Hilton‐Cazenovia complex
SM
Notes:
1
See Figure 6 of the Report.
2
United States Department of Agriculture Soil Classification (USDA).
3
Best estimate using Unified Soil Classification System (USCS).

Table 1. Summary of USDA Soil Survey
Hydrologic
Depth to
Infiltration
Runoff
Soil Group
GW (in.)
B/D
Most limited
Low
21
C/D
Most limited
‐‐
0
B/D
Most limited
Low
21
B/D
Most limited
Very High
8
B
Somewhat limited Medium
79
B/D
Most limited
Low
21
C/B/D
Most limited
Low
21 / 15
B
Somewhat limited Medium
79
B/D
Most limited
Very High
8
B/D
Most limited
Low
21
B/D
Most limited
Very High
8
C/D
Most limited
Negligible
0
B/D
Most limited
Low
21
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Most limited
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Most limited
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Very High
8
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C/D
Most limited
‐‐
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Corrosion
Concrete
Moderate
Low
Moderate
Low
Moderate
Moderate
Moderate/Low
Moderate
Low
Moderate
Low
Low
Moderate
Low
Moderate
Moderate
Low
Low
Low
Low
Low
Moderate
Low
Low
Low
Moderate
Moderate
Low
Moderate
Moderate
Moderate
Moderate
Low
Moderate

Steel
High
High
High
High
Low
High
High
Low
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High

pH
7.7
7.8
7.7
7.5
7.4
7.7
7.7/7.8
7.4
7.5
7.7
7.5
8.1
7.7
7.8
7.7
7.7
7.5
7.5
7.8
6.6
7.8
7.7
7.5
7.8
7.5
7.7
7.7
7.5
7.4
7.7
7.9
7.7
7.8
7.7

Organic
Matter (%)
0.75
0.75
0.75
0.62
0.81
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0.81
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0.62
0.61
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0.64
0.75
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0.62
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0.42
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0.75
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0.75
0.62
0.75
0.75
0.62
0.89
0.75
0.50
0.75
0.64
0.75

Suitability
for Roadway
Moderately suited
Poorly suited
Moderately suited
Poorly suited
Moderately suited
Moderately suited
Moderately suited
Moderately suited
Poorly suited
Moderately suited
Poorly suited
Poorly suited
Moderately suited
Moderately suited
Moderately suited
Moderately suited
Poorly suited
Poorly suited
Poorly suited
Poorly suited
Moderately suited
Moderately suited
Poorly suited
Poorly suited
Poorly suited
Moderately suited
Moderately suited
Poorly suited
Moderately suited
Moderately suited
Poorly suited
Moderately suited
Moderately suited
Moderately suited
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MAP LEGEND
Area of Interest (AOI)
Area of Interest (AOI)
Soils
Soil Map Unit Polygons
Soil Map Unit Lines
Soil Map Unit Points
Special Point Features
Blowout
Borrow Pit
Clay Spot
Closed Depression
Gravel Pit
Gravelly Spot
Landfill
Lava Flow
Marsh or swamp

MAP INFORMATION
Spoil Area
Stony Spot
Very Stony Spot
Wet Spot
Other
Special Line Features

Water Features
Streams and Canals
Transportation
Rails
Interstate Highways
US Routes
Major Roads
Local Roads
Background
Aerial Photography

Mine or Quarry

The soil surveys that comprise your AOI were mapped at
1:15,800.
Please rely on the bar scale on each map sheet for map
measurements.
Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)
Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.
This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.
Soil Survey Area: Orleans County, New York
Survey Area Data: Version 15, Sep 3, 2018
Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.
Date(s) aerial images were photographed:
18, 2016

Dec 31, 2009—Oct

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.

Miscellaneous Water
Perennial Water
Rock Outcrop
Saline Spot
Sandy Spot
Severely Eroded Spot
Sinkhole
Slide or Slip
Sodic Spot
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Soil Map—Orleans County, New York

Heritage Wind All

Map Unit Legend
Map Unit Symbol

Map Unit Name

Acres in AOI

Percent of AOI

AnA

Appleton silt loam, 0 to 3
percent slopes

2,592.7

11.1%

AnB

Appleton silt loam, 3 to 8
percent slopes

110.7

0.5%

ArB

Arkport very fine sandy loam, 0
to 6 percent slopes

90.4

0.4%

Ba

Barre silt loam

347.1

1.5%

Bg

Bergen muck

384.1

1.6%

BoA

Bombay fine sandy loam, 0 to
3 percent slopes

4.1

0.0%

BoB

Bombay fine sandy loam, 3 to
8 percent slopes

130.2

0.6%

Ca

Canandaigua soils

1,659.4

7.1%

Cb

Carlisle muck

83.0

0.4%

CcB

Cayuga silt loam, 2 to 6
percent slopes

21.9

0.1%

CeA

Cazenovia silt loam, 0 to 3
percent slopes

26.1

0.1%

CeB

Cazenovia silt loam, 3 to 8
percent slopes

38.5

0.2%

ChA

Churchville silt loam, 0 to 2
percent slopes

1,359.6

5.8%

ChB

Churchville silt loam, 2 to 6
percent slopes

8.5

0.0%

ClB

Claverack loamy fine sand, 0
to 6 percent slopes

0.1

0.0%

CmA

Collamer silt loam, 0 to 2
percent slopes

25.6

0.1%

CmB

Collamer silt loam, 2 to 6
percent slopes

40.6

0.2%

CoB

Colonie loamy fine sand, 0 to 6
percent slopes

158.1

0.7%

CoC

Colonie loamy fine sand, 6 to
12 percent slopes

93.8

0.4%

Ed

Edwards muck

134.1

0.6%

ElB

Elnora loamy fine sand, 0 to 6
percent slopes

17.0

0.1%

FaB

Farmington silt loam, 0 to 8
percent slopes

19.4

0.1%

Fo

Fonda mucky silt loam

316.5

1.4%

GaA

Galen very fine sandy loam, 0
to 2 percent slopes

12.2

0.1%
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Map Unit Symbol

Heritage Wind All

Map Unit Name

GaB

Galen very fine sandy loam, 2
to 6 percent slopes

GP

Gravel pits

HbA

Acres in AOI

Percent of AOI
230.2

1.0%

56.1

0.2%

Hilton loam, 0 to 3 percent
slopes

775.6

3.3%

HbB

Hilton loam, 3 to 8 percent
slopes

4,871.8

20.8%

HcA

Hilton loam, 0 to 3 percent
slopes, bedrock substratum

737.3

3.2%

HcB

Hilton loam, 3 to 8 percent
slopes, bedrock substratum

165.0

0.7%

HnB

Hilton-Cazenovia complex, 0 to
8 percent slopes, stony

624.9

2.7%

HoB

Howard gravelly loam, 3 to 8
percent slopes

282.3

1.2%

HpC

Howard soils, 8 to 25 percent
slopes

297.1

1.3%

KaA

Kendaia and Appleton soils, 0
to 3 percent slopes, bedrock
substratum

761.5

3.3%

Lk

Lakemont silty clay loam, 0 to
3 percent slopes

937.4

4.0%

Ln

Lamson soils

89.0

0.4%

Ly

Lyons soils, 0 to 3 percent
slopes

887.3

3.8%

Lz

Lyons soils, 0 to 3 percent
slopes, bedrock substratum

312.2

1.3%

Ma

Madalin silt loam, 0 to 3
percent slopes

166.2

0.7%

MdB

Madrid fine sandy loam, 3 to 8
percent slopes

125.1

0.5%

Me

Martisco muck

194.7

0.8%

Mn

Massena fine sandy loam

6.1

0.0%

Mo

Minoa very fine sandy loam

82.2

0.4%

Ne

Newstead silt loam

13.0

0.1%

NgA

Niagara silt loam, 0 to 2
percent slopes

349.3

1.5%

OdA

Odessa silt loam, 0 to 3
percent slopes

507.3

2.2%

OdB

Odessa silt loam, 3 to 8
percent slopes

11.2

0.0%

OnB

Ontario loam, 3 to 8 percent
slopes

360.6

1.5%

OnC

Ontario loam, 8 to 15 percent
slopes

87.9

0.4%

OoB

Ontario loam, 3 to 8 percent
slopes, stony

503.7

2.2%
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Heritage Wind All

Map Unit Symbol

Map Unit Name

Acres in AOI

Percent of AOI

OsC

Ontario loam, 3 to 15 percent
slopes, very stony

56.2

0.2%

OtB

Ontario loam, 0 to 8 percent
slopes, bedrock substratum

49.1

0.2%

OvA

Ovid silt loam, 0 to 3 percent
slopes

144.3

0.6%

OvB

Ovid silt loam, 3 to 8 percent
slopes

24.4

0.1%

Pm

Palms muck

1,571.0

6.7%

ScB

Schoharie silt loam, 2 to 6
percent slopes

2.9

0.0%

Su

Sun silt loam

304.7

1.3%

W

Water

46.5

0.2%

WmB

Wampsville gravelly loam, 3 to
8 percent slopes

5.5

0.0%

WsA

Wassaic silt loam, 0 to 3
percent slopes

62.9

0.3%

WsB

Wassaic silt loam, 3 to 8
percent slopes

20.4

0.1%

23,396.5

100.0%

Totals for Area of Interest
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Surface Texture—Orleans County, New York

MAP LEGEND
Area of Interest (AOI)
Area of Interest (AOI)
Soils
Soil Rating Polygons

MAP INFORMATION
Fine sandy loam
Gravelly loam

Please rely on the bar scale on each map sheet for map
measurements.

Loam

Fine sandy loam

Loamy fine sand

Gravelly loam

Muck

Loam

Mucky silt loam

Loamy fine sand

Silt loam

Muck

Silty clay loam

Mucky silt loam

Very fine sandy loam

Silt loam

Not rated or not available

Silty clay loam
Very fine sandy loam
Not rated or not available
Soil Rating Lines
Fine sandy loam
Gravelly loam
Loam
Loamy fine sand
Muck

The soil surveys that comprise your AOI were mapped at
1:15,800.

Water Features
Streams and Canals
Transportation

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)
Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.
This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.
Soil Survey Area: Orleans County, New York
Survey Area Data: Version 15, Sep 3, 2018
Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Rails
Interstate Highways
US Routes
Major Roads
Local Roads
Background

Date(s) aerial images were photographed:
18, 2016

Dec 31, 2009—Oct

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.

Aerial Photography

Mucky silt loam
Silt loam
Silty clay loam
Very fine sandy loam
Not rated or not available
Soil Rating Points

Natural Resources
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Surface Texture—Orleans County, New York

Surface Texture

Map unit symbol

Map unit name

Rating

Acres in AOI

Percent of AOI

AnA

Appleton silt loam, 0 to 3 Silt loam
percent slopes

2,592.7

11.1%

AnB

Appleton silt loam, 3 to 8 Silt loam
percent slopes

110.7

0.5%

ArB

Arkport very fine sandy
loam, 0 to 6 percent
slopes

Very fine sandy loam

90.4

0.4%

Ba

Barre silt loam

Silt loam

347.1

1.5%

Bg

Bergen muck

Muck

384.1

1.6%

BoA

Bombay fine sandy
loam, 0 to 3 percent
slopes

Fine sandy loam

4.1

0.0%

BoB

Bombay fine sandy
loam, 3 to 8 percent
slopes

Fine sandy loam

130.2

0.6%

Ca

Canandaigua soils

Silt loam

1,659.4

7.1%

Cb

Carlisle muck

Muck

83.0

0.4%

CcB

Cayuga silt loam, 2 to 6
percent slopes

Silt loam

21.9

0.1%

CeA

Cazenovia silt loam, 0 to Silt loam
3 percent slopes

26.1

0.1%

CeB

Cazenovia silt loam, 3 to Silt loam
8 percent slopes

38.5

0.2%

ChA

Churchville silt loam, 0
to 2 percent slopes

Silt loam

1,359.6

5.8%

ChB

Churchville silt loam, 2
to 6 percent slopes

Silt loam

8.5

0.0%

ClB

Claverack loamy fine
sand, 0 to 6 percent
slopes

Loamy fine sand

0.1

0.0%

CmA

Collamer silt loam, 0 to
2 percent slopes

Silt loam

25.6

0.1%

CmB

Collamer silt loam, 2 to
6 percent slopes

Silt loam

40.6

0.2%

CoB

Colonie loamy fine sand, Loamy fine sand
0 to 6 percent slopes

158.1

0.7%

CoC

Colonie loamy fine sand, Loamy fine sand
6 to 12 percent slopes

93.8

0.4%

Ed

Edwards muck

Muck

134.1

0.6%

ElB

Elnora loamy fine sand,
0 to 6 percent slopes

Loamy fine sand

17.0

0.1%

FaB

Farmington silt loam, 0
to 8 percent slopes

Silt loam

19.4

0.1%
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Map unit symbol

Map unit name

Rating

Fo

Fonda mucky silt loam

Mucky silt loam

GaA

Galen very fine sandy
loam, 0 to 2 percent
slopes

GaB

Galen very fine sandy
loam, 2 to 6 percent
slopes

GP

Gravel pits

HbA

Hilton loam, 0 to 3
percent slopes

HbB

Acres in AOI

Percent of AOI

316.5

1.4%

Very fine sandy loam

12.2

0.1%

Very fine sandy loam

230.2

1.0%

56.1

0.2%

Loam

775.6

3.3%

Hilton loam, 3 to 8
percent slopes

Loam

4,871.8

20.8%

HcA

Hilton loam, 0 to 3
percent slopes,
bedrock substratum

Loam

737.3

3.2%

HcB

Hilton loam, 3 to 8
percent slopes,
bedrock substratum

Loam

165.0

0.7%

HnB

Hilton-Cazenovia
complex, 0 to 8
percent slopes, stony

Silt loam

624.9

2.7%

HoB

Howard gravelly loam, 3 Gravelly loam
to 8 percent slopes

282.3

1.2%

HpC

Howard soils, 8 to 25
percent slopes

Gravelly loam

297.1

1.3%

KaA

Kendaia and Appleton
soils, 0 to 3 percent
slopes, bedrock
substratum

Silt loam

761.5

3.3%

Lk

Lakemont silty clay
loam, 0 to 3 percent
slopes

Silty clay loam

937.4

4.0%

Ln

Lamson soils

Very fine sandy loam

89.0

0.4%

Ly

Lyons soils, 0 to 3
percent slopes

Silt loam

887.3

3.8%

Lz

Lyons soils, 0 to 3
percent slopes,
bedrock substratum

Silt loam

312.2

1.3%

Ma

Madalin silt loam, 0 to 3
percent slopes

Silt loam

166.2

0.7%

MdB

Madrid fine sandy loam,
3 to 8 percent slopes

Fine sandy loam

125.1

0.5%

Me

Martisco muck

Muck

194.7

0.8%

Mn

Massena fine sandy
loam

Fine sandy loam

6.1

0.0%

Mo

Minoa very fine sandy
loam

Very fine sandy loam

82.2

0.4%

Ne

Newstead silt loam

Silt loam

13.0

0.1%
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Map unit symbol

Map unit name

Rating

Acres in AOI

Percent of AOI

NgA

Niagara silt loam, 0 to 2
percent slopes

Silt loam

349.3

1.5%

OdA

Odessa silt loam, 0 to 3
percent slopes

Silt loam

507.3

2.2%

OdB

Odessa silt loam, 3 to 8
percent slopes

Silt loam

11.2

0.0%

OnB

Ontario loam, 3 to 8
percent slopes

Loam

360.6

1.5%

OnC

Ontario loam, 8 to 15
percent slopes

Loam

87.9

0.4%

OoB

Ontario loam, 3 to 8
percent slopes, stony

Loam

503.7

2.2%

OsC

Ontario loam, 3 to 15
percent slopes, very
stony

Loam

56.2

0.2%

OtB

Ontario loam, 0 to 8
percent slopes,
bedrock substratum

Loam

49.1

0.2%

OvA

Ovid silt loam, 0 to 3
percent slopes

Silt loam

144.3

0.6%

OvB

Ovid silt loam, 3 to 8
percent slopes

Silt loam

24.4

0.1%

Pm

Palms muck

Muck

1,571.0

6.7%

ScB

Schoharie silt loam, 2 to Silt loam
6 percent slopes

2.9

0.0%

Su

Sun silt loam

304.7

1.3%

W

Water

46.5

0.2%

WmB

Wampsville gravelly
loam, 3 to 8 percent
slopes

5.5

0.0%

WsA

Wassaic silt loam, 0 to 3 Silt loam
percent slopes

62.9

0.3%

WsB

Wassaic silt loam, 3 to 8 Silt loam
percent slopes

20.4

0.1%

23,396.5

100.0%

Silt loam

Gravelly loam

Totals for Area of Interest

Description
This displays the representative texture class and modifier of the surface horizon.
Texture is given in the standard terms used by the U.S. Department of
Agriculture. These terms are defined according to percentages of sand, silt, and
clay in the fraction of the soil that is less than 2 millimeters in diameter. "Loam,"
for example, is soil that is 7 to 27 percent clay, 28 to 50 percent silt, and less than
52 percent sand. If the content of particles coarser than sand is 15 percent or
more, an appropriate modifier is added, for example, "gravelly."
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Surface Texture—Orleans County, New York

Rating Options
Aggregation Method: Dominant Condition
Component Percent Cutoff: None Specified
Tie-break Rule: Lower
Layer Options (Horizon Aggregation Method): Surface Layer (Not applicable)
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FIGURE 8

USGS GEOLOGIC MAP

SCALE: NTS
Project No: 318965

Reference:
USGS Geologic Map of New York (New York State Museum and Science Service)

Date: November 9, 2018
Prepared By:
Kai Tu

16000 Commerce Pkwy
Mount Laurel, NJ 08054

GEOLOGIC MAP
Heritage Wind Farm Desktop Study
ORLEANS CO., NEW YORK
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FIGURE 9

US KARST HAZRD MAP

Project Site

SCALE: NTS
Source:
Weary, D.J. and Doctor, D.H., 2014
Karst in the United States: A Digital Map Compilation and Database
USGS

Project No: 318965
Date: November 9, 2018
Prepared By:
Kai Tu

16000 Commerce Pkwy
Mount Laurel, NJ 08054

KARST MAP
Heritage Wind Farm Desktop Study
ORLEANS CO., NEW YORK
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FIGURE 10

HYDROLOGIC SOIL GROUP

SCALE: NTS
Project No: 318965

Reference:
USDA Hydrologic Soil Group Report (Appendix 10)

Date: November 9, 2018
Prepared By:
Kai Tu

16000 Commerce Pkwy
Mount Laurel, NJ 08054

HYDROLOGIC SOIL GROUP
Heritage Wind Farm Desktop Study
ORLEANS CO., NEW YORK
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APPENDIX 10

HYDROLOGIC SOIL GROUP
REPORT
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Hydrologic Soil Group—Orleans County, New York
(Heritage Wind All)

MAP LEGEND
Area of Interest (AOI)
Area of Interest (AOI)
Soils
Soil Rating Polygons
A
A/D
B
B/D
C
C/D
D
Not rated or not available
Soil Rating Lines
A

MAP INFORMATION
The soil surveys that comprise your AOI were mapped at
1:15,800.

C
C/D

Please rely on the bar scale on each map sheet for map
measurements.

D
Not rated or not available
Water Features
Streams and Canals
Transportation
Rails
Interstate Highways
US Routes
Major Roads
Local Roads
Background
Aerial Photography

A/D

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)
Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.
This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.
Soil Survey Area: Orleans County, New York
Survey Area Data: Version 15, Sep 3, 2018
Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.
Date(s) aerial images were photographed:
18, 2016

B
B/D

Dec 31, 2009—Oct

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.

C
C/D
D
Not rated or not available
Soil Rating Points
A
A/D
B
B/D

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

11/8/2018
Page 2 of 6

Hydrologic Soil Group—Orleans County, New York

Heritage Wind All

Hydrologic Soil Group

Map unit symbol

Map unit name

Rating

Acres in AOI

Percent of AOI

AnA

Appleton silt loam, 0 to 3 B/D
percent slopes

2,592.7

11.1%

AnB

Appleton silt loam, 3 to 8 B/D
percent slopes

110.7

0.5%

ArB

Arkport very fine sandy
loam, 0 to 6 percent
slopes

A

90.4

0.4%

Ba

Barre silt loam

C/D

347.1

1.5%

Bg

Bergen muck

C/D

384.1

1.6%

BoA

Bombay fine sandy
loam, 0 to 3 percent
slopes

C/D

4.1

0.0%

BoB

Bombay fine sandy
loam, 3 to 8 percent
slopes

C/D

130.2

0.6%

Ca

Canandaigua soils

C/D

1,659.4

7.1%

Cb

Carlisle muck

A/D

83.0

0.4%

CcB

Cayuga silt loam, 2 to 6
percent slopes

D

21.9

0.1%

CeA

Cazenovia silt loam, 0 to C
3 percent slopes

26.1

0.1%

CeB

Cazenovia silt loam, 3 to C
8 percent slopes

38.5

0.2%

ChA

Churchville silt loam, 0
to 2 percent slopes

C/D

1,359.6

5.8%

ChB

Churchville silt loam, 2
to 6 percent slopes

C/D

8.5

0.0%

ClB

Claverack loamy fine
sand, 0 to 6 percent
slopes

C/D

0.1

0.0%

CmA

Collamer silt loam, 0 to
2 percent slopes

C/D

25.6

0.1%

CmB

Collamer silt loam, 2 to
6 percent slopes

C/D

40.6

0.2%

CoB

Colonie loamy fine sand, A
0 to 6 percent slopes

158.1

0.7%

CoC

Colonie loamy fine sand, A
6 to 12 percent slopes

93.8

0.4%

Ed

Edwards muck

D

134.1

0.6%

ElB

Elnora loamy fine sand,
0 to 6 percent slopes

A/D

17.0

0.1%

FaB

Farmington silt loam, 0
to 8 percent slopes

D

19.4

0.1%
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Hydrologic Soil Group—Orleans County, New York

Map unit symbol

Heritage Wind All

Map unit name

Rating

Acres in AOI

Percent of AOI

Fo

Fonda mucky silt loam

C/D

316.5

1.4%

GaA

Galen very fine sandy
loam, 0 to 2 percent
slopes

A/D

12.2

0.1%

GaB

Galen very fine sandy
loam, 2 to 6 percent
slopes

A/D

230.2

1.0%

GP

Gravel pits

56.1

0.2%

HbA

Hilton loam, 0 to 3
percent slopes

B/D

775.6

3.3%

HbB

Hilton loam, 3 to 8
percent slopes

B/D

4,871.8

20.8%

HcA

Hilton loam, 0 to 3
percent slopes,
bedrock substratum

B/D

737.3

3.2%

HcB

Hilton loam, 3 to 8
percent slopes,
bedrock substratum

B/D

165.0

0.7%

HnB

Hilton-Cazenovia
complex, 0 to 8
percent slopes, stony

B/D

624.9

2.7%

HoB

Howard gravelly loam, 3 A
to 8 percent slopes

282.3

1.2%

HpC

Howard soils, 8 to 25
percent slopes

A

297.1

1.3%

KaA

Kendaia and Appleton
soils, 0 to 3 percent
slopes, bedrock
substratum

B/D

761.5

3.3%

Lk

Lakemont silty clay
loam, 0 to 3 percent
slopes

D

937.4

4.0%

Ln

Lamson soils

A/D

89.0

0.4%

Ly

Lyons soils, 0 to 3
percent slopes

C/D

887.3

3.8%

Lz

Lyons soils, 0 to 3
percent slopes,
bedrock substratum

C/D

312.2

1.3%

Ma

Madalin silt loam, 0 to 3
percent slopes

C/D

166.2

0.7%

MdB

Madrid fine sandy loam,
3 to 8 percent slopes

B

125.1

0.5%

Me

Martisco muck

C/D

194.7

0.8%

Mn

Massena fine sandy
loam

C/D

6.1

0.0%

Mo

Minoa very fine sandy
loam

B/D

82.2

0.4%

Ne

Newstead silt loam

C/D

13.0

0.1%
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Hydrologic Soil Group—Orleans County, New York

Map unit symbol

Heritage Wind All

Map unit name

Rating

Acres in AOI

Percent of AOI

NgA

Niagara silt loam, 0 to 2
percent slopes

C/D

349.3

1.5%

OdA

Odessa silt loam, 0 to 3
percent slopes

D

507.3

2.2%

OdB

Odessa silt loam, 3 to 8
percent slopes

D

11.2

0.0%

OnB

Ontario loam, 3 to 8
percent slopes

B

360.6

1.5%

OnC

Ontario loam, 8 to 15
percent slopes

B

87.9

0.4%

OoB

Ontario loam, 3 to 8
percent slopes, stony

B

503.7

2.2%

OsC

Ontario loam, 3 to 15
percent slopes, very
stony

B

56.2

0.2%

OtB

Ontario loam, 0 to 8
percent slopes,
bedrock substratum

B

49.1

0.2%

OvA

Ovid silt loam, 0 to 3
percent slopes

C/D

144.3

0.6%

OvB

Ovid silt loam, 3 to 8
percent slopes

C/D

24.4

0.1%

Pm

Palms muck

B/D

1,571.0

6.7%

ScB

Schoharie silt loam, 2 to D
6 percent slopes

2.9

0.0%

Su

Sun silt loam

304.7

1.3%

W

Water

46.5

0.2%

WmB

Wampsville gravelly
loam, 3 to 8 percent
slopes

B

5.5

0.0%

WsA

Wassaic silt loam, 0 to 3 C
percent slopes

62.9

0.3%

WsB

Wassaic silt loam, 3 to 8 C
percent slopes

20.4

0.1%

23,396.5

100.0%

C/D

Totals for Area of Interest
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Hydrologic Soil Group—Orleans County, New York

Heritage Wind All

Description
Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive
precipitation from long-duration storms.
The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:
Group A. Soils having a high infiltration rate (low runoff potential) when
thoroughly wet. These consist mainly of deep, well drained to excessively
drained sands or gravelly sands. These soils have a high rate of water
transmission.
Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well
drained soils that have moderately fine texture to moderately coarse texture.
These soils have a moderate rate of water transmission.
Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of
water transmission.
Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay
layer at or near the surface, and soils that are shallow over nearly impervious
material. These soils have a very slow rate of water transmission.
If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in
their natural condition are in group D are assigned to dual classes.

Rating Options
Aggregation Method: Dominant Condition
Component Percent Cutoff: None Specified
Tie-break Rule: Higher
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FIGURE 11

SWM INFILTRATION

SCALE: NTS
Project No: 318965

Reference:
USDA SWM Infiltration Report (Appendix 11)

Date: November 9, 2018
Prepared By:
Kai Tu

16000 Commerce Pkwy
Mount Laurel, NJ 08054

INFILTRATION
Heritage Wind Farm Desktop Study
ORLEANS CO., NEW YORK
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APPENDIX 11

SWM INFILTRATION REPORT
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Stormwater Management - Infiltration (NY)—Orleans County, New York
(Heritage Wind All)

MAP LEGEND
Area of Interest (AOI)
Area of Interest (AOI)

MAP INFORMATION

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at
1:15,800.
Please rely on the bar scale on each map sheet for map
measurements.

Soils
Soil Rating Polygons

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Most limited
Somewhat limited
Least limited

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

Not rated or not available
Soil Rating Lines
Most limited
Somewhat limited

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Least limited

Soil Survey Area: Orleans County, New York
Survey Area Data: Version 15, Sep 3, 2018

Not rated or not available
Soil Rating Points

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Most limited
Somewhat limited

Date(s) aerial images were photographed:
18, 2016

Least limited

Dec 31, 2009—Oct

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.

Not rated or not available
Water Features
Streams and Canals
Transportation
Rails
Interstate Highways
US Routes
Major Roads
Local Roads
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Stormwater Management - Infiltration (NY)—Orleans County, New York

Heritage Wind All

Stormwater Management - Infiltration (NY)

Map unit
symbol
AnA

Map unit name

Rating

Appleton silt
Most limited
loam, 0 to 3
percent slopes

Component
name (percent)

Rating reasons
(numeric
values)

Appleton (85%)

Depth to
saturation
(1.00)

Acres in AOI

Percent of AOI

2,592.7

11.1%

110.7

0.5%

Excessive fines
(0.50)
Lima (5%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(0.50)

Lyons (4%)

Depth to
saturation
(1.00)
Excessive fines
(0.50)

Churchville (3%) Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(0.50)
Darien (3%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

AnB

Appleton silt
Most limited
loam, 3 to 8
percent slopes

Appleton (80%)

Depth to
saturation
(1.00)
Excessive fines
(0.50)

Conesus (7%)

Depth to
saturation
(1.00)
Excessive fines
(0.50)
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Stormwater Management - Infiltration (NY)—Orleans County, New York

Map unit
symbol

Map unit name

Rating

Heritage Wind All

Component
name (percent)

Rating reasons
(numeric
values)

Lyons (5%)

Depth to
saturation
(1.00)

Acres in AOI

Percent of AOI

Excessive fines
(0.50)
Darien (4%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

Churchville (4%) Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(0.50)
ArB

Arkport very fine
sandy loam, 0
to 6 percent
slopes

Least limited

Arkport (75%)

Ba

Barre silt loam

Most limited

Barre (75%)

Low permeability
(1.00)

90.4

0.4%

347.1

1.5%

384.1

1.6%

4.1

0.0%

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Bg

Bergen muck

Most limited

Bergen, drained
(60%)

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Low permeability
(0.50)

Bergen,
undrained
(20%)

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Low permeability
(0.50)

BoA

Bombay fine
sandy loam, 0
to 3 percent
slopes

Natural Resources
Conservation Service

Most limited

Bombay (80%)

Depth to
saturation
(1.00)
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Stormwater Management - Infiltration (NY)—Orleans County, New York

Map unit
symbol

Map unit name

Rating

Component
name (percent)

Heritage Wind All

Rating reasons
(numeric
values)

Acres in AOI

Percent of AOI

Low permeability
(0.50)
Excessive fines
(0.50)
BoB

Bombay fine
sandy loam, 3
to 8 percent
slopes

Most limited

Bombay (80%)

Depth to
saturation
(1.00)

130.2

0.6%

1,659.4

7.1%

83.0

0.4%

21.9

0.1%

26.1

0.1%

38.5

0.2%

1,359.6

5.8%

Low permeability
(0.50)
Excessive fines
(0.50)

Ca

Canandaigua
soils

Most limited

Canandaigua
(75%)

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Low permeability
(0.50)

Cb

CcB

Carlisle muck

Most limited

Cayuga silt
Most limited
loam, 2 to 6
percent slopes

Carlisle, drained
(65%)

Depth to
saturation
(1.00)

Carlisle,
undrained
(15%)

Depth to
saturation
(1.00)

Cayuga, till
substratum
(75%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

CeA

Cazenovia silt
Most limited
loam, 0 to 3
percent slopes

Cazenovia
(75%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

CeB

Cazenovia silt
Most limited
loam, 3 to 8
percent slopes

Cazenovia
(80%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

ChA

Churchville silt
Most limited
loam, 0 to 2
percent slopes

Natural Resources
Conservation Service
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(75%)
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Stormwater Management - Infiltration (NY)—Orleans County, New York

Map unit
symbol

Map unit name

Rating

Component
name (percent)

Heritage Wind All

Rating reasons
(numeric
values)

Acres in AOI

Percent of AOI

Depth to
saturation
(1.00)
Excessive fines
(1.00)
ChB

Churchville silt
Most limited
loam, 2 to 6
percent slopes

Churchville
(75%)

Low permeability
(1.00)

8.5

0.0%

0.1

0.0%

25.6

0.1%

40.6

0.2%

158.1

0.7%

93.8

0.4%

134.1

0.6%

Depth to
saturation
(1.00)
Excessive fines
(1.00)

ClB

Claverack loamy Most limited
fine sand, 0 to
6 percent
slopes

Claverack (75%) Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)
Excessive
permeability
(0.50)

CmA

Collamer silt
Most limited
loam, 0 to 2
percent slopes

Collamer (75%)

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Low permeability
(0.50)

CmB

Collamer silt
Most limited
loam, 2 to 6
percent slopes

Collamer (80%)

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Low permeability
(0.50)

CoB

Colonie loamy
fine sand, 0 to
6 percent
slopes

Least limited

Colonie (75%)

CoC

Colonie loamy
fine sand, 6 to
12 percent
slopes

Somewhat
limited

Colonie (80%)

Slope (0.50)

Ed

Edwards muck

Most limited

Edwards,
DRAINED
(60%)

Low permeability
(1.00)

Natural Resources
Conservation Service

Depth to
saturation
(1.00)
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Stormwater Management - Infiltration (NY)—Orleans County, New York

Map unit
symbol

Map unit name

Rating

Component
name (percent)

Heritage Wind All

Rating reasons
(numeric
values)

Acres in AOI

Percent of AOI

Excessive fines
(1.00)
Edwards,
UNDRAINED
(15%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

ElB

Elnora loamy
fine sand, 0 to
6 percent
slopes

Most limited

Elnora (75%)

Depth to
saturation
(1.00)

17.0

0.1%

Excessive
permeability
(0.50)

FaB

Farmington silt
Most limited
loam, 0 to 8
percent slopes

Farmington
(75%)

Depth to bedrock
(1.00)

19.4

0.1%

Fo

Fonda mucky silt Most limited
loam

Fonda (75%)

Low permeability
(1.00)

316.5

1.4%

Depth to
saturation
(1.00)
Excessive fines
(1.00)
GaA

Galen very fine
sandy loam, 0
to 2 percent
slopes

Most limited

Galen (75%)

Depth to
saturation
(1.00)

12.2

0.1%

GaB

Galen very fine
sandy loam, 2
to 6 percent
slopes

Most limited

Galen (75%)

Depth to
saturation
(1.00)

230.2

1.0%

GP

Gravel pits

Not rated

Gravel pits
(75%)

56.1

0.2%

775.6

3.3%

Alton (5%)
Fredon (5%)
Galen (5%)
Lamson (5%)
Howard (5%)
HbA

Hilton loam, 0 to
3 percent
slopes

Most limited

Hilton (85%)

Depth to
saturation
(1.00)
Excessive fines
(0.50)

Appleton (5%)

Natural Resources
Conservation Service

Depth to
saturation
(1.00)

Web Soil Survey
National Cooperative Soil Survey
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Stormwater Management - Infiltration (NY)—Orleans County, New York

Map unit
symbol

Map unit name

Rating

Component
name (percent)

Heritage Wind All

Rating reasons
(numeric
values)

Acres in AOI

Percent of AOI

Excessive fines
(0.50)
Bombay (3%)

Depth to
saturation
(1.00)

Cayuga (2%)

Depth to
saturation
(1.00)
Low permeability
(0.50)
Excessive fines
(0.50)

HbB

Hilton loam, 3 to
8 percent
slopes

Most limited

Hilton (85%)

Depth to
saturation
(1.00)

4,871.8

20.8%

737.3

3.2%

Excessive fines
(0.50)
Appleton (5%)

Depth to
saturation
(1.00)
Excessive fines
(0.50)

Bombay (3%)

Depth to
saturation
(1.00)

Cayuga (2%)

Depth to
saturation
(1.00)
Low permeability
(0.50)
Excessive fines
(0.50)

HcA

Hilton loam, 0 to
3 percent
slopes,
bedrock
substratum

Most limited

Hilton, bedrock
substratum
(85%)

Depth to
saturation
(1.00)
Depth to bedrock
(0.50)
Excessive fines
(0.50)

Appleton (5%)

Depth to
saturation
(1.00)
Excessive fines
(0.50)

Bombay (3%)

Natural Resources
Conservation Service

Depth to
saturation
(1.00)

Web Soil Survey
National Cooperative Soil Survey
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Stormwater Management - Infiltration (NY)—Orleans County, New York

Map unit
symbol

Map unit name

Rating

Heritage Wind All

Component
name (percent)

Rating reasons
(numeric
values)

Cayuga (2%)

Depth to
saturation
(1.00)

Acres in AOI

Percent of AOI

Low permeability
(0.50)
Excessive fines
(0.50)
Wassaic (2%)

Depth to bedrock
(1.00)
Depth to
saturation
(1.00)

HcB

Hilton loam, 3 to
8 percent
slopes,
bedrock
substratum

Most limited

Hilton, bedrock
substratum
(85%)

Depth to
saturation
(1.00)

165.0

0.7%

624.9

2.7%

Depth to bedrock
(0.50)
Excessive fines
(0.50)
Appleton (5%)

Depth to
saturation
(1.00)
Excessive fines
(0.50)

Bombay (3%)

Depth to
saturation
(1.00)

Cayuga (2%)

Depth to
saturation
(1.00)
Low permeability
(0.50)
Excessive fines
(0.50)

Wassaic (2%)

Depth to bedrock
(1.00)
Depth to
saturation
(1.00)

HnB

Hilton-Cazenovia Most limited
complex, 0 to
8 percent
slopes, stony

Hilton (55%)

Excessive fines
(0.50)
Cazenovia
(35%)

Natural Resources
Conservation Service

Depth to
saturation
(1.00)

Low permeability
(1.00)

Web Soil Survey
National Cooperative Soil Survey
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Stormwater Management - Infiltration (NY)—Orleans County, New York

Map unit
symbol

Map unit name

Rating

Component
name (percent)

Heritage Wind All

Rating reasons
(numeric
values)

Acres in AOI

Percent of AOI

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Appleton (3%)

Depth to
saturation
(1.00)
Excessive fines
(0.50)

Bombay (2%)

Depth to
saturation
(1.00)

Cayuga (2%)

Depth to
saturation
(1.00)
Low permeability
(0.50)
Excessive fines
(0.50)

HoB

Howard gravelly Most limited
loam, 3 to 8
percent slopes

Howard (75%)

Excessive
permeability
(1.00)

282.3

1.2%

HpC

Howard soils, 8
to 25 percent
slopes

Howard (75%)

Excessive
permeability
(1.00)

297.1

1.3%

761.5

3.3%

Most limited

Slope (1.00)
KaA

Kendaia and
Most limited
Appleton soils,
0 to 3 percent
slopes,
bedrock
substratum

Kendaia,
bedrock
substratum
(40%)

Depth to
saturation
(1.00)

Appleton,
bedrock
substratum
(35%)

Depth to
saturation
(1.00)

Depth to bedrock
(0.50)

Depth to bedrock
(0.50)

Churchville (8%) Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(0.50)
Hilton (8%)

Natural Resources
Conservation Service

Low permeability
(1.00)

Web Soil Survey
National Cooperative Soil Survey
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Stormwater Management - Infiltration (NY)—Orleans County, New York

Map unit
symbol

Map unit name

Rating

Component
name (percent)

Heritage Wind All

Rating reasons
(numeric
values)

Acres in AOI

Percent of AOI

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Ovid (3%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

Newstead (3%)

Depth to bedrock
(1.00)
Depth to
saturation
(1.00)

Wassaic (3%)
Lk

Lakemont silty
Most limited
clay loam, 0 to
3 percent
slopes

Depth to bedrock
(1.00)

Lakemont (85%) Low permeability
(1.00)

937.4

4.0%

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Odessa (5%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

Fonda (4%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

Canandaigua
(4%)

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Low permeability
(0.50)

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Stormwater Management - Infiltration (NY)—Orleans County, New York

Map unit
symbol

Map unit name

Rating

Heritage Wind All

Component
name (percent)

Rating reasons
(numeric
values)

Barre (2%)

Low permeability
(1.00)

Acres in AOI

Percent of AOI

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Ln

Lamson soils

Most limited

Lamson (75%)

Depth to
saturation
(1.00)

89.0

0.4%

Ly

Lyons soils, 0 to
3 percent
slopes

Most limited

Lyons (75%)

Depth to
saturation
(1.00)

887.3

3.8%

Excessive fines
(0.50)
Lyons, frequently Depth to
ponded (15%)
saturation
(1.00)
Excessive fines
(0.50)
Appleton (3%)

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Low permeability
(0.50)

Canandaigua
(3%)

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Low permeability
(0.50)

Kendaia (2%)

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Low permeability
(0.50)

Ilion (1%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Stormwater Management - Infiltration (NY)—Orleans County, New York

Map unit
symbol

Map unit name

Rating

Heritage Wind All

Component
name (percent)

Rating reasons
(numeric
values)

Palms (1%)

Depth to
saturation
(1.00)

Acres in AOI

Percent of AOI

Excessive fines
(1.00)
Lz

Lyons soils, 0 to
3 percent
slopes,
bedrock
substratum

Most limited

Lyons (75%)

Depth to
saturation
(1.00)

312.2

1.3%

166.2

0.7%

Depth to bedrock
(0.50)
Lyons, frequently Depth to
ponded (15%)
saturation
(1.00)
Excessive fines
(0.50)
Appleton (4%)

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Low permeability
(0.50)

Newstead (3%)

Depth to bedrock
(1.00)
Depth to
saturation
(1.00)

Canandaigua
(2%)

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Low permeability
(0.50)

Kendaia (1%)

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Low permeability
(0.50)

Ma

Madalin silt
Most limited
loam, 0 to 3
percent slopes

Madalin (85%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Stormwater Management - Infiltration (NY)—Orleans County, New York

Map unit
symbol

Map unit name

Rating

Heritage Wind All

Component
name (percent)

Rating reasons
(numeric
values)

Rhinebeck (5%)

Low permeability
(1.00)

Acres in AOI

Percent of AOI

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Fonda (4%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

Canandaigua
(4%)

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Low permeability
(0.50)

Cosad (2%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)
Excessive
permeability
(0.50)

MdB

Madrid fine
sandy loam, 3
to 8 percent
slopes

Somewhat
limited

Madrid (75%)

Low permeability
(0.50)

125.1

0.5%

Me

Martisco muck

Most limited

Martisco,
DRAINED
(60%)

Low permeability
(1.00)

194.7

0.8%

Depth to
saturation
(1.00)
Excessive fines
(1.00)

Martisco,
UNDRAINED
(15%)

Natural Resources
Conservation Service

Low permeability
(1.00)
Depth to
saturation
(1.00)

Web Soil Survey
National Cooperative Soil Survey
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Stormwater Management - Infiltration (NY)—Orleans County, New York

Map unit
symbol

Map unit name

Rating

Component
name (percent)

Heritage Wind All

Rating reasons
(numeric
values)

Acres in AOI

Percent of AOI

Excessive fines
(1.00)
Mn

Massena fine
sandy loam

Most limited

Massena (75%)

Depth to
saturation
(1.00)

6.1

0.0%

82.2

0.4%

13.0

0.1%

349.3

1.5%

507.3

2.2%

Low permeability
(0.50)
Mo

Minoa very fine
sandy loam

Most limited

Minoa (75%)

Depth to
saturation
(1.00)
Excessive fines
(0.50)

Ne

Newstead silt
loam

Most limited

Newstead,
Depth to bedrock
poorly drained
(1.00)
(50%)
Depth to
saturation
(1.00)
Newstead,
Depth to bedrock
somewhat
(1.00)
poorly drained
Depth to
(30%)
saturation
(1.00)

NgA

Niagara silt
Most limited
loam, 0 to 2
percent slopes

Niagara (75%)

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Low permeability
(0.50)

OdA

Odessa silt
Most limited
loam, 0 to 3
percent slopes

Odessa (85%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

Schoharie (5%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

Lakemont (5%)

Low permeability
(1.00)
Depth to
saturation
(1.00)

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey
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Stormwater Management - Infiltration (NY)—Orleans County, New York

Map unit
symbol

Map unit name

Rating

Component
name (percent)

Heritage Wind All

Rating reasons
(numeric
values)

Acres in AOI

Percent of AOI

Excessive fines
(1.00)
Churchville (3%) Depth to
saturation
(1.00)
Low permeability
(0.50)
Rhinebeck (2%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

OdB

Odessa silt
Most limited
loam, 3 to 8
percent slopes

Odessa (85%)

Low permeability
(1.00)

11.2

0.0%

Depth to
saturation
(1.00)
Excessive fines
(1.00)
Schoharie (6%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

Lakemont (4%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

Churchville (3%) Depth to
saturation
(1.00)
Low permeability
(0.50)
Rhinebeck (2%)

Low permeability
(1.00)
Depth to
saturation
(1.00)
Excessive fines
(1.00)

Natural Resources
Conservation Service
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National Cooperative Soil Survey
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