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Request for Proposals issued on November 12, 2015 by Connecticut,
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Definitions
Project Site: Parcels of land under lease or purchase option agreements that comprise
the total area of proposed development described in this petition. The Project Site consists
of 599 acres located west of Interstate 395, between Routes 169 and 205. The current
Project Site has been modified from its initial design in accordance with the Council’s
December 2018 Opinion Decision and Order in Petition 1310.
Initial Site: Site as defined in Petition 1310.
Development Area: Locations within the Project Site that will be disturbed or altered
during the construction and operation of the Project. The Development Area is
approximately 227 acres and includes areas of vegetation clearing, site roads and Project
infrastructure.
Initial Development Area: Approximately 270 acres, as defined in Petition 1310.
Study Area: 516 acres within which development was considered and natural resource
surveys were conducted. This larger Study Area was evaluated to identify the most
suitable location to accommodate the required footprint of the Project within properties
available for development. Upon completion of the natural resource surveys, the design
was initiated utilizing the field survey data collected to avoid and minimize potential
impacts.
Initial Study Area: 451 acres within which development was considered and natural
resource surveys were conducted as described in Petition 1310.
Quinebaug Solar Collector Substation: The Quinebaug Solar collector substation will
be constructed in the southeast portion of the Development Area, adjacent to the
Eversource existing 1607 Transmission Line, located in Canterbury, CT. The collector
substation will include a generator step up transformer (GSU) which will receive the
Project’s output from 34.5 kV collection lines and step up the voltage to the
interconnection voltage of 115 kV. The collector substation will also include a high-voltage
circuit breaker for interruption of fault current and a disconnect switch for manual
isolation. Instrument transformers will be installed for the protection and control of the
facilities and a relay and control enclosure. Within the control enclosure will be a station
battery, supervisory control and data acquisition equipment and relay and control panels.
Quinebaug Solar will design, construct, own, and maintain the collector substation up to
the point of change of ownership located on the collector substation’s terminal structure.
Eversource Switching Station: The Project will require construction of a new switching
station (“Canterbury switching station”) that will be constructed, operated and owned by
Eversource. The switching station will include circuit breakers, disconnect switches,
controls and metering as required for connection of the Quinebaug solar collector
substation with the Eversource Line 1607 utility infrastructure.
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Section 1
Introduction
On June 15, 2017, Quinebaug Solar, LLC (Quinebaug Solar or Petitioner) filed a Petition
(Initial Petition) seeking a declaratory ruling that no Certificate of Environmental
Compatibility and Public Need was required for the proposed construction, maintenance
and operation of the Project (Petition Number 1310). By Decision and Order dated
December 7, 2017, the Council declined to issue the declaratory ruling and denied the
Initial Petition without prejudice. In response, Quinebaug Solar conducted further due
diligence guided by the Council’s Decision and Order. As discussed herein, Quinebaug
Solar conducted additional site-specific surveys and undertook a complete Project
redesign.
Pursuant to the Connecticut General Statutes (CGS)1 and the Regulations of Connecticut
State Agencies (RCSA)2, Quinebaug Solar hereby petitions the Connecticut Siting Council
(Council) to reopen Petition 1310 and issue a declaratory ruling that a Certificate of
Environmental Compatibility and Public Need is not required for the construction,
operation, and maintenance of a ground-mounted solar photovoltaic (PV) facility with a
nameplate capacity of 49.36 megawatts (MW) alternating current (AC) to be constructed
in the Towns of Brooklyn and Canterbury (the Project).3
CGS § 16-50k(a) provides, in relevant part:
Notwithstanding the provisions of this chapter or title 16A, the council shall, in the
exercise of its jurisdiction over the siting of generating facilities, approve by
declaratory ruling … the construction or location of any grid-side distributed
resources project or facility with a capacity of not more than sixty-five megawatts,
as long as such project meets air and water quality standards of the Department
of Environmental Protection…
Throughout its planning and development, Quinebaug Solar has reevaluated Project
design, conducted additional years of field studies, and incorporated feedback from
municipal officials and abutters. As described in this Petition, the construction, operation,
and maintenance of the proposed Project satisfies the criteria in CGS § 16-50k(a), and
will not have a substantially adverse environmental effect. The result described herein is
a design that adapts to the local landscape and uses an efficient footprint with the least
amount of disturbance practicable to meet the Project purpose and need. The Project will
deliver clean, renewable energy to Connecticut ratepayers and help the region meet
mandated renewable energy targets while fitting harmoniously into the existing landscape.
The Project has been evaluated and designed by a team of experts to produce substantial
environmental benefits with minimal environmental impact, while supporting the goals set

Connecticut General Statutes Section 16-50k(a), Section 4-176(a) and Section 4-181a.
Regulations of Connecticut State Agencies Section 16-50j-38 et seq.
3 The Project, as defined herein, does not include interconnection facilities associated with the
Project that will be designed, constructed, owned, and maintained by The Connecticut Light
and Power Company (d/b/a Eversource Energy). See Section 3.8 for further details.
1
2
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forth in the Comprehensive Energy Strategy (CES) developed by the Connecticut
Department of Energy and Environmental Protection (DEEP).
The Project Site is comprised of 30 privately-owned parcels controlled by the Petitioner
located in the southeast portion of the Town of Brooklyn, and in the northeast portion of
the Town of Canterbury in Windham County, Connecticut. Combined, the Project Site
parcels total approximately 599 acres, with the Development Area occupying
approximately 227 acres. Figure 1 in Exhibit A depicts the Project Site and Development
Area within the limits of the larger Study Area. Figure 1A in Exhibit A compares the Initial
Development Area to the proposed modified Project Site and Development Area.
Table 1-1 below provides a summary of how the modified Project design addresses
concerns expressed by the Council in the December 7, 2017 Decision and Order.
TABLE 1-1
Summary of Modified Project Design
Council’s Concern

Reference

How Addressed

Stormwater management,
sedimentation impacts to
wetlands and watercourses that
are in close proximity to the
limits of disturbance and the
resulting effect on water
quality) (Opinion, pp. 6-7)

Petition Narrative
Stormwater
Narrative Section
6.14, Lee Pre-Filed
Testimony (PFT)

The Petitioner has prepared a
detailed outline of
construction-phasing and
construction-period stormwater
controls, as well as a
discussion of post-construction
stormwater management for
DEEP’s review. The Petitioner
has worked with DEEP to
address its concerns and will
submit an application for a
Stormwater General Permit
during the Council’s review of
this Petition.

Buffer areas around wetlands
and vernal pools (Opinion, pp.
5-6)

Petition Narrative,
Nickerson/Ryan
PFT, ESA, DEEP
NDDB

The modified Project increases
wetland and watercourse
buffers by 300%, or an
increase of 132 acres. The
modified Project proposes no
direct wetland impacts and will
apply a standard 100-foot nodisturbance upland buffer
around the majority of
wetlands and watercourses,
with minor deviations proposed
for previously impacted
resource areas. Additional
protections are included for
vernal pools and herpetofauna
habitat.
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Council’s Concern

Reference

How Addressed

Lack of site-specific surveys
(Opinion, pp. 5-6)

Petition Narrative,
Nickerson/Ryan
PFT, ESA, DEEP
NDDB

The following site-specific
surveys have now been
performed: wetland and
watercourse delineations,
general herpetological survey –
spring and summer, eastern
spadefoot toad (Scaphiopus
holbrookii) survey (two years)
and monitoring, vernal pool
surveys (two years), northern
long-eared bat (Myotis
septentrionalis)
presence/absence survey.

Lack of protection measures for
species on site (Opinion, p. 5)

Petition Narrative,
Nickerson/Ryan
PFT, ESA, DEEP
NDDB

The modified Project avoids
impacts to vernal pool critical
terrestrial habitat through
reduced Project footprint,
directional corridors and
buffers. The Petitioner will
continue to work with DEEP
NDDB to secure a Final
Determination and will provide
it to the Council upon receipt.

Electrical Interconnection
(Opinion p. 3)

Petition Narrative,
Section 3.8

Eversource will design,
construct, own, and maintain
the transmission line, and
Canterbury switching station.
Quinebaug Solar will design,
construct, own, and maintain
the collector substation up to
the point of change of
ownership located on the
collector substation’s terminal
structure.
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Section 2
Petitioner
Quinebaug Solar is an indirect, wholly-owned subsidiary of NextEra Energy Resources, LLC
(NEER), which in turn is an indirect, wholly-owned subsidiary of NextEra Energy, Inc.
(NextEra), headquartered at 700 Universe Boulevard, Juno Beach, Florida 33408.
Quinebaug Solar is an independent electrical generation entity that will participate in the
ISO-New England (ISO-NE) market and has executed contracts to sell the Project’s energy
output to Connecticut’s electric distribution companies (EDCs). NextEra is a leading clean
energy company and one of the largest wholesale electricity generators in the United
States, with consolidated revenues of approximately $16.7 billion in 2018 and over 14,000
employees in 36 states and Canada as of year-end 2018. As of May 31, 2019, NextEra
has a market capitalization of approximately $94 billion. NextEra's principal subsidiaries
are:


NEER, which together with its affiliated entities, is the world's largest generator of
renewable energy from the wind and sun, with 14,000 MW of wind and 2,035 MW
of solar net generating capacity;



Florida Power & Light Company, which serves more than five million customer
accounts in Florida and is one of the largest rate-regulated electric utilities in the
United States; and



Gulf Power Company, which serves more than 460,000 customers in eight counties
throughout Northwest Florida.

NextEra is a Fortune 200 company included in the Standard & Poor’s 100 Index and has
often been recognized by third parties for its leadership in sustainability, corporate
responsibility, ethics, compliance, and diversity. NextEra Energy is ranked No. 1 in the
electric and gas utilities industry on Fortune’s 2019 list of “World’s Most Admired
Companies” as well as being featured as the number one company on Fortune’s electric
and gas utilities industry ranking for the 12th time in the past 13 years.
NEER currently operates approximately 2,300 MW of solar in the United States, Canada,
and Spain. NEER’s strategy is based on generating and delivering clean, renewable energy
that is reliable and affordable. NEER has an extensive track record of bringing large and
complex solar projects through permitting and construction. See Exhibit B for Company
Background and Resumes.
Correspondence and/or communications regarding this Petition should be addressed to
the following individuals:
Hagen Lee
Quinebaug Solar, LLC
c/o NextEra Energy Resources, LLC
700 Universe Boulevard, E5E/JB
Juno Beach, FL 33408
Hagen.Lee@nexteraenergy.com
(561) 694-4012

David W. Bogan
Kathryn E. Boucher
Locke Lord LLP
20 Church Street
Hartford, CT 06103
david.bogan@lockelord.com
kathryn.boucher@lockelord.com
(860) 541-7711
(860) 541-7714
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Section 3
Proposed Project
3.1

Project History

Development of Quinebaug Solar began in Spring 2015, with initial development tasks
being performed by Ranger Solar, LLC. Subsequent to the Project’s acquisition in early
2017, NEER assumed control and management of all development activities. The Project
was selected in the Tri-State RFP and subsequently entered into long-term power purchase
agreements (PPAs) with The Connecticut Light and Power Company (d/b/a Eversource
Energy) (40.18%), The United Illuminating Company (9.82%), the Western
Massachusetts Electric Company (3.28%), the NSTAR Electric Company (18.84%), The
Narragansett Electric Company (7.5%), the Massachusetts Electric Company and
Nantucket Electric Company (19.98%), and the Fitchburg Gas and Electric Light Company
(0.4%). DEEP issued a Final Determination letter on June 27, 2017 providing notice of its
selections. Because the Project was selected by DEEP in a solicitation before July 1, 2017,
the Project is expressly exempted from the requirements set forth in Public Act 17-218.4
On September 13, 2017, the Connecticut Public Utilities Regulatory Authority issued
regulatory approval of the Project’s Connecticut PPAs in Docket No. 17-01-10, PURA
Review of Public Act 15-107(c) Large-Scale Energy Resource Agreements.
Following the Council’s Decision on Petition 1310, further studies were completed to assure
the feasibility of constructing and operating the Project. Studies and assessments
conducted to date for the Project conducted include, but are not limited to:


Initial geotechnical survey and report (February 2019) (Exhibit C)



Wetland and watercourse delineations (2016, 2018 and 2019) (Exhibit D)



General herpetological survey (Spring and Summer, 2018) (Exhibit D)



Eastern spadefoot toad survey and monitoring (2018 and 2019) (Exhibit D)



Vernal pool surveys (Spring 2016 and 2018) (Exhibit D)



Bat acoustic surveys (Exhibit D)



Farmland soil assessment (Exhibit E)



Topographic and boundary survey (Exhibit G)



Visual impact assessment (Exhibit I)



Greenhouse gas assessment (Exhibit L)



Acoustic analysis (Exhibit O)



Historic resource assessment, Phase IA and Phase IB cultural surveys and Phase
II testing (Exhibit Q)

The Council has previously acknowledged the Project is exempt from Public Act 17-218. See
Petition 1310, Council Opinion, Page 1, Footnote 1.

4
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The current Project proposal reflects a larger Study Area than was originally considered
by the Council, and reflects changes to the development footprint to optimize the site and
to avoid sensitive resources and areas with steeper slopes, and to accommodate
landowner requests. The Project design utilizes existing cleared and disturbed areas
wherever feasible. During the Project Site development, natural and cultural resources
within the Project Study Area were identified and delineated in accordance with state,
local, federal, and standard industry practices. Based on the results of these surveys, and
with the intent to minimize environmental, cultural, and aesthetic impacts, Quinebaug
Solar proposes to develop 227 acres (Development Area) of the 599 acres of property
(Project Site) in a manner that will result in the lowest level of impact and alteration
necessary while still meeting the Project purpose and need. The revised Development Area
represents a 13% reduction compared to the Initial 270-acre Development Area.
The completed wildlife and natural resource surveys inform the Project design to avoid
and minimize natural resource impacts to the greatest extent practicable. The Petitioner
has increased buffers around water resources. The Petitioner will exclude approximately
38-acres of high value vernal pool and herpetofauna habitat from development. This
herpetofauna protection area is located on the western side of the Study Area and will
preserve connectivity between this productive habitat and the larger forested floodplain
ecosystems of Blackwell Brook and Cold Spring Brook. Exhibit A, Figure 1A depicts the
previously proposed Project for comparison.
A Herpetofauna Avoidance and Mitigation Plan (Exhibit D) has been developed for the
Project to be implemented during the construction period. The plan outlines the steps and
procedures to be implemented during construction that will avoid potential impacts to
amphibians and reptiles that may be present within the Project Site.
The Project avoids impacts to cultural resources to the greatest extent practicable.
Cultural exclusion areas and buffers within the Study Area are further described in Section
6.6.
The Petitioner has consulted regularly with the Towns of Brooklyn and Canterbury
throughout the development process. Brooklyn and Canterbury have been welcoming of
the proposed Project and have worked with the Petitioner on community outreach efforts.
The Petitioner has also consulted with the Town of Plainfield due to its proximity to the
Project. The Petitioner continues to coordinate closely with the towns, neighbors, and
other stakeholders on the proposed Project.
To assist with the development, design, and permitting of the Project, the Petitioner has
retained:


Tighe and Bond, Inc. (Tighe & Bond), an engineering and environmental consulting
firm to develop the Petition and provide civil engineering and stormwater design;



Tetra Tech, Inc. (Tetra Tech), an engineering and environmental consulting firm to
provide ecological services including field work for wetlands and biological surveys,
soils assessment, and support Petition development;



FB Environmental Associates to conduct vernal pool, eastern spadefoot toad and
targeted herpetological surveys, and prepare a herpetofauna avoidance and
mitigation plan;



WSP USA Inc. to produce property boundary and topographic surveys;
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Heritage Consultants, LLC to conduct cultural resource surveys and assessments;



Tech Environmental to conduct an acoustic analysis;



MSE Engineering, LLC to design the AC electrical components;



EarthShift Global, LLC to conduct a Project-specific life cycle greenhouse gas (GHG)
assessment;



Barr Engineering Co. to conduct a geotechnical engineering investigation



Gaffney Bennett Public Relations and Statehouse Associates, LLC to assist with
community outreach efforts; and



Locke Lord LLP to provide counsel and legal assistance during the Petition filing
and hearing process.

3.2

Site Selection

The Petitioner’s development team screened potential candidate sites in Connecticut that
could support solar installations with a nameplate capacity of approximately 50 MW AC.
The final Project Site was selected based on an evaluation of the following site suitability
criteria: environmental constraints (and ability to avoid or mitigate any impacts to them),
existing land use (including previously impacted gravel pits), topography, accessible and
quality of solar energy resource, land availability (i.e., ability to lease or purchase land),
and interconnection feasibility. As will be detailed in later sections, the Project Site meets
each of the criterion provided above: few environmental constraints, compatible existing
land uses, gradual topography, adequate solar resource, available land, and close
proximity to existing electrical infrastructure (i.e., Eversource’s existing transmission line
corridor).

3.3

Property and Site Description

Property Description
The Project Site consists of 30 separate and abutting parcels located in the southeast
portion of the Town of Brooklyn, and in the northeast portion of the Town of Canterbury
in Windham County, Connecticut. The Project Site is generally bounded by Wauregan Road
to the south (Canterbury), Blackwell Brook and Cold Spring Brook to the west, Rukstela
Road, Allen Hill Road and forested areas to the north (Brooklyn) and the Quinebaug River
to the east. The Brooklyn properties are zoned Residential-Agricultural (RA), and the
Canterbury properties are located within the Rural District (RD).
The Project Site consists of gently sloping hills, large level areas, and a few moderately to
steeply sloping areas that currently contain a combination of previously developed areas,
overgrown former pasture lands, mixed second-growth woodlands, active gravel mines,
and agricultural fields. The Petitioner intends to utilize existing roadways that traverse
the entire Project Area wherever possible. Land uses in the vicinity of the Project Area
include gravel mining, residential development, open space, and agriculture. The
topography throughout the Project Site ranges in elevation from approximately 42.7 to
85.3 meters (130 to 280 feet) above mean sea level according to the National Geodetic
Vertical Datum. An overview, topographical map of the Project Site is provided in Exhibit
A, Figure 2.
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The Petitioner has worked with the landowners on the Project since 2015 and has secured
the Project Site parcels through a combination of lease and option to purchase
agreements. The Project Site parcels under agreement with Quinebaug Solar are listed in
Table 3-1 below.
Some of the Project Site parcels are currently classified under the Public Act 490 Program.
Connecticut Public Act 63-490, codified in CGS §§ 12-107a–f, allows certain farm, forest
or open space land to be assessed at its use value as opposed to its fair market value.
Pursuant to CGS §12-107c(a), “an owner of land may apply for its classification as farm
land.” As such, the Public 490 Program parcels within the Project Site will be reclassified
appropriately upon Council approval of the Project.
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Table 3-1. Project Site Parcels
Parcel ID

Current Owner

Project Lease or Purchase

CT-022-67-17J

Lease

CT-022-67-17F

Lease

CT-022-67-17B

Lease

CT-022-66-5

Lease

CT-022-67-17

Lease

CT-022-67-17I

Lease

CT-022-67-17G

Lease

CT-022-67-17E

Lease

CT-022-67-17O

Lease

CT-022-67-17K

Lease

CT-022-67-17M

Lease

CT-022-67-17N

Lease

CT-022-67-17H
CT-022-67-17D

River Junction Estates

Lease
Lease

CT-022- 67-7

Purchase/Lease

CT-022- 66-6

Lease

CT-022-67-17L

Lease

CT-022-67-17A

Lease

CT022-67-17C

Lease

CT-019-30-16

Lease

CT-019-30-17

Lease

CT-019-30-15

Lease

CT-019-30-12A

Lease

CT-019-29-1

Lease

CT-019-21-7

Lease

CT-019-29-2

Lease

CT-019-30-18

Lease

CT-019-30-12

Founders Bee Property
and Investments

Lease

CT-022-66-10

Canterbury Sand and
Gravel, LLC

Lease

CT-022-21-7-1

Strategic Commercial
Realty Inc.

Lease
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Current Land Use
The Project Study Area consists of a mix of agricultural fields, forests, an athletic field and
associated parking lots, multiple roads, and gravel extraction areas. The surrounding land
uses include gravel mining, residential development, and forested undeveloped land. The
Quinebaug River, Quinebaug River Wildlife Management Area and the Quinebaug Valley
State Trout Hatchery are located to the southeast, as depicted on Figure 2 and Figure 5
in Exhibit A.
Currently, approximately 108 acres of the property under lease by Quinebaug Solar is
being used for agricultural purposes. Agricultural fields observed during field surveys
showed crop production of corn, hay and soybeans. Current farming is conducted by third
parties, as opposed to the current landowner. Further, no part of the Project Site is under
restriction within the State of Connecticut Program for the Preservation of Agricultural
Lands.
Based on land record research, in 1993 the Connecticut Department of Agriculture filed a
Notice in the Brooklyn and Canterbury Land Records indicating that Kathryn Rukstela had
filed an Application for Consideration in the State of Connecticut Program for the
Preservation of Agricultural Lands. Pursuant to Connecticut General Statutes § 2226cc(b), if the Connecticut Department of Agriculture subsequently acquired any rights to
the land, they would have had to file notice of such a restriction. However, land records
contain no such notice. In 2005, Ms. Rukstela sold the property via a warranty deed to
River Junction Estates, LLC. Immediately following the transfer, River Junction Estates,
LLC filed a Notice to revoke any prior offer to purchase the land in the Brooklyn and
Canterbury Land Records, pursuant to Connecticut General Statutes § 22-26cc(a).

Existing Environmental Conditions
Results from environmental field studies have been used to inform the siting and design
of the Project to avoid and minimize undue negative environmental impacts. Many of the
natural resources at the site show signs of historic disturbance from past agricultural use
and gravel extraction activities. As described in Section 6, the Petitioner has considered
the functions and values of the natural resources on site and level of disturbance to inform
appropriate buffers and setbacks applied to natural resources. More sensitive and higher
functioning areas have been avoided, while the Development Area will utilize existing
roads and disturbed areas as much as practicable.
As a requirement of the NDDB Program review of the Project, an Environmental Site
Conditions Report was prepared and submitted to NDDB with a request for determination
on April 23, 2019. Supplements to the original Environmental Site Conditions report were
provided to NDDB on May 30 and August 28, 2019, as demonstrated in Exhibit D. This
report and the supplemental information provided includes the cumulative results of all
field studies completed for the Project and the avoidance and mitigation strategies to be
employed to protect natural resources and sensitive species known to occur or that have
the potential to occur in the Study Area. The Petitioner will continue to work with DEEP
NDDB to secure a Final Determination and will provide it to the Council upon receipt.

3.4

Project Description

The Project is a fixed-tilt solar PV energy system that will consist of solar modules,
inverters, a collector substation, site roads, fencing, and stormwater management
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features, along with related infrastructure. Although final equipment selection is subject
to change, the size of the Project Development Area will not increase.
The Brooklyn properties are zoned Residential-Agricultural (RA), and the Canterbury
properties are located within the Rural District (RD). Quinebaug Solar has designed the
Project to adhere to the applicable property line setbacks for the RA and RD Districts as
follows:
Brooklyn

Canterbury (for Large Scale Solar)

Residential-Agricultural District

Rural District

Front

50'

50'

Side

40'

100'

Rear

50'

100'

Modules and Racking
The Project will include 179,128 solar PV modules installed in linear arrays oriented
generally east-west across the Development Area. Arrays will face south and be tilted at
approximately 18 degrees. Each array will consist of modules mounted on fixed vertical
posts that will be installed using a pile driver, drill, or vibratory hammer. In some areas,
ground screws may be used in lieu of, or in addition to, the posts. The total length of the
posts will average 10-16 feet with an embedment of approximately 6-12 feet. Horizontal
inter-row spacing (i.e., from panel edge to panel edge) will be approximately 7.5 to 10
feet. This inter-row spacing minimizes row-to-row shading and allows for necessary
maintenance access. The solar modules will be dark blue or black with an anti-reflective
coating.
Specification sheets for the proposed PV modules and racking are provided in Exhibit F.
The modules and racking system are designed to meet local design and building code wind
speed standards and to accommodate the maximum snow load expected in Connecticut.
Cleaning and clearing snow from modules is not anticipated to be necessary during the
operation of the Project.
Inverters and Transformers
The Project will include centralized inverters paired with medium-voltage transformers
sited at various locations within the Development Area. The centralized inverters will
convert direct current (DC) electricity produced by the modules to alternating current (AC)
electricity suitable for grid injection. Each inverter will take in DC power at 1.5 kV and be
paired with a medium-voltage transformer, which will normalize voltage to 34.5 kV AC
and aggregate output into a feeder cable used for collection.
The inverters and transformers are pre-manufactured, skid-mounted and will be located
on gravel pads. There are 24 skids proposed throughout the Development
Area. Specification sheets for the proposed inverters and transformers are provided in
Exhibit F. A detailed Spill Prevention Control and Countermeasure Plan (SPCC Plan) will
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be prepared by a registered Professional Engineer and will meet all federal regulatory
requirements.
Collection Lines
Quinebaug Solar will construct, operate and maintain underground collection lines, with
the exception that Eversource will own certain portions of collection lines that intersect a
public right-of-way; Eversource will lease collection lines back to the Petitioner for
purposes of the Project. Three sections of collection line conduits will be installed utilizing
a horizontal directional drill method. This method will be used to avoid impacts to water
resource areas.
Quinebaug Solar Collector Substation
The Quinebaug Collector Substation will include a generator step up transformer (GSU)
which will receive the Project’s output from 34.5 kV collection lines and step up the voltage
to the interconnection voltage of 115 kV. The collector substation will also include a highvoltage circuit breaker for interruption of fault current and a disconnect switch for manual
isolation. Instrument transformers will be installed for the protection and control of the
facilities and a relay and control enclosure. Within the control enclosure will be a station
battery, supervisory control and data acquisition equipment and relay and control panels.
Quinebaug Solar will design, construct, own, and maintain the collector substation up to
the point of change of ownership located on the collector substation’s terminal structure.
The GSU will have a detailed SPCC Plan, which will be subsequently prepared by a
registered Professional Engineer. The Plan will meet all federal regulatory requirements.
A transmission feeder line will deliver the Project’s energy from the high voltage side of
the GSU (115 kV) to the POI at the new Eversource Canterbury Switching Station.
Site Roads and Laydown Areas
Access to the Project Site during construction and operations will be from Wauregan Road
(Canterbury), Rukstela Road (Brooklyn) and Liepis Road (Canterbury). It is anticipated
that construction vehicles will utilize Interstate 395, Route 6, Route 14 and/or Route 12,
depending on their point of origin.
Site roads for the Project will utilize existing roads currently present throughout the
Project Site to the greatest extent practicable. In addition, a series of gravel site roads
will be constructed to provide access to the solar arrays, substation, and centralized
inverter/transformer stations.
Proposed array access roads will be 12 feet wide and total 3.3 miles in length, 0.88 miles
of which are existing roads. The proposed substation access road will be approximately
20 feet wide. Gravel site roads will be constructed. Grading will be required along the
proposed site roads in select locations to address minor variations in site topography.
Two temporary laydown areas are proposed for use within the Development Area. One
proposed laydown area is located in the northwestern portion of the Development Area.
The second proposed laydown area is located adjacent to the proposed collector
substation. The laydown areas will be used during construction for component delivery,
off-loading, and storage. The area will employ appropriate erosion controls, which will be
kept in place until the Project Site is determined to be suitably stable. Site roads and
laydown areas are depicted on the Project Site Plans in Exhibit G.
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Vegetation Management
Approximately 71 acres of the Project Site will be cleared and grubbed to allow for the
construction and operation of the Project and to minimize shading impacts. The ground
within the Development Area will be planted with native seed mix to establish a meadow
habitat that will be maintained for the life of the Project. Operations and maintenance
(O&M) activities are further described in Exhibit H.
Fencing
Three types of fencing are proposed for the Project: 1) perimeter fence; 2) collector
substation fence; and 3) additional security fence. The Project’s proposed fencing will be
approximately 45,324 linear feet in total length. All Project fencing will comply with the
National Electric Safety Code, National Electric Code, and any Council requirements.
1) Perimeter fence – Most of the Development Area will be enclosed by a 6-foot tall
perimeter chain link fence with 1 foot of barbed wire along the top, and with a 3inch gap at the bottom. The perimeter fence will have a 6-inch gap at the bottom
in areas of wildlife travel.
2) Collector Substation fence – The Collector Substation will be enclosed by a 7-foot
tall chain link fence with 1 foot of barbed wire along the top.
3) Additional security fence – Additional fencing will be installed for limited security
purposes along public ways and public areas. This fencing will consist of 7-foot tall
chain link fence with 1 foot of barbed wire along the top.
Visual Screening
The Petitioner proposes to install approximately 5,980 total linear feet of vegetative
screening to mitigate potential visual impacts in the following locations: along Wauregan
Road (in the vicinity of Liepis Road), along Liepis Road in the southeastern portion of the
Project Area (Canterbury), and along portions of Allen Hill Road and Rukstela Road in the
northern portion of the Project Area (Brooklyn). Variable planting arrangements will be
utilized to replicate natural vegetation spacing patterns and to blend with the natural
character of the landscape. Screening will be installed as indicated on the Project Site
Plans in Exhibit G. Refer to Exhibit A, Figure 6 for an overview of screening locations, and
refer to Section 6.2 below and Exhibit I for additional information regarding visual
screening and photo-simulated renderings.

3.5

Construction Schedule and Phasing

Construction of the Project is expected to begin in the 4th quarter of 2020 with
mobilization of equipment and land clearing efforts. Further site work and land preparation
is expected to be complete by the end of the 2nd quarter of 2021. Final site stabilization,
testing, and commissioning is expected to be complete in the 3rd quarter of 2021.
Construction hours are expected to occur on weekdays during daylight hours. Some
weekend work may be needed due to unforeseen circumstances. Final construction hours
will be included in the Development and Management Plan, if required. See Exhibit J for
the proposed Construction Schedule.
The Project is proposed to be constructed in five major phases to minimize disturbance.
Within each major phase, sub-phases will be designed and each will have a temporary
sediment basin or trap as required. The major phases include the following:
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Phase 1: Access Road Construction and Staging



Phase 2: Clearing and Grubbing of Wooded Areas and Substation
Maintenance Road



Phase 3: Open Area Array Construction



Phase 4: Wooded Area Array Construction



Phase 5: Collector Substation Construction

Note that Phase 2 and Phase 4 will occur in the same location, with differing construction
activities. Phase 4 is the installation of solar infrastructure in the area that was grubbed
and stabilized in Phase 2.
The construction sequence described below has been developed in close consultation with
DEEP staff in support of the application for Registration in accordance with the DEEP
General Permit for the Discharge of Stormwater and Dewatering Wastewaters from
Construction Activities (Construction General Permit). Detailed drawings depicting
stormwater controls for each sub-phase will be provided to DEEP as part of the
Construction General Permit registration.
During construction, Quinebaug Solar will employ a full-time environmental monitor
present on site to document conditions and ensure compliance with the terms of the DEEP
Construction General Permit. As required by DEEP, a third-party certified inspector will
also provide oversight and compliance monitoring for the construction process.
Pre-Construction
1.

Demarcation of clearing limits, selective cutting zones, and buffer areas.

2.

Cut trees above ground (retain stumps) in frozen conditions.

3.

Environmental restriction and safety training for all site personnel.

4.

Preconstruction meeting.

Phase 1 – Access Road Construction and Staging
1.

Flag the limits of construction necessary to facilitate the preconstruction meeting.

2.

Environmental restriction and safety training for all site personnel.

3.

Preconstruction meeting.

4.

Install construction entrance.

5.

Install perimeter controls to establish phase work area in accordance with site plan
and Stormwater Pollution Control Plan (SWPCP).

6.

Prior to installing stormwater controls, such as temporary diversions and stone
check dams, inspect existing conditions to ensure discharge locations are stable. If
not stable, review discharge conditions with the design engineer and implement
additional stabilized measures prior to installing surface water controls.

7.

Construct temporary sediment traps and/or basins, diversion swales and berms
with check dams.
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8.

Once temporary stormwater controls are established, clear and grub existing
stumps.

9.

Where applicable, strip, re-distribute, and stabilize all topsoil that is within the
footprint of the site roads, site road appurtenances and the collector substation
(pursuant to 2002 Connecticut Guidelines for Soil Erosion and Sediment Control,
Chapter 4, Part ii and the Farmland Soils Mitigation Plan in Exhibit E).

10. Construct site roads and appurtenances.
11. Stabilize site by seeding or installing erosion control blanket in all disturbed areas.
Monitor seeded area and augment with additional seeding as needed.
12. Upon stabilization, temporary controls may be removed or relocated as necessary
to construct subsequent sub-phases.
Phase 2 – Grubbing for Previously Wooded Areas and Substation Maintenance
Road
1.

Flag the limits of construction.

2.

Install perimeter controls to establish phase work area in accordance with site plan
and SWPCP plans.

3.

Prior to installing surface water controls, such as temporary diversions and stone
check dams, inspect existing conditions to ensure discharge locations are stable. If
not stable, review discharge conditions with the design engineer and implement
additional stabilized measures prior to installing surface water controls.

4.

Construct temporary sediment traps and/or basins, diversion swales and berms
with check dams.

5.

Once temporary stormwater controls are established, grub existing stumps from
previously cleared trees.

6.

Stabilize site by seeding or installing erosion control blanket in all disturbed areas.
Monitor seeded area and augment with additional seeding as needed.

7.

Check and repair temporary controls as needed. Temporary controls to remain in
place through Phase 4 construction.

Phase 3 – Grassed Area Array Construction
1.

Flag the limits of construction.

2.

Install perimeter controls to establish phase work area in accordance with site plan
and SWPCP plans.

3.

Prior to installing surface water controls, such as temporary diversions and stone
check dams, inspect existing conditions to ensure discharge locations are stable. If
not stable, review discharge conditions with the design engineer and implement
additional stabilized measures prior to installing surface water controls.

4.

Construct temporary sediment traps and/or basins, diversion swales and berms
with check dams.

5.

Clear and grub existing stumps as needed.

6.

Install solar infrastructure, including racking, solar modules, utility connections,
and equipment pads. Solar array construction will begin with posts or ground
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screws being driven into the ground; racking will then be affixed to the posts; and
modules will be mounted and installed on the racks.
7.

Stabilize site by seeding or installing erosion control blanket in all disturbed areas.
Monitor seeded area and augment with additional seeding as needed.

8.

After site is fully stabilized, remove temporary stormwater controls.

Phase 4 – Wooded Area Array Construction
1.

Inspect and install perimeter controls established in Phase 2 to ensure phase work
area is in accordance with site plan and SWPCP plans.

2.

Inspect and construct temporary sediment traps and/or basins, diversion swales
and berms with check dams installed in Phase 2.

3. Install solar infrastructure, including racking, solar modules, utility connections,
and equipment pads. Solar array construction will begin with posts or ground
screws being driven into the ground; racking will then be affixed to the posts; and
modules will be mounted and installed on the racks.
4.

Stabilize site by seeding or installing erosion control blanket in all disturbed areas.
Monitor seeded area and augment with additional seeding as needed.

5.

After site is fully stabilized, remove temporary stormwater controls.

Phase 5 – Substation Construction
1. Flag the limits of construction.
2. Install perimeter controls to establish phase work area in accordance with site plan
and SWPCP plans.
3. Prior to installing surface water controls, such as temporary diversions and stone
check dams, inspect existing conditions to ensure discharge locations are stable. If
not stable, review discharge conditions with the design engineer and implement
additional stabilized measures prior to installing surface water controls.
4. Construct temporary sediment traps and/or basins, diversion swales and berms
with check dams.
5. Clear and grub existing stumps as needed.
6. Construct substation long-term maintenance road.
7. Construct substation.
8. Stabilize site by seeding or installing erosion control blanket in all disturbed areas.
Monitor seeded area and augment with additional seeding as needed.
9. After site is fully stabilized, remove temporary stormwater controls.

3.6

Operation & Maintenance

Quinebaug Solar will ensure site safety and optimal performance throughout the life of the
project through an O&M plan that utilizes NextEra’s 24/7 remote monitoring capability and
on-site technicians for maintenance and repairs. A detailed O&M Plan is provided in Exhibit
H.
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Remote Monitoring
The 24/7 remote monitoring and diagnostic analysis of the Project will be conducted from
the Fleet Performance Diagnostics Center (FPDC) located at NextEra headquarters in Juno
Beach, FL. The FPDC is responsible for remote monitoring of the entire fleet of NextEra
solar facilities, totaling approximately 2,800 MW as of April 2019. The FPDC provides
performance and reliability optimization through remote operation and fault reset
capability, the use of advanced real-time equipment performance statistical modeling for
advanced diagnostics, benchmarking among similar components, and replication of best
practices across the fleet. This approach is based on prevention as opposed to a reactive
event response approach. FPDC personnel provide root cause analysis, fleet risk analysis,
and mitigation planning to assure countermeasures are done on a scheduled basis to
minimize downtime and ensure safe operations.
The Renewable Operations and Control Center (ROCC), co-located with the FPDC, not only
monitors but remotely operates all of NextEra’s renewable energy facilities. The ROCC is
a secured North American Electric Reliability Corporation Critical Infrastructure Protection
(NERC-CIP) facility responsible for starting up, curtailing, and shutting down the
generating facilities it manages.
On-Site Maintenance
Quinebaug Solar will perform on-site maintenance to ensure safety and prevent shading
impacts over the life of the Project. Grass between panel rows will be mowed as needed,
which is estimated to be at least twice per year. Pesticides and herbicides may be used as
a secondary means of control where necessary. All applications will be targeted at specific
species in discrete locations; broadcast aerial application of herbicides is not proposed. All
chemical use will comply with the regulations and requirements of DEEP’s Pesticide
Management Program.

3.7

Decommissioning

The expected useful life of the Project is 30 years. At the end of the Project life, all
equipment will be removed in accordance with the Decommissioning Plan in Exhibit K. If
a third party acquires the Project, or any portion of the Project, any decommissioning
obligations and associated costs will be transferred to that entity.
As mentioned previously, portions of the Project Site are an active gravel pit, and gravel
extraction operations will continue during and after Project construction. Please note that
the Decommissioning Plan pertains only to portions of the Project Site where the solar
facility will be constructed. Access roads will be used for both the solar facility and the
gravel pits, and as such, at the end of the solar facility’s life, the landowner may elect to
retain some or all access roads.

3.8

Electrical Interconnection

The Project holds ISO-NE Generation Interconnection Queue Positions #588 and #841.
The Project’s ISO-NE System Impact Study report (issued July 16, 2018) concluded the
Project, along with identified network upgrades, has no adverse effect on ISO-NE
transmission system. Section I.3.9 approval was received from ISO-NE on October 24,
2018. Quinebaug Solar entered into a large generator interconnection agreement (LGIA)
with ISO-NE and The Connecticut Light and Power Company d/b/a Eversource Energy
(Eversource) on February 4, 2019.
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Quinebaug Solar’s point of interconnection (POI) into the ISO-NE grid is the 115-kV bus
at Eversource’s existing 1607 transmission line, in Canterbury. The Project will deliver
output to the POI via a transmission feeder bus originating from the Project’s collector
substation, which will be constructed adjacent to Eversource’s 1607 Line. The Project will
also require a new switching station that will be constructed, operated and owned by
Eversource.
Pursuant to the LGIA, Eversource will design, construct, own, and maintain the
transmission line structures, and Canterbury switching station. Quinebaug Solar will
design, construct, own, and maintain the collector substation up to the point of change
of ownership located on the collector substation’s bus leading to the Eversource switching
station ring bus.
Quinebaug Solar Collector Substation
The Quinebaug Collector Substation will include a generator step up transformer (GSU)
which will receive the Project’s output from 34.5 kV collection lines and step up the voltage
to the interconnection voltage of 115 kV. The collector substation will also include a highvoltage circuit breaker for interruption of fault current and a disconnect switch for manual
isolation. Instrument transformers will be installed for the protection and control of the
facilities and a relay and control enclosure. Within the control enclosure will be a station
battery, supervisory control and data acquisition equipment and relay and control panels.
Quinebaug Solar will design, construct, own, and maintain the collector substation up to
the point of change of ownership located on the collector substation’s terminal structure.
The GSU will have a detailed SPCC Plan, which will be subsequently prepared by a
registered Professional Engineer. The Plan will meet all federal regulatory requirements.
A transmission feeder line will deliver the Project’s energy from the high voltage side of
the GSU (115 kV) to the POI at the new Eversource Canterbury switching station.
Eversource Canterbury Switching Station
Eversource will construct a new 115 kV switching station on Wauregan Street in
Canterbury (Canterbury 67F) across from the Quinebaug Solar Project. The area of this
switching station is approximately one acre and is located on the east side of a larger
parcel currently used as an active gravel yard. The new switching station, to be designated
by Eversource as the Canterbury Switching Station, will consist of four 115 kV circuit
breakers arranged in a ring bus configuration. Additional components to the Eversource
switching station will include: two 115 kV line terminals, 115 kV generator lead bus,
capacitive-coupled voltage transformers, station service voltage transformers, motor
operated disconnect switches, manually operated disconnect switches, wave traps, surge
arresters, and a relay and control enclosure approximately 24 feet by 36 feet in size.
Within the control enclosure, the switching station will also include a station battery,
supervisory control and data acquisition equipment, digital fault recorder, and relay and
control panels.
It is the Petitioner’s understanding that Eversource will intervene as a party and file
detailed interconnection information upon the Council’s grant of the Petitioner’s Motion to
Reopen.
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Section 4
Project Benefits
Pursuant to CGS § 16-50p(c)(1), a public benefit exists if a project “is necessary for the
reliability of the electric power supply of the state or for a competitive market for
electricity.” The Project will provide much of its generation during peak load hours,
particularly during the summer, thereby providing a valuable resource to the New England
grid to enhance reliability. As discussed in Section 3.1, Quinebaug Solar was selected in
the Tri-State RFP by the States of Connecticut and Rhode Island and the Commonwealth
of Massachusetts. Special Session Public Act 05-1, An Act Concerning Energy
Independence, portions of which were codified in CGS § 16-50k, established a rebuttable
presumption that there is a public benefit for electric generating facilities selected in RFPs.
Moreover, the Project will help foster the state’s goal of developing “renewable energy
resources, such as solar and wind energy, to the maximum practicable extent” pursuant
to CGS § 16a-35k. The Project will provide substantial additional benefits to the State of
Connecticut and the Towns of Brooklyn and Canterbury, including:


Clean, reliable energy generation requiring no water or fuel consumption, and
resulting in no air pollutant emissions;



A Class I renewable energy source helping Connecticut electric providers meet their
Renewable Portfolio Standard (RPS) requirements;



Diversification of Connecticut and New England’s electricity generation mix and
potential displacement of aging, inefficient fossil fuel-based generators;



Preservation of existing farmland soils through use of long-term, grass cover crops
that sequester atmospheric carbon in the soil and improve soil health; and



Economic benefits to the Towns of Brooklyn and Canterbury and the State of
Connecticut during the construction and operational life of the Project, including
incremental economic activity and significant tax revenue to the Towns of Brooklyn
and Canterbury.5

Environmental and Energy Benefits
Quinebaug Solar will be a Class I renewable energy source aiding Connecticut in pursuit
of its ambitious greenhouse gas reduction goals and RPS requirements. Connecticut’s
2018 CES states that “over the next thirty years, Connecticut will need to procure more
carbon-free power to meet the Global Warming Solutions Act goals of reducing emissions
by 80 percent from 2001 levels by 2050.”6 In addition, this year, the Connecticut General
Assembly increased the state’s RPS to require electric providers to obtain 40% of their
electricity supply from Class I renewable energy sources by 2030.7

While economic issues are not relevant to the Siting Council’s jurisdiction and decision-making
criteria, economic benefits associated with the Project are included for informational purposes.
6 2018 CES, available at
https://www.ct.gov/deep/lib/deep/energy/ces/2018_comprehensive_energy_strategy.pdf , Page
28.
7 See, Public Act 18-50, An Act Concerning Connecticut's Energy Future, Section 1, which
amended CGS § 16-245a.
5
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The 49.36 MW Quinebaug Solar project will generate 97,951 MWh of renewable energy
annually and over 2,826,472 MWh total over the 30 years of operation, enough to power
nearly 8,300 households annually. As compared to emissions associated with generating
this amount of energy from a conventional, fossil fuel power plant, Quinebaug Solar’s
output results in a reduction of 2,054,345 metric tons of carbon dioxide equivalent (CO2e)
over the length of the project (30 years). For more on this analysis and a detailed GHG
life cycle assessment of the Project, see Exhibit L. For reference, these emission savings
are equivalent to the amount of carbon sequestered by a 2,417,804-acre U.S. forest in
one year, or, stated differently, to taking 436,167 passenger vehicles off the road for one
year.8
Economic Benefits
The Project will benefit the local economy in eastern Connecticut and broader economy in
the state through job creation, goods and services purchased, and recurring, dependable
tax revenue. The Project is estimated to create approximately 125 jobs during construction
that will be locally-sourced to the greatest extent possible. Quinebaug Solar will also
provide millions of dollars in property tax revenue to the Towns of Brooklyn and
Canterbury over the course of the Project life. These tax dollars will support local schools,
roads, and other essential services in Brooklyn and Canterbury.

8 Calculations made with the Environmental Protection Agency (EPA) Greenhouse Gas
Equivalencies Calculator, available at https://www.epa.gov/energy/greenhouse-gas-equivalenciescalculator.
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Section 5
Regulatory and Community Outreach
Throughout the development process, the Petitioner has worked with state regulators,
town officials, abutting property owners, and other stakeholders to keep them apprised of
the Project’s progress, maintain an ongoing dialogue, and receive feedback to be
potentially incorporated into the Project design. This section of the Petition provides an
overview of public outreach to date.
The Petitioner has held many meetings with Project abutters and town officials, and hosted
multiple public presentations, beginning in 2015. As part of the Project redesign, the
Petitioner has continued to coordinate with town officials, state agencies, and the local
communities in an inclusive and responsive public outreach effort. The Petitioner will
continue to work with town officials, state agencies, and the local community throughout
the construction and operation phases of the Project.
Community and Municipal Outreach
The Petitioner has met with town officials and various Town Commissions, including Inland
Wetlands and Watercourses, Planning & Zoning, Conservation and Economic
Development. Most recently, a public open house for Brooklyn and Canterbury residents,
abutting property owners, and town officials was held at Canterbury Elementary School in
May 2019 and was publicized in local media and on town websites/social media. An
additional presentation to the Canterbury Board of Selectmen was held in July 2019.
Quinebaug Solar also discussed the Project with the First Selectman from the adjoining
Town of Plainfield. As an adjoining municipality within 2,500 feet of the Project Site, Town
of Plainfield municipal officials received Notice of the Petition filing.
The Petitioner has also continued to meet with Project abutters to identify any concerns
related to the Project. Abutters received a Project update notice from the Petitioner in
April 2019, and several project abutters attended both town official presentations and the
public open house. Most concerns raised related to vegetative screening, construction
noise and traffic, and stormwater management. Two abutters praised the Petitioner for
transparency and provided supportive comments for the Project, which was a preferred
alternative to a proposed subdivision.
State Legislator and State Agency Outreach
The Petitioner has met with and discussed the Project with various state legislators and
consulted with a number of state agencies since 2016. A complete summary of outreach
activities from consultation with state agencies including DEEP and the Department of
Agriculture is provided in Exhibit M.
Petition Filing Notice
As required by RCSA § 16-50j-40(a), the Petitioner provided notice of its intent to file this
petition to: (a) adjacent property owners (b) Project Site parcel owners, and (c) certain
municipal officials and government agencies (Exhibit N).
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Section 6
Environmental, Health and Safety
Considerations
After the Council’s Decision and Order on the Initial Petition, the Petitioner conducted
comprehensive environmental assessments to inform the redesign and modification of the
Project. As part of this process, relevant agencies were consulted, potential environmental
impacts were evaluated, and avoidance and mitigation measures have been developed.
The Project as modified achieves the desired energy output while avoiding, minimizing,
and mitigating potential environmental impacts to the greatest extent practicable.

6.1

Public Health and Safety

Overall, the Project will meet or exceed applicable industry, state, and local codes and
standards, including the National Fire Protection Association, and will not pose a safety
concern or create undue hazard to the general public. The Project’s generation of
electricity will produce zero emissions and will not otherwise produce harmful byproducts.
Project operations will be monitored remotely at all times and will be maintained by onsite technicians as detailed in Section 3.6.
Each employee working on the Project Site will:


Receive required general and Project Site specific health and safety training;



Comply with all health and safety controls as directed by local and state
requirements;



Understand and employ the Project Site health and safety plan while on the Project
Site;



Know the location of local emergency care facilities, travel times, ingress and
egress routes; and



Report all unsafe conditions to the construction or O&M manager.

The Project is expected to have a short-term impact on traffic flow during construction.
Construction vehicles will utilize the primary access road entrance on Wauregan Road as
indicated on the Project Site Plans (Exhibit G). Prior to Project construction, a traffic
control plan will be developed in consultation with DOT and the Town of Brooklyn and
Canterbury Departments of Public Works. Once constructed, the Project will generally not
require vehicle activity other than for minimal system maintenance purposes.
Prior to operation, the Petitioner will meet with Town first responders to provide an
orientation to the Project and information regarding response to emergencies at the
Project Site. All disconnect switches will be clearly marked for use in an emergency. The
Project will be remotely monitored and will feature remote shutdown capabilities.
Adequate access for fire and emergency service equipment will be provided to the Project
via the proposed access roads. (Exhibit A, Figure 6).
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Noise

The Project will not produce significant noise during operation. Per Article 12
(Environmental Concerns) of the of the Town of Brooklyn Zoning Regulations, at all times
the best efforts will be employed to minimize noise and vibration emitted by operations
carried out on any site, and no operations will emit any noise or vibration beyond the
boundaries of the subject property in excess of permissible levels allowed in the State.
The Canterbury Zoning Regulations do not specifically address noise concerns either
generally or related to the solar photovoltaic use.
An acoustic analysis, performed by Tech Environmental, has been completed for the
Project and is provided in Exhibit O. The acoustic analysis finds that after the Project is
constructed and in service, maximum sound levels at nearby residences will range from
24.6 to 36.9 units of decibel (A-weighted scale) (dBA). This is well below the most
conservative criteria of 45 dBA for nighttime and 55 dBA for daytime, as established by
Connecticut Noise Control regulations (RCSA 22a-69-1).
For comparison, and as presented in the acoustic analysis (Exhibit O), a quiet suburban
area at night without any traffic typically has an average sound level of 40 to 45 dBA from
the threshold of hearing. A freight train heard in the distance from the threshold of hearing
may be 50 dBA. Crickets and tree frogs in the summer sing at a sound level of 55 dBA.
During the construction of the Project, temporary higher levels of noise may occur.
However, all work will be conducted during normal working hours a nd the levels of
noise are not anticipated to exceed State or local noise standards or limits.

6.3

Air Quality

The Project will not cause adverse air quality impacts. As required by the Council, the
Project will meet the National Ambient Air Quality Standards (NAAQS). The United States
Environmental Protection Agency (USEPA) is responsible for developing and enforcing
regulations that govern air quality. The Federal Clean Air Act (CAA) established the NAAQS
designed to protect public health and welfare with respect to the following criteria
pollutants: carbon monoxide (CO), sulfur dioxide (SO2), nitrogen dioxide (NO2), ozone
(O3), particulate matter with aerodynamic diameter less than 10 microns in diameter
(PM10), particulate matter with aerodynamic diameter less than 2.5 microns in diameter
(PM2.5), and lead (Pb).
A statewide monitoring network measures ambient air concentrations of criteria
pollutants. If ambient criteria pollutant concentrations do not exceed the NAAQS, an area
is designated as an attainment area. In contrast, an area with pollutant concentrations
that exceed the NAAQS for one or more pollutants is designated a nonattainment area for
those pollutants. Windham County is designated as an attainment area for CO, NO2, SO2,
PM10 and PM2.5, but is designated nonattainment for the O3 NAAQS.
During operation, the Project will not produce air emissions of criteria air pollutants or
GHGs. During construction, the Project construction equipment may generate fugitive dust
and will emit engine exhaust. Any air emission effects during construction will be
temporary and will be controlled by enacting appropriate mitigation measures (e.g., water
spraying as needed for fugitive dust abatement, minimizing engine idling times, and
sequencing early morning vehicle startups). Per DEEP recommendations, Quinebaug Solar
Quinebaug Solar Project – Brooklyn and Canterbury

6-2

Section 6 Potential Environmental Effects

Tighe&Bond

will additionally make reasonable efforts to use off-road construction equipment that
meets USEPA or California Air Resources Board (CARB) standards for diesel engine
emissions. The Project will also comply with regulations that mandate the use of ultra-low
sulfur diesel (ULSD) fuel.
The above mitigation efforts will allow Quinebaug Solar to be in compliance with the
Connecticut standards outlined in RCSA § 22a-174-18(b)(3)(C). This regulation applies to
most vehicles, such as trucks and other diesel engine-powered mobile equipment
commonly used on construction sites. Adhering to the regulation will reduce unnecessary
idling at truck staging zones, delivery or truck dumping areas, and will further reduce onroad and construction equipment emissions. The Project will not require an air permit as
no stationary sources of air emissions will be needed during operation.
A life-cycle GHG analysis of the Project, performed by EarthShift Global, is provided in
Exhibit L. The analysis concluded that the Project will reduce GHG emissions by
approximately 2,054,345 metric tons of CO2e over the first 30 years of its operations as
compared to conventional, fossil-fuel generation. This reduction is equivalent to the
amount of CO2e emitted from the combustion of 4,756,243 barrels of oil.9

6.2

Scenic Values

The Petitioner conducted a viewshed analysis during Project Site visits and by using aerial
and topographic mapping collected in March 2017. This analysis identified a substantial
amount of existing natural screening present in the area. There is existing forest cover
between the Project Site and potential observation points to the east and southeast,
southwest, north, and northwest of the Project Area. Furthermore, no public hiking paths
or other potential public non-vehicular trails were found to be present in the area that
would serve as potential observation points. Section 6.7 further explains recreational
resources in the vicinity of the Project.
To verify the potential visibility of the Project, visual renderings were produced using
existing Project Site photos with AutoDesk 3D Studio and Adobe Photoshop, from various
locations in the vicinity of the Project. These visual renderings are provided in Exhibit I.
In preparing the renderings, existing site photographs were imported into the model and
matched to AutoDesk 3D Studio’s camera by loading a digital picture and calibrating the
AutoDesk camera to the position and focal length of the camera used to take the actual
photograph. Solar arrays and landscape buffering depicted in the Project Site Plans
(Exhibit G) were modeled to represent actual dimensions and scales. Once modeling was
complete, images were created and enhanced with Adobe Photoshop to create the final
renderings.
As the visual renderings demonstrate, the proposed Project will not have a substantial
adverse visual effect on residences or passersby in the foreground viewing threshold
because the immediate foreground threshold views into the Project Site are limited due
to existing or proposed vegetative screening as well as Project Site topography. The use
of low-profile Project components (e.g., racking system, panels, inverters, etc.) also
significantly reduces the potential visual impact of the Project. Although the electrical
interconnection poles will be visible, they are similar in character to existing distribution
Calculations made with the EPA Greenhouse Gas Equivalencies Calculator, available at
https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator.
9
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lines already located along the same stretch of Wauregan Road. As described in Section
3.4 above and show on the Site Plan (Exhibit G) and Figure 6 in Exhibit A, the Petitioner
is also proposing to install vegetative screening to further mitigate potential visual
impacts. The proposed mitigation renderings depict a vegetation height of approximately
10 feet for the Tier 3 Evergreen plantings, which represents the height of the proposed
vegetation screening after approximately three years of growth.
Solar modules are designed to absorb incoming sunlight and minimize reflectivity to
maximize electricity generation. A minimal percentage of incidental light will be reflected
off the modules. This incidental light is significantly less reflective than common building
materials, such as steel, glass, or the surface of smooth water. In addition, a majority of
the Project will be shielded from view by existing vegetation, proposed screening
vegetation and topographical conditions.

6.3

Federal Aviation Administration Determination

Danielson Airport is located approximately 4.5 miles northeast of the Project Site. A
Wauregan Heliport is located approximately 1.9 miles from the Project Site. Tighe & Bond,
on behalf of Quinebaug Solar, filed a “Notice of Proposed Construction or Alteration” with
the Federal Aviation Administration (FAA) on August 5, 2019. The FAA issued
Determination of No Hazard to Air Navigation letters on August 18, 2019, provided in
Exhibit P. One letter was issued for each of the seventeen latitude/longitude locations
selected along the boundary of the Project Site.
No direct or sky-reflected glare is anticipated as part of this Project. Per previous
correspondence with an FAA Obstruction Evaluation Specialist, it was confirmed that if not
explicitly stated, as is the case here, a glint/glare analysis is not required.

6.4

Historic and Archeological Resources

A Phase IA Cultural Resources Assessment10 was conducted within the Development Area
in compliance with the SHPO Environmental Review Primer for Connecticut’s
Archaeological Resources. This survey identified archaeological sensitivity areas, historic
districts, and historic structures that could be potentially impacted by development of the
Project.
Based on the Phase IA Cultural Resources Assessment Survey report (Exhibit Q), six areas
produced evidence of above-ground historic features. Additionally, stone walls, the
locations of six previously-identified prehistoric archaeological sites, and two historic
standing structures were noted and mapped. Some loss and previous disturbance of stone
walls had occurred. Of the above-ground historic resources, two were assessed as not
significant, applying the National Register of Historic Places criteria for evaluation, due to
previous impacts and lack of research potential. Two other above-ground historic
structures (the Former Butts/Harris/Cady House and the Mowry Farmstead) were
determined to potentially contain archaeological data relevant to Late Colonial/Early

The first Phase IA Cultural Resource Assessment was conducted for a 544-acre area in November
and December 2016. After completion of the 2016 assessment, an additional 16-acre parcel was
added to the total Project Area/ Site. Heritage conducted a Phase IA assessment for the additional
16-acre parcel in April and May 2017.

10

Quinebaug Solar Project – Brooklyn and Canterbury

6-4

Section 6 Potential Environmental Effects

Tighe&Bond

American occupation and use of the area. It was recommended that the Former
Butts/Harris/Cady House and the Mowry Farmstead locations be avoided. A 50-foot buffer
around them will be observed during construction. Additionally, a Stone Town Line
Boundary Marker and the Bennett/Taylor/Gallagher Cemetery were identified as important
landscape features. A construction buffer will be maintained around the stone town line
boundary marker, and a 50-foot construction buffer will be maintained around the
Bennett/Taylor/Gallagher Cemetery.
The Phase IA survey also identified 303 acres within the Study Area that possess a
moderate/ high archaeological sensitivity for producing archaeological resources. The
Phase IA survey recommended these be examined using subsurface testing techniques
as part of a comprehensive Phase IB Cultural Resources Reconnaissance Survey.
In Spring 2017, one additional 16-acre parcel was added to the southern portion of the
Study Area (substation parcel). Heritage concluded after a Spring 2017 reconnaissance
site visit that the parcel possessed little, if any, archaeological sensitivity. Therefore, no
additional archaeological research was recommended. An addendum to the previously
submitted Phase IA report was submitted to the SHPO in May 2017.
In May 2017, the SHPO issued a concurrence letter confirming the Phase IA findings and
requested consultation regarding the proposed Phase IB scope of work. The field methods
for the recommended Phase IB survey were developed in consultation with the SHPO.
The SHPO verbally approved the Phase IB scope of work.
In August 2019, two additional parcels (2.3 total acres) along Rukstela Road were added
to the Development Area - the Rukstela Farmstead location and the Former
Butts/Harris/Cady House locations. The 2016 Phase IA report had recommended
additional Phase IB fieldwork at these locations if they could not be avoided. Phase IB
fieldwork for these two additional parcels was completed in August 2019. The Phase IB
survey concluded that proposed construction can occur in the vicinity of the Former
Butts/Harris/Cady House (Phase IB Area 23); however, a 50-foot avoidance buffer will be
implemented to avoid impacts in the vicinity of the Mowry Farmstead.
A Phase IB Cultural Resources Reconnaissance Survey was conducted between August
and December 2018. The Phase IB survey consisted of subsurface testing within survey
areas deemed to have moderate/high archaeological sensitivity during the Phase IA
assessment, and that would be subject to ground disturbance as part of the proposed
project. The survey identified 32 cultural resources loci. Of the 32 identified loci, 26
contained archaeological deposits lacking in number of artifacts, cultural features and/or
research potential. No additional archaeological testing was recommended for these loci,
as it was determined they are not eligible for listing to the National Register of Historic
Places. Five cultural resource loci (Locus 2-1, Locus 4-1, Locus 6-1, Locus 11-1, Locus
12-1, and Locus 25-1) yielded intact archaeological deposits from the prehistoric and/or
historic era, including artifacts and features (above and below ground).
It was
recommended that these areas be avoided during construction. If avoidance is not
feasible, it was recommended that those portions of the five loci that would be impacted
by proposed construction be subjected to Phase II National Register of Historic Places
testing and evaluation to assess their significance applying the National Register of
Historic Places criteria for evaluation. A Phase IB Cultural Resources Reconnaissance
Survey Management Summary presenting these findings was submitted to the SHPO in
Quinebaug Solar Project – Brooklyn and Canterbury
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January 2019. In April 2019, SHPO issued a concurrence letter for the Phase IB
Management Summary.
Quinebaug Solar has since determined that it will be feasible to avoid work within the
limits of Locus 4-1, Locus 6-1, Locus 12-1 and Locus 25-1. It was determined that it will
not be feasible to avoid work within the limits of Locus 2-1 and Locus 11-1, and that Phase
II testing and evaluation would be required for these two areas to determine their eligibility
for listing on the National Register of Historic Places. The Phase IB survey also included
an assessment of 14 stone wall segments located within the Development Area that are
proposed to be removed during the construction phase of the project. Of the 14 stone wall
segments to be impacted, it was determined that three segments (segment numbers 2, 9
and 10) are located near sensitive cultural areas. It was determined that impacts to these
three stone wall segments cannot be avoided during construction. The following
avoidance buffers have been implemented for each of the three segments: 1) Segment
2: avoidance buffer 100 feet north and away from the sensitive area, 2) Segment 9:
avoidance buffer 50 feet from a historic cemetery wall, and 3) Segment 10: avoidance
buffer 50 feet from a historic cemetery wall. Approximately 91% of the stone walls within
the Development Area will remain.
In October 2019, a Phase IB Cultural Resources Reconnaissance Survey/ Phase II National
Register of Historic Places Testing and Evaluation report was prepared for the project.
The archaeological data collected during the Phase IB survey and Phase II National
Register testing and evaluation indicated that Locus 11-1 is not eligible for listing on the
National Register of Historic Places applying the criteria for evaluation due to 1) significant
impacts from plowing, erosion, and a nearby sand and gravel operation; 2) lack of
substantial numbers of artifacts/features; and 3) retaining little, if any, research potential.
No additional archaeological investigation of Locus 11-1 is recommended prior to
construction.
Phase II testing and evaluation of Locus 2-1 indicated that the site area is eligible for
listing on the National Register of Historic Places. Impacts to the central, western and a
small area in the eastern portion of Locus 2-1 will be avoided during construction by
instituting “construction exclusion areas.” The eastern limit of the western construction
exclusion area will be located an additional 75 feet to the east to avoid intact Late Archaic
period cultural deposits and features identified during the Phase II testing and evaluation.
Also, a small area containing Middle Archaic deposits within the easternmost portion of
Locus 2-1 will also be avoided by installing protective fencing during construction to
prevent any ground disturbing activities in this area. Any tree clearing to be conducted
within Locus 2-1 will take place during the winter months when the ground is frozen and
will be impenetrable by heavy equipment or falling debris. If the ground is not frozen
during tree clearing activities within Locus 2-1, trees may be removed by hand and felled
outside of Locus 2-1. The tree clearing will be monitored by professional archaeologists
to ensure that no impacts to the construction exclusion zone and the small eastern area
containing the Middle Archaic deposits take place. The remainder of the northeastern
portion of Locus 2-1 that is located outside the construction exclusion zone will be
incorporated in the Quinebaug Solar Project.
The Phase IB Cultural Resources Reconnaissance Survey/ Phase II National Register of
Historic Places Testing and Evaluation report will be submitted to SHPO in November 2019,
concurrent with the filing of the Motion to Reopen for the Council’s consideration. No
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construction or other Project-related ground disturbance will be initiated until the SHPO
has had an opportunity to review and comment on the Phase IB/Phase II report.
Copies of the Phase IA reports, Phase IB Management Summary and SHPO concurrence
letters are provided in Exhibit Q. A copy of the Phase 1B/Phase II report has been provided
as a bulk filing to the Council concurrent with submittal of this Petition.

6.7

Recreation

Recreational resources surrounding the Project Site include both public and privatelyowned open space and recreational areas in Brooklyn and Canterbury as well as the
neighboring communities of Dayville, Plainfield, and Killingly. The Project Site contains
privately owned, informal athletic fields within the Town of Canterbury. These fields are
owned and had previously been privately operated by the landowner but are not currently
in use.
As indicated above, the existing soccer field located within the limits of the Project will be
relocated to another site. The Applicant has agreed to provide financial backing for this
relocation to ensure that the soccer field will continue to be accessible to local residents
once this project has been constructed.
The nearest recreational area is the Quinebaug River Wildlife Management Area (WMA)
located immediately adjacent to the southernmost Project parcel. The Quinebaug River
WMA totals more than 1,400 acres and is inclusive of the Sugar Brook Field Trial Area
(approximately 0.6 miles from the Project Site) and the Quinebaug Valley State Trout
Hatchery (approximately 0.20 miles from the Project Site).
The Quinebaug River WMA is a State hunting area and features a designated deer
bowhunting area in the northeastern portion of the WMA. The Sugar Brook Field Trial Area
is a public hunting area that features marked and unofficial trails. Field trial clubs
sanctioned by the American Kennel Club, North American Versatile Hunting Dog
Association, or Connecticut Amateur Shooting Dog Field Trial Association may obtain
permits to use the area for field trials. The State Trout Hatchery features fourteen wells
each of which can provide the 5,000 gallons per minute necessary for fish production.
There is an onsite children’s fishing pond which is frequently stocked with fish.
It is anticipated that privately-owned parcels, site topography, proposed vegetative
screening and existing vegetation located outside of and within the Project situated
between the Project Site and these resources will prevent viewshed impacts to
recreational open space.
Additional parks, recreational areas, and open space within two miles of the Project are
listed in Table 6-1, and shown on Exhibit A, Figure 5.

6.8

Lighting

Site lighting and overhead lighting are not proposed for the Project. Temporary lighting
will be used at the staging area during construction. Lighting at the collector substation
will be based on National Electric Safety Code requirements. It is expected that a small
exterior light at the control house will be motion-activated to enable safe access in the
event work is required at the collector substation.
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Coastal Zone Management Areas

The Towns of Brooklyn and Canterbury are not located within the Coastal Area or Coastal
Boundary, as defined by the Coastal Management Act, CGS Section 22a-94(a). No Coastal
Zone Management Areas would be affected by the Project.

6.10 Other Surrounding Features
The locations of non-residential development and other resources within 2 miles of the
Project Site are listed in Table 6-1 below. Figure 5 in Exhibit A (Surrounding Features
Map) depicts these locations relative to the Project Site. No adverse effects are anticipated
to the facilities or places identified in Figure 5, primarily because of their sufficient
distance from the Project. Potential impacts to the closest non-residential developments
(i.e., public and private recreational areas) are described in Section 6.7 above.
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TABLE 6-1
Non-Residential Features within 2 Miles of the Project Site
Resource/
Structure Type

Park / Open
Space

Church

Name

Address

Town

Approximate
Distance to
Project Site

Quinebaug Valley State Trout Hatchery

141 Trout Hatchery Road

Central Village

0.2 miles

Quinebaug Wildlife Area

Unamed Road

Canterbury

0.1 miles

J. Arthur Atwood Memorial Field

Wauregan Road

Brooklyn

0.5 miles

Rams Athletic Field

Black Hill Road

Plainfield

1.10 miles

Windham County Agricultural Land

Canterbury Road

Brooklyn

1.7 miles

Sugar Brook Field Trial and Wildlife Management Area

Sugar Brook Road

Plainfield

0.6 miles

Central Village Playground

Water Street

Plainfield

1 mile

Sacred Heart Church

Wauregan Road

Brooklyn

0.4 miles

Sacred Heart Convent

Wauregan Road

Brooklyn

0.4 miles

Central Assembly of God Church

350 Putnam Rd

Wauregan

0.6 miles

Church of the Living God

Adams Drive

Moosup

1.4 miles

Central Village Congregational Church

33 Main St

Plainfield

1.4 miles

Danielson

1.95 miles

Youth Camp

None within 2 miles of the site.

Hospital

None within 2 miles of the site.

Airport

Wauregan Heliport

All Hallows Road

Child Day Care

None within 2 miles of the site.

Community
Center

None within 2 miles of the site.

Senior Center

None within 2 miles of the site.

Public School

Cemetery

Historic

Shepard Hill Elementary School

234 Shepard Hill Road

Plainfield

0.65 miles

Evergreen Cemetery

66 Norwich Road

Plainfield

1.8 miles

South Cemetery

Canterbury Road

Brooklyn

1.8 miles

Hyde Cemetery

Kerr Road

Canterbury

0.49 miles

Sacred Heart Cemetery

Wauregan Road

Brooklyn

0.5 miles

Wauregan Historic District

Wauregan Road

Brooklyn

0.3 miles

Plainfield Woolen Company Mill

River Street

Plainfield

1.5 miles

Central Village Historic District

Black Hill Road

Plainfield

0.8 miles

Unitarian Meetinghouse

Hartford Road

Brooklyn

1.9 miles

Jonathan Wheeler House

Tripp Hollow Road

Canterbury

2 miles

Quinebaug River Prehistoric Archeological District

N Canterbury Road

Canterbury/
Plainfield

1.7 miles

Brooklyn Green Historic District

General Putnam Highway

Brooklyn

1.95 miles
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6.11 Wildlife and Habitat
Habitats available for wildlife in the Study Area include gravel pit areas, open agricultural
fields, mixed forest, second growth hardwood forests, watercourses, and wetlands and
vernal pools. Forested areas are generally fragmented, showing evidence of disturbance
and past timber harvest. Invasive plant species occur within the successional forest areas.
These conditions were documented during multiple field surveys conducted in the Study
Area between 2016 and 2019. Studies performed include a northern long-eared bat
(NLEB) (Myotis septentrionalis) survey, general herpetological survey, eastern spadefoot
toad (Scaphiopus holbrookii) survey and monitoring, vernal pool survey, and wetland and
water course delineations.
The intact forest within the Study Area that contains the floodplain system of Cold Spring
Brook and Blackwell Brook and the adjacent relic stream channel to the east provides the
highest quality habitat for herpetofauna on the Project Site, as evidenced by the diversity
and abundance of herpetofauna documented. This area has been designated as a
herpetofauna protection area and will not be impacted by Project development. The two
vernal pools within the relic channel in the herpetofauna protection area were found to
contain the greatest numbers of pool-breeding amphibians, with both pools meeting the
criteria for Tier I pools, per Calhoun and Klemens (2002). According to the results of the
general herpetofauna survey, this area exhibited the greatest diversity of reptiles and is
the only place within the Study Area where fairy shrimp (Eubranchipus spp.) were
detected. Northern black racers (Coluber constrictor) were observed basking at the edge
of or moving into the area of forest encompassing the relic channel.
The forested habitat within the Study Area is interspersed with clearings and edge
habitats that could be used for foraging by bats. Little brown bat (Myotis lucifugus), tricolored bat (Perimyotis subflavus), silver-haired bat (Lasionycteris noctivagans), hoary
bat (Lasiurus cinereus) and eastern red bat (Lasiurus borealis) were detected within the
Study Area. Little brown bat and tri-colored bat are both Connecticut endangered species,
and silver-haired bat, hoary bat and eastern red bat are Connecticut species of special
concern. The data analysis results for the acoustic surveys indicate that NLEB is unlikely
to occur at the Project Site. Further details on survey methods and results are provided
in Exhibit D.
Initial vernal pool surveys were conducted during the spring 2016 amphibian breeding
season. Subsequent to the 2017 decision by the Council, the Petitioner determined
supplementary field studies were necessary to make informed decisions regarding the
Project layout. A second season of vernal pool studies along with a general herpetofauna
inventory were conducted during the spring and summer of 2018 by Dr. Kevin Ryan of
FB Environmental Associates.
In summary, nine vernal pools are identified within the Study Area. No new pools were
identified between the 2016 and 2018 surveys. Additionally, the 2018 surveys included a
targeted survey for the presence of pure-diploid blue spotted salamander (Ambystoma
laterale). During the wetland delineation completed in the spring of 2019, one additional
vernal pool was identified near the edge of the Study Area along Wauregan Road. This
pool is approximately 750 feet away from the Development Area. Therefore, no additional
protections are proposed for this pool. Detailed results of these surveys are provided in
Exhibit D.
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Nocturnal visual encounter surveys for eastern spadefoot toad were completed in 2018
by Dr. Ryan and his team. These surveys identified the presence of three individuals in
the Study Area. Following the 2018 surveys, Dr. Ryan returned to the Study Area to
document the presence of breeding eastern spadefoot toads. No eastern spadefoot toad
breeding was observed during the two consecutive years of survey. Exhibit D includes
the technical reports that summarize the results of both years of surveys. Section 6.12
below provides more details about the surveys and results for listed species within the
Study Area.
In addition to species-specific surveys, incidental observations of wildlife and habitat were
recorded during wetland delineations, herpetological studies and other field surveys. The
details of these observations are provided in the Environmental Site Conditions Report in
Exhibit D.

6.12 Endangered, Threatened, and Special Concern
Species
Field surveys for endangered, threatened, and special concern species were conducted
within the Study Area between 2016 and 2019. These surveys included NLEB
presence/absence surveys, vernal pool surveys specifically targeting pure-diploid bluespotted salamander, a general herpetological inventory, and an eastern spadefoot toad
survey. Botanical observations were recorded during the wetland and watercourse
delineations.
Targeted surveys for both NLEB and pure-diploid blue-spotted salamander did not result
in detection of either species. However, surveys did confirm the presence of hoary bat,
eastern red bat, silver-haired bat, and spotted turtle (Clemmys guttata); all Connecticut
species of special concern. Little brown bat and tri-colored bat were recorded during the
NLEB acoustic study, both Connecticut endangered species. No listed plant species were
observed in the Study Area.
A single individual spotted turtle was observed in the Study Area during vernal pool
surveys on May 8, 2018, basking on a floating piece of debris in a manmade vernal pool.
Potential nesting habitat is present in the Study Area, including the existing gravel pits.
Focused eastern spadefoot toad surveys completed for the Study Area in 2018 identified
the presence of this species, listed as endangered in Connecticut. A total of three eastern
spadefoot toads were captured within the Study Area and radio-tagged to monitor their
activity and movement. Two individuals are presumed to be transient and have left the
Study Area. One individual burrowed several meters from its point of release, and was
assumed to overwinter at this location. Surveys continued in 2019 to evaluate the
presence of a breeding pool or population of eastern spadefoot toad. No individuals or
breeding pools were observed during the 2019 surveys. Further details regarding the
results of the field studies completed for endangered, threatened, and special concern
species are included in Exhibit D.
Avoidance and mitigation measures identified for protection of tree-roosting bat species
during Project development include tree clearing restrictions, which limits forest clearing
activities to the winter months to avoid any potential for incidental take of tree-roosting
bat species that are known or have the potential to occur. Buffers and no-development
protection areas have been allocated around resources that are known to support or
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contain listed species. Additional details on the avoidance and mitigation measures to be
implemented are described further in Section 6.16, below and in Exhibit D.
Eastern pearlshell mussel (Margaritifera margaritifera) is a state special concern species
identified by NDDB in its 2016 preliminary assessment species list provided for the Project.
Cold Spring Brook and Blackwell Brook, both located on the western side of the Study
Area, contain suitable habitat for freshwater mussels. While no species-specific surveys
were conducted, additional information was provided to NDDB to outline the measures
that will be taken to protect water quality of these adjacent watercourses. Proposed water
quality protection measures have been incorporated into the development plans for the
Project, including sediment and erosion control best management practices identified in
the Project’s stormwater protection plan. These protection measures will ensure that
water quality of adjacent watercourses, particularly Blackwell Brook and Cold Spring
Brook, are maintained. Additional details are provided in Exhibit D.

6.13 Water Supply
The Project will not require a dedicated water supply during operation. Drinking water and
water to be used for dust abatement or module cleaning, if necessary, will be brought in
to the site.
As shown on the Existing Conditions figure (Figure 3) and Water Quality Classification and
Public Water Supply Well figure (Figure 4) provided in Exhibit A, the Project will not be
located within a DEEP-designated Aquifer Protection Area, as there are no Aquifer
Protection Areas mapped in the vicinity of the Project Site and the Project Site is not
located in proximity to the Area of Contribution to a Public Water Supply Well. The closest
Aquifer Protection Area is located to the northeast of the Project Site, in the Town of
Killingly.
Portions of the Towns of Brooklyn and Canterbury are served by Connecticut Water
Company. Other residences in proximity to the Project have private wells. No impacts to
private wells or groundwater in the area are anticipated.

6.14 Water Quality
Wetlands and Watercourses
Wetland and watercourse surveys were originally conducted in July 2016; additional
surveys were completed in 2018 and 2019 to confirm previous lines and to evaluate areas
that were outside of the original Study Area. The 2018 and 2019 surveys resulted in the
modification of some wetland lines and the addition of wetlands within a tile-drained
agricultural field. An updated wetland and watercourse report was submitted to NDDB on
May 30, 2019. Additional information is contained within Exhibit D.
In total, 30 wetland resources, that are regulated by the USACE, DEEP, and the towns of
Brooklyn and Canterbury, were identified within the Study Area. Wetland types were
classified in accordance with guidance provided in the Classification of Wetlands and
Deepwater Habitats of the United States, and include palustrine forested, palustrine
emergent, and wetlands containing a mix of cover types. Several intermittent
watercourses were identified in the Study Area; two perennial watercourses, Cold Spring
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Brook and Blackwell Brook border the Study Area on the western boundary. A more
detailed account of these resources is provided in the Wetland and Watercourse
Delineation report in Exhibit D.
In addition to the updated wetland and watercourse report, a wetland functions and values
assessment was completed for wetland resources within the Study Area. This assessment
was used to inform the Project redesign and assign appropriate buffers and setbacks to
Project infrastructure. As described in the Functions and Values Assessment provided as
part of the Pre-filed Testimony, greater protections have been allocated to resources with
higher functions and values. Smaller buffer areas are allocated to wetlands and
watercourses that are heavily disturbed and have lower functions and values. Resource
protection and buffer areas are further explained in Section 6.16.

Stormwater
The Project has been designed to comply with the 2004 Connecticut Stormwater Quality
Manual for both Water Quality and Recharge and the 2002 Connecticut Guidelines for Soil
Erosion and Sediment Control. In addition, construction-period stormwater design has
been developed in direct consultation with DEEP staff, and in conformance with the DEEP
September 2017 Stormwater Management at Solar Farm Construction Projects guidance.
The Petitioner met with DEEP in February 2018 and August 2018 to discuss specific
expectations for construction-period stormwater design and the phased approach
described in Section 3.5.
Based on these consultations with DEEP, the project will be constructed in sub-phases to
control stormwater flows during construction. A combination of sub-phase sizes will be
implemented, utilizing conveyance swales and diversion berms to direct constructionperiod runoff to a combination of sediment basins and sediment traps. Multiple sub-phases
will be active concurrently and are designed to discharge to separate undisturbed, upland
locations in accordance with DEEP guidance. The Petitioner is planning to submit an
application for a Construction General Permit for the Discharge of Stormwater and
Dewatering Wastewater for Construction Activities following submission of this Petition.
The Petitioner has given consideration to time of year restrictions to be protective of tree
roosting bat species maternity windows, as well as feasibility of implementing the phasing
design. As such, tree clearing will occur during the winter months . If necessary,
stormwater controls will be implemented during frozen conditions. During non-winter
months, construction period erosion controls will be installed prior to grubbing and other
earthwork activities. Sediment basins and traps will remain in place until the Project Site
is stabilized. The Project Site will be stabilized through seeding and/or the installation of
erosion control blankets.
The Project will convert portions of the existing agricultural and forested areas to solar
arrays that will be stabilized with native seed mix to allow for the establishment of a
meadow habitat within the Development Area. This vegetation will provide stormwater
treatment and control to reduce the potential for sheet flow and sediment detachment and
transportation during storm events. While the proposed installation requires grading and
some existing vegetation be removed, the existing topography shall remain generally
unchanged.
During rain events, water will fall onto solar modules and flow off the module edge onto
the vegetated surface or stabilized areas and flow along existing natural flow paths.
Quinebaug Solar Project – Brooklyn and Canterbury
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Therefore, the only solar modules that are considered impervious will be the most upgradient modules in each subcatchment and the remainder of the solar modules within
the limit of work will be considered meadow, non-grazed.11

6.15 Soils and Surficial Geology
Bedrock geology within the Study Area is primarily granite, schist, and gneiss. Glacial till
is the dominant surface material, with some stratified deposits in valleys. Open hills with
low elevations form in irregular plains (Griffith et al. 2009). Typical soil orders include
coarse-loamy and sandy, mesic Inceptisols and some Entisols. Soils are generally well
drained silt-loam and sandy-loam and depth to bedrock is greater than 60 inches
throughout a majority of the Study Area (USDA NRCS 2008). Approximately 40 percent
of the Study Area soils have been regularly tilled for agricultural use or otherwise disturbed
from gravel extraction.
Areas mapped by the United States Department of Agriculture Natural Resources
Conservation Service (USDA NRCS) as Prime Farmland, Soils of Statewide Importance
and Locally Important Farmland soils are located within the Project Site (Exhibit A, Figure
8). The Petitioner has developed a Farmland Soil Mitigation Plan (Exhibit E) to minimize
and mitigate impacts to agricultural soils. As defined by the USDA NRCS, farmland soils
are based on soil type and include Prime Farmland, Soils of Statewide Importance, and
Locally Important Farmland. USDA NRCS defines Prime Farmland Soils as those having
the best combination of physical and chemical characteristics for producing food, feed,
forage, fiber, and oil seed crops, and that also are available for these uses.
General soils observations were made as part of the wetland and watercourse delineation
survey effort, and to determine if unique soil conditions occur on site. Soils observed as
part of this survey are described in the Wetland and Watercourse Delineation Report
provided in Exhibit D. Additionally, in 2016 Tetra Tech performed a site visit, including
test pit investigations, to confirm that the soil series mapped for the site were present and
matched with those areas designated as Prime, Statewide, and Local Farmland. Test pits
were excavated and evaluated in soil areas mapped as Paxton and Montauk soils, as well
as in Windsor soils. The results from evaluation of the soil test pits indicated that the
Farmland soil series designations shown in the NRCS mapping were generally accurate.
Detailed results of this investigation are provided in Exhibit E.
As described in earlier sections, portions of the Study Area have been affected by current
and historic gravel extraction activities. These areas have modified soil characteristics as
a result of the disturbance of and removal of surface soils. These areas exhibit
characteristics of undeveloped parent material and would not currently be expected to
possess soil quality associated with Prime Farmland. The Farmland Soil Mitigation Plan
(Exhibit E) further quantifies the amount of mapped farmland soils that have been affected
by this disturbance.

Cook, L.M. & McCuen, R. H., (2013). Hydrologic Response of Solar Farms. Journal of Hydrologic
Engineering, 18(5). pp.536-541.
11
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6.16 Avoidance, Minimization and Mitigation Measures
As presented throughout this Petition, a series of avoidance, minimization, and mitigation
measures will be taken throughout every step of Project development, construction and
operation. The cumulative results of environmental surveys conducted within the Study
Area between 2016 and 2019 have informed an updated Project design. Additionally, the
construction sequencing plan, and operational practices will be implemented to avoid and
minimize adverse impacts to wildlife, including sensitive herpetofauna; water quality,
vernal pools, wetlands and watercourses that occur or have the potential to occur within
and adjacent to the Project Site.

Design
Based on the results of the environmental surveys, the Petitioner has significantly modified
the Project layout. For example, the Development Area of the initial project was 270 acres
and has been reduced to cover 227 acres. These modifications include expanded wetland
and watercourse buffers and setbacks, a herpetofauna protection area, and vernal pool
directional buffers. The Project is utilizing an existing network of roads, developing on
lands already impacted from human activities, and minimizing tree clearing. Generally,
Quinebaug Solar plans to maintain buffers around all wetlands at a minimum of 100 feet,
except in limited circumstances where they occur in the vicinity of existing gravel roads,
or those located in areas that have been heavily impacted by agricultural activities.
A herpetofauna protection area has been established on the western portion of the Study
Area (Exhibit A, Figure 6). This protection area leaves the forested area around vernal
pools VP4 and VP5 intact and maintains habitat connectivity between these pools,
associated wetlands and watercourses, and the Cold Spring Brook and Blackwell Brook
floodplain systems. This cluster of high-functioning vernal pools also was found to have
high herpetofauna activity, likely due to its proximity to the floodplain system that borders
the western Project boundary. The herpetofauna protection area encompasses
approximately 38 acres, including wetlands and watercourses, and a swath of forested
area that extends to the west and eventually connects to the floodplain wetlands
associated with Cold Spring Brook and Blackwell Brook. As described in the Functions and
Values Assessment provided as part of the Pre-filed Testimony, avoiding development
within this area will protect the principal function of these wetlands as wildlife habitat as
well as maintain habitat connectivity between these wetlands and vernal pools and the
resources that border the western Project boundary.
In addition to the herpetofauna protection area, a portion of forested upland area between
wetlands W05 and W06, located in the southern portion of the Study Area will be excluded
from development to preserve important upland habitat and overland access for
amphibian species that breed in vernal pool VP8, located in wetland W06. The forested
upland area between wetlands W06 and W05 has been conserved through a directional
buffer to maintain intact terrestrial habitat and overland connection for vernal pool
breeding species, in accordance with the 2015 Vernal Pool Best Management Practices
published by the USACE New England District.
Many of the wetlands within the Study Area have been historically impacted by human
activity, through clearing for agricultural uses and construction of roads. The Functions
and Values Assessment provided as part of the Pre-filed Testimony evaluates the quality
of wetland resources and applies buffers and setbacks accordingly. The Project is
Quinebaug Solar Project – Brooklyn and Canterbury
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proposing no direct wetland impacts and will apply a standard 100-foot no-disturbance
upland buffer around the majority of higher quality wetlands and watercourses. Based
on the results of the Functions and Values Assessment, the Petitioner proposes smaller
buffers around lower quality wetlands and watercourses, and areas already impacted by
existing road crossings. In several cases, it is determined that construction of the Project
will ultimately benefit these resources through discontinuing agricultural use. This will
leave these areas fallow to allow natural vegetation and soils to regenerate. Exhibit A,
Figure 3 depicts the resources mapped in the Study Area.

Construction
The implementation of a robust sediment and erosion control plan, along with careful
design, avoids direct impacts to natural resources. Other measures include following
seasonal clearing restrictions for tree-roosting bat species and other migratory birds, and
installation of exclusion fencing during the construction phase of the Project. Mitigation
strategies to be employed include construction-phasing, environmental monitoring,
farmland soil management, on-site environmental training for contractors, and
minimizing soil disturbance. An important component of mitigation proposed for
protection of wildlife is the Project’s Herpetofauna Avoidance and Mitigation Plan, which
identifies specific measures for protection of herpetofauna (Exhibit D).
A carefully designed Development Area, along with construction and operational best
management practices, including post-construction restoration of disturbed soils, will
minimize impacts from potential erosion and sedimentation. Short-term, temporary
impacts to soils during construction will be managed with sedimentation and erosion
controls that are designed, installed, and maintained in accordance with the 2002
Connecticut Guidelines for Soil Erosion and Sediment Control. Disturbed soils will be
revegetated to ensure potential soil erosion is minimized. The Project’s stormwater
management plan details construction sequencing that will be synchronized with
stormwater control phasing, to minimize movement of soil to avoid impacts to water
quality. Water resource buffers will be established prior to construction and maintained
throughout construction and operation of the Project.
A farmland soil mitigation plan is proposed to protect mapped farmland soils within the
Development Area. Under the supervision of a Certified Soil Scientist, baseline soil
conditions will be recorded during Project construction. Soils meeting the criteria to be
designated as farmland soils that intersect with roads and inverter pads will be relocated
and stabilized on site for future use following Project decommissioning. Further details of
this plan are provided in Exhibit E.
Impact avoidance and mitigation strategies for wildlife include winter tree clearing, which
will minimize impacts to nesting birds and tree-roosting bat species during the summer
and periods of high bird activity. Measures that avoid impacts to state or federally listed
species, including sensitive herpetofauna and other wildlife that have documented or that
have the potential to occur within the Study Area are described in the Herpetofauna
Avoidance and Mitigation Plan (Exhibit D), and includes establishment of a no-disturbance
herpetofauna protection area and other directional buffers. The herpetofauna protection
area also will serve as a refuge for relocating species found within the Development Area
during Project construction. Additional measures include use of exclusion fencing or
temporary exclusion barriers, pre-construction sweeps of the Development Area, and onsite monitoring.
Quinebaug Solar Project – Brooklyn and Canterbury
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Monitoring
Environmental training of Project personnel and contractors, along with internal
environmental audits, will ensure compliance with site permit conditions intended to
conserve wildlife species and their natural habitat. All impact avoidance and minimization
strategies and siting considerations for the protection of wildlife will be reviewed and
approved by DEEP prior to implementation of the Project. Regular sweeps along exclusion
fencing during the construction period will allow monitors to locate wildlife species for
relocation during the construction period and can best inform the construction team to
make appropriate changes to these strategies in real time.
A summary of the avoidance, minimization, and mitigation measures that address scenic
values, water resources, wildlife resources, and soils and geology is presented in Table 62 below.

Quinebaug Solar Project – Brooklyn and Canterbury
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Section 7
Conclusion
The 49.36 MW (AC) Quinebaug Solar Project proposed by the Petitioner is a "grid-side
distributed resources" facility, as defined in CGS § 16-1(a)(37), because it involves "the
generation of electricity from a unit with a rating of not more than sixty-five megawatts
that is connected to the transmission or distribution system..." and, as amply
demonstrated herein, the Project will meet DEEP air and water quality standards. Further,
the Project:


Will not produce air emissions during operations (PM10, PM2.5, volatile organic
carbons, ozone, or GHGs);



Will not utilize water to produce electricity or be in conflict with any federal,
state, or local requirements related to water quality and quantity;



Will not produce significant noise;



Will not result in impacts to wetlands or watercourses, and potential impacts
to other biological or natural resources will be avoided to the greatest extent
practicable;



Will not have substantial adverse visual, land use, stormwater, recreational,
cultural, or community impacts; and



Will further the state's energy policy by developing and utilizing renewable
energy resources.

For all the foregoing reasons, the Petitioner requests that the Council issue a declaratory
ruling that the proposed Project will not have a substantial adverse environmental effect
and, therefore, that a Certificate of Environmental Compatibility and Public Need is not
required for the construction and operation of the Project.
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EXHIBIT B:
Company Background/Resumes

Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

NEXTERA’S INFORMATION
NextEra Energy, Inc. (NextEra) (NYSE: NEE) is a leading clean energy company
headquartered in Juno Beach, Florida. NextEra Energy owns two electric companies in Florida:
Florida Power & Light Company, which serves more than five million customer accounts in
Florida and is the largest rate-regulated electric utility in the United States as measured by
retail electricity produced and sold; and Gulf Power Company, which serves more than
460,000 customers in eight counties throughout Northwest Florida. NextEra is one of the
largest electric power companies in North America and employs over 14,000 in 36 states and
Canada as of year-end 2018. NextEra also owns a competitive energy business, NextEra
Energy Resources, LLC, which, together with its affiliated entities, is the world’s largest
generator of renewable energy from the wind and sun and a world leader in battery storage.
Through its subsidiaries, NextEra Energy generates clean, emissions-free electricity from eight
commercial nuclear power units in Florida, New Hampshire, Iowa and Wisconsin.
A Fortune 200 company and included in the S&P 100 index, NextEra Energy has been
recognized often by third parties for its efforts in sustainability, corporate responsibility, ethics
and compliance, and diversity. NextEra Energy is ranked No. 1 in the electric and gas utilities
industry on Fortune’s 2019 list of “World’s Most Admired Companies” and ranked among the
top 25 on Fortune’s 2018 list of companies that “Change the World.”
NextEra was incorporated in 1984 under the laws of Florida and conducts its operations
principally through two wholly-owned subsidiaries, Florida Power & Light Company (FPL) and
NextEra Energy Resources, LLC (NEER). NextEra Energy Capital Holdings, Inc. (NEECH),
another wholly-owned subsidiary of NextEra, owns and provides funding for NextEra's
operating subsidiaries, other than FPL and its subsidiaries. In 2014, NextEra formed NextEra
Energy Partners (NEP) to acquire, manage and own contracted clean energy projects with
stable, long-term cash flows.
NextEra Energy Resources, LLC (NEER)
NEER is a nationally recognized clean energy provider with a portfolio of facilities totaling
approximately 21,000 megawatts of net generating capacity at December 31, 2018 in the
United States and Canada; this portfolio includes more than 15,000 MW of wind and 2,300
MW of solar. Approximately 99 percent of NEER’s electricity is derived from clean or renewable
sources. NEER, together with its affiliated entities, is the world's largest generator of
renewable energy from the wind and sun.
NEER Approximate Net Generation by Fuel Type (as of Dec. 31, 2018):

Net Generation (MWh)

SOURCE

PERCENT

Wind

59 percent

Nuclear

33 percent

Solar

7 percent

Natural Gas

1 percent

NextEra Energy Resources, LLC
700 Universe Boulevard, Juno Beach, FL 33408

NEER has a long-standing presence in New England with extensive development and
operational experience in the region. NEER owns and operates the following generation
facilities in New England NEER owns and operates the following generation facilities in New
England, including the recent construction of Coolidge Solar, the largest solar project to be
permitted and constructed in Vermont and began commercial operation in December 2018.
In additional, Sanford Airport Solar, the largest solar project to be permitted and constructed
in Maine will begin commercial operation in the Fall 2020.
NEER Facilities in New England
Project
Name

Fuel

Location

Gross MW

Net
Ownership
MW

Seabrook

Nuclear

Seabrook, NH

1,250

1,103

Wyman 4

Oil

Yarmouth, ME

613

516

Wyman 1-3
and Cape

Oil

Yarmouth, ME
South Portland, ME

250

250

Bellingham

Natural Gas

Bellingham, MA

311

155

Casco Bay

Energy Storage

Yarmouth, ME

16

16

Minuteman

Energy Storage

North Reading,
MA

5

5

Connecticut,
Maine,
Massachusetts

Small Scale
Solar

CT, ME, and MA

15

15

Coolidge Solar

Solar

Ludlow, VT

20

20

2,480

2,080

Total

NEXTERA’S FINANCIAL STRENGTH
NextEra Energy Capital Holdings, Inc. (NEECH), the anticipated provider of initial funding for
the proposed projects, is a wholly-owned subsidiary of NextEra Energy, Inc. and holds
ownership interests in and provides funding for NextEra’s operating subsidiaries other than
Florida Power & Light Company, its rate-regulated electric utility. NEECH’s unsecured longterm credit/ debenture ratings are Baa1 (Stable) and BBB+ (Stable) by Moody’s and S&P,
respectively.
Through its subsidiaries, NEER, a wholly-owned subsidiary of NEECH, owns, develops,
constructs, manages and operates electric-generating facilities in wholesale energy markets
primarily in the U.S., as well as in Canada and Spain. Neither NEECH nor NEER publish its
own financial statements; however, select financial information for NEECH is provided in the
Notes to Consolidated Financial Statements of NextEra’s annual report or the Notes to
Condensed Consolidated Financial Statements of NextEra’s quarterly report.



General financial information
o

http://www.investor.nexteraenergy.com/phoenix.zhtml?c=88486&p=irolirhome



Current bond ratings – see attached sheet for latest credit rating info in company
website under Fixed Income
o



Annual reports for the last three years
o





http://www.investor.nexteraenergy.com/reports-and-filings/annual-reports

Audited financial statements – see financial statements included in the annual reports
referenced above, or in the annual 10-K SEC filings
o



http://www.investor.nexteraenergy.com/fixed-income-investors/financial-policy

http://www.investor.nexteraenergy.com/reports-and-filings/sec-filings

Common Shareholder Equity Summary
o

December 31, 2018: NEECH’s common shareholders’ equity is equal to
$7,917,000,000 (USD).

o

December 31, 2017: NEECH’s common shareholders’ equity is equal to
$10,773,000,000 (USD).

o

December 31, 2016: NEECH’s common shareholders’ equity is equal to
$7,699,000,000 (USD).

Credit and Financing Summary
o

As of December 31, 2018, NEECH had approximately $4.2 billion of net
available liquidity consisting of bank revolving line of credit facilities, letter of
credit facilities, cash and cash equivalents, net of credit issued under the credit
facilities. Moreover, as of December 31, 2018, 66 banks participate in FPL’s and
NEECH’s revolving credit facilities.

NextEra Energy Resources, LLC
700 Universe Boulevard, Juno Beach, FL 33408

KEY PERSONNEL
John DiDonato
Vice President, Development & Origination
John DiDonato is Vice President of Development and Origination for NextEra Energy
Resources, LLC. Since 2000, Mr. DiDonato has developed and acquired over 3,300 MW of
generation projects for NextEra Energy. He has led development and negotiated the power
purchase agreements for wind projects in the central US totaling over 2,700 MW and the 680
MW Calhoun Energy Center, a gas fired simple cycle facility located in Oxford, Alabama. These
projects represent a total investment of over $4 billion in electric generation assets utilizing
wind and clean natural gas technologies.
Mr. DiDonato joined NextEra Energy in 1996 as International Tax Manager. In 2000, he joined
NextEra Energy’s Business Development Team, and since then he has been involved with
myriad energy development projects throughout the United States. He and his team are
currently responsible for the development and acquisition of wind energy facilities in the
Central United States. Previously, he was with Sensormatic Electronics Corporation; a
security company based in Boca Raton, Florida. While at Sensormatic, he worked in their
London office on international tax matters.
Education
Mr. DiDonato has a Bachelor’s degree in Accounting from Kent State University and a Master’s
degree in Accounting and Tax from Florida Atlantic University.
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1.0 Introduction
Barr Engineering Co. (Barr), under contract and authorization with NextEra Energy Resources (NextEra),
has completed a geotechnical investigation of the proposed Quinebaug Solar Project. The Quinebaug
Solar Project is a proposed 50 MW solar project located in Windham County, Connecticut. The
investigation was performed in support of designs for proposed structures at the project site.

1.1 Site Location
The proposed Quinebaug Solar Project is located in southeastern Windham County, Connecticut, north of
the town of Canterbury, as shown on Figure 1. Figure 2 indicates the project boundary. The coordinates of
the geotechnical field test locations are provided in Appendix A.

1.2 Site Geology
1.2.1 Regional Physiography
The site is located in the Eastern Uplands terrain of Connecticut, specifically in the Merrimack
Synclinorium area of the Iapetos (Oceanic) Terraine (Rodgers, 1985). On a more widespread level, the site
is located in the New England Upland Section of the United States, which is a region with maturely
dissected plateaus and narrow valleys that was subjected to glaciation. The glacial drift in the region is
thin, patchy, and stony. The last of the glacial advances (Wisconsinan) in Connecticut was approximately
6,000 feet thick, and greatly changed the landscape from preglacial conditions (Bell, 1985).
Figure 3 indicates the site topography, which generally consists of hills and valleys.

1.2.2 Surficial Geology
Much of the bedrock in Connecticut is covered by glacial drift. Surficial soils within the project area are
typically mapped as units of glacial till and sandy outwash soil (Figure 4). The Quinebaug River borders
the eastern portion of the site. Soil nearer to the river is mapped as alluvium.

1.2.3 Bedrock Geology
Based on mapped data, the shallowest bedrock is likely Middle Ordovician in age, consisting of gray to
dark gray well layered metamorphic gneiss of the Quinebaug Formation. The Black Hill Member of the
Quinebaug Formation is also present at the site, which consists of schist and granofels (USGS, 2018).
Faults or other geologic contacts are not considered likely to be within the site boundaries or near the
site. Figure 5 indicates the existing bedrock geology at the project site.

1.2.4 Economic Geology
There is a sand and gravel quarry in the southern portion of the project site (near borings B-15 and B-16).
In addition, there is evidence of an older quarry in the central portion of the project site northeast of test
location B-01, but it did not appear to be operating during the time of the site investigation. Underground
mining operations are not mapped or anticipated at the project site.
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1.3 Geologic and Geotechnical Hazards
Potential geological hazards within the project are likely limited to shallow groundwater and some
localized slope stability hazards. The following sections provide a summary of the potential geologic and
geotechnical hazards for the project site. Further discussion of anticipated risks is provided in the sections
below.

1.3.1 Slope Stability
The site consists of flatter lowlands with a few hilly areas. Solar modules are planned to be constructed in
both the upland and lowland areas. No scarping or evidence of slope failures was directly observed at the
investigated locations. Visual evaluation of steeper slopes near the higher elevation areas is
recommended once clearing and grubbing has been performed to ensure no existing slope failures are
present near the proposed structures associated with the project, which is not anticipated. Overall, the risk
of slope instability of existing natural slopes is considered low.

1.3.2 Shallow Groundwater
Based on available data (USGS, 2018), the groundwater depth at the monitoring station nearest the
project site is mapped as approximately 10.5 feet. Based on the presence of the Quinebaug River to the
site, the groundwater elevation may be near of grading down to the phreatic surface of river. With
relatively shallow groundwater present and the majority of surface soils being classified as well draining
(sands and silts), significant flooding or ponding of water is not likely to occur, at least for long periods of
time. As a result, the presence of shallow groundwater way complicate construction and require a buoyant
foundation, depending on the final embedment depth of the foundations.

1.3.3 Seismicity and Faults
No Quaternary faults are present at the site (USGS, 2018). Several older faults are present in Connecticut,
including the Lake Char Fault. In recent years, seismicity has been increasing in the area. No seismic events
have been noted directly in the project boundary, but several have been observed within a radius of 3
miles (USGS, 2018). The seismic events were relatively small, ranging from 1.0 to 3.3 M on the Richter
scale. In general, the risk of seismicity at the proposed development is considered low to moderate, and
the foundation design should account for seismic conditions.

1.3.4 Karst
The bedrock that underlies the site includes metamorphic gneiss, schist, and granofels, which are not
considered favorable for the formation of karst features. Shallow carbonate rock (less than 50 feet) is not
mapped in the immediate area. A review of the United States karst map (Veni, 2002) did not indicate the
presence of potentially soluble bedrock in the vicinity of the site. Overall, the risk of karst at this project
site is considered low.

1.3.5 Soil Corrosion
Corrosion of buried concrete and metals can be a significant geologic hazard if soluble sulfate salts or
soluble chloride salts are present at high levels. Soluble sulfate and chloride salts are most prevalent and
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of concern in clayey soils, although granular soils can also be of concern. Mapped data indicate that the
majority of the site is likely to have a high potential for soil corrosion to steel foundations, and a low to
moderate potential for soil reactivity to concrete foundations (Figure 8 and Figure 9).

1.4 Previous Investigations
To Barr’s knowledge, there have not been any geotechnical investigations performed within the
boundaries of the proposed Quinebaug Solar Project site.
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2.0 Geotechnical Investigation Methods
The geotechnical investigation consisted of geotechnical borings, standard penetration testing (SPT),
laboratory testing, test pit excavations, shallow groundwater piezometers, and general laboratory testing.
This program of geotechnical investigation was selected to accurately and efficiently evaluate the
strength, compressibility, and density characteristics of the soil at the project site.
In addition to the geotechnical investigation, field electrical resistivity tests and laboratory thermal
resistivity tests were conducted in support of the project electrical design (to be completed by others).
Field double-ring infiltrometer testing and in-situ permeability testing was performed in support of the
project civil design (to be completed by others).
The site investigation was conducted in September through October of 2018. Laboratory testing was
completed in November of 2018. A summary of the investigation and test locations is included in
Appendix A.
The test sites were located in the field by Barr using a standard handheld GPS receiver prior to
commencing the field work. The handheld GPS units were not survey grade and some variation in the
locations should be expected.

2.1 Field Investigations
2.1.1 Geotechnical Borings
A total of 16 geotechnical borings were conducted at the project site. Of those, 14 borings were
performed within the planned solar array areas to a depth of 20 feet, and two borings were performed at
the substation location to a depth of 50 feet.
Soil sampling and classification was performed at 2.5-foot intervals to a depth of 15 feet and at 5-foot
intervals below 15 feet and extending to the termination depth at each boring. All split spoon sampling
and standard penetration testing was performed in accordance with ASTM D1586, “Standard Test Method
for Standard Penetration Test (SPT) and Split-Barrel Sampling of Soils.” Blow counts necessary to advance
the split-spoon sampler one foot were recorded in the field and are included on the boring logs. Where
the soils were observed to be granular or very dense, modified California sampling was performed in
accordance with ASTM D3550, “Standard Practice for Thick Wall, Ring-Lined, Split Barrel, Drive Sampling
of Soils”.
The geotechnical borings were performed by New England Test Borings of Glastonbury, Connecticut,
under contract to Barr with an ATV-mounted drill rig using primarily hollow-stem auger drilling
techniques. Mud-rotary methods were used at borings B-15 and B-16 below a depth of 10 feet. The
borings were observed by Barr personnel.
The samples were logged and sealed in the field and delivered to Soil Engineering Testing, Inc. (SET) in
Bloomington, Minnesota, for laboratory analysis.
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The geotechnical boring logs are provided in Appendix B.

2.1.2 Piezometers
Standpipe piezometers were installed at three investigated locations investigated during the geotechnical
investigation in order to evaluate the long-term groundwater level. The piezometers were installed to a
target depth ranging from 12 to 30 feet below grade, and the bottom consisted of a 5-foot long screen
encased in sand. The piezometers were measured approximately 3 weeks after installation. The
piezometers will remain installed and future measurements may be collected if desired.

2.1.3 Test Pit Excavations
A total of two test pit excavations were conducted as part of this geotechnical investigation (Figure 10).
The test pits were completed within the proposed solar array area to evaluate subsurface conditions and
obtain samples for laboratory testing. Test pits completed within the solar array area were completed to a
nominal depth of approximately 10 feet below existing grade.
Barr logged the test pit excavations and collected soil samples for laboratory testing. All samples were
sealed upon collection to preserve the in-situ moisture content.
Test pits were performed by Francis L Strmiska Inc. of Canterbury, Connecticut, with a rubber-tired Ford
555 backhoe. The backhoe had an 18-inch bucket equipped with ripping teeth. Test pit logs are provided
found in Appendix C. Photos of the test pit excavations are provided in Appendix D.

2.1.4 In-Situ Falling Head Permeability Testing
At three locations where piezometers were installed, Barr performed in-situ falling head permeability
testing to evaluate the permeability of the soil. The testing was performed in general accordance with the
ISO standard 22282-2, “Geotechnical Investigation and Testing – Geohydraulic Testing – Part 2: Water
Permeability Tests in a Borehole Using Open Systems”. The tests were performed using the variable head
test method, wherein the piezometers were filled with water, and Barr measured the drop in water level
over time. Using the measured drop in head versus time, the permeability of the soil was calculated.
Barr attempted to perform the in-situ testing at B-02, but the piezometer would not retain enough water
to complete the testing. The testing was successfully performed at locations B-05 and B-15. Results of the
in-situ falling head permeability testing are included in Appendix E.

2.1.5 Double Ring Infiltrometer Testing
To evaluate the in situ permeability of the shallow soil, Barr personnel performed infiltrometer testing in
accordance with ASTM D3385, “Standard Test Method for Infiltration Rate of Soils in Field Using DoubleRing Infiltrometer”. The testing was performed at a depth of approximately 1 foot below grade. Barr used
a shovel to dig down below the topsoil and prepared the base of the excavation for testing.
The dual ring infiltrometer was placed at the test locations indicated on Figure 11, and the rings were
filled with water per the test procedure. Water level readings were taken at increasing time increments
until the infiltration rate became constant. Test results are included in Appendix F.
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It should be noted that this test is generally used to determine the infiltration rate of saturated soils,
which were not observed at the time of testing. Large amounts of water were input into the soil in order
to perform the test properly.

2.2 Laboratory Testing
The following tests were performed by SET:


Moisture content testing in accordance with ASTM D2216, “Standard Test Method for Laboratory
Determination of Water (Moisture) Content of Soil and Rock by Mass”



Atterberg Limit determinations in accordance with ASTM D4318, “Standard Test Methods for
Liquid Limit, Plastic Limit, and Plasticity Index of Soils”



Sieve and hydrometer analyses in accordance with ASTM D422, “Standard Test Method for
Particle-Size Analysis of Soils”



Dry unit weight tests were performed in accordance with ASTM D7263, “Standard Test Method for
Laboratory Determination of Density (Unit Weight) of Soil Specimens”



Direct shear test of soils in accordance with AST D3080, “Standard Test Method for Direct Shear
Test of Soils Under Consolidated Drained Conditions”



Standard proctor density testing in accordance with ASTM D698, “Standard Test Methods for
Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600 kNm/m3))”



Soil pH tests in accordance with ASTM D4972 “Standard Test Method for pH of Soils”



Soil soluble chloride and sulfate content in accordance with EPA Method 9056, “Determination of
Inorganic Anions by Ion Chromatography”

Laboratory test results are provided in Appendix G.

2.3 Soil Electrical Resistivity Testing
Soil electrical resistivity testing was completed by Barr personnel in accordance with ASTM method G57,
“Standard Test Method for Field Measurement of Soil Resistivity Using the Wenner Four-Electrode
Method” (equivalent to IEEE Std. 81). Electrical resistivity testing was completed at eight locations by Barr
personnel (Figure 10). Co-linear arrays of four electrodes were placed in the ground for each
measurement. At each location, measurements were taken to determine average soil resistivity at five
“a”-spacings of 2, 5, 10, 20 and 40 feet in two perpendicular arrays. Results of the electrical resistivity
testing are included as Appendix H.

2.4 Thermal Resistivity Testing
Bulk soil samples were collected at three locations by Barr personnel for laboratory thermal resistivity
testing (Figure 10). Samples consisted of a bulk sample collected from a depth of 1 to 5 feet below the
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existing grade, and were recompacted to 95 percent of the soil’s maximum dry density. The bulk samples
were also recompacted to simulate the in-situ condition of the soil. The soils were sealed upon collection
to preserve the in-situ moisture content. The samples were transported to SET for laboratory testing. SET
completed the testing in accordance with ASTM D5334, “Standard Test Method for Determination of
Thermal Conductivity of Soil and Soft Rock by Thermal Needle Probe Procedure”. Laboratory tests
included measurement of the soil’s moisture content, maximum dry density, and thermal dryout
characteristics, which is a function of moisture content. The results of the thermal resistivity tests are
included in Appendix I.
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3.0 Results
A description of the field and laboratory investigation procedures was provided in Section 2. Section 3
presents the data from testing and investigation and provides further analysis of these results.

3.1 Subsurface Stratigraphy
The results of the geotechnical borings (Appendix B), test pits (Appendix C), and laboratory test results
(Appendix G) were compiled to obtain an understanding of the stratigraphy of the study area.
In general, the site consists primarily of sand soils with isolated layers of clay, silt, and gravel, with
occasional areas of boulders and cobbles. Further discussion of the soil types encountered at the site are
provided below.

3.1.1 Topsoil
The topsoil consists primarily of sandy clay to sand with various amounts of organic material and roots.
The topsoil was observed to be dark brown to brown in color. The topsoil thickness varied from
approximately 3 to 24 inches across the site, but may vary locally between the investigated locations.

3.1.2 Sand
Sand was observed in all investigated borings except for B-11 and B-12. The sand was generally identified
as a silty sand, clayey sand, and poorly graded sand with silt, and ranged in grain size from fine to coarse
grained. The sand was typically brown to light brown, and commonly included lesser amounts of gravel.
Boulders and cobbles within the sand soil were observed at a few locations.
A 2-inch layer of dark brown organic material was identified interbedded within the sand at a depth of 3feet at boring B-02. High organic content soil was not identified elsewhere at the project site, but may be
present at isolated locations.
Moisture content test results performed on sand indicated that the moisture content ranged from 3 to
22.7 percent, with an average of about 13 percent.
One dry unit weight test performed on an intact sample of sand indicated that the dry unit weight was
107.6 pounds per cubic foot (pcf). The moist unit weight was calculated using the corresponding moisture
content of the sample, and was computed to be 122.8 pcf.
Mechanical grain size testing performed on sand indicated that the gravel content ranged from none to
49.3 percent, the sand content ranged from 40.5 to 64.8 percent, and the fines content (silt and clay)
ranged from 8.5 to 48.1 percent. Hydrometer analysis indicated that the silt content was 40.9 percent and
the clay content was 7.2 percent.
Laboratory direct shear testing of sand indicated that the peak friction angle ranged from 31 to 33.5
degrees, with an average of about 32 degrees.
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SPT testing in the sand indicated that the SPT value ranged from 4 blows per foot to greater than 50
blows for fewer than 6-inches of sampler penetration. The SPT values typically ranged from 15 to 40 blows
per foot, indicating the sand is in a medium dense condition.

3.1.3 Silt
Silt was observed in four geotechnical borings, B-01, B-02, B-03, and B-04. The silt was observed to be
similar color and texture to the sand soil observed at the site, and is likely of the same geologic
deposition, but slightly finer in grain size. The silt ranged in color from light brown to brown to brownish
gray, and had a high fine-grained sand content. The silt was classified in the field as a silt with sand, silt,
and elastic silt with sand.
Moisture contents in the silt ranged from 10.9 to 45 percent, with an average of about 24 percent.
Mechanical grain size testing performed on the silt indicated no gravel content, the sand content was 48.7
percent, and the fines content (silt and clay) was 51.3 percent.
Atterberg Limits testing on silt indicated a liquid limit of 53 percent, a plastic limit of 30 percent, and a
plasticity index of 23 percent. According to the Plasticity Chart (Das, 2010), this soil plots as MH (elastic
silt).
SPT testing in the silt indicated that the SPT values ranged from 7 to 17 blows per foot, which indicates
loose to medium dense conditions.

3.1.4 Clay
Clay was encountered in four geotechnical borings, B-03, B-04, B-05, B-11, and B-12. The clay was
classified in the field as lean clay indicating relatively low plasticity, and ranged in color from brown to
gray. The clay was observed to have lesser amounts of sand and gravel.
Moisture contents in the clay ranged from 7.5 to 25.7 percent, with an average of about 15 percent.
Atterberg Limits testing on clay indicated a liquid limit of 23 percent, a plastic limit of 15 percent, and a
plasticity index of 8 percent. According to the Plasticity Chart (Das, 2010), this soil plots as CL (lean clay).
Mechanical grain size testing performed on clay at the site indicated that the gravel content ranged from
12.7 to 14.6 percent, the sand content ranged from 26.2 to 34.6 percent, and the fines content (silt and
clay) ranged from 50.8 to 61.1 percent. Hydrometer analyses indicated that the silt content was 38.3
percent and the clay content was 12.5 percent.
SPT testing in the clay indicated that the SPT values ranged from 13 blows per foot to greater than 50
blows for fewer than 6-inches of sampler penetration, which generally indicates stiff to hard conditions.
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3.2 Groundwater Conditions
The groundwater levels were measured while drilling and immediately after the geotechnical borings were
completed. Groundwater was observed in 11 geotechnical borings as indicated in Table 1, and was
encountered at depths ranging from 5 to 30 feet below the existing grade.
The long-term groundwater level was also evaluated from installed standpipe piezometers. The
piezometers were installed during the investigation and measured approximately 4 weeks after
installation. The results of the measurements indicated that the groundwater level at 4 weeks after
installation ranged from 5.9 to 27.3 feet below the existing ground surface, as indicated in Table 1.
Many factors contribute to water level fluctuations, such as heavy rainfall events, dry periods, sand seams,
etc., and encountering groundwater at a small number of boring locations indicates that other proposed
sites around the project site may also encounter groundwater at similar depths. The groundwater is likely
perched on less permeable seams within the primarily sandy soils at the site. Based on the depth of water
observed during drilling and from piezometer measurements, it appears that the static water levels may
be within the foundation embedment depth. Should deeper foundations such as drilled shafts or driven
piles be used, the contractor should be prepared to utilize casing to maintain hole stability.

3.3 Chemical Testing
Chemical testing was performed on three samples of soil from the site. Results of the chemical testing
indicate that the soil pH ranged from 5.7 to 6.7, the soluble chloride content ranged from 45.2 to 51
mg/kg, and the soluble sulfate content was below the detection limit of 50 mg/kg. Results of the chemical
testing are summarized in Table 2 and provided in Appendix G.

3.4 General Laboratory Testing
Laboratory test results are summarized in Table 3 and provided in Appendix G.

3.4.1 Moisture Content
A total of 30 moisture content tests were performed. The results indicate that the natural moisture
content ranged from 3 to 45 percent, with an average of about 16 percent.

3.4.2 Atterberg Limits
Atterberg Limits tests were performed on two soil samples from the geotechnical borings, and indicated a
liquid limit ranging from 23 to 53 percent, a plastic limit ranging from 15 to 30 percent, and a plasticity
index ranging from 8 to 23 percent. According to the Plasticity Chart (Das, 2010), these soils plot as CL
(lean clay) and MH (elastic silt).

3.4.3 Grain Size
A total of seven mechanical grain size tests were performed, and the results indicated a gravel content
ranging from none to 49.3 percent, a sand content ranging from 26.2 to 64.8 percent, and a percent fines
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(silt and clay) ranging from 8.5 to 61.1 percent. Hydrometer analysis indicated that the silt content ranged
from 38.3 to 40.9 percent and the clay content ranged from 7.2 to 12.5 percent.

3.4.4 Unit Weight
One dry unit weight measurement was performed on an intact sample obtained from the investigation,
and indicated a dry unit weight of 107.6 pcf. The moist unit weight was computed from the corresponding
measured moisture content, and indicated a moist unit weight of 122.8 pcf.

3.4.5 Standard Proctor
Standard Proctor density tests were performed on three bulk samples collected as a part of the thermal
resistivity testing. The maximum dry density for the soils tested ranged from 101 to 107 pcf, and the
corresponding optimum moisture contents ranged from 13.2 to 18.4 percent. The results of the Standard
Proctor testing are indicated in Table 4.

3.5

Shear Strength

The results of the geotechnical investigation indicate that the primary soil type at the site is sand,
however, cohesive materials were identified in isolated soil borings. Therefore, the drained and undrained
shear strengths were evaluated.

3.5.1 Drained Shear Strength
The drained shear strength of the cohesionless granular soils (sand and silt) at the project site was
evaluated through laboratory direct shear testing. The results of the testing indicated that the peak
friction angle ranged from 31 to 33.5 degrees. The recommended friction angle for the shallow near
surface soil is 31 degrees. The recommended friction angle varies per soil layer, as indicated in Table 5
and 6.

3.5.2 Undrained Shear Strength
Cohesive soil was encountered at four geotechnical borings performed at the project site. The undrained
shear strength was evaluated through correlations to the SPT value obtained during drilling. The
measured SPT value ranged from 13 blows per foot to greater than 50 blows for fewer than 6-inches of
sampler penetration. According to the correlation provided by US Army (1992), the undrained shear
strength ranges from approximately 1,500 psf to greater than 3,000 psf. The recommended undrained
shear strength for the shallow near surface soil is 1,500 psf. The recommended undrained shear strength
varies per soil layer, as indicated in Table 5 and 6.

3.6 In-Situ Permeability Testing
Field results for the in-situ falling head permeability testing are provided in Appendix E.
Barr attempted the testing at B-02, B-05, and B-15. The test at B-02 could not be performed because the
piezometer would not retain enough water to complete the testing. This indicates that the permeability of
the soil at that location is likely very high. This is consistent with the results of the boring log, which
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indicated relatively loose soil at that location. The soil at location B-02 was the loosest observed at the
project site.
Results of the testing at B-05 indicated that the permeability was relatively low. Based on the results of the
geotechnical boring, clayey soil is present at that location below a depth of 10 feet, where the screened
portion of the piezometer was. The permeability testing indicated by the in-situ test was approximately
2.2x10-8 meters per second, or 3.1 x10-3 inches per hour.
Results of the testing at B-15 indicated that the permeability was moderate. Based on the results of the
geotechnical boring, the subsurface stratigraphy is primarily comprised of sand at that location. The
permeability testing indicated by the in-situ test was approximately 1.8x10-6 meters per second, or 2.6
x10-1 inches per hour.

3.7 Infiltration Testing
Field results for the double ring infiltrometer testing and computed infiltration rates are included in
Appendix F. Based on the results of the testing performed by Barr, the infiltration rate at B-02 is estimated
to be on the order of 2 to 4 inches per hour. The infiltration rate at B-05 is estimated to be on the order of
4 to 12 inches per hour.

3.8 Field Electrical Resistivity Testing
Field electrical resistivity testing was completed at eight locations as discussed in Section 2.3.
Apparent resistivity (a) was calculated for each measurement and corresponding electrode spacing (a)
using the resistance measurement (Ω) and the geometric factor (K) as follows:
ρa =K

V
I

where:

K=2πa

The apparent resistivity measurements for the entire site ranged from approximately 8,697 to 812,217
Ohm-centimeters (-cm), with most measurements ranging from 10,000 to 200,000 -cm. The average
apparent resistivity for the entire data set was approximately 166,200 -cm. Soil resistivity variations are
likely associated with degree of saturation in the near surface soils. Higher moisture contents and higher
clay contents generally reduce the electrical resistivity of a soil.
The results of the soil electrical resistivity field testing are included in Appendix H.

3.9 Thermal Resistivity Testing
Laboratory thermal resistivity testing was completed on samples collected at three locations as discussed
in Section 2.4. The bulk sample specimens were re-compacted to a density equivalent to approximately 95
percent of standard Proctor maximum dry density at near optimum moisture contents for testing.
For the recompacted samples, the resistivity measurements near optimum moisture contents of
approximately ranged from approximately 59 to 64 degrees Celsius-centimeters per Watt (°C-cm/W). The
resistivity measurements in the fully dried condition ranged from 257 to 364 °C-cm/W.
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For the samples recompacted to simulate the in-situ conditions, the resistivity measurements near
optimum moisture contents of approximately ranged from approximately 54 to 63 degrees Celsiuscentimeters per Watt (°C-cm/W). The resistivity measurements in the fully dried condition ranged from
234 to 307 °C-cm/W.
Laboratory thermal resistivity results are included in Appendix I.
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4.0 Foundation Analysis and Recommendations
Results of the geotechnical investigations have been presented in Section 3.0. Based on these results,
Section 4.0 provides general analysis, conclusions and recommendations for foundation design, as well as
general construction considerations.

4.1 General Construction Recommendations
The following sub-sections present general recommendations for site clearing, grading, and compaction
for the project site.

4.1.1 Clearing and Grubbing
The project site is predominantly agricultural farm land and forest. Clearing and grubbing will generally be
restricted to the removal of brush, trees, topsoil, and crop remains across the majority of the site. Forested
areas will require more substantial clearing and grubbing for removal of trees and dense brush.
Based on the results of the field investigation, topsoil ranged from 3 inches to 24 inches in thickness. Any
topsoil or organic material should not be used for structural fill and shall be placed separately to avoid
contamination with other excavated soils. This material could be used in grading non-structural fill such as
fields or service areas in which compressibility of the material does not have an impact on structures.

4.1.2 Site Excavations and Grading
Results of the geotechnical exploration indicate that cut and fill of the subsoil in the area can be achieved
with conventional machinery. In some areas, zones of boulders and cobbles may be encountered which
may require more heavy duty equipment, but these were observed to be isolated at the project site.
After stripping or excavating to rough grade is complete, the exposed subsurface along the entire
foundation bearing surface should be proof-rolled. Proof-rolling should be performed with a fully loaded
tandem axle dump truck having a minimum gross weight of 25 tons. Proof-rolling will aid in identifying
areas of unstable subgrade. Proof-rolling should be performed in the presence of a geotechnical
engineer. Typical standards for proof-rolling acceptance include no rutting greater than 1 inch, and no
“pumping” of the soil behind the proof-roll. Proof-rolling is not an indication that the subgrade strength is
adequate or that it meets design requirements, but simply highlights potentially unsuitable subgrade
conditions. If the graded subgrade soil conditions do not meet the required compaction test results, per
the construction specifications, the deficient materials should be improved as noted below.
Alternatives for subgrade stabilization include the following:


Removal and Replacement – The inadequate materials can be removed and replaced with
granular structural fill. Compaction of this material is required to achieve a minimum of
95 percent of the laboratory maximum dry density measured according to Standard Proctor for
general site grading. The granular structural fill can be used in conjunction with a geotextile fabric
or geo-grid to potentially reduce depth of overexcavation or to reduce the amount of granular
materials required.
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Scarification and Re-compaction – It may be feasible to scarify, dry, and re-compact the
exposed soils. The success of this procedure would depend primarily upon favorable weather and
sufficient time to dry the soils. Even with adequate time and weather, however, stable subgrades
may not be achievable if the thickness of the soft soil is greater than 1 to 1-1/2 feet.



Soil Stabilization – The use of cement, lime, or fly-ash as a soil stabilizing agent can be
considered in lieu of removal and replacement or scarification and recompaction. The type and
quantity of materials used to stabilize the soils will be dependent upon soil type. Design of a soil
stabilization program should be performed by a geotechnical engineer in conjunction with
laboratory testing to provide the proper stabilizing agent, application rate, and depth of soils
stabilized.

Fill placed for subgrade stabilization should be compacted with a sheepsfoot or pad-foot compactor on
cohesive material and a smooth drum roller for granular and gravel fill material. The surficial soils were
observed to be both cohesive and granular, which indicates the use of both a sheepsfoot and smooth
drum roller. Vibratory versions of these compactors are acceptable, although not required for cohesive
soils. Vibratory rollers may disturb the cohesive soils, especially in the presence of higher moisture
contents. The number of passes required will vary depending upon the equipment used, fill material type,
and moisture condition of the fill.
After completion of proof-rolling, but prior to placement and compaction of granular fill, any soils
loosened during the excavation activities should be recompacted as noted in this section of the report.

4.1.3 OSHA Excavations
The granular soils at the site can generally be classified as Type C from OSHA soil classifications (29 CFR
1926 Subpart P-Excavations). It is the responsibility of the competent field personnel to verify the in-situ
soil classification at each excavation and ensure that the benching or slopes are adequate during
construction. Groundwater seepage can affect the stability of the soils. Additional sloping or soil retention
may be needed in areas where seepage is encountered. Additional seepage and stability modeling would
be required to design such excavated slopes or placed fill materials for stability.

4.1.4 Grading in Fill
It is assumed that all foundations will bear on the native soil, and the use of compacted fill beneath the
bearing surfaces or to raise the site grade should not be required, except where excavation of unsuitable
material is performed. If large fill areas are required, all lifts should be placed as close to horizontal as
possible, with lift thickness not to exceed 12 inches in a loose condition. Engineered fill should consist of
well-graded sand and gravel materials with less than 10 percent passing the #200 sieve. Alternative
granular fill materials may be used depending upon availability and suitability, but should be approved by
the engineer of record for the foundation design. Lean concrete (flowable fill) or regular strength concrete
can be used as structural backfill beneath foundations in lieu of granular materials, particularly if
groundwater is present in the excavations.
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On-site fill material may consist of lean clay or sand, although the liquid limit of these materials should
not exceed 45 and the plasticity index should not exceed 15. Excavated on-site sand (SP, SP-SM, SM, and
SC) can likely be used as fill. If suitable materials are not available on site, it is recommended that
materials meeting these noted USCS classifications be imported for use as general fill materials. Note that
fine-grained fill soils (silt or clay) may be particularly difficult to compact if wet or allowed to become wet,
or if spread and compacted over wet or marginally stable subgrades. The materials also should not be
open-graded unless used in conjunction with geosynthetic reinforcement or separator fabric. High
plasticity silt or clay (MH and CH) soils should not be used as structural fill within 4 feet of footings or
within 2 feet of slab or pavement subgrades. Soils should be evaluated as to their suitability for use as fill
at the time of construction, and it may be necessary to conduct moisture content and/or Atterberg limits
testing to verify that the material meets the above-mentioned requirements.
The fill material should be debris-free and free of any organic matter. Fills placed to raise general site
grades should be compacted to a minimum of 95 percent of the material’s maximum Standard Proctor
dry density at near optimum moisture content assuming no greater than 5 feet of fill is placed. Grade
raises beyond 5 feet may require additional compactive effort depending on the application and should
be evaluated by the geotechnical engineer if considered for use. Generally moisture contents within 3
percent of optimum are recommended to achieve proper compaction of fill materials, but some materials
are less moisture sensitive than others and it is possible that proper compaction could be achieved with a
wider range of moisture content.

4.1.5 Excavation, Backfill, and Compaction for Shallow Foundations
Upon excavation to the proposed bearing surface of shallow foundations, the excavation base should be
inspected by the construction phase geotechnical engineer of record or authorized representative. If the
excavation base surface is deemed unsuitable for construction in the opinion of the geotechnical engineer
of record or authorized representative, the conditions shall be noted and communicated to the
foundation designer for appropriate foundation modifications. The base of each foundation should be
inspected by a representative of the geotechnical engineer to confirm soil conditions with respect to the
recommendations provided in this report.
If, in the course of excavating for shallow foundation construction, the base of the excavation becomes
rutted, damaged or is otherwise determined to be of inadequate character, the excavation base surface
should be leveled and surface compacted. Compaction of this material is required to achieve at least
98 percent of the laboratory maximum dry density measured according to the Standard Proctor method.
Granular fill materials beneath proposed structures, if required, should be compacted to achieve a
minimum dry density of 98 percent of the maximum standard Proctor dry density provided the total
thickness is not greater than 5 feet. Each lift should have a uniform thickness according to the equipment
being used, but not to exceed 9 inches (maximum). Periodic inspection and testing should be performed
during the work to verify that the recommended compaction has been achieved.
In cases where under cutting or subgrade compaction is required at depths near the water table, the
conditions should be noted and communicated to the geotechnical engineer and foundation designer to
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address removal and replacement or improvement of these soil conditions. It is anticipated that
compaction of soils, particularly silts and clays, will be difficult to perform properly if allowed to become
wet. Proper care should be taken to control water in the excavations during construction.

4.1.6 Driven Pile Installation
If utilized, driven piles shall be installed based on driving criteria determined by the foundation engineer
of record to support the required loads. This can be done by use of driving formulas or Pile Driving
Analyzer (PDA) testing. Piles should be driven plumb and to the minimum depths specified by the
foundation engineer. Refusal or tilt of driven piles may be encountered at the site due to the gravel,
cobbles, and boulders observed during the geotechnical borings.

4.1.7 Drilled Shaft Excavations
The base of drilled shaft excavations extended to bear in the sand or clay soil should be firm and free of
loose or disturbed soils. The base of the drilled shaft excavations should be observed to evaluate bearing
stratum and soil conditions with respect to the recommendations contained in this report. If necessary,
any loose or disturbed soils should be removed from the excavation with a clean-out bucket. Rebar cages
should be installed immediately prior to concrete placement to facilitate bottom cleaning of the
excavation.
Drilled shafts in granular soils will be prone to sidewall collapse and temporary casing and/or drilling fluid
will be required to facilitate excavation of drilled shaft foundations and maintain stability of the
excavation. All temporary casing should be removed from the excavation during concrete placement. If
temporary casing will remain in place, the foundation designer should be consulted to determine if
additional foundation capacity is required. Belled drilled shafts are not anticipated to be required for this
project, but may be used in non-granular soils if desired.
Concrete placed in drilled shaft excavations in the presence of water should be placed using a tremie pipe
to properly displace the water accumulated in the excavation. The tremie pipe should be placed to the
bottom of the excavation to minimize mixing of the concrete and water during placement. Concrete
placed in deeper drilled shafts also should be placed with a tremie pipe to limit segregation during
placement.

4.1.8 Direct Embedment Foundation Backfill
If utilized, Barr recommends the annulus between direct embedment foundations and their excavations
should be backfilled with controlled low-strength material (CLSM). The CLSM backfill should have strength
properties greater than or equal to the native soil within the embedment depth.
If desired by the foundation designer, compacted gravel backfill could be considered for backfill, provided
that the backfill can be properly excavated, placed, and compacted in accordance with the designer
requirements and intent. The owner should understand that use of compacted gravel backfill is a higher
risk method for transmission line foundation installation, and a higher potential for long-term issues
(tilting, gapping, etc.) is present.
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4.1.9 Dewatering
Based on the results presented in Section 3.2, groundwater was observed in 11 geotechnical borings
below a depth of 5 feet below grade. For shallow foundations, the presence of groundwater should not
complicate excavations or be a factor in foundation design.
Drilled shaft contractors should be prepared to utilize temporary casing and/or drilling fluid to control
groundwater seepage and maintain borehole stability where necessary. Groundwater levels may fluctuate
over time, and higher or lower groundwater levels may be experienced during construction.
Standard dewatering procedures should be suitable where excavations are exposed to rain or surface
water runoff. A system of perimeter trenches and sumps or pumps should be adequate to remove water
from shallow foundations. It is anticipated that excavations will remain open for only short periods of
time; therefore special provisions for erosion control of the slopes are not anticipated provided
construction is performed during the dry season. Measures should be taken to prevent runoff from
depositing sediment in the excavations in case of rain. Water should not be allowed to pond on the base
of excavations as that may lead to softening of the subgrade soils. Where excavation is to extend to
depths below the groundwater table the contractor should be prepared, at a minimum, to remove water
from the excavations through the use of a sump and pit.

4.2 Foundation Design
4.2.1 Solar Module Foundation Design Recommendations
Solar modules in the PV array area are typically supported on some form of a deep foundation system.
Typical deep foundation systems include driven and vibrated steel piles, helical piers (ground screws), and
drilled piers (caissons). In some cases, the solar modules have also been supported by a shallow spread
footing (ballasted) foundation system that can be cast-in-place or precast.
Based on the results of the geotechnical investigation, all foundation systems appear to be suitable for the
project site. It is Barr’s understanding that a steel pile foundation system is commonly the most
economical and, thus, the most desirable foundation system to support the solar modules.
In general, the results of the investigation tend to support the pile foundation option. Of primary concern
for the pile option is the presence of cobbles and boulders at the project site. The results of the site
reconnaissance did indicate a presence of gravel, cobbles, and occasional boulders at isolated locations.
Therefore, there is a low to moderate risk of cobbles and boulders impeding pile installation based on the
findings of this geotechnical investigation, but it should be noted that the risk is based off of widely
spread boring locations, and cobbles and boulders could also be located elsewhere at the site, and
possibly in greater quantities.
It is recommended that a test pile program be implemented to observe and document installation
procedures, develop pile driving criteria for production phase piles to verify required capacity, and
determine pile capacity for various installation depths and pile sizes. Barr understands that the test pile
program has been completed, but has not reviewed the results of the testing.
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This geotechnical investigation was performed at selected locations spread across the project site. The
potential exists for loose, soft, or otherwise undesirable soil conditions in between the geotechnical test
locations. As noted above, the implementation of load testing on piles should serve to develop
appropriate pile driving criteria to be used during construction of the project, and tests should be
performed in various areas of the site to evaluate the different conditions. Should undesirable soil
conditions be encountered during pile installation (such as the presence of loose or soft soils), the piles
could be extended to deeper into the ground to develop the necessary capacity.
The following sections discuss design considerations for a steel pipe pile foundation system and a shallow
spread footing foundation system.

4.2.1.1 Driven Piles
The results of the geotechnical borings completed for this investigation indicate that shallow driven piling
is a potentially feasible foundation system to be considered. Special considerations for driven pile systems
at this project site include:


Driving refusal on cobbles, boulders, and/or dense gravel layers.
o

The results of the geotechnical investigation indicate that there is a low to moderate risk
for coarser deposits to cause driving refusal. This may hinder the piles from reaching the
target depth and may not allow the piles to develop the necessary capacity to support
the solar modules.

o

In cases of shallow refusal during pile installation, remedial options to be considered
include removal and/or extraction of the obstruction and replacement with compacted
engineered fill and then re-driving the pile.

o

Pre-drilling through obstructing layers is another option to be considered for pile
installation.



Evaluation of the suitability and constructability of various pile type/configurations should be
performed by the foundation engineer taking into account the subsurface conditions and
potential for frost heave described in this report.



For driven piling, it is recommended that the foundation designer and/or contractor evaluate the
results of the geotechnical investigation and test pile program with respect to pile drivability and
energy required.



Evaluation of frost heave should be performed by the foundation designer to ensure that the frost
jacking pressure is overcome by the weight and resistance of the pile.

4.2.1.2 Shallow Foundations
The results of the investigations indicate that a shallow footing is a feasible foundation system to be
considered. Based on the results of the investigation, special considerations for shallow foundations at this
site are not required.
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4.2.1.3 Other Foundation System Options
Other foundation types that can be considered based on the results of the investigation include:


Augercast Piles
o

Augercast piles are a deep foundation system that is cast-in-place using a hollow-stem
auger drilled to the design depth.

o

Augercast piles may not be economically feasible in ground containing cobbles, boulders,
or hard or very dense soils due to lack of penetration with the auger. These conditions
can be overcome with the use of micropiles.



Micropiles
o

Micropiles are high-capacity drilled and grouted small diameter piles (typically 5 to 12
inches in diameter).

o


Micropiles can be drilled through a wide range of materials and obstructions.

Helical Piles
o

Helical piles are a deep foundation system that is “screwed” into the soil to the design
depth.

o

Helical piles may not be feasible in ground containing cobbles, boulders, or very dense
soil.

o

Helical piles may provide more resistance to frost jacking.

4.2.2 Substation
It is assumed that spread footings or drilled piers will be utilized for support of critical substation and
interconnect structures. Other lightweight equipment at the substation is assumed to be supported on
shallow foundations or slabs-on-grade.
Foundations should be placed at a minimum depth of 3.5 feet below surrounding grade for frost
protection and stability (Section 4.6). At the time of this report, the foundation design for the substation
has not been provided to Barr.

4.3 Deep Foundations
A deep foundation system (such as driven piles and drilled shafts) will develop capacity through a
combination of end bearing and skin friction. Lateral capacity is also taken into consideration in the
design. The allowable axial bearing capacity can be determined from the soils design shear strength. The
frost zone should be reduced in bearing capacity calculations for drilled shafts or driven piles as indicated
herein. The following sections describe geotechnical recommendations for the design of deep foundation
systems.
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4.3.1 Axial Capacity Evaluation
The axial capacity of pile foundation systems is based on the contribution of the skin friction and the end
bearing that the soil provides. The design values established in Table 5 and 6 of this report are
recommended for use in design of pile foundation systems. There are slight differences in the soilfoundation behavior between driven piles and drilled shafts, which are indicated in this section.
The ultimate bearing capacity of the soil supporting a deep foundation can be determined for end
bearing of the pile (first term of the equation) and the sum of the downward skin friction resistance along
the individual soil layers into which the pile is embedded (second term of the equation).
Qall = qp(all) Ab + ∑ qs(all) A

s

Where:
Qall = allowable bearing pressure
qp( all) = allowable end bearing capacity of the pile
qs (all) = allowable skin friction capacity of the pile per soil layer
Ab = base area of the pile
As = pile shaft area along soil embedment layer
Calculation of the allowable end bearing pressure in cohesive soils (clays) may be performed through the
use of the following equation.
qp(all) =

su N*c

(Das, 2007)

FS

where:
su = undrained shear strength
Nc* = bearing capacity factor = 9 (assumes pile length is three times as great as the pile diameter,
Das, 2007)
FS = factor of safety
If the depth/diameter ratio is less than 3, a reduction in the end bearing capacity factor (Ncs) should be
incorporated and the value of Nc* may require adjustment as outlined in FHWA (2010), as the foundation
will act more as a column footing than a deep foundation. The reduction is provided below:
2

1D

3

6d

Ncs = [1+

(FHWA, 2010)

]

where:
d = diameter of deep foundation
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D = embedment depth of deep foundation
Calculation of the skin friction in cohesive soils (clays) may be performed through the use of the following
equation.
qs(all) =

αsu

(Das, 2007)

FS

where:

 = factor correlating soil undrained shear strength to adhesion = 0.4 for drilled shafts and varies
from 0.4 to 0.5 for driven piles (Das, 2007)
su = undrained shear strength
FS = factor of safety
For driven piles, calculation of the allowable end bearing pressure in granular soils (sands and silts) may
be performed through the use of the following equation.
qp(all) =

q' N*q
FS

<

0.5pa N*q tanϕ

(Das, 2007)

FS

where:
q’ = vertical effective stress at driven pile tip bearing elevation

 = soil friction angle
pa = atmospheric pressure
Nq* = bearing capacity factor = varies (Das, 2007)
FS = factor of safety
For drilled shafts, calculation of the allowable end bearing pressure in granular soils (sands and silts) may
be performed through the use of the following equation.
qp(all) =

q' (Nq -1)
FS

<

0.5pa N*q tanϕ

(Das, 2007)

FS

where:
q’ = vertical effective stress at drilled shaft tip bearing elevation
ϕ

Nq = bearing capacity factor = tan2 (45+ )eπtanϕ

 = soil friction angle

2

pa = atmospheric pressure
Nq* = bearing capacity factor = varies (Das, 2007)
FS = factor of safety
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Calculation of the skin friction per layer in granular soils (sands and silts) may be performed through the
use of the following equation.
qs(all) =

(1-sinϕ)σ'o tanδ

(Das, 2007)

FS

where:

o’ = vertical effective stress at mid-point of soil layer
= soil friction angle
’= soil-pile friction angle = ¾ for drilled shafts and ½ for driven piles (NAVFAC, 1986)
FS = factor of safety
For the skin friction calculation of granular soils, it should be noted that the value of vertical effective
stress will increase to a depth equivalent to 20d (where d is the shaft diameter), and should be taken as
constant thereafter (Das, 2007). Since the shaft diameter is unknown at this time, this threshold cannot be
explicitly calculated, but this method should be utilized during the drilled shaft foundation design.
A summary of the recommended skin friction and end bearing values for driven pile foundations (for the
solar PV modules) and drilled shaft and direct embedment foundations (for the substation) are provided
in Tables 5 and 6, respectively. These values are presented as the ultimate skin friction and ultimate end
bearing values. Barr recommends a factor of safety of 3.0 for skin friction and a factor of safety of 3.0 for
end bearing.
Values of the Young’s modulus (assumed to be equal to the correlated pressure-meter modulus) were
determined for the sand and clay soils at the site using correlations to the measured SPT value from
Kulhawy and Mayne (1990).

4.3.2 Resistance to Uplift
Design of drilled piers and piles for uplift should be based on a combination of the skin friction and the
weight of the pier/pile. As is standard, skin friction should not be assumed to contribute to uplift
resistance throughout the frost zone and the weight of the pier/pile should be taken as the buoyant
weight at depths below the water table. Skin friction contributing to uplift resistance in cohesive and
cohesionless soils should be taken as the skin friction used in compression less a 10 percent reduction
(FHWA, 2010) applied to account for the potential loss of lateral earth pressure in uplift.
The embedment depth of the deep foundations is expected to exceed the frost depth, but the foundation
designer should consider frost heave in the foundation design, and ensure that the downward force
including the weight of the pile exceeds the frost jacking pressure. The frost jacking pressure will be
dependent upon the soil type, depth to water, and climatic conditions, but is generally considered to be
1.0 tsf for steel foundations (Canadian Foundation Design Manual, 2006).
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4.3.3 Lateral Resistance
It is assumed that the computer programs LPile or MFAD will be used for the design of deep foundations
to evaluate the lateral capacity of the soil system supporting the foundations. A summary of the
recommended values for lateral resistance related to foundation design, including soil density, soil shear
strength, and LPile and MFAD specific design parameters are provided in Tables 5 and 6. Lateral resistance
parameters were taken from Meyer and Reese (1979) based on soil type and consistency.

4.3.4 Settlement
Settlement for deep foundations is estimated to be on the order of 1 inch or less, based on the
anticipated foundation requirements and foundation design, but the foundation loads and dimensions
would be required to perform a detailed settlement analysis. The foundation designer should evaluate the
estimated settlement during design.

4.3.5 Pile Load Testing
Load testing on select piles should be performed at the project site in order to confirm design values and
capacities. The load application system should be sufficiently anchored to the subgrade such that the
bearing capacity of the soil is not exceeded, excessive settlement of the system does not occur, and the
ultimate capacity exceeds the allowable axial capacity provided herein.
Pile failure is typically identified by a failure load. The failure load can be determined in different ways. The
foundation designer should select an appropriate failure criteria upon completion of design.

4.4 Shallow Spread or Mat Foundations
Based on the results of the geotechnical borings, shallow foundations at the substation location will likely
be embedded in granular soil. Therefore, the bearing capacity was evaluated for drained conditions.
Foundation considerations for shallow foundations generally include bearing capacity evaluation and
settlement.

4.4.1 Allowable Bearing Capacity
The ultimate bearing capacity of the soil supporting a spread footing can be determined using the
Terzaghi-Meyerhoff equation as follows:
1

qult = γ' BNγ +qNq +su Nc

(Das, 2007)

2

where:
qult = ultimate bearing capacity, psf
γ = unit weight of the soil, pcf
B = average footing width, ft
q = surcharge at foundation level, psf
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Nγ = bearing capacity factor
Nq = bearing capacity factor
Nc = bearing capacity factor
The first and second terms of the general bearing capacity equation are associated with granular soils
which typically exhibit drained modes of failure (except under earthquake loading) and where excess pore
pressures cannot build up in the soil when sheared. These terms represent a portion of the ultimate
drained bearing capacity.
The third term of the equation is associated with fine-grained/clayey soils which typically exhibit an
undrained mode of failure and where excess pore pressures can build up in the soil when sheared.
For the soils encountered at the proposed substation location which are predominantly granular, the
critical mode of failure is associated with a drained condition, so the third term is dropped from the
equation, and the first and second terms remain with a term to correct for the surcharge load from the
soil, representing the ultimate net drained bearing capacity shown as follows:
1

qult = γ' BNγ +qNq -q
2

To determine the allowable net drained bearing capacity, a factor of safety of 3 is recommended. Using
the recommended design friction angle of 31 degrees for shallow sand and assuming a spread footing
with a 5-foot width and an embedment depth of 3.5 feet, the allowable net bearing capacity is estimated
to be approximately 5,000 psf. However, to alleviate potential settlement concerns, a reduced allowable
net bearing capacity of 3,000 psf is recommended.

4.4.2 Slab-on-Grade Foundations
The modulus of subgrade reaction for mat or slab-on-grade foundation design was estimated based on
the results of the borings completed at the proposed substation locations. Detailed methods for
determination of the modulus of subgrade reaction are not included herein, but can be found in Das
(2007).
The following vertical modulus of subgrade reaction is recommended for the design of structures at the
substation based on soil types encountered in accordance with the NAVFAC (1986):


100 pci for sand soils

Note that this reported value is k1, which corresponds to the modulus of subgrade reaction for a loaded
area with dimensions of 1-foot square. The modulus of subgrade reaction should be properly adjusted
based on the actual dimensions of the loaded area. Refer to Section 4.1 for subgrade preparation
recommendations.
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4.4.3 Settlement
The soils at the substation location are granular, and the settlement will likely be limited to immediate or
elastic settlement carried by the soil skeleton. Long-term settlement is anticipated to be minimal given the
absence of saturated clayey soil.
The immediate or elastic settlement can be computed based on the application of the anticipated bearing
pressure, using the following equation based on elastic theory:
S=

Bqo
Es

(1-ν2 )I

(Das, 2007)

where:
S = elastic settlement
qo = contact pressure (assumed 3,000 psf)
B = foundation width (assumed 5 by 5 feet square)
ν = drained Poisson’s ratio = 0.19 (calculated using Das, 2007)
Es = drained elastic soil modulus = 400 ksf (calculated using Das, 2007 based on soil type and
consistency)
I = shape factor = 1.12 (assumed flexible foundation at center, NAVFAC, 1986)
Using this formula for the anticipated loading condition, the foundation designer can compute the
immediate settlements induced by shallow foundations. From the parameters, assumptions, and values
contained in this section, the elastic settlement of the native soils is anticipated to be on the order of ½inch. This value of estimated settlement is an assumption, and should be verified upon selection of final
dimensions and loading for shallow foundations. For larger foundations (i.e. increased foundation width,
B), settlement will increase.

4.5

Active and Passive Pressures

Rankine’s active and passive pressure coefficients were determined for the drained condition. For clays the
drained friction angle was estimated based on correlations to the soil’s plasticity index (Terzaghi et al,
1996). The measured plasticity index was 8 percent, which corresponds to a drained friction angle of
approximately 30 degrees. For sands, the drained condition is representative, cohesion is assumed to be
zero and the angle of friction varies as noted in Table 5 and 6. Rankine’s theory assumes vertical walls and
that backfill slopes and wall friction angles are equal to zero. The coefficients are as follows:






2

(Das, 2010)






2

(Das, 2010)

K a  tan 2  45 
K p  tan2  45 
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where:

 = angle of friction for material
Ka = coefficient of Rankine’s Active Earth Pressure
Kp = coefficient of Rankine’s Passive Earth Pressure
At-rest condition should be used to determine lateral earth pressures where the top of the walls are fixed
(i.e. basement walls). The at-rest lateral earth pressure coefficient for sands is typically taken as:

K o  1  sin

(Das, 2007)

The passive and active pressures acting on a foundation can be determined with the following
expressions, incorporating the appropriate lateral earth pressure coefficients:
Pa 
Pp 

1
2
1
2

K a H
K p H

2

Das, 2010)

2

(Das, 2010)

where:
Pa, Pp = Rankine Active and Passive Pressures

 = unit weight of material
H = depth of foundation
The depth and type of foundation is variable and therefore these pressures cannot be determined until a
depth of foundation has been selected.

4.6

Frost Depth

The design frost depth for the project site is approximately 42 inches (Connecticut State Building Code,
2018). In accordance with the Connecticut State Building Code, Barr recommends construction of the site
structures to the design frost depth of 3.5 feet below existing grade for protection from frost. Foundations
for unheated structures placed at depths shallower than 3.5 feet, including slabs-on-grade, may be
susceptible to frost heave, particularly if founded on clay or silt soils. Foundations and other permanent
structures may also be protected from frost using construction methods in accordance with ASCE 32.

4.7 Cement Type
Depending on the sulfate content of the soil, the American Concrete Institute (ACI) recommends specific
types of cement for use in design to prevent against sulfate attack (ACI, 2014). Based on the results of the
sulfate testing, sulfate levels observed in the soil were below the detection limit of 50 mg/kg, which
indicates a sulfate exposure category of S0. According to recommendations by Kosmatka and Panarese
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(1988), Type I cement appears suitable for use in concrete design. The foundation designer of record has
the responsibility to select an appropriate cement type.

4.8 Seismicity Considerations
The site is located in a relatively inactive seismic region. Seismic design parameters were taken from the
USGS Earthquake Hazard Program design maps using standards from the 2012/2015 International
Building Code design standard (USGS, 2018). The following parameters are recommended for use in
computing seismic base shear forces:
Ss = 0.171g (Site Class B)
S1 = 0.062g (Site Class B)
Recommended Site Class = Site Class D
The parameters above are for a Site Class B. Barr recommends a Site Class D is recommended for use in
design; therefore, the parameters above should be converted to Site Class D parameters.

4.9 Erosion Control
Long-term erosion control measures for the project site largely consist of revegetation for all areas of the
project site where it can be performed following construction. Revegetation will help control erosion from
both wind and water. In areas where revegetation is not possible, some wind erosion of the soil may occur
but will generally be limited to an inconsequential amount of soil immediately at the ground surface.
Temporary erosion controls measures may be required until revegetation is complete. Control of water
erosion will generally consist of the design of erosion control structures, berms, diversion devices, and
other drainage control measures to limit drainage to confined zones away from the solar structures. The
design of specific erosion control structures should be performed by a civil engineer that specializes in
this practice. Barr may be able to assist in this design, if requested.

4.10 Soil Corrosivity
Soil electrical resistivity, pH, and soluble chloride ion concentration are some of the primary factors in
evaluating the rate and amount of corrosion of buried structures. A laboratory and field testing program
was conducted to evaluate these factors (Section 2 and Section 3). Soil corrosivity is also influenced by
other variables including the amount of moisture, drainage, and soil particle size/oxygen content.
Soil electrical resistivity indicates the relative capability of the soil to conduct electrical current and is
generally recognized as one of the most significant soil characteristics with regard to corrosion potential.
In general, the lower the electrical resistivity of a soil is, the higher the soil corrosivity. Based on the results
of the resistivity testing (Section 3.8), the soils can be classified as non-corrosive to metal foundations
when at typical in-situ moisture contents. Therefore, the foundation design should not need to account
for corrosive conditions.
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The degree of acidity and alkalinity of a soil is expressed as the pH value, where 7 represents neutral
conditions, lower numbers indicate increasing acidity and higher numbers represent increasing alkalinity.
Soils with low pH are considered acidic and have a high corrosivity. Soils with high pH have high alkalinity
which lowers soil electrical resistivity and increases corrosivity. High acidity soil can also react with the
lime in concrete. Laboratory test results (Section 3.3) indicate the soils have a slightly acidic pH but are
near neutral, and special considerations for corrosion potential with regards to acid soils are not required
at this site.
Chloride ion content in the soil can result in accelerated corrosion of steel reinforcement in concrete and
steel structures by breaking down the normally present protective layer of oxides on the steel surface as
well as by decreasing the soil electrical resistivity. Chloride concentrations of 500 mg/kg (ppm) or greater
is a generally accepted indication of corrosive conditions. Laboratory test results (Section 3.6) indicate the
soils have chloride ion contents ranging from 45.2 to 51 mg/kg. Special considerations for corrosion
potential with regards to chloride ion contents are not required at this site.

4.11 Liquefaction Potential
Liquefaction of a soil due to seismic loading often occurs in saturated sands and silts when the increase in
shear-induced pore-water pressure due to seismic loading decreases the effective stress within the soil,
resulting in a temporary loss of strength. The groundwater is variable but doesn’t appear to be shallow
across the entire site, and the seismic activity has historically been rare in the area and of low magnitude;
therefore, the potential for liquefaction of soils supporting the proposed structures is low.

4.12 Slope Stability
The results of the investigation indicate generally granular soils, and the topography of the site is hilly in
some areas. Slope stability in the area of the proposed solar array locations is not considered a significant
risk based on the subsurface conditions encountered and anticipated foundation type. As a general
recommendation, foundations should not be placed within 100 feet of a steep slope.

4.13 Sliding Friction
For shallow foundations, the friction coefficient between the soil at the site and construction materials
should be taken as 0.40 for steel and concrete foundations (Potyondy, 1961). The friction coefficient
recommended is for the case of a relatively smooth construction material surface.
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5.0 Limitations of Analysis
The analysis and conclusions provided are based on the results of fieldwork from recent geotechnical
investigations at the project site. Using generally accepted engineering methods and practices, the
investigation performed has made every reasonable effort to characterize the investigated locations and
provide general conclusions of the project area. However, the likelihood that conditions may vary from
any specific location tested is possible, and careful attention to soil conditions should be undertaken
during the time of construction by qualified personnel.
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Tables

Table 1
Summary of Groundwater Levels From Geotechnical Borings and Piezometer Measurements

Water Level Data [feet]
Piezometer
Test ID
B-01
B-02
B-03
B-04
B-05
B-06
B-07
B-08
B-09
B-10
B-11
B-12
B-13
B-14
B-15
B-16

While Drilling
14.0
15.0
NE
NE
7.5
9.0
13.0
15.0
NE
5.0
6.0
NE
8.0
NE
30.0
10.0

After Drilling
NE
NE
NE
NE
8.5
NE
NE
NE
NE
NE
NE
NE
NE
NE
21.5
NE

Piezometer

Measurement

Measurement

10-27-18
-Dry to 12.0 ft
--Dry to 15.0 ft
---------Dry to 30.0 ft
--

11-20-18
-11.9
--5.9
---------27.3
--

*NE - Not encountered
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Table 2
Summary of Chemical Test Results

Depth
Test ID
B-02
B-05
B-15

[feet]
1-5
1-5
1-5

Average
Minimum
Maximum
Standard Deviation

Soil Type
SM
SC-SM
SP

pH
5.7
6.2
6.7

Chloride
[mg/kg]
45.2
51.0
48.3

Sulfate
[mg/kg]
<50
<50
<50

6.2
5.7
6.7
0.4

48.2
45.2
51.0
2.4

<50
<50
<50
<50

P:\Mpls\07 CT\08\07081001 nextera quinebaug solar\WorkFiles\Geotech\Report\Quinebaug Solar Report Tables_final.xlsx

Table 3
Summary of Physical Laboratory Test Results

Sample Location
Test ID
B-01
B-02
B-03

B-04

B-05
B-06
B-07
B-08
B-09
B-10
B-11
B-12
B-13
B-14

B-15

B-16

Depth [feet]
4-6
10-12
20-22
15-17
20-22
2-4
10-12
2-4
6-8
10-12
20-22
5-7
15-17
7-9
20-22
3-3.5
5-7
7-9
5-7
15-17
7-9
15-17
5-7
10-12
20-22
2-4
15-17
5-7
10-12
7-9
15-17
3-5
10-12
20-22
7-9
20-22
35-37
50-52
5-7
10-12
25-27
45-47

Approx

Moisture

Dry

Moist

Percent

Percent

Percent

Percent

Percent

Soil Type

Content

Density

Density

gravel

sand

silt

clay

fines

(1)
SP-SM
SP
ML
ML
SM
CL
CL
CL
ML
MH
SP-SM
CL
SM
SC
SM
SC
GP-GM
SM
SM
SM
SM
ML
ML
SM
SM
CL
CL
CL
CL
CL
SC-SM
ML
SC
SC-SM
SP-SM
SM
ML
ML
SP
SP
SP
SP-SM

[%]
9.8
19.3
24.5
21.9
22.0
21.1
20.6
25.7
45.0
33.3
3.5
23.7
10.6
10.8
10.7
14.1

[pcf]

[pcf]

[%]

[%]

[%]

[%]

[%]

0.0

48.7

Atterberg Limits

Friction

Liq. Limit
Plast. Limit Plast. Index
[% moisture content]

Angle
[Degrees]

51.3

31.8

53

107.6

122.8

12.6
11.2
14.6
8.2
10.9
19.8
10.6
11.4
11.0
11.5
12.2
7.5
13.1
14.5
11.3
10.7
11.6
10.5
22.7
24.6
21.7
3.0
15.0
17.8
14.0

Number
41
1
Average
15.8
107.6
Minimum
3.0
107.6
Maximum
45.0
107.6
Standard Deviation
7.9
-(1) Soil types are approximate. Refer to boring logs for full lithology.

1
122.8
122.8
122.8
--

9.3

59.1

31.6

49.3

42.2

8.5

12.7

26.2

61.1

14.6

34.6

38.3

12.5

50.8

11.4

40.5

40.9

7.2

48.1

0.0

64.8

7
13.9
0.0
49.3
15.4

7
45.2
26.2
64.8
12.5
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30

23

33.5

23

15

8

31.0

35.2

2
39.6
38.3
40.9
1.3

2
9.9
7.2
12.5
2.7

7
40.9
8.5
61.1
16.2

2
38
23
53
15

2
23
15
30
8

2
16
8
23
8

3
32.1
31.0
33.5
1.0

Table 4
Summary of Standard Proctor Test Results

Standard Proctor Data

Test ID
B-02
B-05
B-15

Depth [ft] Soil Type
1-5
SM
1-5
SC-SM
1-5
SP

Average
Minimum
Maximum
Standard Deviation

95% Compaction
Moist Unit Weight

95% Compaction

Maximum Dry

Optimum

at Optimum

In-Situ

Moist Unit Weight at

Density
[pcf]
103.9
107.0
101.0

Moisture
[%]
17.6
18.4
13.2

Moisture
[pcf]
116.1
120.4
108.6

Moisture
[%]
17.4
22.5
6.2

In-Situ Moisture
[pcf]
115.9
124.5
101.9

104.0
101.0
107.0
2.4

16.4
13.2
18.4
2.3

115.0
108.6
120.4
4.9

15.4
6.2
22.5
6.8

114.1
101.9
124.5
9.3
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Table 5
Driven Pile Foundation Design Parameters for PV Array Area

Horizontal Design Parameters
Depth to
Top of
Test ID Layer [ft]
0
3.5
B-01
8
14
20
0
0.5
3.5
B-02
10
15
17
0
1.5
3.5
B-03
5
7
10
15
0
1.5
3.5
B-04
4
9
12
17
0
2
3.5
B-05
5
7
7.5
10
0
1.5
3.5
B-06
9
10
15

Depth to

Moist Unit

Effective

Approx.

Unit

Depth to

Undrained
Friction

Axial Design Parameters
Pressure-

Active Earth

meter

Pressure

Shear

p-y Modulus, k

p-y Modulus, k
(Cyclic Loading)

Soil

Modulus

[lb/in3]
20
90
90
60
60
-20
90
25
20
20
20
-200
90
90
200
90
20
-200
90
90
90
225
-20
90
200
125
125
200
-20
90
60
60
60

Strain
-----0.02
------0.02
0.007
--0.007
-0.02
0.02
0.007
----0.02
--0.007
--0.007
0.02
------

[ksi]
0.21
0.73
0.65
0.90
0.57
0.44
0.21
0.65
0.48
0.48
0.57
0.21
0.44
1.75
0.61
1.20
1.43
1.17
0.21
0.44
1.28
0.65
0.61
1.17
2.31
0.44
0.21
0.90
1.56
2.31
2.31
2.31
0.44
0.21
1.57
1.57
1.65
1.39

Bottom of

Material

Weight

Weight

Ground-

Angle

Strength

(Static Loading)

Layer [ft]
3.5
8
14
20
22
0.5
3.5
10
15
17
22
1.5
3.5
5
7
10
15
21.5
1.5
3.5
4
9
12
17
22
2
3.5
5
7
7.5
10
22
1.5
3.5
9
10
15
21.5

Type
Frost (SC)
SP-SM
SP-SM
SM
ML
Frost (CL)
Frost (SM)
SM
SM
CL
SM
Frost (SC)
Frost (CL)
CL
ML
SM
CL
SM
Frost (SC)
Frost (CL)
CL
ML
MH
SP-SM
SP-SM
Frost (CL)
Frost (SM)
SM
CL
SM
SM
CH
Frost (CL)
Frost (SC)
SC
SC
SM
SM

[pcf]
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123

[pcf]
123
123
123
60.6
60.6
123
123
123
60.6
60.6
60.6
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
60.6
60.6
60.6
60.6
123
123
123
60.6
60.6
60.6

water [ft]
14
14
14
14
14
10
10
10
10
10
10
21.5
21.5
21.5
21.5
21.5
21.5
21.5
22
22
22
22
22
22
22
5
5
5
5
5
5
5
9
9
9
9
9
9

[°]
27
32
32
32
31
0
27
32
31
31
31
27
0
0
31
32
0
32
27
0
0
31
31
32
33
0
27
32
0
33
33
0
0
27
33
33
33
33

[psf]
0
0
0
0
0
300
0
0
0
0
0
0
300
1500
0
0
1500
0
0
300
1500
0
0
0
0
300
0
0
1500
0
0
2000
300
0
0
0
0
0

[lb/in3]
20
90
90
60
60
30
20
90
25
20
20
20
30
500
90
90
500
90
20
30
500
90
90
90
225
30
20
90
500
125
125
500
30
20
90
60
60
60
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50%

1

Passive Earth

N q (sand)

Ultimate Skin

Ultimate End

Coefficient,

Pressure

OR

Friction3

Bearing3

Ka
0.38
0.31
0.31
0.31
0.32
0.38
0.38
0.31
0.32
0.32
0.32
0.38
0.38
0.33
0.32
0.31
0.33
0.31
0.38
0.38
0.32
0.32
0.32
0.31
0.29
0.38
0.38
0.31
0.33
0.29
0.29
0.41
0.38
0.38
0.29
0.29
0.29
0.29

Coefficient, K p
2.66
3.25
3.25
3.25
3.12
2.66
2.66
3.25
3.12
3.12
3.12
2.66
2.66
3.00
3.12
3.25
3.00
3.25
2.66
2.66
3.12
3.12
3.12
3.25
3.39
2.66
2.66
3.25
3.00
3.39
3.39
2.46
2.66
2.66
3.39
3.39
3.39
3.39

N c (clay)2
13.20
23.18
23.18
23.18
20.63
9.00
13.20
23.18
20.63
20.63
20.63
13.20
9.00
9.00
20.63
23.18
9.00
23.18
13.20
9.00
9.00
20.63
20.63
23.18
26.09
9.00
13.20
23.18
9.00
26.09
26.09
9.00
9.00
13.20
26.09
26.09
26.09
26.09

[kips/ft2/ft]
0.03
0.10
0.18
0.26
0.29
0.12
0.03
0.11
0.19
0.21
0.24
0.01
0.15
0.60
0.10
0.14
0.75
0.30
0.01
0.14
0.60
0.11
0.17
0.24
0.32
0.12
0.04
0.07
0.60
0.10
0.11
0.90
0.12
0.04
0.10
0.15
0.18
0.22

[kips/ft2]
-43.7
43.7
43.7
42.1
--43.7
42.1
42.1
42.1
--13.5
42.1
43.7
13.5
43.7
--13.5
42.1
42.1
43.7
45.5
--43.1
13.5
45.5
45.5
18.0
--45.5
45.5
45.5
45.5

L-Pile Recommended Soil
type
Sand
Sand
Sand
Sand
Sand
Soft Clay
Sand
Sand
Sand
Sand
Sand
Sand
Soft Clay
Stiff Clay
Sand
Sand
Stiff Clay
Sand
Sand
Soft Clay
Stiff Clay
Sand
Sand
Sand
Sand
Soft Clay
Sand
Sand
Stiff Clay
Sand
Sand
Stiff Clay
Soft Clay
Sand
Sand
Sand
Sand
Sand

Horizontal Design Parameters
Depth to
Top of
Test ID Layer [ft]
0
3.5
B-07
4
13
15
0
1.5
B-08
3.5
9
15
0
3.5
B-09
5
10
15
0
3.5
B-10
5
10
15
0
2
B-11
3.5
6
20
0
1.5
3.5
B-12
10
10
15
0
1
B-13
3.5
10
15
0
2
B-14
3.5
9
16

Depth to
Bottom of
Layer [ft]
3.5
4
13
15
18
1.5
3.5
9
15
21.5
3.5
5
10
15
21.5
3.5
5
10
15
21.5
2
3.5
6
20
21.5
1.5
3.5
10
10
15
21.5
1
3.5
10
15
21.5
2
3.5
9
16
22

Moist Unit
Material
Type
Frost (SC)
SC
SC
SC
SM
Frost (CL)
Frost (SM)
SM
SM
SM
Frost (SM)
SM
SM
SM
SM
Frost (SC)
SM
SM
SM
SM
Frost (SC)
Frost (CL)
CL
CL
CL
Frost (SM)
Frost (CL)
CL
CL
CL
CL
Frost (CL)
Frost (SM)
SM
SM
SC
Frost (CL)
Frost (SM)
SM
SM
SM

Weight
[pcf]
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123

Effective

Approx.

Unit

Depth to

Weight
[pcf]
123
123
123
60.6
60.6
123
123
123
123
60.6
123
123
123
123
123
123
123
60.6
60.6
60.6
123
123
123
60.6
60.6
123
123
123
123
123
123
123
123
123
60.6
60.6
123
123
123
123
123

Groundwater [ft]
13
13
13
13
13
15
15
15
15
15
21.5
21.5
21.5
21.5
21.5
5
5
5
5
5
6
6
6
6
6
21.5
21.5
21.5
21.5
21.5
21.5
7
7
7
7
7
22
22
22
22
22

Undrained
Friction
Angle
[°]
27
33
33
33
33
0
27
33
33
33
27
33
33
32
33
27
31
33
33
33
27
0
0
0
0
27
0
0
0
0
0
0
27
31
33
33
0
27
33
32
32

Shear
Strength

p-y Modulus, k
(Static Loading)

[psf]
0
0
0
0
0
300
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
300
2000
2000
3000
0
300
3000
3000
3000
3000
300
0
0
0
0
300
0
0
0
0

3

[lb/in ]
20
90
90
60
60
30
20
90
90
60
20
90
90
90
90
20
25
60
60
60
20
30
500
500
1000
20
30
1000
1000
1000
1000
30
20
60
60
125
30
20
225
90
90

p-y Modulus, k
(Cyclic Loading)
3

[lb/in ]
20
90
90
60
60
-20
90
90
60
20
90
90
90
90
20
25
60
60
60
20
-200
200
400
20
-400
400
400
400
-20
60
60
125
-20
225
90
90

50%
Soil
Strain
-----0.02
0.007
--------------0.02
0.007
0.007
0.005
-0.01
0.005
0.005
0.005
0.005
0.02
----0.02
-----

Axial Design Parameters
Pressure-

Active Earth

meter

Pressure
1

Modulus
[ksi]
0.21
0.39
0.96
0.96
1.67
0.44
0.21
1.20
1.74
1.29
0.21
0.48
0.87
0.80
0.80
0.21
0.48
1.57
1.55
1.47
0.21
0.44
1.93
2.85
4.31
0.21
0.44
3.12
3.82
3.97
4.09
0.44
0.21
0.76
1.47
1.76
0.44
0.21
0.80
0.80
0.80

Coefficient,
Ka
0.38
0.29
0.29
0.29
0.29
0.38
0.38
0.29
0.29
0.29
0.38
0.29
0.29
0.31
0.29
0.38
0.32
0.29
0.29
0.29
0.38
0.38
0.33
0.33
0.33
0.38
0.38
0.33
0.33
0.33
0.33
0.38
0.38
0.32
0.29
0.29
0.38
0.38
0.29
0.29
0.29

Passive Earth
Pressure
Coefficient, K p
2.66
3.39
3.39
3.39
3.39
2.66
2.66
3.39
3.39
3.39
2.66
3.39
3.39
3.25
3.39
2.66
3.12
3.39
3.39
3.39
2.66
2.66
3.00
3.00
3.00
2.66
2.66
3.00
3.00
3.00
3.00
2.66
2.66
3.12
3.39
3.39
2.66
2.66
3.39
3.39
3.39

N q (sand)

Ultimate Skin
3

OR

Friction
2

N c (clay)
13.20
26.09
26.09
26.09
26.09
9.00
13.20
26.09
26.09
26.09
13.20
26.09
26.09
23.18
26.09
13.20
20.63
26.09
26.09
26.09
13.20
9.00
9.00
9.00
9.00
13.20
9.00
9.00
9.00
9.00
9.00
9.00
13.20
20.63
26.09
26.09
9.00
13.20
26.09
24.16
24.16

2

[kips/ft /ft]
0.03
0.06
0.14
0.22
0.24
0.12
0.04
0.10
0.20
0.28
0.03
0.07
0.12
0.21
0.30
0.03
0.07
0.10
0.14
0.19
0.02
0.15
0.80
0.80
1.20
0.01
0.15
1.20
1.20
1.20
1.35
0.12
0.04
0.11
0.19
0.23
0.12
0.04
0.10
0.21
0.32

Ultimate End
Bearing3
2

[kips/ft ]
-34.4
45.5
45.5
45.5
--45.5
45.5
45.5
-43.1
45.5
43.7
45.5
-42.1
45.5
45.5
45.5
--18.0
18.0
27.0
--27.0
27.0
27.0
27.0
--42.1
45.5
45.5
--45.5
43.7
43.7

L-Pile Recommended Soil
type
Sand
Sand
Sand
Sand
Sand
Soft Clay
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Soft Clay
Stiff Clay
Stiff Clay
Stiff Clay
Sand
Soft Clay
Stiff Clay
Stiff Clay
Stiff Clay
Stiff Clay
Soft Clay
Sand
Sand
Sand
Sand
Soft Clay
Sand
Sand
Sand
Sand

Note - reduced resistance from frost zone (upper 3.5 feet) is recommended due to seasonal variations and frost conditions
1
2
3

Correlation provided by Kulhawy, F.H, and Mayne, P.W., Manual on Estimating Soil Properties for Foundation Design, EL-6800, Electric Power Research Institute, New York, 1990.
Assumes depth/diameter ratio > 3
A factor of safety of 3.0 is recommended for allowable end bearing and a factor of safety of 3.0 is recommended for allowable skin friction. Note that beyond a depth of 20B, the value of ultimate skin friction should remain constant. Since the pile diameter is not yet available, the

foundation designer should use this method to calculate the appropriate value of ultimate skin friction.
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Table 6
Drilled Shaft Foundation Design Parameters for Substation

Axial Design Parameters

Horizontal Design Parameters
Depth

Depth to

Total

Effective

Approx.

to Top

Bottom

Unit

Unit

Depth to

Test of Layer
ID

B-15

B-16

[ft]
0
3.5
10
20
30
35
40
0
3.5
10
20
30
35
45

Friction

p-y

p-y

Undrained

Modulus,

Modulus,

Shear

k (Static

k (Cyclic

of Layer

Material

Weight

Weight

Ground-

Angle

Strength

[ft]
3.5
10
20
30
35
40
52
3.5
10
20
30
35
45
52

Type
Frost (SM)
SM
SM
SM
SM
SM
SM
Frost (SM)
SM
SM
SM
SM
SM
SM

[pcf]
123
123
123
123
123
123
123
123
123
123
123
123
123
123

[pcf]
123
123
60.6
60.6
60.6
60.6
60.6
123
123
60.6
60.6
60.6
60.6
60.6

water [ft]
10
10
10
10
10
10
10
10
10
10
10
10
10
10

[°]
27
31
31
32
32
32
32
27
31
31
31
32
32
32

[psf]
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Loading)
3

[lb/in ]
20
90
60
60
60
60
60
20
90
60
60
60
60
60

Loading)
3

[lb/in ]
20
90
60
60
60
60
60
20
90
60
60
60
60
60

50%
Soil
Strain
---------------

Passive

Nq

Pressure-

Active Earth

Earth

(sand)

meter

Pressure

Pressure

OR

Modulus

Coefficient,

Coefficient,

Nc

[ksi]
0.21
0.65
0.61
0.80
0.96
0.80
0.83
0.21
0.48
0.57
0.48
1.09
0.87
1.12

Ka
0.38
0.32
0.32
0.31
0.31
0.31
0.31
0.38
0.32
0.32
0.32
0.31
0.31
0.31

Kp
2.66
3.12
3.12
3.25
3.25
3.25
3.25
2.66
3.12
3.12
3.12
3.25
3.25
3.25

(clay)2
13.20
20.63
20.63
23.18
23.18
23.18
23.18
13.20
20.63
20.63
20.63
23.18
23.18
23.18

1

Note - reduced resistance from frost zone (upper 3.5 feet) is recommended due to seasonal variations and frost conditions
1
2
3

Correlation provided by Kulhawy, F.H, and Mayne, P.W., Manual on Estimating Soil Properties for Foundation Design, EL-6800, Electric Power Research Institute, New York, 1990.
Assumes depth/diameter ratio > 3
A factor of safety of 3.0 is recommended for allowable end bearing and a factor of safety of 3.0 is recommended for allowable skin friction.
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Shallow
Ultimate Skin Ultimate End
Friction3
2

[kips/ft /ft]
0.04
0.17
0.32
0.45
0.54
0.61
0.71
0.04
0.17
0.32
0.45
0.54
0.64
0.75

Bearing3
2

[kips/ft ]
-24.1
36.0
43.7
43.7
43.7
43.7
-24.1
36.0
42.1
43.7
43.7
43.7

L-Pile

Foundation

Recom-

Allowable

mended Soil

Bearing

Soil

type
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand

Capacity [psf]
--

Type
s
s
s
s
s
s
s
s
s
s
s
s
s
s

3000

--

3000
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Appendix A
Site Coordinates and Investigation Summary

UTM Coordinates, Z19,
Test ID

Structure Type

B-01
B-02
B-03
B-04
B-05
B-06
B-07
B-08
B-09
B-10
B-11
B-12
B-13
B-14
B-15
B-16

PV Array
PV Array
PV Array
PV Array
PV Array
PV Array
PV Array
PV Array
PV Array
PV Array
PV Array
PV Array
PV Array
PV Array
Substation
Substation

NAD83 [meters]
Northing
Easting
4625721.0
4625523.5
4625975.0
4626245.5
4626307.0
4626264.4
4626343.0
4625995.6
4626517.3
4625507.0
4625422.0
4625420.1
4625604.0
4626076.6
4624779.6
4624852.4

255575.2
255210.1
255061.0
255347.4
255746.3
255983.5
256347.2
256009.0
256239.6
255800.1
255976.0
256352.7
256379.0
256461.7
256779.2
256815.5

Laboratory
Geotechnical
Boring
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

Electrical

Thermal

Percolation

Piezometer

Resistivity

Resistivity

Testing

Test Pit

X

X

X

X

X

X

X
X

X

X

X

X
X

X

X
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Appendix B
Geotechnical Boring Logs

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-01
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4625721.0m, E:255575.2m
NAD83

Surface Elevation:

HSA
SS
22.0 ft

Drilling Method:
Sampling Method:
Completion Depth:

0

SPT, N value
or RQD %

% Recovery

Surface Elev.:
TOPSOIL (SC): brown; moist; trace organics.

10

20

75

12

2

75

13

3

75

18

4

75

22

5

75

22

6

75

11

7

75

14

8

75

18

9

75

9

NATURAL DRY
DENSITY
(pcf)
80
100 120

40

RQD %
20

40

60

80

SHEAR STRENGTH, tsf

2.5

WATER CONTENT
(%)
PL
LL
20

5

12

1.5ft

5

POORLY GRADED SAND WITH SILT (SP-SM): fine to
medium grained; brown; moist; medium dense; trace
gravel.

1

30

REC%

0

POORLY GRADED SAND WITH SILT (SP-SM): fine
grained; light brown; moist; medium dense; trace gravel.

M:\GINT\PROJECTS\07081001.00_QUINEBAUG SOLAR.GPJ BARRLIBRARY.GLB BOREHOLE LOG REPORT BARR TEMPLATE.GDT

Sample No.

MATERIAL DESCRIPTION

Samples

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft

13

18
9.8

22

8.0ft

22

10

15

20

SILTY SAND (SM): fine grained; light brown; moist to
wet; medium dense.

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

10/23/18
10/23/18
EJL
New England Test Borings
D-50 AT

19.3

14

14.0ft

SILT WITH SAND (ML): light brown; moist to wet; loose. 20.0ft

Bottom of Boring at 22.0 feet

11

22.0ft

Water Levels (ft)
End of Drilling
Dry
At Time of Drilling

Remarks:
14.0

Weather:

18

9
24.5

40

60

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-02
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4625523.5m, E:255210.1m
NAD83

Surface Elevation:
Drilling Method:
Sampling Method:
Completion Depth:

HSA
SS
22.0 ft

0

Surface Elev.:
TOPSOSIL (CL): brown; moist; trace organics.
SILTY SAND (SM): fine to medium grained; light brown to brown; moist; very loose 0.5ft
to medium dense; trace gravel.

SPT, N value
or RQD %

% Recovery

Samples

MATERIAL DESCRIPTION

Sample No.

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft
10

100

8

2

100

6

3

100

4

4

100

12

5

100

11

6

100

7

7

100

9

3.0 ft: 2-inch thick layer of dark brown organic material.

8

6

M:\GINT\PROJECTS\07081001.00_QUINEBAUG SOLAR.GPJ BARRLIBRARY.GLB BOREHOLE LOG REPORT BARR TEMPLATE.GDT

4

12

11

14.0ft

15
7

17.0ft

20

22.0ft

Bottom of Boring at 22.0 feet

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

10/11/18 3:25 pm
10/11/18 5:00 pm
MJP2
New England Test Borings
D-50 AT

Water Levels (ft)
End of Drilling
Dry
At Time of Drilling

Remarks:
15.0

Weather:

40

60

2.5

10

SILTY SAND (SM): fine grained; light brown; moist to wet; loose; trace gravel.

40

80

SHEAR STRENGTH, tsf

5

SILT WITH SAND (ML): brown; moist to wet; loose.

30

RQD %
20

0

1

20

REC%

9

5

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-03
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4625975.0m, E:255061.0m
NAD83

Surface Elevation:

HSA
SS
21.5 ft

Drilling Method:
Sampling Method:
Completion Depth:

0
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10

15

SPT, N value
or RQD %

% Recovery

Sample No.

Samples

MATERIAL DESCRIPTION

Surface Elev.:
TOPSOIL (SC): brown; moist; trace organics.

5.0ft

SILTY SAND (SM): fine grained; brown; moist; very stiff;
trace gravel.

7.0ft

1

100

8

2

100

18

4

100

28

5

100

13

6

100

27

7

100

43

SANDY LEAN CLAY (CL): gray; moist; stiff; trace gravel. 10.0ft

SILTY SAND (SM): fine grained; gray; moist; medium
dense to dense; trace to with gravel.

15.0ft

20

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

10/24/18
10/24/18
EJL
New England Test Borings
D-50 AT

20

30

NATURAL DRY
DENSITY
(pcf)
80
100 120

40

RQD %
20

40

60

80

SHEAR STRENGTH, tsf

2.5

WATER CONTENT
(%)
PL
LL
5

20

8

1.5ft

SILT WITH SAND (ML): light brown; moist; very stiff.

Bottom of Boring at 21.5 feet

10

REC%

0

SANDY LEAN CLAY (CL): light brown; moist; very stiff.

5

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft

21.5ft

Water Levels (ft)

Remarks:

End of Drilling
Dry
At Time of Drilling
Dry

Weather:

18
21.1

28

13
20.6

27

43

40

60

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-04
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4626245.5m, E:255347.4m
NAD83

Surface Elevation:

HSA
SS
22.0 ft

Drilling Method:
Sampling Method:
Completion Depth:

0

Surface Elev.:
TOPSOIL (SC): fine grained; brown; moist; trace
organics.
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10

SILT WITH SAND (ML): brownish gray; moist; medium
dense.

SPT, N value
or RQD %

% Recovery

Sample No.

Samples

MATERIAL DESCRIPTION

SANDY LEAN CLAY (CL): brownish gray; moist; very
stiff.

5

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft
10

20

100

8

2

100

14

3

100

11

4

100

17

5

100

10

6

100

16

7

100

27

8

100

50

9

38

50/
3"

NATURAL DRY
DENSITY
(pcf)
80
100 120

40

RQD %
20

40

60

80

SHEAR STRENGTH, tsf

0

1

30

REC%

2.5

WATER CONTENT
(%)
PL
LL
5

4.0ft

12.0ft
POORLY GRADED SAND WITH SILT (SP-SM): fine
grained; grayish brown; moist; dense to very dense; trace
gravel.

15

10/23/18
10/23/18
EJL
New England Test Borings
D-50 AT

60

8

14
25.7

11

17
45

10

16

30
33.3

27

50

20

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

40

1.5ft

ELASTIC SILT WITH SAND (MH): brownish gray; moist; 9.0ft
medium stiff.

Bottom of Boring at 22.0 feet

20

22.0ft

Water Levels (ft)

Remarks:

At Time of Drilling
Dry
End of Drilling
Dry

Weather:

50/3"
>>
3.5

53

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-05
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4626307.0m, E:255746.3m
NAD83

Surface Elevation:

HSA
SS
22.0 ft

Drilling Method:
Sampling Method:
Completion Depth:

0

M:\GINT\PROJECTS\07081001.00_QUINEBAUG SOLAR.GPJ BARRLIBRARY.GLB BOREHOLE LOG REPORT BARR TEMPLATE.GDT

15

SPT, N value
or RQD %

% Recovery

Sample No.

Surface Elev.:
TOPSOIL (CL): brown; moist; trace organics.

10

20

LEAN CLAY WITH SAND (CL): brown; moist; stiff.

30

RQD %
20

40

60

2.5

5

20

1

100

1

2

100

18

3

83

15

4

50

94

94
>>

5

75

65

65
>>

6

75

92

92
>>
10.6

7

50

28

5.0ft

18

15
23.7

7.0ft

20

10/12/18 10:15 am
10/12/18 2:15 pm
MJP2
New England Test Borings
D-50 AT

WATER CONTENT
(%)
PL
LL

1

15.0 - 17.0 ft: increased sand content.

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

80

SHEAR STRENGTH, tsf

2.0ft

LEAN CLAY (CL): gray with black; moist to wet; very stiff 10.0ft
to hard; trace sand; trace gravel.

22.0ft

Bottom of Boring at 22.0 feet

NATURAL DRY
DENSITY
(pcf)
80
100 120

40

REC%

0

SILTY SAND (SM): fine to medium grained; brown;
moist; very dense; trace gravel; frequent cobbles and
boulders; difficult to drill.

10

Samples

MATERIAL DESCRIPTION

SILTY SAND (SM): fine grained; brown; moist; medium
dense; trace gravel.

5

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft

Water Levels (ft)
End of Drilling

Remarks:
10.0

At Time of Drilling

7.5

1 hrs After Drilling

8.5

Weather: Cloudy, 60F

28

40

60

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-06
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4626264.4m, E:255983.5m
NAD83

Surface Elevation:

HSA
SS
21.5 ft

Drilling Method:
Sampling Method:
Completion Depth:

0

SPT, N value
or RQD %

% Recovery

Sample No.

MATERIAL DESCRIPTION

Samples

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft

Surface Elev.:
TOPSOIL (CL): brown; moist; trace organics.

10

CLAYEY SAND (SC): fine grained; brown; moist to wet;
dense to very dense; frequent gravel and cobbles; trace
to some gravel.

33

11

2

17

50/
3''

3

89

42

4

89

67

5

67

45

6

67

35

7

89

100/
9"

30

40

60

80

SHEAR STRENGTH, tsf
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SILTY SAND (SM): fine grained; brown; moist to wet;
dense to very dense; trace gravel.

5

11

1.5ft
50/3''
>>

20

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

10/18/18 10:15 am
10/18/18
MJP2
New England Test Borings
D-50 AT

42

67
>>
10.8

10.0ft

15

Bottom of Boring at 21.5 feet

WATER CONTENT
(%)
PL
LL

2.5

5

10

NATURAL DRY
DENSITY
(pcf)
80
100 120

40

RQD %
20

0

1

20

REC%

21.5ft

Water Levels (ft)
End of Drilling
Dry
At Time of Drilling

Remarks:
9.0

Weather: Sunny, 40F

45

35

100/9"
>>
10.7

20

40

60

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-07
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4626343.0m, E:256347.2m
NAD83

Surface Elevation:

HSA
SS
18.0 ft

Drilling Method:
Sampling Method:
Completion Depth:

0

SPT, N value
or RQD %

% Recovery

Sample No.

MATERIAL DESCRIPTION

Samples

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft

Surface Elev.:
TOPSOIL (SC): brown; moist; trace organics.

10

20

56

5

2

100

3

100

34

4

89

36

5

100

20

6

100

46

NATURAL DRY
DENSITY
(pcf)
80
100 120

40

RQD %
20

40

60

80

SHEAR STRENGTH, tsf

0

1

30

REC%

WATER CONTENT
(%)
PL
LL

2.5

20

5

40

5

CLAYEY SAND (SC): fine to medium grained; tan; moist; 1.5ft
dense.
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5

CLAYEY SAND (SC): fine to medium grained; brown;
moist to wet; medium dense to dense; with gravel.
5.0 - 7.0 ft: grades to gravel with sand and silt.

108
14.1

4.0ft

10

34

36
12.6

20

12.0 ft: with gravel and cobbles.

15

SILTY SAND (SM): fine to medium grained; brown; moist 15.0ft
to wet; dense; with gravel.

Bottom of Boring at 18.0 feet

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

10/17/18 12:00 pm
10/17/18 2:00 pm
MJP2
New England Test Borings
D-50 AT

46

18.0ft

Water Levels (ft)
End of Drilling
Dry
At Time of Drilling

Remarks: Encountered auger refusal at 18.0 ft.
13.0

Weather: Sunny, 60F

60

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-08
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4625995.6m, E:256009.0m
NAD83

Surface Elevation:

HSA
SS
21.5 ft

Drilling Method:
Sampling Method:
Completion Depth:

0

SPT, N value
or RQD %

% Recovery

Sample No.

MATERIAL DESCRIPTION

Samples

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft

Surface Elev.:
TOPSOIL (CL): brown; moist; trace organics.

10

89

6

2

0

61

3

100

28

4

67

42

5

89

49

6

89

31

7

89

69

30

40

60

80

SHEAR STRENGTH, tsf

2.5

WATER CONTENT
(%)
PL
LL
20

5

6

1.5ft
SILTY SAND (SM): fine grained; brown; moist to wet;
medium dense to very dense; some gravel; trace cobbles.

5
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NATURAL DRY
DENSITY
(pcf)
80
100 120

40

RQD %
20

0

1

20

REC%

61
>>

28
11.2

42

10

49

12.0 - 15.0 ft: cobble zone.

15

20

Bottom of Boring at 21.5 feet

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

10/18/18 8:30 am
10/18/18 10:05 am
MJP2
New England Test Borings
D-50 AT

21.5ft

Water Levels (ft)
End of Drilling
Dry
At Time of Drilling

Remarks:
15.0

Weather: Sunny, 35F

31
14.6

69
>>

40

60

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-09
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4626517.3m, E:256239.6m
NAD83

Surface Elevation:

HSA
SS
21.5 ft

Drilling Method:
Sampling Method:
Completion Depth:

0

M:\GINT\PROJECTS\07081001.00_QUINEBAUG SOLAR.GPJ BARRLIBRARY.GLB BOREHOLE LOG REPORT BARR TEMPLATE.GDT

SPT, N value
or RQD %

% Recovery

Sample No.

Samples

MATERIAL DESCRIPTION

Surface Elev.:
TOPSOIL (SM): brown; moist; trace organics.

SILTY SAND (SM): brown; moist; dense; trace sand.

5

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft

SILTY SAND (SM): fine grained; gray; moist; medium
dense to very dense; trace to some gravel.

20

1

78

7

2

89

31

3

100

37

4

100

51

5

89

14

6

100

28

7

89

108

40

10/17/18
10/17/18
MJP2
New England Test Borings
D-50 AT

60

WATER CONTENT
(%)
PL
LL
5

7

1.8ft

31

5.0ft

37

51
>>
8.2

14

21.5ft

Water Levels (ft)

80

2.5

20

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

NATURAL DRY
DENSITY
(pcf)
80
100 120

40

SHEAR STRENGTH, tsf

15.0 - 17.0 ft: grades to silt with sand.

Bottom of Boring at 21.5 feet

30

RQD %
20

0

10

15

10

REC%

Remarks:

End of Drilling
Dry
At Time of Drilling
Dry

Weather: Sunny, 40F

28
10.9

108
>>

20

40

60

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-10
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4625507.0m, E:255800.1m
NAD83

Surface Elevation:

HSA
SS
22.0 ft

Drilling Method:
Sampling Method:
Completion Depth:

0

SPT, N value
or RQD %

% Recovery

Sample No.

MATERIAL DESCRIPTION

Samples

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft

Surface Elev.:
TOPSOIL (SC): brown; moist; trace organics, trace fines.

SILTY SAND (SM): brown; moist; loose to very dense;
trace gravel.

10

100

4

2

75

7

3

67

42

4

100

70

5

75

41

6

100

38

7

100

41

2.0ft

30

NATURAL DRY
DENSITY
(pcf)
80
100 120

40

RQD %
20

40

60

80

SHEAR STRENGTH, tsf

0

1

20

REC%

2.5

WATER CONTENT
(%)
PL
LL
20

5

4

7

5
42
19.8
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7.0 - 8.0 ft: encountered boulder.

10

10.0 - 12.0 ft: increased gravel content.

70
>>

41
10.6

15

20

20.0 ft: with gravel.

Bottom of Boring at 22.0 feet

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

10/11/18 10:00 am
10/11/18 2:00 pm
MJP2
New England Test Borings
D-50 AT

22.0ft

Water Levels (ft)
End of Drilling
Dry
At Time of Drilling

Remarks:
5.0

Weather: Cloudy

38

41
11.4

40

60

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-11
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4625422.0m, E:255976.0m
NAD83

Surface Elevation:

HSA
SS
22.0 ft

Drilling Method:
Sampling Method:
Completion Depth:

0

SPT, N value
or RQD %

% Recovery

Sample No.

MATERIAL DESCRIPTION

Samples

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft

Surface Elev.:
TOPSOIL (SC): black; moist; trace organics.

10

20

LEAN CLAY WITH SAND (CL): brown; moist; hard; little
gravel.

33

1

2

67

30

3

67

21

4

75

39

5

75

49

6

67

44

7

25

50/
4"

NATURAL DRY
DENSITY
(pcf)
80
100 120

40

RQD %
20

40

60

80

SHEAR STRENGTH, tsf

0

1

30

REC%

WATER CONTENT
(%)
PL
LL

2.5

20

5

1

2.0ft

30
11

5
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LEAN CLAY WITH SAND (CL): brown; moist; very stiff to 6.0ft
hard; trace gravel.

21

39

10
49

12.0 - 15.0 ft: with cobbles and boulders.

15

20

20.0 ft: color turns gray.

Bottom of Boring at 22.0 feet

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

10/12/18 3:05 pm
10/12/18 5:10 pm
MJP2
New England Test Borings
D-50 AT

22.0ft

Water Levels (ft)
End of Drilling
Dry
At Time of Drilling

Remarks:
6.0

Weather: Sunny, 50F

44

15 23
11.5

50/4"
>>

40

60

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-12
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4625420.1m, E:256352.7m
NAD83

Surface Elevation:

HSA
SS
21.5 ft

Drilling Method:
Sampling Method:
Completion Depth:

0

Surface Elev.:
TOPSOIL (SC): fine grained; brown; moist; trace
organics.
LEAN CLAY WITH SAND (CL): gray; moist; hard; little
gravel.

SPT, N value
or RQD %

% Recovery

Sample No.

MATERIAL DESCRIPTION

Samples

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft

M:\GINT\PROJECTS\07081001.00_QUINEBAUG SOLAR.GPJ BARRLIBRARY.GLB BOREHOLE LOG REPORT BARR TEMPLATE.GDT

NATURAL DRY
DENSITY
(pcf)
80
100 120

40

40

60

80

SHEAR STRENGTH, tsf

WATER CONTENT
(%)
PL
LL

2.5

5

6

100

6

2

100

45

3

100

65

65
>>
12.2

4

100

62

62
>>

5

100

66

66
>>
7.5

6

100

69

69
>>

7

100

81

81
>>

1.5ft

15

20

10/19/18
10/22/18
EJL
New England Test Borings
D-50 AT

30

1

10

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

20

RQD %
20

0

5

Bottom of Boring at 21.5 feet

10

REC%

21.5ft

Water Levels (ft)

Remarks:

End of Drilling
Dry
At Time of Drilling
Dry

Weather:

45

20

40

60

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-13
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4625604.0m, E:256379.0m
NAD83

Surface Elevation:

HSA
SS
21.5 ft

Drilling Method:
Sampling Method:
Completion Depth:

0

SPT, N value
or RQD %

% Recovery

Sample No.

MATERIAL DESCRIPTION

Samples

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft

Surface Elev.:
TOPSOIL (CL): brown; moist; trace organics.

20

1

89

7

2

100

27

3

100

12

4

100

14

5

89

38

6

100

50

7

100

55

30

40

60

80

SHEAR STRENGTH, tsf

2.5

SILTY SAND (SM): fine grained; brown; moist; dense;
some gravel.

10.0ft

CLAYEY SAND (SC): fine to medium grained; brown;
moist to wet; very dense; trace to little gravel.

15.0ft

7

27

12

14

20

Bottom of Boring at 21.5 feet

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

10/19/18 9:40 am
10/19/18 11:03 am
MJP2
New England Test Borings
D-50 AT

20

5

13.1

7.0 ft: increased sand content.

15

WATER CONTENT
(%)
PL
LL

1.0ft

5

10

NATURAL DRY
DENSITY
(pcf)
80
100 120

40

RQD %
20

0

SILTY SAND (SM): fine grained; brown; moist to wet;
medium dense to very dense.
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10

REC%

21.5ft

Water Levels (ft)
End of Drilling
Dry
At Time of Drilling

Remarks:
8.0

Weather: Sunny, 40F

38

50
14.5

55
>>

40

60

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-14
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4626076.6m, E:256461.7m
NAD83

Surface Elevation:

HSA
SS
22.0 ft

Drilling Method:
Sampling Method:
Completion Depth:

0

Surface Elev.:
TOPSOIL (CL): brown; moist; trace gravel; large boulder
at 6-inches.

SILTY SAND (SM): fine to medium grained; brown to
gray; moist; very dense; trace gravel.

SPT, N value
or RQD %

% Recovery

Sample No.

MATERIAL DESCRIPTION

Samples

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft
10

20

30

NATURAL DRY
DENSITY
(pcf)
80
100 120

40

REC%
RQD %
20

40

60

80

SHEAR STRENGTH, tsf

0

2.5

WATER CONTENT
(%)
PL
LL
20

5

50/5''
>>

1

33

50/
5''

2

67

50

3

50

84

84
>>

4

75

78

78
>>

5

75

32

6

75

31

7

75

70

2.0ft
50
11.3
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5

CLAYEY SAND (SC): gray; moist; dense; trace sand.

9.0ft

10
32
10.7

15
CLAYEY SAND (SC): fine to medium grained; brown;
moist; very dense; trace gravel.

16.0ft

31

20

Bottom of Boring at 22.0 feet

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

10/17/18 3:00 pm
10/17/18 5:00 pm
MJP2
New England Test Borings
D-50 AT

22.0ft

Water Levels (ft)

Remarks:

End of Drilling
Dry
At Time of Drilling
Dry

Weather: Sunny, 50F

70
>>
11.6

40

60

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-15
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4624779.6m, E:256779.2m
NAD83

Surface Elevation:

HSA/Mud Rotary
SS
52.0 ft

Drilling Method:
Sampling Method:
Completion Depth:

0

Surface Elev.:
SILTY SAND (SM): fine to medium grained; brown;
moist; loose to medium dense; trace gravel.

10
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15

20

25

30

SILTY SAND (SM): fine to medium grained; brown; moist 35.0ft
to wet; medium dense; grades to silt in occasional zones.

40

45

50

10/15/18 10:05 am
10/15/18 2:15 pm
MJP2
New England Test Borings
D-50 AT

SPT, N value
or RQD %

% Recovery

1

75

6

2

67

8

3

67

11

4

67

15

5

50

10

6

67

17

7

58

15

8

50

25

9

67

20

10

75

15

11

75

16

12

75

20

13

58

18

20

30

Water Levels (ft)
End of Drilling

25.0

At Time of Drilling

30.0

18 hrs After Drilling

21.5

NATURAL DRY
DENSITY
(pcf)
80
100 120

40

RQD %
20

40

60

80

SHEAR STRENGTH, tsf

2.5

6

WATER CONTENT
(%)
PL
LL
20

5

40

60

8
11
15
10.5
10

17

15
22.7

25

20

15
24.6

16

20

18

52.0ft

Bottom of Boring at 52.0 feet

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

10

REC%

0

5

35

Sample No.

MATERIAL DESCRIPTION

Samples

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft

21.7

Remarks: Drilled in active gravel pit. HSA from 0 to 10 ft, mud
rotary from 10 to 50 ft.

Weather: Cloudy, Mist, 50F

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF BORING B-16
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 19 N:4624852.4m, E:256815.5m
NAD83

Surface Elevation:

HSA/Mud Rotary
SS
52.0 ft

Drilling Method:
Sampling Method:
Completion Depth:

0

Surface Elev.:
SILTY SAND (SM): fine to medium grained; brown; moist
to wet; loose to medium dense; trace to some gravel.

10
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15

20

25

30

SILTY SAND (SM): fine to coarse grained; brown; wet;
medium dense to dense; trace gravel.

35.0ft

40

45

SILTY SAND (SM): fine to medium grained; brown; wet; 45.0ft
medium dense to very dense; trace gravel.

50
Bottom of Boring at 52.0 feet

Date Boring Started:
Date Boring Completed:
Logged By:
Drilling Contractor:
Drill Rig:

10/15/18 2:25 pm
10/16/18 9:35 am
MJP2
New England Test Borings
D-50 AT

SPT, N value
or RQD %

% Recovery

10

1

67

15

2

58

13

3

58

7

4

50

7

5

25

9

6

21

10

7

0

10

8

50

7

9

58

24

10

58

44

11

75

17

12

75

25

13 100

54

20

30

NATURAL DRY
DENSITY
(pcf)
80
100 120

40

REC%
RQD %
20

40

60

80

SHEAR STRENGTH, tsf

0

5

35

Sample No.

MATERIAL DESCRIPTION

Samples

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft

15

WATER CONTENT
(%)
PL
LL

2.5

20

5

40

60

13
7
3

7

9
15

10

10

7
17.8

24

44

17

25
14

54
>>

52.0ft

Water Levels (ft)
End of Drilling
Dry
At Time of Drilling

Remarks: Drilled in active gravel pit. HSA from 0 to 10 ft, mud
rotary from 10 to 50 ft.
10.0

Weather: Mist, 50F

Appendix C
Test Pit Logs

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF TEST PIT TP-B-02
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 18 N:4625523.5m, E:255210.1m
NAD83

Surface Elevation:
Drilling Method:
Sampling Method:
Completion Depth:

Backhoe
Grab
10.0 ft

0.0

Surface Elev.:
TOPSOIL (SM): light brown to brown; moist; trace roots; trace gravel.
SILTY SAND (SM): brown; moist; trace gravel.

SPT, N value
or RQD %

% Recovery

Samples

MATERIAL DESCRIPTION

Sample No.

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft

0.3ft

1

100

2

100

3

100

4

100
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4.5ft

5.0

SILTY SAND (SM): light brown to light gray; moist; trace gravel.

7.0ft

7.5

10.0

Date Test Pit Started:
Date Test Pit Completed:
Logged By:
Drilling Contractor:
Drill Rig:

Bottom of Test Pit at 10.0 feet

9/25/18 8:45 am
9/25/18 9:15 am
PEB
Francis L. Strmiska
Ford Hoe 555

Water Levels (ft)

10.0ft

Remarks:

End of Drilling
Dry
At Time of Drilling
Dry

Weather: Light rain, Overcast, 65F

20

30

40

RQD %
20

40

60

80

SHEAR STRENGTH, tsf

0

2.5

SILTY SAND (SM): brown with gray; moist; with gravel.

10

REC%

2.5

5

Barr Engineering Company
4300 MarketPointe Drive Suite 200
Minneapolis, MN 55435
Telephone: 952-832-2600
Project:
Job No.:
Location:
Coordinates:
Datum:

LOG OF TEST PIT TP-B-05
Sheet 1 of 1

Quinebaug Solar Project
07081001.00
Windham County, Connecticut
UTM 18 N:4626307.0m, E:255746.3m
NAD83

Surface Elevation:
Drilling Method:
Sampling Method:
Completion Depth:

Backhoe
Grab
10.0 ft

0.0

Surface Elev.:
TOPSOIL (SM): dark brown; moist; trace roots; trace gravel.

SILTY SAND (SM): brown; moist; few cobbles; with gravel.

SPT, N value
or RQD %

% Recovery

Samples

MATERIAL DESCRIPTION

Sample No.

Graphic Log

Depth, feet

Elevation, feet

STANDARD PENETRATION
TEST DATA N in blows/ft
10

2

100

3

100
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2.5

5.0

SILTY SAND (SM): light brown; moist; few cobbles; with gravel.

6.0ft

7.5

10.0

Date Test Pit Started:
Date Test Pit Completed:
Logged By:
Drilling Contractor:
Drill Rig:

Bottom of Test Pit at 10.0 feet

9/25/18 9:45 am
9/25/18 10:30 am
PEB
Francis L. Strmiska
Ford Hoe 555

Water Levels (ft)

40

40

60

80

SHEAR STRENGTH, tsf

1.5ft
100

30

RQD %
20

0

1

20

REC%

10.0ft

Remarks:

End of Drilling
Dry
At Time of Drilling
Dry

Weather: Moderate rain, Overcast, 65F

2.5

5

Appendix D
Photographs of Test Pits

Test Pit Photographs – B‐02

Quinebaug Solar Project
07081001.00

Appendix D

Test Pit Photographs – B‐02

Quinebaug Solar Project
07081001.00

Appendix D

Test Pit Photographs – B‐05

Quinebaug Solar Project
07081001.00

Appendix D

Test Pit Photographs – B‐05

Quinebaug Solar Project
07081001.00

Appendix D

Appendix E
In-Situ Permeability Test Results

Infiltration Testing
Falling Head Test

Calculations taken from ISO 22282-2:2012

Outer Diameter of pipe
Inner Diameter of pipe
Length of Filter Pack
Length of Filter Pack
Filter Pack Diameter

D (m)
d (m)
L (ft)
L (m)
DL (m)

0.033
0.026
5
1.524
0.152

Depth of Hole

h1 (ft)
h1 (m)
ho (ft)
ho (m)

15
4.572
2.80
0.85

Drill Casing Stick Up

Elapsed Time (minutes)

F (m)
S (m2)

Time
h (ft-depth to water from
Interval
top of casing)
(minutes)

0

Quinebaug Solar
B-05

3.19
0.0005

h (m)

h(t) (m)

ln (ho/ht)

0.00

0.00

0.85

0.00

0.58

0.18

0.68

0.23

0.62

0.19

0.66

0.25

0.63

0.19

0.66

0.25

0.64

0.20

0.66

0.26

0.65

0.20

0.66

0.26

0.71

0.22

0.64

0.29

0.83

0.25

0.60

0.35

0.83

0.25

0.60

0.35

0.96

0.29

0.56

0.42

1.04

0.32

0.54

0.46

0.5
0.5
0.5
1

slope of plot

0.0078

k (m/s)
k (in/hr)

2.2E-08
3.1E-03

0.5
1.5
1
2.5
0.5
3
5
8
5
13
5
18
5
23
5
28

Head Variation vs Elapsed Time
0.50
0.45
y = 0.0078x + 0.2374
R² = 0.9798

0.40

ln(ho/ht)

0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00
0

5

10

15

Time (mins)

20

25

30

Infiltration Testing
Falling Head Test

Calculations taken from ISO 22282-2:2012

Outer Diameter of pipe
Inner Diameter of pipe
Length of Filter Pack
Length of Filter Pack
Filter Pack Diameter

D (m)
d (m)
L (ft)
L (m)
DL (m)

0.033
0.026
5
1.524
0.152

Depth of Hole

h1 (ft)
h1 (m)
ho (ft)
ho (m)

30
9.144
3.60
1.10

Drill Casing Stick Up

Elapsed Time (minutes)

F (m)
2
S (m )

Time
h (ft-depth to water from
Interval
top of casing)
(minutes)

0

Quinebaug Solar
B-15

h (m)

h(t) (m)

ln (ho/ht)

0.00

0.00

1.10

0.00

0.58

0.18

0.92

0.18

1.08

0.33

0.77

0.36

2.00

0.61

0.49

0.81

4.00

1.22

-0.12

6.42

1.96

-0.86

8.50

2.59

-1.49

9.50

2.90

-1.80

9.83

3.00

-1.90

10.13

3.09

-1.99

10.33

3.15

-2.05

10.50

3.20

-2.10

10.67

3.25

-2.15

11.17

3.40

-2.31

11.33

3.45

-2.36

11.50

3.51

-2.41

11.67

3.56

-2.46

3.19
0.0005

0.5
0.5
0.5
1
0.5
1.5

slope of plot

0.6563

k (m/s)
k (in/hr)

1.8E-06
2.6E-01

1
2.5
1
3.5
1.5
5
1
6
1
7
1
8
1
9
1
10
2
12
2
14
2
16
2
18
2
20

Head Variation vs Elapsed Time
14.00
12.00

ln(ho/ht)

10.00
y = 0.6353x - 0.1875
R² = 0.9419

8.00
6.00
4.00
2.00
0.00
0

2

4

6

8

10

Time (mins)

12

14

16

18

20

Appendix F
Double Ring Infiltrometer Test Results

Test Start
Test Depth
Soil
Notes

12:36PM
Quinebaug Solar
4-6" below surface
B-02
Sandy with some gravel and larger rock up to 5"
Corner of Gravel parking lot for neaby soccer field, no topsoil, previously disturbed
Water Level - Inner Ring
Water Level - Outer Ring
Time
3
3
(in)
Filled (in)
(min)
(in)
Filled (in)
Reading No.
(in )
(in )
Begin
0
7.9375
8
1
282.74
77.75
End
10
8.625
8.625
Begin
10
8.625
8.625
2
63.62
282.74
End
20
9.1875
9.25
Begin
20
9.1875
9.25
3
49.48
254.47
End
30
9.625
9.8125
Begin
30
9.625
9.8125
4
197.92
42.41
End
40
10
10.25
Begin
40
10
10.25
5
42.41
254.47
50
10.375
10.8125
End
Begin
50
10.375
2.375
10.8125
2.8125
6
28.27
113.10
End
60
10.625
11.0625
Begin
60
10.625
11.0625
7
63.62
339.29
End
75
11.1875
11.8125
Begin
75
11.1875
11.8125
8
367.57
70.69
End
90
11.8125
12.625
Begin
90
11.8125
12.625
9
311.02
56.55
End
105
12.3125
13.3125
Begin
105
12.3125
13.3125
10
63.62
311.02
End
120
12.875
14
Begin
120
12.875
14
11
113.10
565.49
150
13.875
15.25
End

Inner
Outer

Diameter
12
24

Area
113.1
452.4

7.25
7.25

Incremental Infiltration Rate
Inner Ring
Outer Ring
(in/hr)
(in/hr)
4.125

3.75

3.375

3.75

2.625

3.38

2.250

2.63

2.250

3.38

1.500

1.50

2.250

3.00

2.500

3.25

2.000

2.75

2.250

2.75

2.000

2.50

Infiltration Test Results for B-02
8.00

7.00

6.00

Infiltration (in/hr)

5.00

4.00

Inner Ring
Outer Ring

3.00

2.00

1.00

0.00
0

20

40

60

80
Time (min)

100

120

140

160

Test Start
Test Depth
Soil
Notes

12:36PM
Quinebaug Solar
4-6" below surface
B-05
Sandy with some gravel and larger rock up to 5"
Corner of Gravel parking lot for neaby soccer field, no topsoil, previously disturbed
Water Level - Inner Ring
Water Level - Outer Ring
Time
3
3
(in)
Filled (in)
(min)
(in)
Filled (in)
Reading No.
(in )
(in )
Begin
0
8
8.0625
1
275.67
1668.19
End
12
10.4375
11.75
Begin
12
10.4375
11.75
2
28.27
197.92
End
15
10.6875
12.1875
Begin
15
10.6875
12.1875
5.25
3
56.55
452.39
End
20
11.1875
13.1875
5.25
Begin
20
11.1875
3.1875
13.1875
5.25
4
98.96
1102.70
End
30
12.0625
3.1875
15.625
5.25
Begin
30
12.0625
3.1875
15.625
8.125
5
113.10
848.23
End
40
13.0625
3.1875
17.5
8.125
40
13.0625
3.1875
17.5
8.125
Begin
6
106.03
819.96
End
50
14
3.1875
19.3125
8.125
Begin
50
14
3.1875
19.3125
8.125
7
113.10
791.68
End
60
15
3.1875
21.0625
8.125
Begin
60
15
7.1875
21.0625
13.75
8
169.65
904.78
End
75
16.5
7.1875
23.0625
13.75
Begin
75
16.5
7.1875
23.0625
13.75
9
176.71
1130.97
End
90
18.0625
7.1875
25.5625
13.75
Begin
90
18.0625
7.1875
25.5625
13.75
10
148.44
933.05
End
105
19.375
7.1875
27.625
13.75
Begin
105
19.375
7.1875
27.625
16.5
11
106.03
791.68
End
120
20.3125
7.1875
29.375
16.5
Begin
120
20.3125
7.1875
29.375
16.5
11
84.82
508.94
130
21.0625
7.1875
30.5
16.5
End

Inner
Outer

Diameter
12
24

Area
113.1
452.4

Incremental Infiltration Rate
Inner Ring
Outer Ring
(in/hr)
(in/hr)
12.188

18.44

5.000

8.75

6.000

12.00

5.250

14.63

6.000

11.25

5.625

10.88

6.000

10.50

6.000

8.00

6.250

10.00

5.250

8.25

3.750

7.00

4.500

6.75

Infiltration Test Results for B-05
20.00

18.00

16.00

Infiltration (in/hr)

14.00

12.00

10.00

'Inner Ring'
'Outer Ring'

8.00

6.00

4.00

2.00

0.00
0

20

40

60

80
Time (min)

100

120

140

Appendix G
Physical Laboratory Test Results

Moisture Contents

Water Content Test Summary (ASTM:D2216)
Project:

Quinebaug

Job:

Barr Engineering Company

Client

11652

Date: 11/5/2018

Sample Information & Classification
Boring #

B-02

B-05

B-05

B-06

B-06

B-08

B-08

B-09

Depth (ft)

15-17

5-7

15-17

7-9

20-22

5-7

15-17

7-9

Type

Bag

Bag

Bag

Bag

Bag

Bag

Bag

Bag

Material
Classification

Sandy Silt
(ML)

Sandy Lean
Clay
(CL)

Silty Sand
w/gravel
(SM)

Clayey Sand
w/a little gravel
(SC)

Silty Sand
w/gravel
(SM)

Water Content (%)

21.9

23.7

10.6

10.8

10.7

Sample #

Silty Sand w/a Silty Sand w/a Silty Sand w/a
little gravel
trace of gravel
little gravel
(SM)
(SM)
(SM)

11.2

14.6

8.2

Sample Information & Classification
Boring #

B-09

B-10

B-10

B-10

B-11

B-11

B-13

B-13

Depth (ft)

15-17

5-7

10-12

20-22

2-4

15-17

7-9

15-17

Type

Bag

Bag

Bag

Bag

Bag

Bag

Bag

Bag

Material
Classification

Sandy Silt
(ML)

Sandy Silt
(ML)

Silty Sand
w/gravel
(SM)

Silty Sand w/a
little gravel
(SM)

Sandy Silty
Clay w/a little
gravel
(CL-ML)

Sandy Lean
Clay w/a little
gravel
(CL)

Sandy Silty
Clay
(CL-ML)

Silty Clayey
Sand w/a little
gravel
(SC-SM)

Water Content (%)

10.9

19.8

10.6

11.4

11.0

11.5

13.1

14.5

Sample #

Sample Information & Classification
Boring #

B-14

B-14

B-14

B-15

B-15

B-15

B-16

B-16

Depth (ft)

3-5

10-12

20-22

20-22

35-37

50-52

5-7

10-12

Type

Bag

Bag

Bag

Bag

Bag

Bag

Bag

Bag

Material
Classification

Sandy Silt
(ML)

Clayey Sand
w/a trace of
gravel
(SC/SC-SM)

Silty Clayey
Sand w/a trace
of gravel
(SC-SM)

Silty Sand
(SM)

Silt w/sand
(ML)

Silt w/sand
(ML)

Sand
(SP)

Sand
(SP)

Water Content (%)

11.3

10.7

11.6

22.7

24.6

21.7

3.0

15.0

Sample #

Sample Information & Classification
Boring #

B-16

B-16

Depth (ft)

25-27

45-47

Type

Bag

Bag

Material
Classification

Sand
(SP/SP-SM)

Sand w/silt
(SP-SM)

Water Content (%)

17.8

14.0

Sample #

Water Content Test Summary (ASTM:D2216)
Project:

Quinebaug

Job:

Barr Engineering Company

Client

11652

Date: 11/9/2018

Sample Information & Classification
Boring #

B-01

B-01

B-01

B-04

B-04

B-04

B-04

B-12

Depth (ft)

4-6

10-12

20-22

2-4

6-8

10-12

20-22

5-7

Type

Bag

Bag

Bag

Bag

Bag

Bag

Bag

Bag

Material
Classification

Sand w/silt
(SP-SM/SP)

Sand
(SP)

Silt
(ML)

Lean Clay
w/sand
(CL)

Silt
(ML/MH)

Elastic Silt
(MH)

Sand w/silt
and a little
gravel
(SP-SM)

Sandy Lean
Clay w/a little
gravel
(CL/SC)

Water Content (%)

9.8

19.3

24.5

25.7

45.0

33.3

3.5

12.2

Sample #

Sample Information & Classification
Boring #

B-12

Unknown

Unknown

Depth (ft)

10-12

2-4

10-12

Type

Bag

Bag

Bag

Material
Classification

Sandy Lean
Clay w/a little
gravel
(CL)

Lean Clay
w/sand
(CL)

Lean Clay
w/sand
(CL)

Water Content (%)

7.5

21.1

20.6

Sample #

Sample Information & Classification
Boring #
Sample #
Depth (ft)
Type
Material
Classification

Water Content (%)
Sample Information & Classification
Boring #
Sample #
Depth (ft)
Type
Material
Classification

Water Content (%)

Atterberg Limits

Laboratory Test Summary
Project:

Quinebaug

Client:

Barr Engineering Company
Sample Information & Classification

Boring #

B-08

B-11

Depth (ft)

5-7

15-17

Sample Type

Bag

Bag

Material
Classification

Silty Sand w/a
little gravel
(SM)

Sandy Lean
Clay w/a little
gravel
(CL)

Sample #

Atterberg Limits (ASTM:D4318)
Liquid Limit

N/A

23

Plastic Limit

N/A

15

Plasticity Index

NP

8

Sample Information & Classification
Boring #
Sample #
Depth (ft)
Sample Type
Material
Classification

Atterberg Limits (ASTM:D4318)
Liquid Limit
Plastic Limit
Plasticity Index

Job:

11652

Date: 11/5/2018

Laboratory Test Summary
Project:

Quinebaug

Client:

Barr Engineering Company
Sample Information & Classification

Boring #

B-04

Sample #
Depth (ft)

10-12

Sample Type

Bag

Material
Classification

Elastic Silt
(MH)

Atterberg Limits (ASTM:D4318)
Liquid Limit

53

Plastic Limit

30

Plasticity Index

23

Sample Information & Classification
Boring #
Sample #
Depth (ft)
Sample Type
Material
Classification

Atterberg Limits (ASTM:D4318)
Liquid Limit
Plastic Limit
Plasticity Index

Job:

11652

Date: 11/9/2018

Grain Size

Grain Size Distribution ASTM D422

Job No. :
Test Date:
Report Date:

4XLQHEDXJ

Project:
Reported To: %DUU(QJLQHHULQJ&RPSDQ\
Depth (ft)

6DPSOH
7\SH

6RLO&ODVVLILFDWLRQ

%



%DJ

6DQG\6LOW 0/

%



%DJ

&OD\H\6DQGZDOLWWOHJUDYHO 6&

%



%DJ

*UDYHOZVLOWDQGVDQG *3*0

Sample No.

Location / Boring No.

Gravel
Coarse
2

100

Fine
1

3/4

Sand
Medium

Coarse

3/8

#4

#10

10

5

2

#20

10/29/18
10/31/18

Hydrometer Analysis
Fines

Fine
#40

11652

#100

#200

90

80

70

Percent Passing

60

50

40

30

20

10

0
100

50

20

1

Other Tests

.2

Liquid Limit

Mass (g)
2"









1"

Dry Density (pcf)

3/4"

Specific Gravity

3/8"



.02

0.01

.005

D60





D10



CU



CC





#4







Organic Content

#10







pH

#20







Shrinkage Limit

#40







Penetrometer

#100







Qu (psf)

#200







Porosity

.05

D30

1.5"

Plasticity Index

0.1

Percent Passing

Plastic Limit

Water Content

.5

Grain Size (mm)

Remarks:

(* = assumed)

9530 James Ave South

Bloomington, MN 55431

.002

0.001

Grain Size Distribution ASTM D422

Job No. :
Test Date:
Report Date:

4XLQHEDXJ

Project:
Reported To: %DUU(QJLQHHULQJ&RPSDQ\
Depth (ft)

6DPSOH
7\SH

6RLO&ODVVLILFDWLRQ

%



%DJ

6DQG\6LOW\&OD\ZDOLWWOHJUDYHO &/0/

%



%DJ

6LOW\6DQG 60

Sample No.

Location / Boring No.

Gravel
Coarse
2

100

Fine
1

3/4

Sand
Medium

Coarse

3/8

#4

#10

10

5

2

#20

10/29/18
10/31/18

Hydrometer Analysis
Fines

Fine
#40

11652

#100

#200

90

80

70

Percent Passing

60

50

40

30

20

10

0
100

50

20

1

Other Tests

.5

.2

Grain Size (mm)

0.1

.05

.02





D60

Liquid Limit

Mass (g)
2"

D30

1.5"

D10

1"

CU

Water Content





Dry Density (pcf)

3/4"



Specific Gravity

3/8"



#4



Organic Content

#10





pH

#20





Shrinkage Limit

#40





Penetrometer

#100





Qu (psf)

#200





Porosity

.005

Percent Passing

Plastic Limit
Plasticity Index

0.01

CC
Remarks:

(* = assumed)

9530 James Ave South

Bloomington, MN 55431

.002

0.001

Grain Size Distribution ASTM D422

Job No. :
Test Date:
Report Date:

4XLQHEDXJ

Project:
Reported To: %DUU(QJLQHHULQJ&RPSDQ\
Location / Boring No.

Sample No.

%

Depth (ft)

6DPSOH
7\SH

6RLO&ODVVLILFDWLRQ



%DJ

6LOW\&OD\H\6DQGZDOLWWOHJUDYHO 6&60

Gravel
Coarse
2

100

Fine
1

3/4

Sand
Medium

Coarse

3/8

#4

#10

10

5

2

#20

10/29/18
11/5/18

Hydrometer Analysis
Fines

Fine
#40

11652

#100

#200

90

80

70

Percent Passing

60

50

40

30

20

10

0
100

50

20

1

Other Tests
Liquid Limit

Mass (g)
2"



0.1

.05

.02

D10
CU

3/4"



CC

3/8"



#4



Organic Content

#10



pH

#20



Shrinkage Limit

#40



Penetrometer

#100



Qu (psf)

#200



Dry Density (pcf)
Specific Gravity



Porosity

.005

D60



Water Content

0.01

D30

1.5"


.2

Percent Passing

Plastic Limit
Plasticity Index

.5

Grain Size (mm)

1"

Remarks:

(* = assumed)

9530 James Ave South

Bloomington, MN 55431

.002

0.001

Grain Size Distribution ASTM D422
Project: 4XLQHEDXJ
Reported To: %DUU(QJLQHHULQJ&RPSDQ\
Location / Boring No.

Spec 1

Sample No.

%

6DPSOH
Depth (ft) 7\SH


Job No. :

11652

Test Date:

10/29/18

Report Date:

11/5/18

6RLO&ODVVLILFDWLRQ

%DJ

6LOW\&OD\H\6DQGZDOLWWOHJUDYHO 6&60

Spec 2
Spec 3
Sieve Data
Sieve
2"
1.5"
1"
3/4"
3/8"
#4
#10
#20
#40
#100
#200

Specimen 1
% Passing

100.0
95.7
91.9
88.6
85.6
81.1
75.6
62.1
48.1

Specimen 1
Diameter (mm)
% Passing
0.033
26.4
0.021
20.0
0.012
15.8
0.009
12.1
0.006
10.4
0.003
7.2
0.001
5.9
Specimen 1

9530 James Ave South

Specimen 2
Sieve
% Passing
2"
1.5"
1"
3/4"
3/8"
#4
#10
#20
#40
#100
#200
Hydrometer Data
Specimen 2
Diameter
% Passing

Remarks
Specimen 2

Sieve
2"
1.5"
1"
3/4"
3/8"
#4
#10
#20
#40
#100
#200

Diameter

Specimen 3
% Passing

Specimen 3
% Passing

Specimen 3

Bloomington, MN 55431

Grain Size Distribution ASTM D422

Job No. :
Test Date:
Report Date:

4XLQHEDXJ

Project:
Reported To: %DUU(QJLQHHULQJ&RPSDQ\
Location / Boring No.

Sample No.

%

Depth (ft)

6DPSOH
7\SH

6RLO&ODVVLILFDWLRQ



%DJ

6DQG\/HDQ&OD\ZDOLWWOHJUDYHO &/

Gravel
Coarse
2

100

Fine
1

3/4

Sand
Medium

Coarse

3/8

#4

#10

10

5

2

#20

11/2/18
11/9/18

Hydrometer Analysis
Fines

Fine
#40

11652

#100

#200

90

80

70

Percent Passing

60

50

40

30

20

10

0
100

50

20

1

Other Tests

.5

.2

Grain Size (mm)

0.1

.05

.02



D60

Liquid Limit

Mass (g)
2"

D30

1.5"

D10

1"

CU

Water Content



3/4"



3/8"



#4



Organic Content

#10



pH

#20



Shrinkage Limit

#40



Penetrometer

#100



Qu (psf)

#200



Dry Density (pcf)
Specific Gravity



Porosity

.005

Percent Passing

Plastic Limit
Plasticity Index

0.01

CC
Remarks:

(* = assumed)

9530 James Ave South

Bloomington, MN 55431

.002

0.001

Grain Size Distribution ASTM D422

Job No. :

Project: 4XLQHEDXJ
Reported To: %DUU(QJLQHHULQJ&RPSDQ\
Location / Boring No.

Spec 1

Sample No.

%

6DPSOH
Depth (ft) 7\SH


11652

Test Date:

11/2/18

Report Date:

11/9/18

6RLO&ODVVLILFDWLRQ

%DJ

6DQG\/HDQ&OD\ZDOLWWOHJUDYHO &/

Spec 2
Spec 3
Sieve Data
Sieve
2"
1.5"
1"
3/4"
3/8"
#4
#10
#20
#40
#100
#200

Specimen 1
% Passing

100.0
92.0
85.4
80.1
75.4
70.7
58.9
50.8

Specimen 1
Diameter (mm)
% Passing
0.032
33.0
0.021
28.0
0.012
23.6
0.009
20.2
0.006
17.2
0.003
12.5
0.001
8.4
Specimen 1

9530 James Ave South

Specimen 2
Sieve
% Passing
2"
1.5"
1"
3/4"
3/8"
#4
#10
#20
#40
#100
#200
Hydrometer Data
Specimen 2
Diameter
% Passing

Remarks
Specimen 2

Sieve
2"
1.5"
1"
3/4"
3/8"
#4
#10
#20
#40
#100
#200

Diameter

Specimen 3
% Passing

Specimen 3
% Passing

Specimen 3

Bloomington, MN 55431

8QLW:HLJKW

Laboratory Test Summary
Project:
Client:

Quinebaug

Job:

11652

Barr Engineering Company

Date:

11/5/18

Sample Information & Classification
Boring #

B-07

Sample #
Depth (ft)

3-3.5

Type or BPF

Liner

Classification

Clayey Sand
(SC)

Water Content, Dry Density (ASTM:D7263)
Water Content (%)
Dry Density (pcf)

14.1
107.6

Sample Information & Classification
Boring #
Sample #
Depth (ft)
Type or BPF
Classification

Water Content, Dry Density (ASTM:D7263)
Water Content (%)
Dry Density (pcf)

Sample Information & Classification
Boring #
Sample #
Depth (ft)
Type or BPF
Classification

Water Content, Dry Density (ASTM:D7263)
Water Content (%)
Dry Density (pcf)

6WDQGDUG3URFWRUV

Moisture Density Curve ASTM: D698, Method B
Project:
Client:

Date:

10/8/18

Job No.

11652

Quinebaug

Barr Engineering Company
Boring No. B-02
Sample:

Depth(ft):

Soil Type: Silty Sand w/a little gravel (SM)
As Received W.C. (%): 17.4
LL:

Location:

PL:

103.9

Maximum Dry Density (pcf):

Specific Gravity: 

PI:

Opt. Water Content (%):

*Assumed

17.6

107
Proctor Points

106

Zero Air Voids

105

104

Dry Density (PCF)

103

102

101

100

99

98

97

96
13

14

15

16

17

18

19

20

21

22

23

Water Content (%)
9530 James Ave South
SET-R18a

Bloomington, MN 55431

24

Moisture Density Curve ASTM: D698, Method B
Project:
Client:

Date:

10/8/18

Job No.

11652

Quinebaug

Barr Engineering Company
Boring No. B-05
Sample:

Depth(ft):

Soil Type: Silty Clayey Sand w/gravel (SC-SM)
As Received W.C. (%): 22.5
LL:

PL:

107.0

Maximum Dry Density (pcf):

Location:
Specific Gravity: 

PI:

Opt. Water Content (%):

*Assumed

18.4

108
Proctor Points
Zero Air Voids

107

106

105

Dry Density (PCF)

104

103

102

101

100

99

98
14

15

16

17

18

19

20

21

22

23

Water Content (%)
9530 James Ave South
SET-R18a

Bloomington, MN 55431

24

Moisture Density Curve ASTM: D698, Method B
Project:
Client:

Date:

10/9/18

Job No.

11652

Quinebaug

Barr Engineering Company
Boring No. B-15
Sample:
Soil Type: Sand (SP)
As Received W.C. (%): 6.2
Maximum Dry Density (pcf):

Depth(ft):

Location:

PL:

LL:
101.0

Specific Gravity: 

PI:

Opt. Water Content (%):

*Assumed

13.2

111
Proctor Points
Zero Air Voids

109

107

Dry Density (PCF)

105

103

101

99

97

95

93
7

9

11

13

15

17

19

21

23

Water Content (%)
9530 James Ave South
SET-R18a

Bloomington, MN 55431

25

Direct Shears

Direct Shear Test
ASTM: D3080
Project/Client: Quinebaug / Barr Engineering Company
Depth (ft): 15-17,20-22
Boring No.: B-02
Sample:
Sample Type: Bag
Silty Sand (SM)
Soil Type:

Job No.:

11652

Test Date:
Date Reported:

10/31/2018
11/5/2018

Shear Rate
0.003 (in/min)

Remarks:
Specimens reconstituted given density using -#4 material; Inundated after applying normal load.
Consolidated and sheared to given displacements at constant rate of 0.003inches/minute.

Liquid Limit:
Plastic Limit:
Plasticity Index:

(*) = Assumed Specific Gravity
0

Failure Criterion:
A

B

C

Diameter (In.)

2.50

2.50

2.50

Max Stress

D
X

Initial

-0.005

Change in Thickness (inch)

2.67

Specific Gravity (*):

-0.01

Thickness (In.)

0.97

0.97

0.97

Water Content (%)

22.0

22.0

22.0

Dry Density (pcf)

89.0

89.0

89.0

Before Shear
-0.015

Thickness (In.)

0.95

0.94

0.93

Water Content (%)

31.7

31.1

30.3

Dry Density (pcf)

90.3

91.0

92.2

Normal Stress

0.50

1.00

2.00

-0.02

0.34
0.65
1.27
Shear Stress (Peak)
"These tests are for informational purposes only and must be reviewed by a
qualified professional engineer to verify that the test parameters shown are
appropriate for any particular design."

-0.025

Ƈ Peak Conditions
Friction Angle:

-0.03
0

0.05

0.1

0.15

0.2

x

φ= 31.8 deg.

Apparent

Apparent

0.025 TSF

φ=

0.2

31.8 deg.

0.021

TSF

Cohesion

Cohesion

1.4

At Given Shear Disp. Of:

Friction Angle:

2
1.2

1.5
Shear Stress (TSF)

Shear Stress (TSF)

1

0.8

0.6

1

0.4
0.5
0.2

0

0
0

0.05

0.1
0.15
Shear Displacement (inch)

9530 James Ave. South

0.2

0

0.5

1

Normal Stress (TSF)

Bloomington, MN 55431

1.5

2

Direct Shear Test
ASTM: D3080
Project/Client: Quinebaug / Barr Engineering Company
Boring No.: B-07
Depth (ft): 7-9,10-12
Sample:
Sample Type: Bags
Silty Sand (SM) - Silty Sand with Gravel in 7'-9'
Soil Type:

Job No.:

11652

Test Date:
Date Reported:

10/31/2018
11/5/2018

Shear Rate
0.003 (in/min)

Remarks:
Specimens reconstituted given density (calculated from liners) using -#4 material; Inundated after
applying normal load. Consolidated and sheared to given displacements at constant rate of 0.003inches/minute.

Liquid Limit:
Plastic Limit:
Plasticity Index:

(*) = Assumed Specific Gravity
0.008

2.67

Specific Gravity (*):

Failure Criterion:
Max Stress

0.007

A

B

C

2.50

2.50

2.50

D

Change in Thickness (inch)

Initial

X

0.006

Diameter (In.)
Thickness (In.)

0.97

0.97

0.97

0.005

Water Content (%)

12.6

12.6

12.6

Dry Density (pcf)

107.1

107.1

107.1
0.95

0.004

Before Shear
Thickness (In.)

0.96

0.95

0.003

Water Content (%)

20.3

20.1

19.7

Dry Density (pcf)

108.0

108.4

109.2

Normal Stress

0.50

1.00

2.00

0.002
0.001

0.42
0.68
1.40
Shear Stress (Peak)
"These tests are for informational purposes only and must be reviewed by a
qualified professional engineer to verify that the test parameters shown are
appropriate for any particular design."

0
-0.001

Ƈ Peak Conditions
Friction Angle:

-0.002
0

0.05

0.1

0.15

x

φ= 33.5 deg.

Apparent

Apparent

0.059 TSF

φ=

0.2

34.9 deg.

0.000

TSF

Cohesion

Cohesion

1.6

At Given Shear Disp. Of:

Friction Angle:

2
1.4

1.2
Shear Stress (TSF)

Shear Stress (TSF)

1.5
1

0.8

1

0.6

0.4

0.5

0.2

0

0
0

0.05
0.1
Shear Displacement (inch)

9530 James Ave. South

0.15

0

0.5

1

Normal Stress (TSF)

Bloomington, MN 55431

1.5
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Direct Shear Test
ASTM: D3080
Project/Client: Quinebaug / Barr Engineering Company
Boring No.: B-15
Depth (ft): 7-9
Sample:
Sample Type: Bag
Sand with Silt, fine grained (SP-SM)
Soil Type:

Job No.:

11652

Test Date:
Date Reported:

10/31/2018
11/5/2018

Shear Rate
0.003 (in/min)

Remarks:
Specimens reconstituted given density using -#4 material; Inundated after applying normal load.
Consolidated and sheared to given displacements at constant rate of 0.003inches/minute.

Liquid Limit:
Plastic Limit:
Plasticity Index:

(*) = Assumed Specific Gravity
0

Failure Criterion:
Max Stress

-0.005

A

B

C

2.50

2.50

2.50

D

Initial

X

Diameter (In.)
Thickness (In.)

0.97

0.97

0.97

Water Content (%)

10.5

10.5

10.5

Dry Density (pcf)

83.7

83.7

83.7
0.94

-0.01
Change in Thickness (inch)

2.67

Specific Gravity (*):

-0.015

Before Shear

-0.02

Thickness (In.)

0.95

0.95

Water Content (%)

36.3

35.8

35.2

Dry Density (pcf)

84.6

85.2

86.0

Normal Stress

0.50

1.00

2.00

-0.025
0.37
0.73
1.28
Shear Stress (Peak)
"These tests are for informational purposes only and must be reviewed by a
qualified professional engineer to verify that the test parameters shown are
appropriate for any particular design."

-0.03

-0.035

Ƈ Peak Conditions
Friction Angle:

-0.04
0

0.05

0.1

0.15

0.2

x

φ= 31.0 deg.

Apparent

Apparent

0.089 TSF

φ=

0.2

31.0 deg.

0.085

TSF

Cohesion

Cohesion

1.4

At Given Shear Disp. Of:

Friction Angle:

2
1.2

1.5
Shear Stress (TSF)

Shear Stress (TSF)

1

0.8

0.6

1

0.4
0.5
0.2

0

0
0

0.05

0.1
0.15
Shear Displacement (inch)

9530 James Ave. South

0.2

0

0.5

1

Normal Stress (TSF)

Bloomington, MN 55431

1.5
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Chemical Testing

S+7HVWLQJ6XPPDU\6KHHW $670'
Project:
Client:

Quinebaug
Barr Engineering Company

Boring / Location

Sample

Job:
11652
Date: 10/18/2018

Sample Type Depth (ft)

pH

Visual Classification

B-02

Bulk

5.7

Silty Sand w/ a little gravel (SM)

B-05

Bulk

6.2

Silty Clayey Sand w/gravel (SC-SM)

B-15

Bulk

6.7

Sand (SP)
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NQRZLQJO\ZLWKKHOGWKDWZRXOGDIIHFWWKHTXDOLW\RIWKHGDWD
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UHSRUWHG
,IWKHVDPSOHPDWUL[FRQWDLQVDQLQWHUIHULQJPDWHULDOWKHVDPSOHSUHSDUDWLRQYROXPHRUZHLJKWYDOXHVGLIIHUIURPWKH
VWDQGDUGRULIFRQFHQWUDWLRQVRIDQDO\WHVLQWKHVDPSOHDUHKLJKHUWKDQWKHKLJKHVWOLPLWRIFRQFHQWUDWLRQWKDWWKH
ODERUDWRU\FDQDFFXUDWHO\UHSRUWWKHVDPSOHPD\EHGLOXWHGIRUDQDO\VLV,IDYDOXHGLIIHUHQWWKDQLVXVHGLQWKLVILHOGWKH
UHVXOWUHSRUWHGKDVDOUHDG\EHHQFRUUHFWHGIRUWKLVIDFWRU

'LOXWLRQ

/LPLWV
2ULJLQDO6DPSOH







7KHVHDUHWKHWDUJHWUHFRYHU\UDQJHVRUGLIIHUHQFHYDOXHWKDWWKHODERUDWRU\KDVKLVWRULFDOO\GHWHUPLQHGDVQRUPDO
IRUWKHPHWKRGDQGDQDO\WHEHLQJUHSRUWHG6XFFHVVIXO4&6DPSOHDQDO\VLVZLOOWDUJHWDOODQDO\WHVUHFRYHUHGRU
GXSOLFDWHGZLWKLQWKHVHUDQJHV
7KHQRQVSLNHGVDPSOHLQWKHSUHSEDWFKXVHGWRGHWHUPLQHWKH5HODWLYH3HUFHQW'LIIHUHQFH 53' IURPDTXDOLW\FRQWURO
VDPSOH7KH2ULJLQDO6DPSOHPD\QRWEHLQFOXGHGZLWKLQWKHUHSRUWHG6'*
7KLVFROXPQSURYLGHVDOHWWHUDQGRUQXPEHUGHVLJQDWLRQWKDWFRUUHVSRQGVWRDGGLWLRQDOLQIRUPDWLRQFRQFHUQLQJWKHUHVXOW
UHSRUWHG,ID4XDOLILHULVSUHVHQWDGHILQLWLRQSHU4XDOLILHULVSURYLGHGZLWKLQWKH*ORVVDU\DQG'HILQLWLRQVSDJHDQG
SRWHQWLDOO\DGLVFXVVLRQRISRVVLEOHLPSOLFDWLRQVRIWKH4XDOLILHULQWKH&DVH1DUUDWLYHLIDSSOLFDEOH
7KHDFWXDODQDO\WLFDOILQDOUHVXOW FRUUHFWHGIRUDQ\VDPSOHVSHFLILFFKDUDFWHULVWLFV UHSRUWHGIRU\RXUVDPSOH,IWKHUHZDV
QRPHDVXUDEOHUHVXOWUHWXUQHGIRUDVSHFLILFDQDO\WHWKHUHVXOWLQWKLVFROXPQPD\VWDWHř1'Ś 1RW'HWHFWHG RUř%'/Ś
%HORZ'HWHFWDEOH/HYHOV 7KHLQIRUPDWLRQLQWKHUHVXOWVFROXPQVKRXOGDOZD\VEHDFFRPSDQLHGE\HLWKHUDQ0'/
0HWKRG'HWHFWLRQ/LPLW RU5'/ 5HSRUWLQJ'HWHFWLRQ/LPLW WKDWGHILQHVWKHORZHVWYDOXHWKDWWKHODERUDWRU\FRXOGGHWHFW
RUUHSRUWIRUWKLVDQDO\WH
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&DVH1DUUDWLYH &Q
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$EULHIGLVFXVVLRQDERXWWKHLQFOXGHGVDPSOHUHVXOWVLQFOXGLQJDGLVFXVVLRQRIDQ\QRQFRQIRUPDQFHVWRSURWRFRO
REVHUYHGHLWKHUDWVDPSOHUHFHLSWE\WKHODERUDWRU\IURPWKHILHOGRUGXULQJWKHDQDO\WLFDOSURFHVV,ISUHVHQWWKHUHZLOO
EHDVHFWLRQLQWKH&DVH1DUUDWLYHWRGLVFXVVWKHPHDQLQJRIDQ\GDWDTXDOLILHUVXVHGLQWKHUHSRUW
7KLVVHFWLRQRIWKHUHSRUWLQFOXGHVWKHUHVXOWVRIWKHODERUDWRU\TXDOLW\FRQWURODQDO\VHVUHTXLUHGE\SURFHGXUHRU
DQDO\WLFDOPHWKRGVWRDVVLVWLQHYDOXDWLQJWKHYDOLGLW\RIWKHUHVXOWVUHSRUWHGIRU\RXUVDPSOHV7KHVHDQDO\VHVDUHQRW
EHLQJSHUIRUPHGRQ\RXUVDPSOHVW\SLFDOO\EXWRQODERUDWRU\JHQHUDWHGPDWHULDO
7KLVLVWKHGRFXPHQWFUHDWHGLQWKHILHOGZKHQ\RXUVDPSOHVZHUHLQLWLDOO\FROOHFWHG7KLVLVXVHGWRYHULI\WKHWLPHDQG
GDWHRIFROOHFWLRQWKHSHUVRQFROOHFWLQJWKHVDPSOHVDQGWKHDQDO\VHVWKDWWKHODERUDWRU\LVUHTXHVWHGWRSHUIRUP7KLV
FKDLQRIFXVWRG\DOVRGRFXPHQWVDOOSHUVRQV H[FOXGLQJFRPPHUFLDOVKLSSHUV WKDWKDYHKDGFRQWURORUSRVVHVVLRQRIWKH
VDPSOHVIURPWKHWLPHRIFROOHFWLRQXQWLOGHOLYHU\WRWKHODERUDWRU\IRUDQDO\VLV
7KLVVHFWLRQRI\RXUUHSRUWZLOOSURYLGHWKHUHVXOWVRIDOOWHVWLQJSHUIRUPHGRQ\RXUVDPSOHV7KHVHUHVXOWVDUHSURYLGHG
E\VDPSOH,'DQGDUHVHSDUDWHGE\WKHDQDO\VHVSHUIRUPHGRQHDFKVDPSOH7KHKHDGHUOLQHRIHDFKDQDO\VLVVHFWLRQIRU
HDFKVDPSOHZLOOSURYLGHWKHQDPHDQGPHWKRGQXPEHUIRUWKHDQDO\VLVUHSRUWHG

6DPSOH6XPPDU\ 6V

7KLVVHFWLRQRIWKH$QDO\WLFDO5HSRUWGHILQHVWKHVSHFLILFDQDO\VHVSHUIRUPHGIRUHDFKVDPSOH,'LQFOXGLQJWKHGDWHVDQG
WLPHVRISUHSDUDWLRQDQGRUDQDO\VLV
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Appendix H
Electrical Resistivity Test Results

November 6, 2018
Mr. Mitchell Thiem
NextEra Energy Resources
700 Universe Boulevard
Juno Beach, Florida 33408
Re: Soil Electrical Resistivity Testing
Quinebaug Solar Facility
Windham County, Connecticut
Dear Mr. Thiem:
Barr Engineering Co. (Barr), under contract and authorization from NextEra Energy Resources (NextEra),
performed soil electrical resistivity measurements at the Quinebaug Solar Facility site in September of
2018 as part of the geotechnical investigation. This letter presents the methods and results of the
requested testing.
Methods
A total of eight (8) sets of electrical resistivity tests were conducted at the site by Barr personnel. Test
locations were selected by Barr and approved by NextEra prior to beginning the field investigation. Barr
personnel verified the test locations with a handheld GPS unit. Barr personnel located the electrical
resistivity sample locations based on the provided coordinates.
The test locations are shown on Figure 1. Coordinates of each test location and other pertinent
information can be found in Table 1.
Table 1

Testing Conditions and Coordinates

Resistivity Testing Conditions
Test Location
Ambient Air Temperature [°F]
B-02
65
B-04
75
B-05
70
B-07
75
B-09
75

UTM Coordinates, Zone 19 [m]
[NAD83]
Northing
Easting
4625523.5
255210.1
4626245.5
255347.4
4626307.0
255746.3
4626343.0
256347.2
4626517.3
256239.6

B-12

75

4625420.1

256352.7

B-15

70

4624779.6

256779.2

B-16

75

4624852.4

256815.5

Barr conducted the work in accordance with ASTM method G57 “Standard Test Method for Field
Measurement of Soil Resistivity Using the Wenner Four-Electrode Method” (equivalent to IEEE Std. 81). A
single resistivity array orientation was utilized at each test location and resistivity measurements in the
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array orientation were obtained. Each measurement at the tested locations corresponded to one of five
electrode (“a”) spacings: 2, 5, 10, 20, and 40 feet.
The equipment used to collect the data consisted of a resistivity meter, four metal electrodes and
connecting wire. A Mini-Res Ultra resistivity meter manufactured by L & R Instruments, Inc. was used to
collect the data. The resistivity meter read in resistance (Ƽ) directly, and did not require the conversion of
electrical potential (V) and inductance (I) to calculate resistance (V/I in Ƽ). Before and after each array was
completed, the resistivity meter was connected to a resistor of known resistance, and the resulting values
were compared to the known resistance value for quality assurance and quality control purposes. The
meter was properly calibrated for all test locations and no instrument adjustments had to be made.
Co-linear arrays of four electrodes were placed in the ground for each measurement. Electrical current was
input to the ground through the two outer electrodes of the array. The voltage drop produced by the
resulting electrical field was measured across the two inner electrodes. The “a” spacing was increased with
each measurement, expanding the array about a common center for the tested locations. Increasing the
electrode separation increases the depth of investigation and indicates vertical variation in resistivity.
Apparent resistivity (U a ) was calculated for each measurement and corresponding electrode spacing (a)
using the resistance measurement (Ƽ) and the geometric factor (K) as follows:

U a = K(V/I) where K = 2Sa
All field measurements and calculated values of apparent resistivity are presented in the attachments.
Results and Discussion
Soil resistivity variations are likely associated with differences in soil type, layer thicknesses, and degree of
water saturation or frost in the near surface soils. Higher moisture contents generally reduce the electrical
resistivity of a soil. Sandy soils generally have a higher resistivity than clayey and silty soils. Clay soils with
moderate moisture contents tend to exhibit lower resistivity on the order of 1,000 to 5,000 ohmcentimeters (:-cm). Sand and gravel tends to exhibit relatively high resistivity values on the order of
10,000 to over 100,000 :-cm.
Apparent resistivity measurements at the tested locations ranged from 8,697 to 812, 217 ohm-centimeters
(:-cm), with an average of 166,200 :-cm.
The test results indicate some variability in apparent resistivity across the site, but the testing at the
substation location (test locations B-15 and B-16) indicated much higher apparent resistivity values than
observed across the site.
In general, apparent resistivity measurements in soil that are less than 2,000 :-cm indicate that the soil
could be considered corrosive when in direct contact with steel foundations. The apparent resistivity
measurements at the tested locations indicate that the soil at the site is not likely be corrosive for steel in
direct contact with native soils.
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Table 2 provides a summary of the range found in apparent resistivity with electrode “a” spacing at the
turbine locations.
Table 2

Summary of Apparent Resistivity versus Electrode Spacing at Tested Locations

Tested Locations
Electrode Spacing [Feet]
2
5
10
20
40

Apparent Resistivity [-cm]
Range
Mean
Standard Deviation
8,697 – 606,519
131,739
215,486
10,642 – 812,217
209,692
305,734
13,108 – 749,002
194,428
276,656
18,229 – 610,595
169,778
215,318
29,454 – 402,277
121,054
112,950

Closing
Thank you for the opportunity to provide this service. Please call me at 952-842-3695 with questions or
requests for additional information.
Sincerely,

Robb J. Roy
Attachments:
Electrical Resistivity Testing Results
Figure 1 – Electrical Resistivity Testing Locations
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ELECTRICAL RESISTIVITY
TESTING LOCATIONS
Quinebaug Site - Ranger Solar Project
NextEra Energy, Inc.
Windham County, Connecticut

Electrical Resistivity Test Results
Summary Table
Quinebaug Solar Project
Windham County, Connecticut
07081001.00

E/W Orientation

N/S Orientation

Summary of Electrical Resistivity Test Results:
Electrode
B-02
B-04
"a"
Resistivity
Resistivity
Spacing
U a =K(V/I)
U a =K(V/I)
[feet]
Ohm-cm
Ohm-cm

B-05
Resistivity
U a =K(V/I)
Ohm-cm

B-07
Resistivity
U a =K(V/I)
Ohm-cm

B-09
Resistivity
U a =K(V/I)
Ohm-cm

B-12
Resistivity
U a =K(V/I)
Ohm-cm

B-15
Resistivity
U a =K(V/I)
Ohm-cm

B-16
Resistivity
U a =K(V/I)
Ohm-cm

2

262,055

9,425

34,059

15,631

11,992

8,773

--

600,427

5

111,680

11,430

52,966

27,776

19,827

17,595

812,217

681,285

10

51,338

13,149

77,774

52,104

24,734

31,121

749,002

558,974

20

36,397

18,229

100,761

67,632

26,983

64,452

457,830

498,824

40

36,780

29,454

88,233

76,463

30,887

138,950

402,277

275,847

2

214854.3

9,540

32,795

16,896

12,681

8,697

--

606,519

5

118001.3

10,642

55,265

29,692

19,252

18,080

750,438

618,932

10

62448.7

13,108

74,900

49,231

24,478

30,286

719,884

578,321

20

39461.5

20,949

98,462

52,116

26,290

63,686

610,695

533,688

40

49039.5

36,695

75,122

60,027

30,910

128,039

298,834

179,301

Average:

98,205

17,262

69,034

44,757

22,803

50,968

600,147

513,212

Statistical Summary - Apparent Resistivity Averages (Ohm-cm)
Electrode "a"
Spacing
[feet]

Max

Min

2

606,519

8,697

131,739

215,486

5

812,217

10,642

209,692

305,734

10

749,002

13,108

194,428

276,656

20

610,695

18,229

169,778

215,318

40

402,277

29,454

121,054

112,950

Mean
St Dev
(All Directions) (All Directions)

Apparent Resistivity Average - Turbines - Ohm-cm:

166,200
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WENNER SOUNDING
PROJECT:
Quinebaug Solar
Sounding No.
Observer
Location
Electrode
Spacing
"a"
feet
N/S Orientation
2
5
10
20
40
E/W Orientation
2
5
10
20
40

1
PEB
B-02

Date

Resistance

9/24/2018

V/I
Ohms

Geometric
Factor
K=2 S a
feet

Apparent
Resistivity
U a =K(V/I)
Ohm-feet

Apparent
Resistivity
U a =K(V/I)
Ohm-cm

684.000
116.600
26.800
9.500
4.800

12.57
31.42
62.83
125.66
251.33

8595.40
3663.10
1683.89
1193.81
1206.37

262054.8
111679.8
51338.2
36396.5
36779.6

560.800
123.200
32.600
10.300
6.400

12.57
31.42
62.83
125.66
251.33

7047.22
3870.44
2048.32
1294.34
1608.50

214854.3
118001.3
62448.7
39461.5
49039.5

Cultural Features
Ground Cover
Weather
Line Location and Bearing

None
Gravel parking lot with weeds
65F
NS/EW

Apparent Electrical Resistivity (Ohm-cm)

B-02
800,000
700,000
600,000
500,000
N/S

400,000

E/W

300,000
200,000
100,000
0
0

5

10

15

20

25

30

35

40

45

Electrode A-Spacing (feet)

Barr Engineering Company
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WENNER SOUNDING
PROJECT:
Quinebaug Solar
Sounding No.
Observer
Location
Electrode
Spacing
"a"
feet
N/S Orientation
2
5
10
20
40
E/W Orientation
2
5
10
20
40

1
PEB
B-04

Date

Resistance

9/26/2018

V/I
Ohms

Geometric
Factor
K=2 S a
feet

Apparent
Resistivity
U a =K(V/I)
Ohm-feet

Apparent
Resistivity
U a =K(V/I)
Ohm-cm

24.600
11.934
6.864
4.758
3.844

12.57
31.42
62.83
125.66
251.33

309.13
374.92
431.28
597.91
966.10

9424.8
11430.4
13148.7
18228.9
29454.3

24.900
11.111
6.843
5.468
4.789

12.57
31.42
62.83
125.66
251.33

312.90
349.06
429.96
687.13
1203.61

9539.7
10642.1
13108.5
20949.1
36695.3

Cultural Features
Ground Cover
Weather
Line Location and Bearing

None
Farm field, harvested corn
75F, humid, spotty light rain
NS/EW

Apparent Electrical Resistivity (Ohm-cm)

B-04
800,000
700,000
600,000
500,000
N/S

400,000

E/W

300,000
200,000
100,000
0
0

5

10

15

20

25

30

35

40

45

Electrode A-Spacing (feet)

Barr Engineering Company
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WENNER SOUNDING
PROJECT:
Quinebaug Solar
Sounding No.
Observer
Location
Electrode
Spacing
"a"
feet
N/S Orientation
2
5
10
20
40
E/W Orientation
2
5
10
20
40

1
PEB
B-05

Date

Resistance

9/25/2018

V/I
Ohms

Geometric
Factor
K=2 S a
feet

Apparent
Resistivity
U a =K(V/I)
Ohm-feet

Apparent
Resistivity
U a =K(V/I)
Ohm-cm

88.900
55.300
40.600
26.300
11.515

12.57
31.42
62.83
125.66
251.33

1117.15
1737.30
2550.97
3304.96
2894.04

34059.5
52966.5
77773.6
100760.8
88232.8

85.600
57.700
39.100
25.700
9.804

12.57
31.42
62.83
125.66
251.33

1075.68
1812.70
2456.73
3229.56
2464.01

32795.2
55265.2
74900.2
98462.1
75122.4

Cultural Features
Ground Cover
Weather
Line Location and Bearing

None
Thick Vegetation
70F, Steady light to moderate rain all day
NS/EW

Apparent Electrical Resistivity (Ohm-cm)

B-05
800,000
700,000
600,000
500,000
N/S

400,000

E/W

300,000
200,000
100,000
0
0

5

10

15

20

25

30

35

40

45

Electrode A-Spacing (feet)

Barr Engineering Company
P:\Mpls\07 CT\08\07081001 nextera quinebaug solar\WorkFiles\Geotech\Field\Resistivity Testing\Electrical\Quinebaug_Electrical Resistivity Data Sheets.xlsx

WENNER SOUNDING
PROJECT:
Quinebaug Solar
Sounding No.
Observer
Location
Electrode
Spacing
"a"
feet
N/S Orientation
2
5
10
20
40
E/W Orientation
2
5
10
20
40

1
PEB
B-07

Date

Resistance

9/26/2018

V/I
Ohms

Geometric
Factor
K=2 S a
feet

Apparent
Resistivity
U a =K(V/I)
Ohm-feet

Apparent
Resistivity
U a =K(V/I)
Ohm-cm

40.800
29.000
27.200
17.653
9.979

12.57
31.42
62.83
125.66
251.33

512.71
911.06
1709.03
2218.34
2508.00

15631.3
27776.3
52104.5
67632.4
76463.3

44.100
31.000
25.700
13.603
7.834

12.57
31.42
62.83
125.66
251.33

554.18
973.89
1614.78
1709.40
1968.90

16895.6
29691.9
49231.1
52116.0
60027.4

Cultural Features
Ground Cover
Weather
Line Location and Bearing

None
Farm field - harvested corn
75F, humid, spotty light rain
NS/EW

Apparent Electrical Resistivity (Ohm-cm)

B-07
800,000
700,000
600,000
500,000
N/S

400,000

E/W

300,000
200,000
100,000
0
0

5

10

15

20

25

30

35

40

45

Electrode A-Spacing (feet)

Barr Engineering Company
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WENNER SOUNDING
PROJECT:
Quinebaug Solar
Sounding No.
Observer
Location
Electrode
Spacing
"a"
feet
N/S Orientation
2
5
10
20
40
E/W Orientation
2
5
10
20
40

1
PEB
B-09

Date

Resistance

9/26/2018

V/I
Ohms

Geometric
Factor
K=2 S a
feet

Apparent
Resistivity
U a =K(V/I)
Ohm-feet

Apparent
Resistivity
U a =K(V/I)
Ohm-cm

31.300
20.700
12.912
7.043
4.031

12.57
31.42
62.83
125.66
251.33

393.33
650.31
811.28
885.05
1013.10

11991.7
19826.5
24734.3
26983.2
30887.2

33.100
20.100
12.778
6.862
4.034

12.57
31.42
62.83
125.66
251.33

415.95
631.46
802.87
862.30
1013.85

12681.3
19251.8
24477.6
26289.8
30910.2

Cultural Features
Ground Cover
Weather
Line Location and Bearing

None
Farm field - harvested corn
75F, humid, spotty light rain
NS/EW

Apparent Electrical Resistivity (Ohm-cm)

B-09
800,000
700,000
600,000
500,000
N/S

400,000

E/W

300,000
200,000
100,000
0
0

5

10

15

20

25

30

35

40

45

Electrode A-Spacing (feet)

Barr Engineering Company
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WENNER SOUNDING
PROJECT:
Quinebaug Solar
Sounding No.
Observer
Location
Electrode
Spacing
"a"
feet
N/S Orientation
2
5
10
20
40
E/W Orientation
2
5
10
20
40

1
PEB
B-12

Date

Resistance

9/26/2018

V/I
Ohms

Geometric
Factor
K=2 S a
feet

Apparent
Resistivity
U a =K(V/I)
Ohm-feet

Apparent
Resistivity
U a =K(V/I)
Ohm-cm

22.900
18.370
16.246
16.823
18.134

12.57
31.42
62.83
125.66
251.33

287.77
577.11
1020.77
2114.04
4557.57

8773.5
17594.8
31120.9
64452.5
138950.3

22.700
18.877
15.810
16.623
16.710

12.57
31.42
62.83
125.66
251.33

285.26
593.04
993.37
2088.91
4199.68

8696.8
18080.4
30285.7
63686.2
128039.1

Cultural Features
Ground Cover
Weather
Line Location and Bearing

None
Farm field, harvested corn, standing water at surface
75F, humid, spotty light rain
NS/EW

Apparent Electrical Resistivity (Ohm-cm)

B-12
800,000
700,000
600,000
500,000
N/S

400,000

E/W

300,000
200,000
100,000
0
0

5

10

15

20

25

30

35

40

45

Electrode A-Spacing (feet)

Barr Engineering Company
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WENNER SOUNDING
PROJECT:
Quinebaug Solar
Sounding No.
Observer
Location
Electrode
Spacing
"a"
feet
N/S Orientation
2
5
10
20
40
E/W Orientation
2
5
10
20
40

1
PEB
B-15

Date

Resistance

9/25/2018

V/I
Ohms

Geometric
Factor
K=2 S a
feet

Apparent
Resistivity
U a =K(V/I)
Ohm-feet

Apparent
Resistivity
U a =K(V/I)
Ohm-cm

>2000
848.000
391.000
119.500
52.500

-31.42
62.83
125.66
251.33

-26640.71
24567.25
15016.81
13194.69

-812216.6
749001.7
457829.7
402277.1

>2000
783.500
375.800
159.400
39.000

-31.42
62.83
125.66
251.33

-24614.38
23612.21
20030.79
9801.77

-750438.4
719884.5
610695.0
298834.4

Cultural Features
Ground Cover
Weather
Line Location and Bearing

None
Gravel pit - sand and gravel
70F, Steady light to moderate rain all day
NS/EW

Apparent Electrical Resistivity (Ohm-cm)

B-15
800,000
700,000
600,000
500,000

Series
1
Series
2

400,000
300,000
200,000
100,000
0
0

5

10
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30
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40

45

Electrode A-Spacing (feet)

Barr Engineering Company
P:\Mpls\07 CT\08\07081001 nextera quinebaug solar\WorkFiles\Geotech\Field\Resistivity Testing\Electrical\Quinebaug_Electrical Resistivity Data Sheets.xlsx

WENNER SOUNDING
PROJECT:
Quinebaug Solar
Sounding No.
Observer
Location
Electrode
Spacing
"a"
feet
N/S Orientation
2
5
10
20
40
E/W Orientation
2
5
10
20
40

1
PEB
B-16

Date

Resistance

9/26/2018

V/I
Ohms

Geometric
Factor
K=2 S a
feet

Apparent
Resistivity
U a =K(V/I)
Ohm-feet

Apparent
Resistivity
U a =K(V/I)
Ohm-cm

1567.200
711.300
291.800
130.200
36.000

12.57
31.42
62.83
125.66
251.33

19694.02
22346.15
18334.33
16361.41
9047.79

600427.3
681285.0
558973.6
498823.6
275847.2

1583.100
646.200
301.900
139.300
23.400

12.57
31.42
62.83
125.66
251.33

19893.82
20300.97
18968.94
17504.95
5881.06

606518.9
618932.1
578321.2
533687.6
179300.7

Cultural Features
Ground Cover
Weather
Line Location and Bearing

None
Gravel pit - sand and gravel
75F, humid, spotty light rain
NS/EW

Apparent Electrical Resistivity (Ohm-cm)

B-16
800,000
700,000
600,000
500,000
N/S

400,000

E/W

300,000
200,000
100,000
0
0

5

10

15

20

25

30

35

40

45

Electrode A-Spacing (feet)

Barr Engineering Company
P:\Mpls\07 CT\08\07081001 nextera quinebaug solar\WorkFiles\Geotech\Field\Resistivity Testing\Electrical\Quinebaug_Electrical Resistivity Data Sheets.xlsx

Appendix I
Thermal Resistivity Test Results

January 16, 2019

Mr. Mitchell Thiem
NextEra Energy Resources
700 Universe Boulevard
Juno Beach, Florida 33408
Re: Soil Thermal Resistivity Testing
Quinebaug Solar Facility
Windham County, Connecticut
Dear Mr. Thiem:
Barr Engineering Co. (Barr), under contract and authorization with NextEra Energy Resources (NextEra),
collected soil samples in support of thermal resistivity testing at the Quinebaug Solar Project in October
of 2018. Laboratory thermal resistivity testing was completed on the samples in November of 2018. This
letter presents the methods and results.
Methods
A total of three pairs of soil samples were collected by Barr personnel from project site. Two samples were
collected from proposed solar PV array area and one sample was collected from the proposed substation
location. Samples were collected using auger techniques to drill down to a depth of approximately 5 feet.
Bulk soil samples were collected from the cuttings between a depth of 1 to 5 feet below the existing
grade (excluding the highly organic topsoil). Additional thermal resistivity testing was performed on the
bulk soil samples compacted to simulate in-situ density conditions. The samples were placed in five gallon
buckets and sealed in the field to preserve the in-situ moisture content. The samples were delivered to
Soil Engineering Testing, Inc. (SET) of Bloomington, Minnesota, for laboratory testing.
Barr personnel located the thermal resistivity sample locations based on the provided coordinates for the
corresponding boring locations. Test locations were selected by Barr and approved by NextEra prior to
beginning the field investigation.
Locations where samples were collected for testing are shown on Figure 1. Coordinates of each sample
location and other pertinent information can be found in Table 1.
Table 1

Test ID
B-02
B-05
B-15

Thermal Resistivity Sample Information
Sample Depth
[ft]
1-5
1-5
1-5

Coordinates
UTM Zone 19 [m], NAD83
Northing
Easting
4625523.5
255210.1
4626307.0
255746.3
4624779.6
256779.2

SET completed the testing in accordance with ASTM method D5334 “Standard Test Method for
Determination of Thermal Conductivity of Soil and Soft Rock by Thermal Needle Probe Procedure.”
Laboratory tests included measurement of the soil’s in-situ moisture content, Standard Proctor density
and optimum moisture content, and thermal dryout characteristics, which is a function of moisture
Barr Engineering Co. 4300 MarketPointe Drive, Suite 200, Minneapolis, MN 55435 952.832.2600 www.barr.com

Mr. Mitchell Thiem, NextEra Energy Resources
January 16, 2019
Page 2

content. The bulk samples were re-compacted near the optimum moisture content as determined
through standard proctor testing. The test samples were recompacted to approximately 95 percent of
standard Proctor density. Soil was compacted in four layers in test molds (75 mm diameter by 150 mm
high) to minimize contact resistance at the soil/probe interface and to ensure a uniform density.
Thermal dryout characteristics were measured using a laboratory type thermal needle held central and
vertical in the base plate. Thermal resistivity measurements were conducted starting at the existing
moisture content of the soil sample to the totally dry condition. At the end of each drying stage, samples
were sealed and brought to thermal equilibrium with the ambient air to ensure uniform moisture redistribution through the sample. Tests were conducted using a KD2 Thermal Property Analyzer. The
instrument was calibrated prior to testing.
Results
The resulting laboratory soil thermal resistivity measurements presented in tabular form with full dryout
curves are included in the attached Thermal Resistivity Report by SET.
Thank you for the opportunity to provide this service. Please call me at 952-842-3695 with questions or
requests for additional information.
Sincerely,

Robb J. Roy

Attachments
Figure 1: Thermal Resistivity Test Locations
Thermal Resistivity Test Results
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THERMAL RESISTIVITY
SAMPLE LOCATIONS
Quinebaug Site - Ranger Solar Project
NextEra Energy, Inc.
Windham County, Connecticut

Thermal Resistivity Report

ASTM D:5334

Project: Quinebaug

Job #:

11652

Date:

11/7/18

Client: Barr Engineering Company

Dry

Initial Conditions

Type

Classification

Dry Density
(PCF)

WC
(%)

Thermal
Resistivity
(ºC-cm/W)

Reconstituted

Bulk

Silty Sand with a little gravel (SM)

98.6

17.7%

59

291

B-05

Reconstituted

Bulk

Silty Clayey Sand with gravel (SC-SM)

101.8

18.3%

63

257

B-15

Reconstituted

Bulk

Sand (SP)

96.1

13.2%

64

364

Boring

Specimen Type

B-02

Depth (ft)

Specimens reconstituted to approximately 95% of maximum standard proctor density near the optimum moisture content.

-DPHV$YH6RXWK

http://www.soilengineeringtesting.com

%ORRPLQJWRQ01

Thermal
Resistivity
(ºC-cm/W)

Thermal Resistivity Report
Project:
Client:
Specimen A:
Specimen B:
Specimen C:

ASTM D:5334

Quinebaug
Barr Engineering Company
Depth (ft)

Boring
B-02
B-05
B-15

Job:
Date:

11652
11/7/18

Thermal Dryout Curves (Water Content vs. Resistivity)
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-DPHV$YH6RXWK

C

%ORRPLQJWRQ01

http://www.soilengineeringtesting.com

20.0%

Moisture Density Curve ASTM: D698, Method B
Project:
Client:

Date:

10/8/18

Job No.

11652

Quinebaug

Barr Engineering Company
Boring No. B-02
Sample:

Depth(ft):

Soil Type: Silty Sand w/a little gravel (SM)
As Received W.C. (%): 17.4
LL:

Location:

PL:

103.9

Maximum Dry Density (pcf):

Specific Gravity: 

PI:

Opt. Water Content (%):

*Assumed

17.6

107
Proctor Points

106

Zero Air Voids

105

104

Dry Density (PCF)

103

102

101

100

99

98

97

96
13

14

15

16

17

18

19

20

21

22

23

Water Content (%)
9530 James Ave South
SET-R18a

Bloomington, MN 55431
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Moisture Density Curve ASTM: D698, Method B
Project:
Client:

Date:

10/8/18

Job No.

11652

Quinebaug

Barr Engineering Company
Boring No. B-05
Sample:

Depth(ft):

Soil Type: Silty Clayey Sand w/gravel (SC-SM)
As Received W.C. (%): 22.5
LL:

PL:

107.0

Maximum Dry Density (pcf):

Location:
Specific Gravity: 

PI:

Opt. Water Content (%):

*Assumed

18.4

108
Proctor Points
Zero Air Voids
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Dry Density (PCF)
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9530 James Ave South
SET-R18a

Bloomington, MN 55431
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Moisture Density Curve ASTM: D698, Method B
Project:
Client:

Date:

10/9/18

Job No.

11652

Quinebaug

Barr Engineering Company
Boring No. B-15
Sample:
Soil Type: Sand (SP)
As Received W.C. (%): 6.2
Maximum Dry Density (pcf):

Depth(ft):

Location:

PL:

LL:
101.0

Specific Gravity: 

PI:

Opt. Water Content (%):

*Assumed

13.2
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9530 James Ave South
SET-R18a

Bloomington, MN 55431
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Thermal Resistivity Report

ASTM D:5334

Project: Quinebaug

Job #:

11652

Date:

11/26/18

Client: Barr Engineering Company
Initial Conditions

Dry

Type

Classification

Dry Density
(PCF)

WC
(%)

Thermal
Resistivity
(ºC-cm/W)

Reconstituted

Bulk

Silty Sand with a little gravel (SM)

107.9

14.1%

63

261

B-05

Reconstituted

Bulk

Silty Clayey Sand with gravel (SC-SM)

108.5

13.5%

61

234

B-15

Reconstituted

Bulk

Sand (SP)

101.3

13.7%

54

307

Boring

Specimen Type

B-02

Depth (ft)

Specimens reconstituted to simulate intact conditions.

-DPHV$YH6RXWK

http://www.soilengineeringtesting.com

%ORRPLQJWRQ01

Thermal
Resistivity
(ºC-cm/W)

Thermal Resistivity Report
Project:
Client:
Specimen A:
Specimen B:
Specimen C:

ASTM D:5334

Quinebaug
Barr Engineering Company
Depth (ft)

Boring
B-02
B-05
B-15

Job:
Date:

11652
11/26/18

Thermal Dryout Curves (Water Content vs. Resistivity)
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5513 Vine Street, Cincinnati, OH 45217● Ph: 513-242-2051 ● Fax: 513-242-0816
Wednesday, July 18, 2018
ATTN:

Ranger Solar
40 Lafayette Street
Yarmouth, ME

RE:

RBI Solar — Pull Test Report
Quinebaug Solar
Brooklyn, CT

RBI Solar is pleased to submit the results of the push/pull tests for the above referenced project. RBI Solar personnel performed tests
on the week of July 19, 2016, in accordance with the agreement between RBI Solar and Ranger Solar. The following report
summarizes the tests and the results of the tests for the proposed solar project site located in Brooklyn, CT.
Site and Scope of Work
The project will consist of about 80MW DC fixed tilt ground mounted photovoltaic arrays set in multiple fields spread out in
Brooklyn, CT. The proposed array location is relatively flat farm land.

RBI Solar’s scope of work includes driving and testing of piles, which shall be used to support the solar array, in predetermined
locations as accessibility and terrain allow. We drove the piles to various depths, tested the piles for vertical loads (up and down) and
also included a lateral load test to evaluate and predict lateral deflections on the posts.
Pile Testing and Observations
Each field was tested and the results are broken down for each one. Please see tables below for conditions and observations of all
fields.

There was small to medium sized boulders in all of the fields, leading to a slight chance of refusal everywhere. Fields 4 and 5 seem to
have the highest chance for this.

The testing consists of (3) tests:
1.
2.
3.

Push tests to measure vertical down load resisting capacity
Lateral tests to evaluate and predict deflections
Pull tests to measure vertical uplift resisting capacity

The vertical downward test is performed by hooking to the boom arm of RBI Solar’s post driving machine and hooking to the top of
the posts to push the posts downward into the ground. Resistance to pushing is measured in psi on a pressure gage on the post driving
machine. Data is collected and knowing the calibration factor to translate the pressure into a force, we are able to evaluate the
resistance of the posts to downward loads.
The lateral tests are performed once the posts have reached the desired depth or when the posts have met “refusal” and cannot be
reasonably advanced further into the ground. Should embedment be only a couple of feet, lateral tests are typically abandoned as
adequate embedment has not been achieved. The test is performed by strapping around the top of the posts with chains and a load
scale between the posts and the boom arm of the machine. The scale allows us to know the exact load and measure the deflection of
the posts at the location of applied load.
The pull (uplift) tests are performed by placing a boot/collar on the posts that hooks to a chain and to a hydraulic cylinder that pulls to
set the boot/collar and then pull the posts out of the ground. The pressure reading on the cylinder is recorded by a gage on the
machine. There are (2) observations that are recorded on most posts. The first would be if the posts “heave” and have an initial
movement, but then stop moving. The other is a continuous “slip” or “pull” either after the initial heave or from the beginning if the
soil conditions are less favorable.
The data recorded from the tests is included on subsequent pages of this report. In both the push (downward) and the pull (uplift)
tests, pressure readings are recorded and then translated into a force using the calibration factor for the appropriate gage and hydraulic
cylinders. Again, the data is attached to this report.
General Comments and Conclusions
It should be noted that the results included in this report are specific to the design, geometry and components of RBI Solar racking and posts. The data included in this report shall not be misconstrued to apply to a different pile profile.
Different profiles will perform differently in different soils, and at no time, should the customer or other manufacturers use the data within this report to design a pile foundation other than that used with RBI Solar’s racking and pile
profiles. If the information in this report is used to design pile foundations and/or racking other than RBI Solar’s racking system, the customer/owner should be aware that the designer may be guilty of gross negligence in terms of
engineering design. If you have received this report and are using it as a basis for design for any racking system or pile foundation other than RBI Solar’s system, you are legally liable for all misinterpretations or miscalculations in the
engineering design. The information in this report can be used by RBI Solar to determine feasibility and design an adequate pile foundation and racking system for the referenced project. Should you have any questions about the results
included in this report, please contact us. We look forward to working with you on this project.

Sincerely,
RBI Solar
www.rbisolar.com

TEST RESULTS-Liepis Rd
TEST

A
B
C
D
E
F
G
H
I
J
K
L
M
N

DEPTH

INITIAL PULL

PULL OUT

PUSH

SLIP

INITIAL DEPTH

(ft)

(lbs.)

(lbs.)

(lbs.)

(in)

(ft)

6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
5.0
6.0

4860
11664
11664
6804
8424
7776
9072
8100
11664
11664
11664
11664
11664
11664

REFUSAL

4860
5500
0.0
4.0
STUCK
5500
0.0
2.5
STUCK
5500
0.0
1.5
6804
5500
0.0
1.0
8424
5500
0.0
2.5
7776
5500
0.0
0.5
9072
5500
0.0
1.5
8100
5500
0.0
1.0
STUCK
5500
0.0
1.5
STUCK
5500
0.0
2.0
STUCK
5500
0.0
1.0
STUCK
5500
0.0
2.0
STUCK
5500
0.0
3.0
*
STUCK
5500
0.0
2.0
Notes:
"Stuck" post could not be removed with maximum measurable hydraulic pressure applied in uplift.
"Slip" denotes the distance the embedded test piles slipped in the downwards direction when
hydraulic pressure was applied in compression for 30 second durations.
"Initial Push" denotes the distance the test piles were initially embedded into the soil through the
application of hydraulic pressure prior to engaging the hammer on the pile driver.
*Refusal was encountered at the locations marked.

Test

Force (lbs)

A
B
C
D
E
F
G
H
I
J
K
L
M
N

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

Lateral Deflection
Deflection Force (lbs) Deflection Force (lbs) Deflection Force (lbs) Deflection

0
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.25
0.25
0.125

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

0.125
3000
0.25
0.25
3000
0.5
0.25
3000
0.5
0.25
3000
0.625
0.25
3000
0.5
0.25
3000
0.5
0.25
3000
0.375
0.25
3000
0.5
0.25
3000
0.375
0.125
3000
0.375
0.25
3000
0.375
0.375
3000
1.25
1.125
3000
1.375
0.25
3000
0.375
Notes:
Deflections were measured at grade and in inches.

Liepis Rd Observations:
Small to medium sized rocks were seen throughout the field
Small chance of refusal
Piles were driven at a slow to very slow pace

4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000

0.25
0.75
0.625
0.875
0.875
0.625
0.625
0.625
0.5
0.5
0.625
N/A
N/A
0.625

TEST RESULTS-Soybean Field
TEST

A
B
C
D
E
F
G
H
I
J

DEPTH

INITIAL PULL

PULL OUT

PUSH

SLIP

(ft)

(lbs.)

(lbs.)

(lbs.)

(in)

INITIAL DEPTH
(ft)

12.0
6.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0

9072
9072
9072
11664
11664
11664
6480
8748
11664
11664

9072
9072
9072
STUCK
STUCK
STUCK
6480
8748
STUCK
STUCK
Notes:

5500
5500
5500
5500
5500
5500
5500
5500
5500
5500

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

2.0
2.0
2.5
3.0
3.0
3.0
1.0
1.0
1.0
1.5

"Slip" denotes the distance the embedded test piles slipped in the downwards direction
"Initial Push" denotes the distance the test piles were initially embedded into the soil

Lateral Deflection
Test

Force (lbs)

A
B
C
D
E
F
G
H
I
J

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

Deflection Force (lbs) Deflection Force (lbs) Deflection Force (lbs) Deflection

0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

0.25
3000
0.375
0.25
3000
0.375
0.25
3000
0.5
0.25
3000
0.375
0.25
3000
0.5
0.25
3000
0.5
0.25
3000
0.25
0.25
3000
0.375
0.25
3000
0.375
0.25
3000
0.375
Notes:
Deflections were measured at grade and in inches.

4000
4000
4000
4000
4000
4000
4000
4000
4000
4000

Soybean Field Observations:
Dug a test pit to 6' deep. Sand was found down to 4.5' and then a wet sandy clay type soil
Small pebbles found in the soil
Posts drove at a steady to fast pace

0.5
0.5
0.625
0.625
0.625
0.625
0.375
0.5
0.625
0.625

TEST RESULTS-Field 3
TEST

A
B
C
D
E

DEPTH

INITIAL PULL

PULL OUT

PUSH

SLIP

(ft)

(lbs.)

(lbs.)

(lbs.)

(in)

INITIAL DEPTH
(ft)

7.0
7.0
7.0
7.0
7.0

6480
11664
11664
11664
11664

6480
STUCK
STUCK
STUCK
STUCK
Notes:

5500
5500
5500
5500
5500

0.0
0.0
0.0
0.0
0.0

3.0
2.0
2.0
2.0
3.5

"Slip" denotes the distance the embedded test piles slipped in the downwards direction
"Initial Push" denotes the distance the test piles were initially embedded into the soil

Lateral Deflection
Test

Force (lbs)

A
B
C
D
E

1000
1000
1000
1000
1000

Deflection Force (lbs) Deflection Force (lbs) Deflection Force (lbs) Deflection

0.125
0.125
0.125
0.125
0.125

2000
2000
2000
2000
2000

0.125
3000
0.25
0.25
3000
0.375
0.25
3000
0.375
0.25
3000
0.375
0.25
3000
0.375
Notes:
Deflections were measured at grade and in inches.

Field 3 Observations:
Small to medium sized boulders and hard packed ground
Soil is a sand/clay mix
Chance of refusal and post shifting
Piles hammered at a steady to fast pace

4000
4000
4000
4000
4000

0.375
0.625
0.625
0.625
0.625

TEST RESULTS-Field 4
TEST

A
B
C
D
E
F
G
H
I
J
K
L
M

DEPTH

INITIAL PULL

PULL OUT

PUSH

SLIP

INITIAL DEPTH

(ft)

(lbs.)

(lbs.)

(lbs.)

(in)

(ft)

6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
5.0
6.0

11664
3888
11664
11664
11664
11664
7128
11664
11664
6480
11664
11664
11664

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.5
0.5
1.0
1.0
2.0
1.0
0.5
1.0
3.0
1.0
1.0
2.0
1.0

STUCK
5500
3888
5500
STUCK
5500
STUCK
5500
STUCK
5500
STUCK
5500
7128
5500
STUCK
5500
STUCK
5500
6480
5500
STUCK
5500
STUCK
5500
STUCK
5500
Notes:

REFUSAL

*

"Slip" denotes the distance the embedded test piles slipped in the downwards direction when
"Initial Push" denotes the distance the test piles were initially embedded into the soil through the

Lateral Deflection
Test

Force (lbs)

A
B
C
D
E
F
G
H
I
J
K
L
M

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

Deflection Force (lbs) Deflection Force (lbs) Deflection Force (lbs) Deflection

0.125
0.125
0.125
0.125
0.125
0
0.125
0
0.125
0.125
0.125
0.125
0.125

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

0.25
3000
0.375
0.25
3000
0.5
0.25
3000
0.375
0.25
3000
0.375
0.25
3000
0.375
0.125
3000
0.125
0.25
3000
0.375
0.125
3000
0.25
0.25
3000
0.375
0.25
3000
0.375
0.25
3000
0.375
0.375
3000
0.5
0.25
3000
0.375
Notes:
Deflections were measured at grade and in inches.

Field 4 Observations:
Ground has small to medium boulders
Piles hammered at a slow to steady pace
Soil is mainly sand with some clay

4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000

0.5
0.75
0.5
0.5
0.5
0.25
0.5
0.5
1
0.5
0.5
0.75
0.5

TEST RESULTS-Field 5
TEST

A
B
C
D
E
F

DEPTH

INITIAL PULL

PULL OUT

PUSH

SLIP

(ft)

(lbs.)

(lbs.)

(lbs.)

(in)

INITIAL DEPTH
(ft)

6.0
7.0
7.0
7.0
7.0
7.0

11664
11664
11664
11664
11664
11664

STUCK
STUCK
STUCK
STUCK
STUCK
STUCK
Notes:

5500
5500
5500
5500
5500
5500

0.0
0.0
0.0
0.0
0.0
0.0

1.0
1.0
1.0
1.5
1.0
1.5

"Slip" denotes the distance the embedded test piles slipped in the downwards direction
"Initial Push" denotes the distance the test piles were initially embedded into the soil

Lateral Deflection
Test

Force (lbs)

A
B
C
D
E
F

1000
1000
1000
1000
1000
1000

Deflection Force (lbs) Deflection Force (lbs) Deflection Force (lbs) Deflection

0.25
0.125
0.125
0.125
0.125
0.125

2000
2000
2000
2000
2000
2000

0.625
3000
1.125
0.25
3000
0.375
0.25
3000
0.375
0.25
3000
0.375
0.25
3000
0.375
0.25
3000
0.375
Notes:
Deflections were measured at grade and in inches.

Field 5 Observations:
Small to medium boulders in hard packed ground
Piles hammered at a very slow pace
Soil noted as sand/clay mix

4000
4000
4000
4000
4000
4000

N/A
0.625
0.625
0.625
0.625
0.625

EXHIBIT D:
NDDB Correspondence/Environmental Reports

Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

Exhibit D
Environmental Reports
The items listed below are included in Exhibit D.
1

NDDB Correspondence Log

2

Request for NDDB Final Determination/Environmental Site Conditions
Report (Revised April 23, 2019), including:
o

Natural Resource Survey Reports

o

Herpetofauna Avoidance & Mitigation Plan

3

Wetland and Watercourse Delineation Report (Revised May 2019)

4

Additional Wildlife & Resource Evaluation (August 28, 2019)

5

2019 Spadefoot Surveys Memorandum (October 7, 2019)

NDDB CORRESPONDENCE LOG

QUINEBAUG SOLAR
NDDB Correspondence Log
Date

Participants

Summary/Notes
Meeting with Project team and DEEP/NDDB staff to present the Quinebaug Solar Project and discuss permitting implications.
Notes from this meeting were recorded.
A revised species list request was submitted to NDDB to update the expired list from 2016.
Call to check in on the status of the updated species list request. NDDB indicated they were going to expedite the species list
request.
TT voicemail to check in on the status of the species list request.
NDDB indicated the Quinebaug Environmental Site Conditions Report should be submitted to DEEP with a request for a full
determination and the report would be reviewed concurrently with a new species list.
Telephone conference with Nicole Lugli regarding NDDB species list request.
Request for a final determination along with the Quinebaug Environmental Site Conditions Report and Avoidance & Mitigation
Plan submitted to NDDB.

3/27/2019

NextEra Project Team, DEEP and NDDB staff

3/27/2019

Tetra Tech and NDDB

4/1/2019

Tetra Tech and NDDB

4/5/2019

Tetra Tech and NDDB

4/12/2019

NDDB and Tetra Tech

4/12/2019

Locke Lord and DEEP

4/23/2019

Quinebaug Site Conditions Report Submittal

5/17/2019

Tetra Tech and NDDB

Two voicemails to NDDB this week to touch base regarding the updated wetland reporting for the Quinebaug project

5/23/2019

NDDB and Tetra Tech

NDDB requested that the revised wetland report for Quinebaug be submitted as soon as possible through the usual NDDB
email and indicated that the revised report would not likely delay the review of the whole site conditions report.

5/30/2019

Quinebaug Revised Wetland Report Submittal

Submitted revised Wetland report to NDDB.

6/21/2019
6/26/2019
7/3/2019
7/3/2019

Tetra Tech and NDDB
Tetra Tech and NDDB
Tetra Tech and NDDB
Locke Lord and DEEP

7/9/2019

Tetra Tech and NDDB

7/11/2019

Locke Lord and DEEP

Voicemail following up on Quinebaug species list request and Quinebaug final determination request.
Voicemail following up on Quinebaug species list request and Quinebaug final determination request.
Voicemail following up on Quinebaug species list request and Quinebaug final determination request.
Telephone conference with Nicole Lugli regarding lack of correspondence from DEEP NDDB.
Voicemail following up on Quinebaug species list request and final determination request. Out of office message - through the
12th.
Telephone conference with Nicole Lugli regarding status of Quinebaug NDDB Final Determination.

7/18/2019

Tetra Tech and NDDB

Following up on Quinebaug species list request and Quinebaug final determination request.

7/19/2019
7/19/2019

NDDB and Tetra Tech
Locke Lord and DEEP

7/23/2019

Tetra Tech and NDDB

Left a voicemail that they will follow up on Monday.
Correspondence with Nicole Lugli regarding status of DEEP NDDB Quinebaug Final Determination.
Phone call to discuss comments on the Quinebaug Environmental Site Conditions Report. NDDB requested additional
information regarding impacts to freshwater mussels and water quality. During this time Tetra Tech asked if there were any
other comments, they indicated they were still reviewing the report.

7/24/2019

NDDB and Tetra Tech

This email summarized the previous conversation over the phone, also indicated NDDB's ongoing review of the report.

8/19/2019

Correspondence with Nicole Lugli regarding status of DEEP NDDB Quinebaug Final Determination.

9/6/2019

Locke Lord and DEEP
Submittal of the requested supplemental
information to NDDB
Locke Lord and DEEP

9/19/2019

Tetra Tech and NDDB

Voicemail checking in on the status of the supplemental material review and Environmental Site Conditions Report Review.

8/19/2019
9/23/2019
9/27/2019
10/9/2019
10/10/2019
10/11/2019
10/13/2019
10/16/2019
10/18/2019
10/18/2019
10/21/2019
10/23/2019
10/29/2019
11/5/2019

Locke Lord and DEEP
NDDB and Tetra Tech
Locke Lord and DEEP
Locke Lord and DEEP
Tetra Tech and NDDB
Locke Lord and DEEP
Tetra Tech and NDDB
Tetra Tech and NDDB
Locke Lord and DEEP
NDDB and Tetra Tech
Tetra Tech and NDDB
Tetra Tech and NDDB
NDDB and Tetra Tech
NDDB, Tetra Tech, FBE, NextEra

Correspondence with Nicole Lugli regarding status of DEEP NDDB Quinebaug Final Determination.
NDDB left a voicemail for Tetra Tech but did not have any specific update.
Telephone conference with Nicole Lugli regarding status of DEEP NDDB Quinebaug Final Determination.
Telephone conference with Nicole Lugli regarding status of DEEP NDDB Quinebaug Final Determination.
Left a voicemail following up on the previous message from 9/23.
Telephone conference with Nicole Lugli regarding status of DEEP NDDB Quinebaug Final Determination.
Email following up on previous voicemail and call from Robin from 9/23.
Voicemail following up on email and voicemail regarding the 9/23 call.
Telephone conference with Nicole Lugli regarding status of DEEP NDDB Quinebaug Final Determination.
NDDB requested to speak to Dr. Kevin Ryan (FBE) regarding his report and findings.
Correspondence with NDDB regarding request to schedule telephone conference.
Submittal of 2019 Spadefoot Toad Monitoring Report.
Email response from NDDB regarding scheduling of telephone conference.
Conference call to discuss Quinebaug Solar Project.

8/28/2019

Includes requested information regarding water quality protection as it pertains to freshwater mussels.
Correspondence with Nicole Lugli regarding status of DEEP NDDB Quinebaug Final Determination.

REQUEST FOR NDDB FINAL DETERMINATION/
ENVIRONMENTAL SITE CONDITIONS REPORT (REVISED
APRIL 23, 2019), INCLUDING:
NATURAL RESOURCE SURVEY REPORTS
HERPETOFAUNA AVOIDANCE & MITIGATION PLAN

April 23, 2019
Ms. Dawn McKay
Department of Energy & Environmental Protection
79 Elm Street
Hartford, CT 06106-5127
VIA EMAIL: deep.nddbrequest@ct.gov
SUBJECT: Request for Natural Diversity Data Base (NDDB) Final Determination for Quinebaug Solar
Project. Preliminary Assessment No. 201904603
Dear Ms. McKay,
On behalf of NextEra Energy Resources (NextEra), Tetra Tech, Inc. (Tetra Tech) is requesting that the Department
of Energy and Environmental Protection Natural Diversity Data Base (DEEP NDDB) Program review and
subsequently issue a Final Determination for the proposed Quinebaug Solar project (Project) located in Brooklyn and
Canterbury, Connecticut. Tetra Tech is assisting NextEra with permitting of the Project, including refiling of the
Connecticut Siting Council Petition.
This request is for a Final Determination from NDDB, as well as an updated listed-species list for the Project site, as
we understand the outcome of your determination is dependent on this update. The enclosed Environmental Site
Conditions Report (Report) includes the existing conditions, technical field reports, and a Herpetofauna Avoidance
& Mitigation Plan developed for the Project. Also included for your review are the NDDB vertebrate observation
forms completed for state-listed species observations made during field surveys.
Pursuant to DEEP NDDB guidance, the Report is based on the results of the 2016 listed-species request and
preliminary site assessment (October 7, 2016 – Preliminary Assessment No.: 201610447).
Quinebaug Solar requests that DEEP NDDB issue a Final Determination as soon as is practicable.
If you have any questions or require additional information, please do not hesitate to call me at (207) 358-2396 or
email me at katelin.nickerson@tetratech.com.
Respectfully Submitted,

TETRA TECH, INC.

Katelin Nickerson, Project Manager
Enclosures: NDDB State Listed Species Review Form, NDDB Vertebrate Observation Forms, Environmental Site
Conditions Report
PROPRIETARY NOTICE
This submission represents Tetra Tech’s integrated approach to business. The information contained herein is confidential, commercial information proprietary to Tetra Tech,
Inc. The contents of this submission shall not be disclosed in whole, or in part, for any purposes other than to evaluate Tetra Tech’s qualifications to provide the referenced
services.

Tetra Tech, Inc.
451 Presumpscot Street, Portland, ME 04103
Tel 207-358-2400 Fax 207-879-9481 www.tetratech.com

Attachment A
Quinebaug Solar Project
Request for Natural Diversity Data Base (NDDB) State-Listed Species Review

PROPRIETARY NOTICE
This submission represents Tetra Tech’s integrated approach to business. The information contained herein is confidential, commercial information proprietary to Tetra Tech,
Inc. The contents of this submission shall not be disclosed in whole, or in part, for any purposes other than to evaluate Tetra Tech’s qualifications to provide the referenced
services.

Tetra Tech, Inc.
451 Presumpscot Street, Portland, ME 04103
Tel 207-358-2400 Fax 207-879-9481 www.tetratech.com

CPPU USE ONLY

App #:____________________________
Doc #:____________________________
Check #: No fee required
Program: Natural Diversity Database
Endangered Species

Hardcopy _____

Electronic _____

Request for Natural Diversity Data Base (NDDB) State Listed
Species Review
Please complete this form in accordance with the instructions (DEEP-INST-007) to ensure proper handling of your
request.
There are no fees associated with NDDB Reviews.

Part I: Preliminary Screening & Request Type
Before submitting this request, you must review the most current Natural Diversity Data Base “State and
Federal Listed Species and Significant Natural Communities Maps” found on the DEEP website. These maps
are updated twice a year, usually in June and December.
Does your site, including all affected areas, fall in an NDDB Area according to the map instructions:
Yes

No

Enter the date of the map reviewed for pre-screening: December 2018

This form is being submitted for a :
New NDDB request
Renewal/Extension of a NDDB Request,
without modifications and within two
years of issued NDDB determination
(no attachments required)

New Safe Harbor Determination (optional) must be
associated with an application for a GP for the Discharge of
Stormwater and Dewatering Wastewaters from
Construction Activities
Renewal/Extension of an existing Safe Harbor Determination
With modifications

[CPPU Use Only

Without modifications (no attachments required)

- NDDB-Listed Species
Determination # 1736]

[CPPU Use Only - NDDB-Safe Harbor Determination # 1736]

Enter NDDB Determination Number for
Renewal/Extension:

Enter Safe Harbor Determination Number for
Renewal/Extension:

DEEP-REQ-APP-007
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Rev. 06/07/16

Part II: Requester Information
*If the requester is a corporation, limited liability company, limited partnership, limited liability partnership, or a statutory
trust, it must be registered with the Secretary of State. If applicable, the name shall be stated exactly as it is registered with
the Secretary of State. Please note, for those entities registered with the Secretary of State, the registered name will be the
name used by DEEP. This information can be accessed at the Secretary of the State’s database CONCORD.
(www.concord-sots.ct.gov/CONCORD/index.jsp)
If the requester is an individual, provide the legal name (include suffix) in the following format: First Name; Middle Initial; Last
Name; Suffix (Jr, Sr., II, III, etc.).
If there are any changes or corrections to your company/facility or individual mailing or billing address or contact information,
please complete and submit the Request to Change company/Individual Information to the address indicated on the form.

1. Requester*
Company Name: Quinebaug Solar, LLC
Contact Name: Matthew Singer
Address: 700 Universe Blvd
City/Town: Juno Beach

State: FL

Business Phone: 561-694-3789

ext.

Zip Code: 33409

**E-mail: Matthew.Singer@nexteraenergy.com
**By providing this email address you are agreeing to receive official correspondence from the department, at
this electronic address, concerning this request. Please remember to check your security settings to be sure you
can receive emails from “ct.gov” addresses. Also, please notify the department if your e-mail address changes
a) Requester can best be described as:
Individual

Federal Agency

State agency

Municipality

Tribal

*business entity (* if a business entity complete i through iii):
i)

Check type

corporation

limited liability company

limited liability partnership

statutory trust

limited partnership
Other:

ii) Provide Secretary of the State Business ID #: 1193318 This information can be accessed at the
Secretary of the State’s database (CONCORD). (www.concord-sots.ct.gov/CONCORD/index.jsp)
iii)

Check here if your business is NOT registered with the Secretary of State’s office.

b) Acting as (Affiliation), pick one:
Property owner

Consultant

Engineer

Biologist

Pesticide Applicator

Facility owner

Applicant

Other representative:

2. List Primary Contact to receive Natural Diversity Data Base correspondence and inquiries, if
different from requester.
Company Name: Tetra Tech, Inc.
Contact Person: Katelin Nickerson

Title: Environmental Consultant

Mailing Address: 451 Presumpscot St.
City/Town: Portland

State: ME

Business Phone: 207-358-2396

ext.

Zip Code: 04103

**E-mail: Katelin.Nickerson@tetratech.com

DEEP-REQ-APP-007
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Part III: Site Information
This request can only be completed for one site. A separate request must be filed for each additional site.
1. SITE NAME AND LOCATION
Site Name or Project Name: Quinebaug Solar Project
Town(s): Brooklyn and Canterbury, Windham County, CT
Street Address or Location Description:
Rukstella Road, Brooklyn, CT
Size in acres, or site dimensions: 516
Latitude and longitude of the center of the site in decimal degrees (e.g., 41.23456 -71.68574):
Latitude: 41.748829° N

Longitude: -71.940803° W

Method of coordinate determination (check one):
GPS

Photo interpolation using CTECO map viewer

Other (specify):

2a. Describe the current land use and land cover of the site.
Current land use is primarily forest, but also includes agricultural and gravel extraction
operations. A recreational field is located on the southwest side of the site. There is evidence of
recent and past gravel extraction activities in the center and northwest side of the site. Portions of
the site that are currently forested show evidence of past use as both farmland and pasture, and
are fragmented due to presence of roads, fields, and residences. Areas observed during site visits
showed crop production of corn, hay and soybeans. The site occurs in a mixed rural and
suburban part of the towns of Brooklyn and Canterbury, Connecticut, with residential homes
occurring generally to the east and south.
b. Check all that apply and enter the size in acres or % of area in the space after each checked category.
Industrial/Commercial 10%

Residential

Forest 39%

Wetland 14%

Field/grassland 2

Agricultural 34%

Water

Utility Right-of-way

Transportation Right-of-way

Other (specify): Road 1%

Part IV: Project Information
1. PROJECT TYPE:
Choose Project Type: Other , If other describe: Utility Scale Solar PV Project

DEEP-REQ-APP-007
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2. Is the subject activity limited to the maintenance, repair, or improvement of an existing structure within the
existing footprint?
Yes
No
If yes, explain.

DEEP-APP-007
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Part IV: Project Information (continued)
3. Give a detailed description of the activity which is the subject of this request and describe the methods and
equipment that will be used. Include a description of steps that will be taken to minimize impacts to any
known listed species.
This NDDB review request is associated with an approximately 50 MW utility-scale solar project proposed by
NextEra Energy in Brooklyn and Canterbury, CT. The project will consist of ground-mounted solar panels,
gravel access roads, inverters, and associated electrical lines. Panels will be mounted on racks supported by
posts, posts will be pile driven into the ground to minimize the use of concrete foundations. Inverters will be
skid mounted and the majority of collector lines will be buried. The power will be carried from the project area
to a point of interconnection at an existing 115 kV transmission line which crosses the project area, thereby
reducing the need to cosntruct a long generation tie-line for the project. Additional information about the
proposed activities and impact minimization strategies is provided in the attached Environmental Site
Conditions Report and Avoidance and Mitigation Plan.

4. If this is a renewal or extension of an existing Safe Harbor request with modifications, explain what about
the project has changed.
N/A

5. Provide a contact for questions about the project details if different from Part II primary contact.
Name:
Phone:
E-mail:

DEEP-REQ-APP-007
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Part V: Request Requirements and Associated Application Types
Check one box from either Group 1, Group 2 or Group 3, indicating the appropriate category for this request.
Group 1. If you check one of these boxes, complete Parts I – VII of this form and submit the required
attachments A and B.
Preliminary screening was negative but an NDDB review is still requested
Request regards a municipally regulated or unregulated activity (no state permit/certificate needed)
Request regards a preliminary site assessment or project feasibility study
Request relates to land acquisition or protection
Request is associated with a renewal of an existing permit, with no modifications
Group 2. If you check one of these boxes, complete Parts I – VII of this form and submit required attachments

A, B, and C.

Request is associated with a new state or federal permit application
Request is associated with modification of an existing permit
Request is associated with a permit enforcement action
Request regards site management or planning, requiring detailed species recommendations
Request regards a state funded project, state agency activity, or CEPA request
Group 3. If you are requesting a Safe Harbor Determination, complete Parts I-VII and submit required
attachments A, B, and D. Safe Harbor determinations can only be requested if you are applying for a GP for
the Discharge of Stormwater and Dewatering Wastewaters from Construction Activities
If you are filing this request as part of a state or federal permit application(s) enter the application information
below.
Permitting Agency and Application Name(s):
Connecticut Siting Council
State DEEP Application Number(s), if known:
State DEEP Enforcement Action Number, if known:
State DEEP Permit Analyst(s)/Engineer(s), if known:
Is this request related to a previously submitted NDDB request?

Yes

No

If yes, provide the previous NDDB Determination Number(s), if known: 201904603

DEEP-REQ-APP-007
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Part VI: Supporting Documents
Check each attachment submitted as verification that all applicable attachments have been supplied with this
request form. Label each attachment as indicated in this part (e.g., Attachment A, etc.) and be sure to include the
requester’s name, site name and the date. Please note that Attachments A and B are required for all new
requests and Safe Harbor renewals/extensions with modifications. Renewals/Extensions with no
modifications do not need to submit any attachments. Attachments C and D are supplied at the end of this form.
Attachment A:

Attachment B:

Attachment C:

Attachment D:

Overview Map: an 8 1/2” X 11” print/copy of the relevant portion of a USGS
Topographic Quadrangle Map clearly indicating the exact location of the site.
Detailed Site Map: fine scaled map showing site boundary and area of work details
on aerial imagery with relevant landmarks labeled. (Site and work boundaries in GIS
[ESRI ArcView shapefile, in NAD83, State Plane, feet] format can be substituted for
detailed maps, see instruction document)
Supplemental Information, Group 2 requirement (attached, DEEP-APP-007C)
Section i:

Supplemental Site Information and supporting documents

Section ii:

Supplemental Project Information and supporting documents

Safe Harbor Report Requirements, Group 3 (attached, DEEP-APP-007D)

Part VII: Requester Certification
The requester and the individual(s) responsible for actually preparing the request must sign this part. A request will
be considered incomplete unless all required signatures are provided.
“I have personally examined and am familiar with the information submitted in this document and all
attachments thereto, and I certify that based on reasonable investigation, including my inquiry of the
individuals responsible for obtaining the information, the submitted information is true, accurate and complete
to the best of my knowledge and belief.”

Signature of Requester (a typed name will substitute for
a handwritten signature)

04/22/19
Date

Matthew Singer
Name of Requester (print or type)

Project Manager
Title (if applicable)

Signature of Preparer (if different than above)

04/22/19
Date

Katelin Nickerson
Name of Preparer (print or type)

Environmental Consultant
Title (if applicable)

Note:

Please submit the completed Request Form and all Supporting Documents to:
CENTRAL PERMIT PROCESSING UNIT
DEPARTMENT OF ENERGY & ENVIRONMENTAL PROTECTION
79 ELM STREET
HARTFORD, CT 06106-5127
Or email request to: deep.nddbrequest@ct.gov

DEEP-REQ-APP-007
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Attachment C: Supplemental Information, Group 2 requirement
Section i: Supplemental Site Information
1. Existing Conditions
Describe all natural and man-made features including wetlands, watercourses, fish and wildlife habitat,
floodplains and any existing structures potentially affected by the subject activity. Such features should be
depicted and labeled on the site plan that must be submitted. Photographs of current site conditions may
be helpful to reviewers.
See Attached Environmental Site Conditions Report

Site Photographs (optional) attached
Site Plan/sketch of existing conditions attached
2. Biological Surveys
Has a biologist visited the site and conducted a biological survey to determine the presence of any
endangered, threatened or special concern species
Yes
No
If yes, complete the following questions and submit any reports of biological surveys, documentation of the
biologist’s qualifications, and any NDDB survey forms.
Biologist(s) name: Kevin Ryan
Habitat and/or species targeted by survey: Eastern Spadefoot Toad
Dates when surveys were conducted: Summer 2018
Reports of biological surveys attached
Documentation of biologist’s qualifications attached
NDDB Survey forms for any listed species observations attached

Section ii: Supplemental Project Information
1. Provide a schedule for all phases of the project including the year, the month and/or season that the
proposed activity will be initiated and the duration of the activity.
Winter tree clearing 2020-2021.
Grading/earthwork/construction Spring-Fall 2021.
2. Describe and quantify the proposed changes to existing conditions and describe any on-site or off-site
impacts. In addition, provide an annotated site plan detailing the areas of impact and proposed changes to
existing conditions.
The attached Avoidance and Mitigation plan contains a figure that shows the maximum possible limit of
work, this area includes approximately 73 acres of claring. The final condition of the site will be established
as meadow where solar panels are located.

Annotated Site Plan attached

DEEP-APP-007C
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Attachment D: Safe Harbor Report Requirements
Submit a report, as Attachment D, that synthesizes and analyzes the information listed below. Those
providing synthesis and analysis need appropriate qualifications and experience. A request for a safe harbor
determination shall include:
1. Habitat Description and Map(s), including GIS mapping overlays, of a scale appropriate for the
site, identifying:
•

wetlands, including wetland cover types;

•

plant community types;

•

topography;

•

soils;

•

bedrock geology;

•

floodplains, if any;

•

land use history; and

•

water quality classifications/criteria.

2. Photographs - The report should include photographs of the site taken from the ground and also all
reasonably available aerial or satellite photographs and an analysis of such photographs.
3. Inspection - A visual inspection(s) of the site should be conducted, preferably when the ground is visible,
and described in the report. This inspection can be helpful in confirming or further evaluating the items
noted above.
4. Biological Surveys - The report should include all biological surveys of the site where construction
activity will take place that are reasonably available to a registrant. A registrant shall notify the
Department’s Wildlife Division of biological studies of the site where construction activity will take place
that a registrant is aware of but are not reasonably available to the registrant.
5. Based on items #1 through 4 above, the report shall include a Natural Resources Inventory of the
site of the construction activity. This inventory should also include a review of reasonably available
scientific literature and any recommendations for minimizing adverse impacts from the proposed
construction activity on listed species or their associated habitat.
6. In addition, to the extent the following is available at the time a safe harbor determination is
requested, a request for a safe harbor determination shall include and assess:
•

Information on Site Disturbance Estimates/Site Alteration information

•

Vehicular Use

•

Construction Activity Phasing Schedules, if any; and

•

Alteration of Drainage Patterns

DEEP-APP-007D
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PROPRIETARY NOTICE
This submission represents Tetra Tech’s integrated approach to business. The information contained herein is confidential, commercial information proprietary to Tetra Tech, Inc. The contents of this submission shall not be
disclosed in whole, or in part, for any purposes other than to evaluate Tetra Tech’s qualifications to provide the referenced services.

Tetra Tech, Inc.
451 Presumpscot Street, Portland, ME 04103
Tel 207-358-2400 Fax 207-879-9481 www.tetratech.com

Attachment B
Quinebaug Solar Project
NDDB Vertebrate Observation Forms

PROPRIETARY NOTICE
This submission represents Tetra Tech’s integrated approach to business. The information contained herein is confidential, commercial information proprietary to Tetra Tech,
Inc. The contents of this submission shall not be disclosed in whole, or in part, for any purposes other than to evaluate Tetra Tech’s qualifications to provide the referenced
services.

Tetra Tech, Inc.
451 Presumpscot Street, Portland, ME 04103
Tel 207-358-2400 Fax 207-879-9481 www.tetratech.com

Natural Diversity Database
Special Animal Survey Form
This form is to be used to report a personal field sighting of an Endangered, Threatened, or Special Concern animal
species tracked by the CT Natural Diversity Database (www.ct.gov/deep/endangeredspecies). Please provide a map
indicating where the animal was observed and a photograph to confirm the identification of the animal. Only
verifiable reports will be added to the database. For migratory species, breeding locations or concentration area
records are preferred.

Species Name :
Date of Observation
Name of Observer (s):
Affiliation:
Address:
Telephone:

Eastern spadefoot toad (Scaphiopus holbrookii)
6/24/18, 6/28/18, and
(month/day/year):
Time of Observation:
9/4/18
Kevin Ryan
FB Environmental
97A Exchange St., Suite 305, Portland, ME 04101
E-mail Address:
(207) 221-6699

Night

kevinr@fbenvironmental.com

Location Information: In addition to the information below, please attach a map indicating the precise
location where the species was observed. Be sure to include and label other landmarks to aid in identifying
the site location. There is space below to draw a detailed sketch of the site.
Town:

Brooklyn and Canterbury, CT

Site Name:

Quinebaug Solar

Approx. Acres of
Potential Habitat:

Directions to Site: Include parking options and best site access points.
Site access road is off of Wauregan Road in Canterbury, 1.2 miles SW (via road) from the intersection of Wauregan
Road (Maynard Road) and Route 205
Coordinates (Optional) WGS84, Decimal Degrees
(Using CTECO Simple Map Viewer, Search for site and zoom to a scale where desired features are clearly visible,
use +XY tool and click on site to get coordinates)
Lat: N see below
Source of Coords (GPS
or other map source):

Long: W
see below
Garmin GPSMap76cX. See attached map: Location A 41.742771, -71.933588, Location B
41.74287, -71.933597, Location C 41.746393, -71.938564

Property Ownership: If known, please provide landowner name, address, and phone number.
River Junction Estates, LLC 204 Munyan Road, Putnam, CT 06260

Detailed Site Sketch:

Population Information:
Number of Individuals Observed/Estimated:
Include sex and age class if known

3 adult females

Has this species been observed on site previously?

unknown

Nature of Observation:
Capture*/Release+

Sight

Specimen Collected+

Dead

Repository:

Photograph Taken

Other (Specify)

Tracked via radio-telemetry

*Method of Capture (net, pit-fall trap, hand collected, dip net/seine, trap, etc.): Visual encounter surveys
+DEEP Scientific Collection Permit is needed for capture, marking, salvage, release or disturbance of
animals.

Biology/Behavior:
Evidence of Reproduction:

No breeding congresses observed on site.

Feeding

n/a

Other Behavior

n/a

Habitat/Site Description: (topography, plant communities, associated species, current land use)
Dirt road (site access road), southern edge of a gravel extraction area (see attached Figure and
photos)
Disturbance and Threats: (describe any potential threats to the population or habitat)
Gravel extraction operations
Conservation/Management Needs:
See attached Environmental Site Conditions Report and Avoidance & Mitigation Plan for the
Quinebaug Solar Project.
Please send the completed form to: CT Department of Energy & Environmental Protection, Natural
Diversity Database-Wildlife Division, 79 Elm Street, 6th Floor, Hartford, CT 06106. Or email:
deep.nddbrequest@ct.gov
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Figure 1. Quinebaug Solar site map showing locations of captured eastern spadefoot toads,
Brooklyn and Canterbury, Connecticut.

Photo 1. The adult female eastern spadefoot (Scaphiopus
holbrookii) captured on June 24.

Photo 2. The eastern spadefoot captured in the gravel extraction area shortly
after being released at night on September 10.

Natural Diversity Database
Special Animal Survey Form
This form is to be used to report a personal field sighting of an Endangered, Threatened, or Special Concern animal
species tracked by the CT Natural Diversity Database (www.ct.gov/deep/endangeredspecies). Please provide a map
indicating where the animal was observed and a photograph to confirm the identification of the animal. Only
verifiable reports will be added to the database. For migratory species, breeding locations or concentration area
records are preferred.

Species Name :
Date of Observation
Name of Observer (s):
Affiliation:
Address:
Telephone:

Spotted turtle (Clemmys guttata)
(month/day/year): 5/8/18
Kevin Ryan
FB Environmental

Time of Observation:

97A Exchange St., Suite 305, Portland, ME 04101
E-mail
(207) 221-6699
Address:

11:00am

kevinr@fbenvironmental.com

Location Information: In addition to the information below, please attach a map indicating the precise
location where the species was observed. Be sure to include and label other landmarks to aid in identifying
the site location. There is space below to draw a detailed sketch of the site.
Town:

Brooklyn, CT

Site Name:

Quinebaug Solar

Approx. Acres of
Potential Habitat:

Directions to Site: Include parking options and best site access points.
Site access road is off of Wauregan Road in Canterbury, 1.2 miles SW (via road) from the intersection of Wauregan
Road (Maynard Road) and Route 205
Coordinates (Optional) WGS84, Decimal Degrees
(Using CTECO Simple Map Viewer, Search for site and zoom to a scale where desired features are clearly visible,
use +XY tool and click on site to get coordinates)
Lat: N 41.75215
Source of Coords (GPS
or other map source):

Long: W

-71.940066

Garmin GPSMap76cX

Property Ownership: If known, please provide landowner name, address, and phone number.
River Junction Estates, LLC 204 Munyan Road, Putnam, CT 06260

Detailed Site Sketch:

Population Information:
Number of Individuals Observed/Estimated:
Include sex and age class if known

1 adult

Has this species been observed on site previously?

unknown

Nature of Observation:
Capture*/Release+

Sight

Specimen Collected+

Dead

Repository:

Photograph Taken

Other (Specify)

*Method of Capture (net, pit-fall trap, hand collected, dip net/seine, trap, etc.):
+DEEP Scientific Collection Permit is needed for capture, marking, salvage, release or disturbance of
animals.

Biology/Behavior:
Evidence of Reproduction:

-

Feeding

-

Other Behavior

Basking

Habitat/Site Description: (topography, plant communities, associated species, current land use)
Vernal Pool 6 (see attached Figure and Photo for location and photo of pool, respectively). Vernal
Pool 6 is a small pool that lies at the base of a slope leading down from Rukstela Road. Water depth
in the pool was observed to range from 1 to 3 feet with a mineral soil substrate. The pool is
hydrologically isolated and has no permanent inlets or outlets.
The spotted turtle was observed basking on a floating piece of debris.
Disturbance and Threats: (describe any potential threats to the population or habitat)
Agricultural practices and vehicle traffic on Rukstela Road located adjacent to pool.
Conservation/Management Needs:
See attached Environmental Site Conditions Report and Avoidance & Mitigation Plan for the
Quinebaug Solar Project.
Please send the completed form to: CT Department of Energy & Environmental Protection, Natural
Diversity Database-Wildlife Division, 79 Elm Street, 6th Floor, Hartford, CT 06106. Or email:
deep.nddbrequest@ct.gov
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Figure 1. Quinebaug Solar Study Area, Brooklyn and Canterbury, Connecticut. Vernal Pool 6
identifies the location where spotted turtle was observed in May 2018.

Photo 1. Vernal Pool Six is situated in-between a dirt road and an active
agricultural field. A spotted turtle was observed using this pool. Photograph
taken May 7, 2018.

Attachment C
Quinebaug Solar Project
Environmental Site Conditions Report

PROPRIETARY NOTICE
This submission represents Tetra Tech’s integrated approach to business. The information contained herein is confidential, commercial information proprietary to Tetra Tech,
Inc. The contents of this submission shall not be disclosed in whole, or in part, for any purposes other than to evaluate Tetra Tech’s qualifications to provide the referenced
services.

Tetra Tech, Inc.
451 Presumpscot Street, Portland, ME 04103
Tel 207-358-2400 Fax 207-879-9481 www.tetratech.com

Environmental Site Conditions Report

Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

Prepared for:
Quinebaug Solar, LLC
700 Universe Blvd
Juno Beach, FL 33408

April 2019

Quinebaug Solar, LLC

Environmental Site Conditions Report

This page intentionally left blank.

April 2019

Quinebaug Solar, LLC

Environmental Site Conditions Report

EXECUTIVE SUMMARY
Quinebaug Solar, LLC (Quinebaug Solar), an affiliate of NextEra Energy Resources, LLC, is proposing to
construct the approximately 50-megawatt Quinebaug Solar Project (Project) in Brooklyn and Canterbury,
Connecticut; with electrical grid interconnection on site. The Project has been under development since
2016 and the site has been evaluated over multiple years in all seasons. This Revised Environmental Site
Conditions Report replaces the original report developed for the Project in 2017 and includes the results
of additional field investigations and avoidance and mitigation measures to be employed during Project
construction and operation. Following the Natural Diversity Database (NDDB) Program review of this
report, Quinebaug Solar requests a final determination that the Project is taking appropriate measures to
protect the local natural resources to the greatest extent practicable.
This report outlines the baseline environmental conditions at the Project site (Study Area) and addresses
known, or potential occurrence of particular species or critical habitats identified in early database
requests submitted to Connecticut Department of Energy & Environmental Protection (DEEP) NDDB
Program. Included in this document and supporting appendices are the cumulative results of all field
studies and database reviews conducted for the Project to date. These assessments and reviews were
conducted to meet the standards of expected environmental due diligence and to address permitting
requirements of the DEEP and the Connecticut Siting Council (CSC). The previous version of this report
was provided to the NDDB Program in June 2017 as part of the Project’s Petition application submittal to
the CSC. This document has been updated to address comments received from the CSC on the original
Project Petition, as well as feedback from DEEP and NDDB Program representatives at an in-person
meeting held on March 27, 2019. Results of additional environmental surveys that have been completed
since 2017 also are included.
This document also reflects minor changes to the Study Area to reflect the boundary that is inclusive of
all of the environmental survey work completed for the Project to date. The prior Study Area encompassed
approximately 451 acres in 2017, whereas the current Study Area encompasses approximately 516 acres.
The current and larger Study Area, which is described herein, reflects changes to the development
footprint to optimize the site and to avoid sensitive resources and areas with steeper slopes, and to
accommodate landowner requests.
Environmental field studies and reviews completed for this Project include:
•
•
•
•
•
•

wetland and watercourse delineations (2016, 2018, and 2019);
general herpetological survey (spring and summer, 2018);
Eastern spadefoot toad (Scaphiopus holbrookii) survey and monitoring (summer 2018);
vernal pool surveys (spring 2016 and 2018);
request for NDDB State-Listed Species Review (August 2016) (NDDB Preliminary Assessment No.:
201610447); and
Northern long-eared bat (Myotis septentrionalis) presence/absence survey (July 2016).

Desktop investigations and agency database reviews has included, but is not limited to, review of DEEP
and NDDB Program reviews, U.S. Fish and Wildlife Service National Wetlands Inventory and Information
for Planning and Consultation databases and U.S. Department of Agriculture Natural Resources
Conservation Service and U.S. Geological Survey soils, geology, and hydrology information.
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The wetland and watercourse delineation identified forested, emergent, and wetlands containing a mix
of cover types (emergent/forested/scrub-shrub). This survey also identified several watercourses present
within the Study Area. Vernal pools also were identified within the Study Area and surveyed in 2016 and
in 2018. Northern long-eared bat was not detected during the acoustic bat survey completed in 2016. The
general herpetological inventory was focused on detection of pure-diploid blue-spotted salamander
(Ambystoma laterale). Results for the 2018 survey identified 13 amphibian and four reptile species within
the Study Area, however, presence of pure-diploid blue-spotted salamander was not recorded. A
Connecticut species of special concern, spotted turtle (Clemmys guttata), was observed in the northern
part of the Study Area. Eastern spadefoot toad surveys completed in 2018 identified the presence of this
species in the Study Area and included the radio-tagging and tracking of three individuals. Complete
results of all field studies (provided in Appendix C) and database searches are summarized in this report,
along with an analysis of the potential impacts and avoidance measures that can be employed to avoid
risk to species and natural resources from Project development.
All areas that are proposed for potential development have been considered in the desktop analysis and
subsequent field studies. Results of the completed wildlife and natural resource surveys are being used
to inform the Project design to avoid and minimize natural resource impacts to the greatest extent
practicable. Improvements to previous design layouts for this project include increased buffers around
wetlands and water resources. An approximately 38-acre area containing a concentration of
herpetological activity and high value vernal pool habitat will be excluded from the potential development
footprint entirely. This herpetofauna protection area is located on the western side of the Study Area and
will preserve connection between this productive habitat and the larger floodplain ecosystems of
Blackwell Brook and Cold Spring Brook.
The updated Project design has been refined to avoid and reduce impacts to natural resources and
incorporate agency and community feedback. The implementation of a robust sediment and erosion
control plan, along with careful design, avoids direct impacts to natural resources. Other measures include
following seasonal clearing restrictions for northern long-eared bat and other migratory species, and
installation of exclusion fencing during the construction phase of the Project. Mitigation strategies to be
employed include construction-phase environmental monitoring, on-site environmental training for
contractors, and minimizing soil disturbance. An important component of mitigation proposed for
protection of wildlife is the Herpetofauna Avoidance and Mitigation Plan that has been developed for the
Project. The mitigation measures identified for the construction phase of the Project are described in this
document and detailed in the Herpetofauna Avoidance and Mitigation Plan that is included in Appendix
E.
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Information for Planning and Consultation
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Natural Diversity Database

NLEB
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Project

the Quinebaug Solar Energy Project in Brooklyn and Canterbury, Connecticut
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Study Area
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INTRODUCTION

Quinebaug Solar, LLC (Quinebaug Solar), an affiliate of NextEra Energy Resources, LLC, is proposing to
construct the Quinebaug Solar energy project in Brooklyn and Canterbury, Connecticut (Project). This
Environmental Site Conditions report outlines the baseline environmental conditions at the Project site
(Study Area) and addresses potential occurrence of particular species or critical habitats identified in early
database requests submitted to Connecticut Department of Energy & Environmental Protection (DEEP)
Natural Diversity Database (NDDB) Program. It includes a comprehensive summary of the overall
condition of the Project site and provides cumulative results of all field studies and database reviews
conducted for the Project to date. These assessments and reviews were conducted to meet the standards
of expected environmental due diligence and to address permitting requirements of the DEEP and the
Connecticut Siting Council (CSC). A previous version of this report was provided to the NDDB Program in
June 2017 as part of the Project’s Petition application submittal to the CSC. This document has been
updated to address comments received from the CSC on the original Project Petition, including comments
received from DEEP and the NDDB Program representatives at an in-person meeting held on March 27,
2019. Results of additional environmental surveys that have been completed for the Project also are
included.
Over the course of the three-year Project development process, slight changes have been made to the
Study Area and potential development footprint that was included in the Project’s Petition application
package provided to the CSC in June 2017. This document reflects minor changes to the Study Area to
reflect the boundary that is inclusive of all of the environmental survey work completed for the Project to
date. The prior Study Area encompassed approximately 451 acres in 2017, whereas the current Study
Area encompasses approximately 516 acres. The current and larger Study Area, which is described herein,
reflects changes to the development footprint to optimize the site and to avoid sensitive resources and
areas with steeper slopes, and to accommodate landowner requests. All areas that are proposed for
development have been accounted for in the desktop analysis and subsequent field studies. These small
variations in the Study Area are reflected in the figures included in Appendix A.
This Environmental Site Conditions Report is intended to provide DEEP and the NDDB Program with the
information required to issue a concurrence letter regarding the methods and results of field surveys
completed for the Project, and a determination that adequate efforts have been made for the protection
of the environment. The results of natural resource surveys completed between 2016 and 2019 are
included herein, along with an analysis of the NDDB Preliminary Assessment (No. 201610447) completed
for the Project.
Natural and physical resources described in the succeeding sections of this report include: regional
ecology, current land use, and botanical resources; water resources; wildlife resources, including plant
and wildlife species that are state and federally listed as endangered and threatened, and state species of
special concern known or having the potential to occur; and geological resources and soils. An assessment
of potential impacts to these resources is provided throughout the document and summarized in
Section 6. Figures for this report are provided in Appendix A, representative photographs of the Study
Area are provided in Appendix B, and individual technical reports completed for the Project are provided
in Appendix C. The database review report and correspondence received for the NDDB Preliminary
Assessment are provided in Appendix D. Appendix E includes a copy of the draft Herpetofauna Avoidance
and Mitigation Plan that has been prepared based on the comprehensive vernal pool and herpetofauna

1

April 2019

Quinebaug Solar, LLC

Environmental Site Conditions Report

surveys, in addition to the eastern spadefoot toad (Scaphiopus holbrookii) surveys and monitoring
completed in 2018. Resumes for key field staff involved with the environmental field studies are provided
in Appendix F.

1.1

Project Setting

The Study Area is in the Towns of Brooklyn and Canterbury, Windham County, Connecticut, located to the
west of Interstate 395, between Routes 169 and 205. The Study Area is intersected by Wauregan Road,
on the south end of the site and Rukstela Road to the north. An existing Eversource transmission right-ofway runs along the southeastern boundary of the Study Area. The Quinebaug River is located east and
south of the site, and at its closest point is located approximately 375 feet south of the Study Area. The
figures provided in Appendix A provide an overview of the Study Area.
The Study Area consists of a mix of existing agricultural fields, forest, an athletic field and associated
parking lots, scrub areas, wetlands and vernal pools, watercourses, multiple roads, and gravel extraction
areas. Undisturbed portions of the site are characterized as second growth hardwood and mixed upland
forest, as well as forested, emergent, and wetlands containing a mix of cover types
(emergent/forested/scrub-shrub/palustrine unconsolidated bottom). Agricultural fields observed during
field surveys completed in 2016–2018 showed crop production of corn, hay and soybeans. Although the
site shows evidence of recent and past gravel extraction activities, current gravel extraction on the site is
inactive.
The proposed Project facilities and the limits of construction activity (Development Area) are located
entirely within the Study Area. Development Area activities proposed include, but are not limited to,
vegetation clearing, grubbing, and minor excavation for installation of roads and electrical infrastructure,
perimeter fencing, and solar panels. The environmental field studies described in this report have been
used to inform the siting and design of the Project to avoid and minimize undue negative environmental
impacts.

2

ENVIRONMENTAL CONDITIONS

Prior to conducting field surveys, biologists reviewed publicly available data, including U.S. Geological
Survey (USGS) current and historical aerials; U.S. Department of Agriculture Natural Resources
Conservation Service (USDA NRCS) soils information; United States Fish and Wildlife Service (USFWS)
National Wetlands Inventory and Information for Planning and Consultation (IPaC) Tool; USGS National
Hydrography Dataset; and the DEEP NDDB. A copy of the USFWS IPaC database review reports and the
results of the NDDB Preliminary Assessment are provided in Appendix D.
Following initial research, targeted field surveys were conducted to identify any regulated natural
resources or habitats on the site that are not identified in the available public literature and databases.
Results from these field surveys have been used to inform the design and development of the Project, to
identify sensitive resources within the Study Area, and to fulfill the anticipated regulatory requirements
of the Project. The following studies have been completed for the Project to date:
•
•
•

wetland and watercourse delineations – 2016 and 2018;
general herpetological survey – spring and summer, 2018;
eastern spadefoot toad (Scaphiopus holbrookii) survey and monitoring – summer 2018;
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vernal pool surveys – spring 2016 and 2018; and
northern long-eared bat (NLEB) (Myotis septentrionalis) presence/absence survey – July 2016.

Environmental surveys were conducted by qualified field biologists, in accordance with local, state, and
federal regulatory guidelines. Resumes for key field staff that have been involved in the Project are
included in Appendix F. Results of these surveys are described below, and full technical reports are
included in Appendix C.

2.1

Ecoregion

An understanding of the regional ecology of the Study Area provides a framework to evaluate natural
resources on the Project site. The Study Area is located within the Northeastern Coastal Zone Ecoregion
III and Southern New England Coastal Plains and Hills Ecoregion IV (Griffith et al. 2009).
Northeastern Coastal Zone Ecoregion
The Northeastern Coastal Zone Ecoregion is one of five level III ecoregions in New England and includes
most of southern New England. This ecoregion is characterized by irregular topography with plains and
hills. Appalachian oak forest and northeastern oak-pine forest communities are typical in this ecoregion.
Soils are mostly mesic Inceptisols and are generally nutrient-poor. Land use within this ecoregion is
comprised of forests, woodlands, urban and suburban development, and a small amount of pasture and
farmland (Griffith et al. 2009).
Southern New England Coastal Plains and Hills Ecoregion
The Study Area is located within the Southern New England Coastal Plains and Hills Ecoregion (Level IV),
which is a subset of the Northern Coastal Zone Ecoregion. Landforms are irregular plains with low hills
and some open high hills with elevations of 100–400 feet (Griffith et al. 2009). Bedrock is primarily granite,
schist, and gneiss. Surface material is mostly glacial till, with some stratified deposits in valleys (Griffith et
al. 2009). Common soil types include coarse-loamy and sandy, mesic Inceptisols and some Entisols. Forests
in this ecoregion were historically dominated by oaks (Quercus spp.), hickories (Carya spp.), other
hardwoods, with some eastern hemlock (Tsuga canadensis) and eastern white pine (Pinus strobus);
however, most of these forests have been cleared. Currently a variety of dry to mesic successional oak
and oak-pine forests are dominant, along with some elm (Ulmus spp.), ash (Fraxinus spp.), and red maple
(Acer rubrum) occurring in forested wetlands (Griffith et al. 2009). There is a prevalence of invasive species
in this ecoregion.

2.2

Land Use

Current land use in the Study Area is primarily forest, but also includes agricultural and gravel extraction
operations. A recreational field is located on the southwest side of the Project site. There is evidence of
recent and past gravel extraction activities in the center and northwest side of the site. Although gravel
extraction is currently inactive on the Project site, ongoing gravel extraction is occurring within the Study
Area northwest of the proposed location of the Project substation. The 1,218-acre Quinebaug Wildlife
Management Area is located approximately 1,000 feet southwest of the Study Area (DEEP 2018a).
Quinebaug Lake State Park is located approximately 1.7 miles northeast of the Study Area (DEEP 2018b).
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Portions of the site that are currently forested show evidence of past use as both farmland and pasture,
and are fragmented due to presence of roads, fields, and residences. Areas observed during site visits
completed from 2016 to 2018 showed crop production of corn, hay and soybeans. The site occurs in a
mixed rural and suburban part of the Towns of Brooklyn and Canterbury, with residential homes occurring
generally east and south of the Study Area.

2.3

Botanical Resources

As described above, the Study Area is located on active farmland and also contains mixed forest and
second growth hardwood forest. Forested areas are fragmented, and all show evidence of disturbance
and alteration, including historical timber harvesting and past agricultural use. Due to these past
disturbances, there is a high density and colonization of invasive plant species within the successional
forest areas, including locations of Morrow’s honeysuckle (Lonicera morrowii), multiflora rose (Rosa
multiflora), purple loosestrife (Lythrum salicaria), mile-a-minute vine (Polygonum perfoliatum), Japanese
knotweed (Polygonum cuspidatum), Japanese barberry (Berberis thunbergii), Russian olive (Elaeagnus
angustifolia), garlic mustard (Alliaria petiolata), border privet (Ligustrum obtusifolium), and burning bush
(Euonymus alatus). Although considered native species, the forested areas also have a prevalence of
poison ivy (Toxicodendron radicans) and fox grape (Vitis labrusca) which have a tendency to spread
aggressively, potentially overtaking other native vegetation. A list of plant species observed within the
Study Area during field surveys is provided in Table 1.
Table 1.

Common Plants Observed Within the Study Area.

Common Name
American beech
American elm
American hornbeam
American sycamore
Black cherry
Black gum
Black oak
Eastern hemlock
Eastern white oak
Eastern white pine
Hickory
Northern red oak
Red maple
Sugar maple
Swamp white oak
Sweet birch
White ash

Scientific Name
Tree Species
Fagus grandifolia
Ulmus americana
Carpinus caroliniana
Platanus occidentalis
Prunus serotina
Nyssa sylvatica
Quercus velutina
Tsuga canadensis
Quercus alba
Pinus strobus
Carya spp.
Quercus rubra
Acer rubrum
Acer saccharum
Quercus bicolor
Betula lenta
Fraxinus americana

Yellow birch
American hornbeam
Asian bittersweet*
Black huckleberry

Betula alleghaniensis
Shrub and Sapling Species
Carpinus caroliniana
Celastrus orbiculatus
Gaylussacia baccata
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Common Name

Scientific Name

Border privet*
Bristle dewberry
Burning bush*
Common buttonbush
Eastern white oak
Highbush blueberry
Japanese barberry*
Japanese honeysuckle*
Japanese knotweed*
Northern spicebush
Maple-leaved viburnum
Mile-a-minute vine*
Morrow's honeysuckle*
Multiflora rose*
Russian olive*
Winterberry
Yellow birch
American false hellebore
Canada goldenrod
Canada-mayflower
Christmas fern
Cinnamon fern
Corn
Eastern spicy-wintergreen
Evergreen wood fern
Fox grape
Garlic mustard*
Jack-in-the-pulpit
Jewelweed
Northern red oak
Partridge-berry
Poison ivy
Purple avens
Purple loosestrife*
Red maple
Rice cutgrass
Sedge
Sensitive fern
Stinging nettle
Skunk cabbage
Virginia creeper
Water smartweed
Woolgrass

Ligustrum obtusifolium
Rubus hispidus
Euonymus alatus
Cephalanthus occidentalis
Quercus alba
Vaccinium corymbosum
Berberis thunbergii
Lonicera japonica
Polygonum cuspidatum
Lindera benzoin
Viburnum acerifolium
Polygonum perfoliatum
Lonicera morrowii
Rosa multiflora
Elaeagnus angustifolia
Ilex verticillata
Betula alleghaniensis
Herbaceous Plant Species
Veratrum viride
Solidago canadensis
Maianthemum canadense
Polystichum acrostichoides
Osmundastrum cinnamomeum
Zea mays
Gaultheria procumbens
Dryopteris intermedia
Vitis labrusca
Alliaria petiolata
Arisaema triphyllum
Impatiens capensis
Quercus rubra
Mitchella repens
Toxicodendron radicans
Geum rivale
Lythrum salicaria
Acer rubrum
Leersia oryzoides
Carex spp.
Onoclea sensibilis
Urtica dioica
Symplocarpus foetidus
Parthenocissus quinquefolia
Persicaria amphibia
Scirpus cyperinus

*Invasive species - University of Connecticut 2018.

5

April 2019

Quinebaug Solar, LLC

3

Environmental Site Conditions Report

WATER RESOURCES

The Study Area is located within the Quinebaug Watershed (United States Environmental Protection
Agency 2017); the Quinebaug River is located approximately 0.5 mile east of the Study Area. The Study
areas is located within the Cold Spring Brook and Blackwell Brook watersheds, and both streams generally
flow south along the Study Area’s western boundary. These watercourses are associated with narrow
floodplain wetlands that were identified during field surveys. Formal wetland and watercourse
delineations and vernal pool surveys have been completed within the Study Area (see Appendix C). These
field surveys were overseen by a Certified Soil Scientist and registered professional member of the Soil
Science Society of Southern New England (see resumes provided in Appendix F).

3.1

Wetlands and Watercourses

Wetland and watercourse delineations were completed for the Project in July and August 2016,
September 2018, and April 2019 in accordance with the definitions described in the Inland Wetlands and
Watercourses Regulations of the Towns of Brooklyn (Town of Brooklyn 2013) and Canterbury (Town of
Canterbury, no date), where applicable. Additionally, wetlands and watercourses under federal
jurisdiction were surveyed according to the technical criteria described in the U.S. Army Corps of Engineers
(USACE) 1987 Wetland Delineation Manual (USACE 1987), and the Regional Supplement to the Corps of
Engineers Wetland Delineation Manual: Northcentral and Northeast Region V2.0 (USACE 2012).
Results of the wetlands and watercourse surveys identified 27 wetlands and eight watercourses1 that are
regulated by the USACE, DEEP, and Towns of Brooklyn and Canterbury (Appendix A, Figure 2). Wetland
types identified within the Study Area were classified in accordance with guidance provided in the
Classification of wetlands and deepwater habitats of the United States (Cowardin et al. 1979), and include
palustrine forested (PFO), palustrine emergent (PEM), and wetlands containing a mix of cover types that
also include palustrine scrub-shrub (PSS) or palustrine unconsolidated bottom (PUB) wetlands (i.e.,
PEM/PFO/PSS/PUB and PEM/PFO/PSS). PFO wetlands are the most common wetland type occurring
throughout the Study Area. Several intermittent and human-made watercourses were identified in the
Study Area. Two perennial watercourses, Cold Spring Brook and Blackwell Brook, border the Study Area
on the western boundary. A more detailed account of these resources is provided in the Wetland and
Watercourse Delineation report in Appendix C.

3.2

Vernal Pools

Vernal pool surveys were first completed by Verdanterra, LLC in 2016 and consisted of two site visits
completed April 19–20, 2016 and April 29–30, 2016. Based on CSC recommendations regarding the
original Project Petition, vernal pools were revisited during the spring 2018 breeding season to verify
initial findings and conduct a targeted survey for the presence of pure-diploid blue spotted salamander
(Ambystoma laterale). The second season of vernal pool surveys were completed by FB Environmental
April 16–19 and May 6–8, 2018 and included surveys of eight vernal pools originally delineated by
Verdanterra, LLC in 2016. Vernal pools also were visited during the general herpetological inventory on

1 Wetland 26 (W26) was delineated as part of larger area of interest and is not located within the current Study Area. This wetland,

as well as stream S08 and the expanded area for wetland W03, fall outside the current Study Area boundary, but were surveyed
and are shown on Appendix A, Figure 2 to ensure proper buffering of these water resources is applied during the Project design
process.
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June 8, June 20–22, September 19, and September 21, 2018. The 2018 vernal pool surveys verified that
the 2016 vernal pool data was accurate and additionally focused on detection of the pure-diploid bluespotted salamander.
During the 2018 surveys, extensive visual and cover object surveys were conducted, and minnow traps
were used to capture and identify adult amphibians using the pools. Vernal pool surveys completed in
2016 identified eight vernal pools within the Study Area. The 2018 vernal pool survey revisited these eight
pools and did not identify any new vernal pools within the Study Area. In addition, no pure-diploid blue
spotted salamander breeding activity or individuals were observed. Copies of the 2016 and 2018 vernal
pool surveys and herpetological inventory report are provided in Appendix C.
Vernal pools within the Study Area have been assessed using the tiered methodology described in Best
development practices: Conserving pool-breeding amphibians in residential and commercial developments
in the northeastern United States (Best Development Practices) (Calhoun and Klemens 2002) and the
Connecticut Association of Wetland Scientists Vernal Pool Monitoring Program Protocol (Connecticut
Association of Wetland Scientists, no date). Additional guidance was taken from the Maine Association of
Wetland Scientists Vernal Pool Technical Committee, Vernal Pool Survey Protocol (Maine Association of
Wetland Scientists 2014).
The Best Development Practices methodology (Calhoun and Klemens 2002) ranks vernal pool biological
and physical characteristics, including: indicator species diversity and abundance; presence of state-listed
endangered and threatened species, and state species of special concern; and level of
disturbance/development within terrestrial environments located within a 750-foot radius of the vernal
pool. Tiering categories include Tier I, Tier II, and Tier III, with Tier I reflecting vernal pools having the
highest ecological value.
Results of the vernal pool survey as well as assessments utilizing the Calhoun and Klemens (2002) tiering
criteria are discussed further in the 2018 vernal pool and general herpetological inventory report
(Appendix C) and the Herpetofauna Avoidance and Mitigation Plan developed for the Project (Appendix
E).

4

WILDLIFE RESOURCES

Habitats available for wildlife in the Study Area include gravel pit areas, open agricultural fields, mixed
forest, second growth hardwood forests, watercourses, and wetlands and vernal pools. Forested areas
are fragmented, showing evidence of disturbance and alteration, and there is a high density and
colonization of invasive plant species within the successional forest areas.
The forested habitat is interspersed with clearings and edge habitats that could be used for foraging by
bats. The Study Area also includes some second growth and early successional, mixed and deciduous
forests that may support a variety of birds and mammals. Grassy clearings and agricultural areas likely
provide habitat for small rodents and other small mammals and could provide foraging areas for raptors
and predatory mammals.
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4.1
Plant and Wildlife Species that are State and Federally Listed and State Species of
Special Concern
State and federally listed endangered and threatened species and state special concern species
discussions are based on reviews of the USFWS online IPaC tool (Appendix D), consultation with DEEP
regarding species that could potentially occur within the Study Area (Appendix D), and results of vernal
pool surveys, a bat acoustic survey, a general herpetological inventory, and eastern spadefoot toad
surveys completed from 2016 through 2018 (Appendix C). Bat acoustic surveys were conducted during
the 2016 field season, and the general herpetological survey and eastern spade foot toad survey (and
monitoring) were completed in the spring and summer of 2018.
Prior to conducting field surveys, all publicly available data was reviewed to identify the potential for state
or federally listed species to occur on the site. This background information included review of the
Connecticut NDDB map for the Towns of Brooklyn and Canterbury; the DEEP County Report of
Connecticut’s Endangered, Threatened and Special Concern Species list for Windham County; and the
USFWS IPaC database. Appendix A, Figure 3 identifies DEEP NDDB habitats mapped on and in the vicinity
of the Study Area. An NDDB review request for the Study Area was submitted to DEEP on August 24, 2016,
and a Preliminary Assessment letter dated October 7, 2016 was received from DEEP that identified two
state endangered and ten state species of special concern (Appendix D) (Table 2). Additionally, three
significant natural communities that are considered critical habitats in Connecticut also were identified in
the Preliminary Assessment letter as having the potential to occur within the Study Area (Table 2).
Targeted field surveys conducted for listed species include presence/absence survey completed for NLEB
and the focused surveys for special status amphibians and reptiles (including eastern spadefoot toad and
pure diploid blue-spotted salamander). Natural community observations were recorded throughout all
field surveys that were conducted in the Study Area.
The IPaC resource lists for the Study Area identified the federally threatened NLEB as having the potential
to occur. The USFWS database review completed in 2017 also identified eight state-listed bird species,
and 18 bird species that are USFWS Birds of Conservation Concern (BCC) that have the potential to occur
in the Study Area (Table 2). An additional review conducted in 2019 identified two additional migratory
bird species that have the potential to occur. As noted in Table 2, seven of the bird species that are listed
as endangered or threatened in Connecticut, also are identified as USFWS BCC species. All the USFWS BCC
species identified in Table 2 are identified as having the highest priority for conservation, and all of the
bird species listed in Table 2 also are protected by the Migratory Bird Treaty Act. Bald eagle (Haliaeetus
leucocephalus) also is protected by the Bald and Golden Eagle Protection Act.
Table 2 lists all state and federally listed endangered and threatened species and state species of special
concern that could potentially occur in the Study Area based on field assessments, resource reviews, the
IPaC database reviews, and NDDB correspondence received (Appendix D). A discussion of each of these
species, their potential for occurrence, and the potential for the Project to impact each species is provided
in this section. An analysis of each species’ preferred habitat, and their potential for occurrence in the
Study Area has been considered.
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Potential Wildlife and Plant Species that are Federal and State-Listed, and State Species of Special
Concern within the Study Area.
Common Name

Eastern red bat
Little brown bat
Hoary bat
Northern long-eared bat
Silver-haired bat
Tri-colored bat

Scientific Name
Mammals
Lasiurus borealis
Myotis lucifugus
Lasiurus cinereus
Myotis septentrionalis
Lasionycteris noctivagans
Perimyotis subflavus

Status1

Source

Federal

State

T
UR

SC
E
SC
E
SC
E

NDDB
Survey
NDDB
IPaC
Survey
Survey

E

IPaC

T

IPaC

T

IPaC

-

IPaC

-

IPaC

Birds2
American bittern

Botaurus lentiginous

American oystercatcher

Haematopus palliatus

Bald eagle

Haliaeetus leucocephalus

Black-billed cuckoo

Coccyzus erythropthalmus

Blue-winged warbler

Vermivora pinus

Bobolink
Brown thrasher
Canada warbler
Eastern whip-poor-will
Fox sparrow

Dolichonyx oryzivorus
Toxostoma rufum
Wilsonia canadensis
Antrostomus vociferus
Passerella iliaca

Least bittern

Ixobrychus exilis

Peregrine falcon

Falco peregrinus

Pied-billed grebe

Podilymbus podiceps

Prairie warbler

Setophaga discolor

Purple martin

Progne subis

Purple sandpiper

Calidris maritima

Rusty blackbird

Euphagus carolinus

Short-eared owl

Asio flammeus

Snowy egret

Egretta thula

Upland sandpiper

Bartramia longicauda

9

BCC,
breeding
BCC,
breeding
BGEPA,
BCC (b),
yearround
breeding
BCC,
breeding
BCC
breeding
BCC
wintering
BCC,
breeding
BCC (b),
wintering
BCC, yearround
BCC,
breeding
BCC (nb),
wintering
BCC (nb),
wintering
BCC (nb),
wintering
BCC,
breeding
BCC,
breeding

SC
SC
SC3
-

IPaC
NDDB
IPaC
IPAC
IPaC

T

IPaC

T

IPaC

E

IPaC

-

IPaC

SC

NDDB

-

IPaC

-

IPaC

T (wintering)

IPaC

T

IPaC

E

IPaC
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Common Name

Scientific Name

Status1

Source

Federal

State

breeding
BCC,
breeding
BCC,
breeding

-

IPaC

-

IPaC

-

IPaC

Willow flycatcher

Empidonax traillii

Wood thrush

Hylocichla mustelina

Worm-eating warbler

Helmitheros vermivorum

Eastern hognose snake
Eastern ribbon snake
Spotted turtle

Reptiles
Heterodon platirhinos
Thamnophis sauritus
Clemmys guttata

-

SC
SC
SC

NDDB
NDDB
Survey

Blue-spotted salamander (pure diploid)
Eastern spadefoot toad

Amphibians
Ambystoma laterale
Scaphiopus holbrookii

-

E
E

NDDB
NDDB

Banded sunfish

Fish
Enneacanthus obesus

-

SC

NDDB

Eastern pearlshell

Invertebrates
Margaritifera margaritifera

-

SC

NDDB

Alleghany plum
Low frostweed

Vascular Plants
Prunus alleghaniensis
Crocanthemum propinquum

-

SC*
SC

NDDB
NDDB

-

-

NDDB
NDDB
NDDB

Significant Natural Communities
Acidic Atlantic white cedar basin swamp
Floodplain forest
Poor fen
-

1 – BCC – USFWS Bird of Conservation Concern; BCC (b) – BCC breeding population; BCC (nb) – BCC non-breeding population; breeding – of
USFWS concern during the breeding season; BGEPA – Bald and Golden Eagle Protection Act; E – federally or state endangered; SC – state
species of special concern; T – federally or state threatened; UR – under review for federal listing; wintering – of USFWS or Connecticut concern
during the wintering season; year-round – of USFWS concern year round
2 – All bird species listed in table also are protected by the federal Migratory Bird Treaty Act
3 – Listed in the Connecticut Endangered, Threatened, and Special Concern Species list under the synonym Caprimulgus vociferus (DEEP 2015).
* – Believed extirpated
Sources: DEEP 2015, 2016a; USFWS 2017a, USFWS 2019

4.2

Federally Listed Endangered and Threatened Species

The USFWS IPaC tool is an inventory that can be generated to identify federally-listed species and
significant natural communities that may be present at a particular site. According to the IPaC reports
generated for the Study Area, one federally listed mammal species, NLEB, was identified as having the
potential to occur. Seventeen birds identified by USFWS as BCC species and four other migratory bird
species also were identified for the Study Area in the IPaC reviews (USFWS 2017a, 2019). None of the BCC
species or other migratory birds are listed under the federal Endangered Species Act (ESA), however, they
are discussed in this section.
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Northern long-eared bat
Northern long-eared bat is a federally threatened species, and a Connecticut endangered species.
Northern long-eared bat was listed as threatened under the federal ESA due to the overwhelming threat
of white nose syndrome to the species. In February 2016, a final 4(d) rule for NLEB was published under
the ESA (Federal Register 2016, USFWS 2017b). The final 4(d) rule identifies specific prohibitions to protect
NLEB, which focus on protecting individuals where they are most vulnerable: maternity roost trees (during
the pup-rearing months of June and July) and hibernation sites. It is important to note that construction
and operation of solar facilities, such as the proposed Project, performed under the guidance contained
within the 4(d) rule, is not considered a threat to NLEB.
DEEP has not identified any known NLEB hibernacula in the Towns of Brooklyn and Canterbury,
Connecticut (DEEP 2016b). Additionally, no known NLEB maternity roost trees have been identified in
Connecticut. Due to the presence of potential roosting and foraging habitat within the Study Area that
could support NLEB, a bat acoustic survey was completed on the nights of July 26–27, 2016 to determine
presence/absence of NLEB within the Study Area. Results of the survey did not confirm presence of NLEB.
A detailed report summarizing the full results of the NLEB survey is provided in Appendix C.
Federal Bird Species of Concern
Bird species identified in the USFWS IPaC reports are described below. These species are state-listed, or
of special concern as noted in Table 2; however, they were not identified in the NDDB Preliminary
Assessment received for the Study Area. Due to their specified habitat requirements, these species are
unlikely to occur in the Study Area.
American oystercatcher
American oystercatcher (Haematopus palliatus) is a USFWS BCC, the breeding population has been
identified as a concern by USFWS for the Study Area, and it is a Connecticut threatened species. This
species is associated with coastal habitats, including marshes, sandbars, and mudflats. They feed primarily
on marine invertebrates. American oystercatcher prefers to nest on sandy, shelly beaches, but also may
nest on sandy spots in saltmarshes and on mats of dead vegetation (wrack) in the upper part of
saltmarshes; and artificial beaches, such as dredge-spoil islands. Due to the lack of coastal habitat that
would support American oystercatcher, this species is not expected to occur.
Bald eagle
Bald eagle is a Connecticut threatened species and is protected by the Bald and Golden Eagle Protection
Act. The breeding population of bald eagle is a USFWS BCC, and USFWS has identified the year-round
population of bald eagle as a concern. Bald eagles use old-growth and mature stands of coniferous or
hardwood trees for perching, roosting, and nesting. In winter, they may occur within dry, open uplands if
there is access to open water for fishing. Bald eagles can be sensitive to human activity and are most
commonly found in areas with minimal human disturbance. The Study Area does not contain large, tall
trees suitable for nesting, although some nesting and foraging habitat may be located nearby along the
Quinebaug River. Study Area surveys and site visits did not observe any bald eagle use of the site, and no
incidental observations were made of this large and readily identifiable raptor within the surrounding
area. Bald eagle is unlikely to occur in the Study Area.
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Least bittern
Least bittern (Ixobrychus exilis) is a Connecticut threatened species, a USFWS BCC, and the breeding
population is a concern to USFWS. Least bittern usually breeds in freshwater marshes and is considered a
solitary to loosely-colonial nester (DEEP 1999). Although this species was once considered an abundant
summer resident in Connecticut, a rapid decline occurred around the turn of the century. Today least
bittern continues to be absent from most parts of the state.
The habitats present within the Study Area do not contain reed thickets that this species prefers. In
addition, the Project has been sited to avoid all direct impacts to wetlands. Wetland buffers, as described
in the Project’s Herpetofauna Avoidance and Mitigation Plan (Appendix E), will be maintained during
construction and operation of the Project. No alteration of terrain within these buffers is being proposed
for the construction and operation of this Project.
Peregrine falcon
Peregrine falcon (Falco peregrinus) is a Connecticut threatened species, a USFWS BCC, and the breeding
and wintering populations are of concern to USFWS. This medium to large falcon typically lives along
mountain ranges, river valleys, and coastlines; hunting over open water, marshes, valleys, fields, and
tundra. It nests on ledges and cliffs approximately 25–1,300 feet high, or transmission towers, quarries,
silos, skyscrapers, churches and bridges (Cornell Lab of Ornithology 2015a). Based on the lack of suitable
nesting habitat within the Study Area that would support peregrine falcon, this species is not expected to
occur.
Pied-billed grebe
Pied-billed grebe (Podilymbus podiceps) is a Connecticut endangered species, a USFWS BCC, and is
identified as a year-round species of concern by USFWS for the Study Area. This small brown bird inhabits
low gradient rivers, freshwater marshes, lakes, and estuaries, and is capable of diving up to 20 feet. Based
on the lack of suitable habitat within the Study Area that would support pied-billed grebe, this species is
not expected to occur.
Purple sandpiper
The non-breeding population of purple sandpiper (Calidris maritima) is a USFWS BCC, and the wintering
population is identified as a concern by USFWS for the Study Area. This small shorebird breeds along low
tundra near shorelines and gravel beaches along rivers. Purple sandpiper are late migrants, moving to
rocky areas along the Atlantic coast during the winter. Based on the lack of suitable habitat within the
Study Area that would support purple sandpiper, this species is not expected to occur.
Short-eared owl
Short-eared owl (Asio flammeus) is a Connecticut threatened species, the non-breeding population is a
USFWS BCC, and the wintering population is identified by USFWS and Connecticut as a concern for the
Study Area. Short-eared owl nests on the ground, in low vegetation and is found on the ground in
grasslands, wet meadows, prairie, tundra, or savanna habitats. Short-eared owl generally hunt at night in
open fields and grasslands. Due to the routine management of fields associated with agricultural practices
within the Study Area and otherwise lack of suitable habitat, short-eared owl is not expected to occur.
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Snowy egret
Snowy egret (Egretta thula) is a USFWS BCC, the breeding population has been identified as a concern by
USFWS for the Study Area, and it is a Connecticut threatened species. This species is associated with
coastal habitats, feeding in estuaries, saltmarshes, tidal channels, shallow bays, and mangroves. Snowy
egret nests in colonies on thick vegetation in isolated places, such as barrier islands, dredge-spoil islands,
salt marsh islands, swamps, and marshes, often changing location from year-to-year. Based on the lack of
coastal habitat that would support snowy egret, this species is not expected to occur.
Upland sandpiper
Upland sandpiper (Bartramia longicauda) is a Connecticut endangered species, a USFWS BCC, and the
breeding population is identified as a concern by USFWS for the Study Area. This medium-sized shorebird
prefers native prairie and dry grassland and are rarely found in wetland or coastal areas. They nest within
a scrape in the ground, which may be unlined or lined with leaves and twigs. Based on the lack of suitable
habitat within the Study Area that would support upland sandpiper, this species is not expected to occur.

4.3
State-Listed Endangered and Threatened Species and State Species of Special
Concern
The natural communities and species discussed in this section were identified in the NDDB Preliminary
Assessment as having the potential to occur within the Study Area. An analysis of each natural community
and species life history, the habitat that is available within the Study Area, the potential for the natural
community or species to occur within the Study Area, and the measures that will be taken to avoid and
mitigate impacts to these communities and species is included in this section. A number of species are not
included in this section but are identified in the 2015 Connecticut Wildlife Action Plan. These species are
specifically addressed in the Vernal Pool and Herpetological Inventory Report in Appendix C. This section
also includes descriptions for three Connecticut listed bat species and spotted turtle (Clemmys guttata),
which was identified as occurring in the Study Area during field studies but were not identified in the
NDDB Preliminary Assessment.
State-Listed Bat Species
During the bat acoustic data analysis conducted for the 2016 NLEB presence/absence survey, little brown
bat (Myotis lucifugus), tri-colored bat (Perimyotis subflavus), and silver-haired (Lasionycteris noctivagans)
bat were documented as occurring within the Study Area. Little brown bat and tri-colored bat are both
Connecticut endangered species, and silver-haired bat is a Connecticut species of special concern. Big
brown bat (Eptesicus fuscus) also was confirmed in the Study Area during the 2016 survey; however, big
brown bat does not have any state listing or special concern status in Connecticut and is not discussed
further in this report.
Hoary bat (Lasiurus cinereus) and eastern red bat (Lasiurus borealis) are both Connecticut species of
special concern and were identified in the Project’s NDDB review as species that could potentially occur
(Appendix D). The bat acoustic survey completed for the Study Area in July 2016 documented both of
these species as occurring at the Project. These species are discussed further in the Vertebrate Animals
section that follows.
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Avoidance and mitigation measures identified for protection of tree-roosting bat species during Project
development includes tree clearing restrictions, which are discussed further in Section 6 (Conclusion and
Implications for Project Development), and includes limiting forest clearing activities to the winter months
to avoid any potential for incidental take of tree-roosting bat species that are known or have the potential
to occur.
Little brown bat
Little brown bat is a Connecticut endangered species. Little brown bat was historically one of the most
common bat species in North America but has suffered severe declines due to white-nose syndrome. With
uniformly dark brown and glossy fur, little brown bat is typically found living near swamps, in buildings or
trees, under rocks or wood piles, and sometimes in caves. Little brown bat was documented as occurring
within the Study Area during analysis of the acoustic data collected for the Project in 2016 (Appendix C).
The acoustic software used to analyze all the bat passes recorded auto-classified 189 bat passes as little
brown bat; however, only 18 of these passes were positively confirmed as little brown bat. The majority
of the remaining passes were determined to be eastern red bat. Of the eight bat detector stations
established for the survey, little brown bat was positively identified at five stations (Appendix C).
Silver-haired bat
Silver-haired bat is a Connecticut species of special concern. Unlike many bat species, this tree-roosting
bat hibernates mainly in forested areas, although they may make long migrations from their summer
habitats to a winter forest site. Typical hibernation roosts include small tree hollows, beneath exfoliating
bark, in wood piles, and in cliff faces; most often roosting within old growth, mixed coniferous and
deciduous forests. Occasionally silver-haired bats hibernate in cave entrances, especially in northern
regions of their range. It forages primarily on small, soft-bodied insects.
During the acoustic analysis of bat passes reviewed as part of the 2016 bat survey silver-haired bat was
confirmed as occurring. Of the eight bat detector stations established for the survey, 970 silver-haired bat
passes were recorded across all eight stations (Appendix C).
Tri-colored bat
Tri-colored bat is a Connecticut endangered species. This species also is currently under review by USFWS
for listing under the federal ESA (USFWS 2017c). Tri-colored bat is one of the smallest bats in eastern
North America and is named for the distinctive coloration of each hair. Tri-colored bat are typically found
in caves or mines and hunt at the edges of forests, near streams or over open water. Although suitable
roosting habitat is not present, this species was documented in the Study Area in 2016 (Appendix C), likely
during foraging. The acoustic software auto-classified 44 bat passes as tri-colored bat; however, only 14
of these passes were confirmed as tri-colored bat passes during manual review. The remainder were
classified as high frequency species or eastern red bat. Of the eight bat detector stations established for
the survey, tri-colored bat was positively identified at four stations (Appendix C).
Significant Natural Communities
The following palustrine forested and palustrine non-forested natural communities were identified in the
NDDB response. These are classified as critical habitats in Connecticut, which represent ecologically
significant areas and targeted areas for species diversity and land conservation and protection (DEEP
14
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2011). None of these significant natural communities were identified as being present within the Study
Area during the natural resources field surveys performed for the Project.
Acidic Atlantic White Cedar Basin Swamp
Habitat – Acidic Atlantic White Cedar Basin Swamp is a palustrine forested natural community that was
identified in the NDDB response as potentially occurring within the Study Area. This community type
contains evergreen forest and/or shrub swamps that are dominated by Atlantic white cedar
(Chamaecyparis thyoides), with stagnant or slow-moving water (DEEP 2011). Subtypes include cedar,
cedar/hardwood, cedar/great laurel, and other/unique.
Potential to occur – Acidic white cedar basin swamp occurs within topographically defined basins on
decomposed peats and mucks. The Study Area does not contain any Atlantic white cedar or other natural
community features that can be classified as Acidic Atlantic White Cedar Basin Swamp. This natural
community type does not occur within the Study Area.
Avoidance – No Atlantic white cedar or acidic Atlantic white cedar basin swamp occur within the Study
Area. No further avoidance and mitigation measures are recommended.
Floodplain Forest
Habitat – Floodplain Forest is a palustrine forested natural community that was identified in the NDDB
response as potentially occurring within the Study Area. This community type contains mesic forests and
associated open, alluvial wetlands influenced by seasonal inundation, with flood deposited sandy or
nutrient-rich silty soils (DEEP 2011). Subtypes include high floodplain, low floodplain forest, alluvial
swamp, undifferentiated, and other/unique.
Potential to occur – Blackwell Brook, and its tributary Cold Spring Brook, occur on the western boundary
of the Study Area. Due to the existing topography, these smaller perennial stream floodplain and riparian
habitats are narrow and limited in size. Narrow alluvial wetlands are associated with these watercourses.
Avoidance – The floodplain wetlands associated with Blackwell Brook and Cold Spring Brook will be
avoided by the Project. No direct impacts to these resources are proposed.
Poor Fen
Habitat – Poor Fen is a palustrine non-forested natural community that was identified in the NDDB
response as potentially occurring in the Study Area. This community type contains natural peatlands
(bogs) occupying topographically defined basins (DEEP 2011). The community type is influenced by acidic
ground water, on deep, poorly decomposed peats, and is dominated primarily by ericaceous shrubs.
Subtypes include dwarf shrub, shrub thicket, saturated woodland, and other/unique.
Potential to occur – There are no habitats within the Study Area that can be classified as natural peatlands,
nor does the site contain ericaceous shrubs. The Study Area does not contain a Poor Fen natural
community.
Avoidance – Poor fens do not occur within the Study Area. No further avoidance and mitigation measures
are recommended.
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Invertebrate Animals
Eastern pearlshell
Life History – Eastern pearlshell (Margaritifera margaritifera) is a Connecticut species of special concern
and was identified in the NDDB response as having the potential to occur in the Study Area. Eastern
pearlshell can live to be up to 200 years old. Millions of glochidia are ejected into the water from an adult
over one or two days in June and July. Larvae use fish from the salmonid family as a host for about one
year before dropping off and attaching to a substrate of sand or gravel. Adults are sessile, with only
limited, passive, downstream movement.
Habitat – This mussel is generally found in cold, nutrient-poor, unpolluted trout streams and smaller rivers
with moderate flow rates. Clean substrates and low silt environments are important for juvenile eastern
pearlshell. In Connecticut, it is found in many major watersheds but is most common in the northern and
northwestern parts of the state (Nedeau and Victoria 2003).
Potential to occur – Blackwell Brook and Cold Spring Brook occur on the western side of the Project. The
substrate of these watercourses is generally silty and sandy. These watercourses do not contain suitable
habitat for the eastern pearlshell, and this species is not likely to occur within the Study Area.
Avoidance – The proposed Development Area avoids impacts to wetlands and watercourses. Potential
sedimentation and erosion impacts to waters off-site are addressed in the stormwater plan that will be
included with the Project design plans.
Vascular Plants
Alleghany Plum
Life History – Alleghany plum (Prunus alleghaniensis) is a Connecticut species of special concern and was
identified in the NDDB response as having the potential to occur in the Study Area. It is thought to be
extirpated in Connecticut. Alleghany plum is a small tree or shrub that grows up to 15 feet tall, and can
form thickets, particularly on moist soil (New England Wild Flower Society 2018a).
Habitat – Alleghany plum occurs in anthropogenic (man-made or disturbed) habitats, river or stream
habitats and floodplains and meadow and fields (New England Wild Flower Society 2018a).
Potential to occur – While there is presence of suitable habitat within the Study Area, due to its status as
being extirpated from Connecticut, Alleghany plum is unlikely to occur within the Study Area. It has not
been documented as occurring within Windham County (New England Wild Flower Society 2018a) and
was not observed during field surveys of the Study Area.
Avoidance – Alleghany plum is not expected to occur due to the absence of documentation of this species
in Windham County, its expected extirpation within Connecticut, and lack of observations for the presence
of this species in the Study Area during field surveys. No further avoidance and mitigation measures are
recommended.
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Low Frostweed
Life History – Low frostweed (Crocanthemum propinquum) is a Connecticut species of special concern and
was identified in the NDDB response as having the potential to occur in the Study Area. Low frostweed is
perennial herb native to southern New England.
Habitat – Low frostweed inhabits dry, sandy woodlands, sandplains, and fields; but also occurs in
anthropogenic (man-made or disturbed habitats) areas, grasslands, meadows, and barrens (New England
Wild Flower Society 2018b).
Potential to occur – While this species has been documented in Connecticut, it has not been documented
within Windham County (New England Wild Flower Society 2018b). In Connecticut it is considered rare to
uncommon. This species was not observed during on-site wetland delineation surveys or other natural
resources surveys performed in the Study Area. Although focused surveys for the presence of this species
have not been completed, it is not expected to occur due to lack of documented occurrence within
Windham County.
Avoidance – Low frostweed is not expected to occur in the Study Area due to the absence of
documentation of this species in Windham County, and lack of observations for the presence of this
species in the Study Area during field surveys. No further avoidance and mitigation measures are
recommended.
Vertebrate Animals
Banded sunfish
Life History – Banded sunfish (Enneacanthus obesus) is a Connecticut species of special concern and was
identified in the NDDB response as having the potential to occur in the Study Area. This species feeds on
insects, insect larvae, crustaceans, and some plant material. They are adapted to survive in poor water
conditions.
Habitat – Banded sunfish prefer stands of submerged aquatic vegetation along the margins of lakes,
ponds, and slow flowing rivers (New Hampshire Fish and Game, no date a). They also can be found far
upstream of beaver ponds and small wetlands in the headwater streams of a watershed. This species can
tolerate highly acidic water and are able to survive waters that have a pH below 4.5. It is fairly widespread
in New England and is known to occur in Connecticut (North American Native Fishes Association 2005).
Its range in Massachusetts and Connecticut extends from the east westward to the vicinity of the
Connecticut River, with only one known population documented west of the Connecticut River.
Potential to occur – Due to the lack of suitable habitat to support banded sunfish in the Study Area, this
species is unlikely to occur.
Avoidance – The proposed Study Area does not have any lake, pond, or slow-moving river habitat that
would support banded sunfish. The Quinebaug River occurs to the east and south of the Study Area and
may provide habitat for this species. Potential sedimentation and erosion impacts to waters off-site are
addressed in the stormwater plan that will be included with the Project design plans. Furthermore, the
Project has been designed to avoid impacts to watercourses and wetland resources. No further avoidance
and mitigation measures are recommended.
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Eastern hognose snake
Life History – Eastern hognose snake (Heterodon platirhinos) is a Connecticut species of special concern
and was identified in the NDDB response as having the potential to occur in the Study Area. This solitary
species can occur up to 1,200 feet in elevation and are active strictly during the day. They are often seen
crossing roads in the spring and fall. They prey on frogs, salamanders, small mammals, birds, and
invertebrates. This species is susceptible to habitat disturbance and fluctuations in prey population can
affect their density (DEEP 2018c).
Habitat – Eastern hognose snakes prefer woodlands with loose, sandy, gravely soils that are well drained.
They utilize underground passages created by small mammals within fields, open grassy areas adjacent to
woods, and open forests (DEEP 2018c). They are typically not associated with dense wooded areas and
are more adapted to inhabiting edge habitats. In Connecticut the eastern hognose snake may occur
throughout the state, although they are more common in inland areas with moderate elevations.
Potential to occur – Although eastern hognose snake occurs throughout Connecticut their population
numbers are not always abundant, and it is one of the rarer snakes encountered due to population
declines related to human disturbance and habitat loss. Eastern hognose snake has the potential to occur
within the Study Area, as some suitable habitats consisting of sandy and gravely soil are present in small
areas. This species was not observed during the 2018 herpetological surveys completed for the Project.
Additionally, no incidental observations were recorded during other field surveys (Appendix C). Eastern
hognose snakes do not make large seasonal migratory movements and based on the results of this survey
and rarity of this species, eastern hognose snake is not expected to occur.
Avoidance – During the construction phase of the Project, exclusion fencing and barriers will be used to
keep eastern hognose snakes outside of the construction areas. Any temporary barriers and exclusion
fencing that is installed will be regularly monitored and maintained throughout the construction phase.
The construction sequencing that is being developed as part of the stormwater phasing plan will take into
consideration exclusion barriers required for snakes. Additional avoidance and mitigation provided for
herpetofauna are included in the Herpetofauna Avoidance and Mitigation Plan in Appendix E.
Eastern ribbon snake
Life History – Eastern ribbon snake (Thamnophis sauritus) is a Connecticut species of special concern and
was identified in the NDDB response as having the potential to occur in the Study Area. They eat small
fish and amphibians and may be seen swimming in water along shorelines.
Habitat – Eastern ribbon snake is usually found near a body of water such as a pond or bog, but prefers
open-canopy, wet sedge meadows.
Potential to occur – Ribbon snakes are found throughout Connecticut, although their distribution is spotty
(DEEP 2018d). The species has been undergoing long-term declines throughout the state, which may be
related to a reduction in their preferred habitat, such as draining of wet meadow habitat and
impoundment of marshy areas to create ponds and reservoirs. The Study Area contains some emergent
wetland habitat; however, suitable habitat for this species does not occur within the Development Area
as the Project has been sited to avoid all direct impacts to water resources. This species was not observed
during 2018 herpetological surveys (Appendix C) completed for the Study Area. Additionally, no incidental
observations were recorded during other field surveys.
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Avoidance – During the summer construction phase, exclusion fencing and barriers will be used to keep
eastern ribbon snakes outside of the construction areas. Any temporary barriers and exclusion fencing
that is installed will be regularly monitored and maintained throughout the construction phase. The
construction sequencing that is being developed as part of the stormwater phasing plan will take into
consideration exclusion barriers required for snakes. Additional avoidance and mitigation provided for
herpetofauna are included in the Herpetofauna Avoidance and Mitigation Plan in Appendix E, including a
description of the water resources buffers that will be maintained during construction and operation of
the Project. No alteration of terrain within these buffers is being proposed for the construction and
operation of this Project.
Blue-spotted salamander (pure diploid)
Life History – Blue-spotted salamander (Notropis bifrenatus) is a Connecticut endangered species and was
identified in the NDDB response as having the potential to occur in the Study Area. Two variations of these
species are found in Connecticut: the pure diploid blue-spotted salamander and the hybridized complex
blue-spotted salamander. The pure diploid variation of this species is endangered in Connecticut.
Habitat – Blue-spotted salamander is typically found in red maple swamps near woodlands with watersaturated loam or damp sands.
Potential to occur – Vernal pool surveys completed in 2016 during the seasonally appropriate period did
not identify any evidence of blue-spotted salamander breeding activity (specimens or egg masses) in the
Study Area. Additional vernal pool surveys completed for the Study Area in 2018, also did not identify the
occurrence of this species, and it is unlikely to occur.
Avoidance – All vernal pools located within the Study Area will include a no disturbance buffer as
described in the Project’s Herpetofauna Avoidance and Mitigation Plan (Appendix E). These buffers will
be maintained during construction and operation of the Project and will provide for conservation of
potential habitat for this species. Additionally, the herpetofauna protection area on the western side of
the Project will leave this highly productive vernal pool area intact and connected to Blackwell Brook. No
alteration of terrain within these buffers is being proposed for the construction and operation of this
Project.
During the summer construction phase, exclusion fencing and barriers will be used to keep amphibians
outside of the construction areas. Any temporary barriers and exclusion fencing that is installed will be
regularly monitored and maintained throughout the construction phase. The construction sequencing
that is being developed for the stormwater phasing plan will take into consideration exclusion barriers
required for salamanders. Additional avoidance and mitigation provided for herpetofauna are included in
the Herpetofauna Avoidance and Mitigation Plan in Appendix E.
Spotted turtle
Life History - Spotted turtle is Connecticut species of special concern. These turtles are generally longlived and can make substantial overland migrations to forage in wetlands. In the Study Area region, the
nesting period for this species is June.
Habitat - Spotted turtles are found in a wide variety of permanent and temporary shallow water habitats,
and in southern New England they typically inhabit muddy-bottomed slow-moving streams, marshy areas
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of large lakes, river floodplains, fens, drainage ditches, red maple swamps, vernal pools, quarry pools,
bogs, small ponds, and tidal creeks. Terrestrial habitats also are utilized when searching for suitable
nesting sites, when traveling between wetland habitats, and when seeking out areas to remain inactive
during periods with high temperatures (New Hampshire Fish and Game, no date b).
Potential to occur – Spotted turtle is known to occur in the Study Area. A single individual was observed
in the Study Area during vernal pool surveys on May 8, 2018, basking on a floating piece of debris in a
manmade vernal pool. Potential nesting habitat is present in the Study Area, including the existing gravel
pits.
Avoidance – During the construction phase, exclusion fencing, and barriers will be utilized to be used to
keep reptiles and amphibians outside of the construction areas. Temporary barriers and exclusion fencing
will need to be regularly monitored and maintained throughout construction. The construction
sequencing being identified for the stormwater phasing plan will take into consideration exclusion barriers
required for amphibians. Particular attention to identify potential nesting sites will be conducted during
June, and if any nests are observed they will be marked and avoided. Adequate buffers have been left
around wetlands and watercourses mapped within the Study Area including the herpetofauna protection
area on the western side of the Project. Additional avoidance and mitigation provided for herpetofauna
are included in the Herpetofauna Avoidance and Mitigation Plan in Appendix E.
Eastern spadefoot toad
Life History – Eastern spadefoot toad is a Connecticut endangered species and was identified in the NDDB
response as having the potential to occur in the Study Area. This species is nocturnal and usually
subterranean, lying dormant for weeks during dry periods. They emerge after a period of heavy rains and
breed in fishless waterbodies, such as vernal pools. Breeding periods occur any time between April to July
in Connecticut. Breeding includes laying strings of egg masses that typically hatch within 1–7 days.
Tadpoles grow quickly and metamorphose anywhere between 16 and 63 days, depending on the time of
year (DEEP 2018e).
Habitat – Eastern spadefoot toad lives underground and prefers dry habitats with sandy soil. Calhoun and
Klemens (2002) has found occurrences correlate strongly with Hinckley soils. Hinckley soil types on the
Project site represent approximately 22 percent of site soils and are primarily located within the western
and southern portions of the Study Area (Appendix A, Figure 4).
Potential to occur – Focused eastern spadefoot toad surveys completed for the Study Area in 2018
identified the presence of this species. A total of three eastern spadefoot toads were captured within the
Study Area and radio-tagged to monitor their activity and movement.
Although two potential breeding pools for this species were identified within the Study Area in 2018, no
breeding activity was observed. Radio-telemetry results for two of the captured individuals suggest they
were captured while making long distance movements across the Study Area as these individuals were
not relocated using telemetry or observed in subsequent field efforts. The third individual was captured
within an area categorized as having a high likelihood of occurrence (location was underlain with Hinckley
soils), and as of October 2018 radio-telemetry indicated this individual had remained burrowed near its
capture location.
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Avoidance – During the construction phase, exclusion fencing and barriers will be utilized to keep
amphibians outside of the construction areas. Temporary barriers and exclusion fencing will be regularly
monitored and maintained throughout construction. The construction sequencing being identified for the
stormwater phasing plan will take into consideration exclusion barriers required for amphibians.
Additional avoidance and mitigation provided for herpetofauna are included in the Herpetofauna
Avoidance and Mitigation Plan in Appendix E.
Brown thrasher
Life History – Brown thrasher (Toxostoma rufum) is a Connecticut species of special concern and was
identified in the NDDB response as having the potential to occur in the Study Area. This fairly large, slender
songbird forages on the ground, below dense cover. They prey on insects and forage for seeds and berries.
Habitat – Brown thrasher typically nests in scrubby fields, dense revegetating woods, and forest edges.
Potential to occur – The Study Area is comprised of mixed-growth forest and, could potentially support
this species; however, field surveys did not document presence of brown thrasher.
Avoidance – Conducting forest clearing activities during the winter will avoid potential direct impacts to
brown thrasher.
Purple martin
Life History – Purple martin (Progne subis) is a Connecticut species of special concern and was identified
in the NDDB response as having the potential to occur in the Study Area. The eastern U.S. population of
purple martin relies on humans to provide them with nesting sites in the form of specially-designed bird
houses (“purple martin condos”), but also may nest in hollow gourds or natural cavities (i.e., tree hole or
crevice in cliff) (DEEP 2016c, Cornell Lab of Ornithology 2017). It arrives in New England in April to begin
its breeding and nesting season.
Habitat – Purple martins inhabit both urban and rural areas, preferring open, grassy areas and forested
openings near streams, rivers, marshes, ponds or lakes (DEEP 2016c). If the site is favorable, they will
return year after year to same nesting sites. They feed entirely on insects and can consume large
quantities of adult dragonflies and damselflies (order Odonata).
Potential to occur – While purple martin may have the potential to occur within the Study Area this
species prefers more developed habitats in their eastern range, that also contain suitable nesting sites
such as man-made bird houses, hollow gourds, tree cavities or cliff crevices. Purple martin is not likely to
occur in the Study Area due to lack of suitable nesting sites, and this species was not observed during field
surveys.
Avoidance – Purple martin is not expected to occur in the Study Area. Conducting forest clearing activities
during the winter will avoid potential direct impacts to purple martin. No further avoidance and mitigation
measures are recommended.
Eastern red bat
Life History – Eastern red bat is a Connecticut species of special concern and was identified in the NDDB
response as having the potential to occur in the Study Area. Eastern red bat forage for insects along stream
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corridors and are typically found amongst dead leaves on the branches of hardwood trees, and sometimes
evergreens. It is a solitary species. Eastern red bat hibernates in southern areas within hollow trees and
old squirrel nests but also may hibernate on the ground within leaf litter.
Habitat – Eastern red bat is a medium-sized, tree-roosting bat that is found across eastern North America.
They are found where ever there are trees east of the Rocky Mountains from Canada to as far south as
central Florida.
Potential to Occur – The 2016 bat acoustic survey completed for the Study Area in July 2016 documented
this species as occurring. Of the eight bat detector stations established for the survey, eastern red bat was
positively identified at all eight stations (Appendix C).
Avoidance – Conducting forest clearing activities during the winter will avoid incidental take of eastern
red bat.
Hoary bat
Life History – Hoary bat is a Connecticut species of special concern and was identified in the NDDB
response as having the potential to occur in the Study Area. This dark brown, tree-roosting bat normally
roosts alone in coniferous and mixed hardwood-conifer forest.
Habitat – Hoary bat forages along the edge of clearings, but also may use heavy forests, open wooded
glades, and shade trees along urban streets and city parks.
Potential to Occur – The 2016 bat acoustic survey completed for the Study Area in July 2016 documented
this species as occurring. Of the eight bat detector stations established for the survey, hoary bat was
positively identified at five stations (Appendix C).
Avoidance – Conducting forest clearing activities during the winter will avoid incidental take hoary bat.

4.4

Migratory Birds

As identified in Table 2, DEEP and USFWS have identified 23 migratory bird species protected by the
Migratory Bird Treaty Act that could potentially occur within the Study Area. Seventeen of these bird
species also are identified by USFWS as BCC species (USFWS 2008, 2017a). None of these bird species are
listed under the federal ESA, but the bald eagle is protected by the Bald and Golden Eagle Protection Act.
Seven of these bird species are protected by the Connecticut ESA, and four of these bird species are
Connecticut species of special concern. Birds having a state listing designation (endangered, threatened,
or species of special concern) have been previously described in the Vertebrate Animals discussion in this
section. The following section describes the remaining 10 migratory bird species that have been identified
as USFWS BCC species or are of other concern to USFWS.
American bittern
American bittern (Botaurus lentiginous) is a Connecticut endangered species, a USFWS BCC and the
breeding population is a concern to USFWS for the Study Area. This medium-sized heron nests and forages
in bogs, marshes, and thickly vegetated verges of shallow fresh, brackish or saline water. Wetlands within
the Study Area lack thick clumps of tall plants such as bulrushes, cattails or sedges.
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Although American bittern could be found as a transient within the emergent wetlands in the Study Area,
it is unlikely to occur in the Development Area, as the Project has been sited to avoid all direct impacts to
wetlands. Wetland buffers, as described in the Project’s Herpetofauna Avoidance and Mitigation Plan
(Appendix E), will be maintained during construction and operation of the Project and will provide for
conservation of potential habitat for this species. No alteration of terrain within these buffers is being
proposed for the construction and operation of this Project.
Black-billed cuckoo
The breeding population of black-billed cuckoo (Coccyzus erythropthalmus) is identified as a concern by
USFWS for the Study Area. Black-billed cuckoo is most commonly found around the edges of mature
deciduous or mixed forests; however, it also can be found in younger growth forests with shrubs and
thickets. Nests are built in trees and consist of a flimsy cup made of twigs and grasses, lined with dead or
green leaves, pine needles, stalks, rootlets, moss, and spider webs. Due to the presence of suitable habitat
to support this species, black-billed cuckoo has the potential to occur within Study Area.
Blue-winged warbler
Blue-winged warbler (Vermivora pinus) is a USFWS BCC, and the breeding population has been identified
as a concern by USFWS for the Study Area. Blue-winged warbler is a common bluish-gray bird, typically
found in open woodlands, such as abandoned farmland and forest clearings. Blue-winged warbler breeds
in open, scrubby areas and nests on the ground or in low shrubs. Due to the presence of suitable habitat
to support this species, blue-winged warbler has the potential to occur within the Study Area.
Canada warbler
The breeding population of Canada warbler (Wilsonia canadensis) is identified as a concern by USFWS for
the Study Area. Canada warbler is a small yellow and dark gray songbird, which nests in riparian thickets,
brushy ravines, and forest bogs. Although Canada warbler could be found along the fringes of some
wetlands in the Study Area, it is unlikely to be found in the Development Area, as the Project has been
sited to avoid all direct impacts to wetlands. Wetland buffers, as described in the Project’s Herpetofauna
Avoidance and Mitigation Plan (Appendix E), will be maintained during construction and operation of the
Project and will provide for conservation of potential habitat for this species. No alteration of terrain
within these buffers is being proposed for the construction and operation of this Project.
Fox sparrow
The wintering population of fox sparrow (Passerella iliaca) is identified as a concern by USFWS for the
Study Area. Fox sparrow is a large, heavily spotted and streaked sparrow that lives in scrubby, brushy
woods and forest edges. Fox sparrow forages in the leaf litter of open hardwood forests and swampy
thickets and nests in wooded areas on or near the ground. Due to the presence of suitable nesting and
foraging habitat, fox sparrow has the potential to occur within the Study Area.
Prairie warbler
Prairie warbler (Setophaga discolor) is a USFWS BCC, and the breeding population is identified as a
concern by USFWS. This small yellow songbird is commonly found in scrubby fields and regenerating
forests throughout the eastern and south-central United States. Nests consist of a cup of long plant fibers
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and other material, lined with grass, moss, and feathers placed in trees or shrubs, usually less than 10 feet
from the ground (Cornell Lab of Ornithology 2015b). Due to the presence of suitable habitat to support
this species, prairie warbler has the potential to occur within the Study Area.
Rusty blackbird
The non-breeding population of rusty blackbird (Euphagus carolinus) is a USFWS BCC, and the wintering
population is identified as a concern by USFWS for the Study Area. This medium-sized blackbird prefers
wet forested areas, and usually nests at the edge of ponds and wetlands. Although rusty blackbird has the
potential to occur within the forested and emergent wetlands the Study Area, it is unlikely to occur in the
Development Area, as the Project has been sited to avoid all direct impacts to wetlands. Wetland buffers,
as described in the Project’s Herpetofauna Avoidance and Mitigation Plan (Appendix E), will be maintained
during construction and operation of the Project and will provide for conservation of potential habitat for
this species. No alteration of terrain within these buffers is being proposed for the construction and
operation of this Project.
Willow flycatcher
The breeding population of willow flycatcher (Empidonax traillii) is identified as a concern by USFWS for
the Study Area. Willow flycatcher is a small bird that breeds in moist, shrubby, deciduous thickets near
standing or running water, and nests in vertical forks in shrubs or trees near water. Based on the presence
of suitable nesting habitat within the Study Area, willow flycatcher has the potential to occur.
Wood thrush
Wood thrush (Hylocichla mustelina) is a USFWS BCC, and the breeding population has been identified as
a concern by USFWS. Wood thrush is a reddish-brown bird that breeds in deciduous and mixed pine and
hardwood forests where there are large trees, moderate understory, shade, and abundant leaf litter for
foraging. Based on the presence of suitable habitat, wood thrush has the potential to occur within the
Study Area.
Worm-eating warbler
Worm-eating warbler (Helmitheros vermivorum) is a USFWS BCC, and the breeding population has been
identified as a concern by USFWS. Worm-eating warbler is a relatively plain bird that breeds in dense
deciduous, or mixed deciduous-coniferous forests in the eastern United States, usually on steep, wooded
slopes. Marginal habitat to support this species is present, and since this species is highly uncommon, its
potential to occur in the Study Area is very low.

5

BEDROCK, SURFICIAL GEOLOGY, AND SOILS

As noted in the Section 2 Ecoregion discussion, bedrock geology within the Study Area is primarily granite,
schist, and gneiss. Glacial till is the dominant surface material, with some stratified deposits in valleys.
Open hills with low elevations form in irregular plains (Griffith et al. 2009). Typical soil orders include
coarse-loamy and sandy, mesic Inceptisols and some Entisols. Soils are generally well drained silt-loam
and sandy-loam and depth to bedrock is greater than 60 inches throughout a majority of the Study Area
(USDA NRCS 2008). Approximately 40 percent of the Study Area soils have been regularly tilled for
agricultural use or otherwise disturbed from gravel extraction.
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Appendix A, Figure 4 provides a map of USDA NRCS soils mapped within the Study Area. General soils
observations also were made as part of the 2016 wetland and watercourse delineation survey effort, and
to determine if unique soil conditions occur on site. The 2016 and 2018 wetland and watercourse
delineation surveys confirmed that jurisdictional wetlands occur on the site and wetland soils were
observed as described in the Wetland and Watercourse Delineation Report provided in Appendix C.
The primary soil type present is Hinckley loamy sand, 3–15% slopes, which comprises approximately 18
percent of all soil types in the Study Area (Appendix A, Figure 4). Woodbridge fine sandy loam, 0–8%
slopes comprise approximately 13 percent of Study Area soils; followed by Windsor loamy sand, 0–3%
slopes (approximately 9 percent of all soil types); Paxton and Montauk fine sandy loams, 3–8% slopes
(approximately 8 percent of all soil types); and Paxton and Montauk fine sandy loams, 3–8% slopes, very
stony (approximately 8 percent of all soil types) (USDA NRCS 2018). Approximately 64 percent of all Study
Area soils are considered hydric.

6
CONCLUSION AND IMPLICATIONS FOR PROJECT
DEVELOPMENT
As described in this report, the Study Area currently contains actively managed agricultural land, hay
fields, recreational fields, mixed forest, and successional hardwood forest. Results of the completed
wildlife and natural resource surveys are being used to inform the Project design as to avoid and minimize
natural resource impacts to the greatest extent practicable. As such, the Project design utilizes
existing cleared and disturbed areas wherever possible. A maximum of approximately 73 acres of tree
clearing in forested areas may be required for Project construction and operation, along with minor
grading for site roads and inverter pads.

6.1

Land Use

While the Project will convert agricultural land for solar development, this land will be suitable for
resumed agricultural use at the end of the Project’s 30-year operational life. Maintaining a majority of the
Project as meadow during operations and refraining from the current agricultural practices will likely
increase soil quality and healthy soil development that will support agricultural production at the end of
the Project life. Taking the existing cultivated areas out of crop rotation will allow the soil to recover from
past agricultural uses by following guidelines based on decades of study (Derpsch 2008, Barrow 1991, and
Eriksson et al. 1974). In addition, development of the site as a passive energy facility will prevent potential
conversion of this farmland into another hardscape or residential/commercial development. Likewise,
forested lands being converted for solar development also will have the ability to return to their previous
state at the end of the Project life.

6.2

Water Resources

The Project will avoid direct impacts to water resources. Additionally, the implementation of impact
avoidance and minimization strategies, including erosion and sedimentation controls, time-of-year
restrictions for tree clearing, and environmental protection training for on-site contractors will further
reduce the potential for impacts to natural resources that occur within and adjacent to the Study Area.
Construction and operational best management practices, including post-construction restoration of
disturbed soils, will be implemented to minimize impacts from potential erosion and sedimentation.
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Short term, temporary impacts from construction activities will be avoided or minimized with specific
sedimentation and erosion controls designed, installed, and maintained in accordance with the 2002
Connecticut Guidelines for Soil Erosion and Sediment Control (DEEP 2001). Disturbed soils will be
revegetated to ensure potential soil erosion is minimized. The Project’s stormwater management plan,
involving construction sequencing synchronized with stormwater control phasing, will minimize the
movement of soil on site and will avoid impacts to water quality. Water resources buffers, as described in
the Project’s Herpetofauna Avoidance and Mitigation Plan (Appendix E), will be maintained during
construction and operation of the Project.

6.3

Wildlife Resources

Construction and operation of the Project will result in habitat alterations, primarily within the forested
portions of the Development Area. However, much of the Development Area has been disturbed from
previous and ongoing agricultural and gravel extraction uses and is considered to have marginal habitat
value where Project development is proposed. Locations of higher value habitat within the Study Area
have been purposefully excluded from the Development Area. The herpetofauna protection area is an
approximately 38-acre forest that has been excluded from Development Area. This area will be left intact
to provide a habitat connection between these productive vernal pools and the larger floodplain
ecosystems of Blackwell Brook and Cold Spring Brook. The conversion of forested and agricultural lands
has the potential to impact bat, breeding bird, reptile, and amphibian species that are known to occur.
Impact avoidance and mitigation strategies proposed include timing vegetation removal (winter clearing),
a carefully designed Development Area as described above, and minimized soil disturbance. Limiting tree
clearing to the period between October 1 and March 31 will minimize impacts to nesting birds and treeroosting bat species that are known to occur in the Study Area during the summer season, as well as avoid
potential disturbance during periods of high bird activity. In addition, tree clearing between October 1
and March 31 also will reduce potential impacts to forest-dwelling nesting bird species that could occur.
Promoting the growth of native grassland vegetation following construction will provide more suitable
habitat for grassland birds and reduce the amount of mowing necessary for regular site maintenance.
Once construction activities are completed and temporary wildlife exclusion fencing is removed, 6-inch
wildlife access gaps will be provided at the bottom of the permanent fences to allow wildlife movement
within the Development Area.
Environmental training of Project personnel and contractors, along with internal environmental audits,
will ensure compliance with site permit conditions intended to conserve wildlife species and their natural
habitat. All impact avoidance and minimization strategies and siting considerations for the protection of
wildlife will be reviewed and approved by DEEP prior to implementation of the Project, as required by the
permitting process. Regular sweeps along exclusion fencing during the construction period will allow
monitors to identify species that may be present during the construction period and can best inform the
construction team to make appropriate changes to these strategies in real time.

6.4
Plant and Wildlife Species that are State and Federally Listed and State Species of
Special Concern
Two state endangered bat species and three bat species that are state species of special concern have
been documented in the Study Area. Presence/absence surveys completed for NLEB within the Study Area
did not identify presence of this species. It is unlikely that the Project will an adverse impact to NLEB. As
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described above, winter clearing will avoid and minimize impacts to all tree-roosting bat species that may
occur at the site. Agency review and approval of any proposed impact avoidance and minimization
strategies will be required prior to implementation of the Project.
Measures that avoid impacts to eastern spadefoot toad, spotted turtle, and other amphibians and reptiles
that are state or federally listed or state species of special concern documented within the Study Area
includes use of exclusion fencing or temporary exclusion barriers, pre-construction sweeps of the
Development Area, and on-site monitoring. During the month of June, special attention to detection of
spotted turtle nesting sites will be performed, and if observed, these will be marked and avoided. The
designated herpetofauna protection area will help to avoid impacts to listed herpetofauna that may occur
in the Study Area, and create a refuge for relocating species found within the Development Area during
Project construction
Temporary barriers will be routinely inspected and maintained throughout construction to ensure proper
function. The construction sequencing identified for the stormwater phasing plan will take into
consideration exclusion barriers required for wildlife that are state-listed or state species of special
concern. All temporary barrier and fencing will be removed in a timely manner following construction.
The Project-specific Herpetofauna Avoidance and Mitigation Plan is provided in Appendix E.
To provide additional protection to state and federally listed or state species of special concern that could
potentially occur, formal training will be conducted by environmental staff for Project personnel and
construction contractors. Information sheets about protected species will be distributed to onsite staff,
and a Wildlife Resource Recovery System program will be implemented to document any species impacts
and mortalities. Quinebaug Solar will ensure compliance with site permit conditions, including staff
awareness of the environmental compliance requirements and natural resource protection issues.

6.5

Bedrock, Surficial Geology, and Soils

As proposed, the Project would not impact bedrock formations or surficial geology within the Study Area,
as installation of the solar panels will not alter the surface geology and is unlikely to require bedrock
penetration based on a geotechnical study of the site. Although some alteration of on-site soils may occur,
these changes will be minor and limited to the installation of the solar panels, site roads and electrical
infrastructure. A net benefit to farmland soils that are present is expected, as taking the existing cultivated
areas out of crop rotation will allow the soil to recover from past agricultural uses by following guidelines
based on decades of study (Derpsch 2008, Barrow 1991, and Eriksson et al. 1974).
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APPENDIX A – FIGURES
• Figure 1. Project Location.
• Figure 2. Water Resources.
• Figure 3. Listed Species and Significant Natural Communities.
• Figure 4. Soils.
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Appendix B
Quinebaug Site Photographs
Brooklyn and Canterbury, Connecticut

Photo: 1
Description: Bat detector
location near the ponded area
in the central western portion
of the Project site.
Date: July 26, 2016
Source: Tetra Tech, Inc.

Photo: 2
Description: View of
disturbed forest area adjacent
to agricultural fields.
Date: July 26, 2016
Source: Tetra Tech, Inc.
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Appendix B
Quinebaug Site Photographs
Brooklyn and Canterbury, Connecticut

Photo: 3
Description: View of
disturbed, forested wetland in
central western portion of the
Project site
Date: July 26, 2016
Source: Tetra Tech, Inc.

Photo: 4
Description: View of early
successional forest in central
eastern portion of the Project
site.
Date: March 7, 2017
Source: Tetra Tech, Inc.
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Appendix B
Quinebaug Site Photographs
Brooklyn and Canterbury, Connecticut
Photo: 5
Description: View of
emergent wetland in the
southern end of the Project
site, adjacent to the existing
transmission line right-of-way.
Date: September 24, 2018
Source: Tetra Tech, Inc.

Photo: 6
Description: View of existing
Eversource transmission line
near the proposed
interconnection location.
Date: September 24, 2018
Source: Tetra Tech, Inc.
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Appendix B
Quinebaug Site Photographs
Brooklyn and Canterbury, Connecticut
Photo: 7
Description: View of an
existing agricultural field.
Date: March 7, 2017
Source: Tetra Tech, Inc.

Photo: 8
Description: View of an
existing agricultural corn field.
Date: September 5, 2018
Source: Tetra Tech, Inc.
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Appendix B
Quinebaug Site Photographs
Brooklyn and Canterbury, Connecticut
Photo: 9
Description: View of existing
cleared area from gravel pit.
Date: March 7, 2017
Source: Tetra Tech, Inc.

Photo: 10
Description: View of existing
cleared area looking
northeast from the central
gravel pit.
Date: March 7, 2017
Source: Tetra Tech, Inc.
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Appendix B
Quinebaug Site Photographs
Brooklyn and Canterbury, Connecticut
Photo: 11
Description: View of existing
gravel pit located at the center
of the Project site.
Date: March 7, 2017
Source: Tetra Tech, Inc.

Photo: 12
Description: View of existing
recreational fields on the
Project site.
Date: March 7, 2017
Source: Tetra Tech, Inc.

6

Appendix B
Quinebaug Site Photographs
Brooklyn and Canterbury, Connecticut
Photo: 13
Description: View of mixed
successional forest edge
along the existing site access
road.
Date: March 7, 2017
Source: Tetra Tech, Inc.

Photo: 14
Description: View of typical
forest and wetland complex
located south of the
recreational fields.
Date: July 26, 2018
Source: Tetra Tech, Inc.
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Appendix B
Quinebaug Site Photographs
Brooklyn and Canterbury, Connecticut
Photo: 15
Description: View of forested
floodplain wetland with an
intermittent stream in the
western portion of the Study
Area.
Date: September 5, 2018
Source: Tetra Tech, Inc.

Photo: 16
Description: Open
water/emergent wetland
located on the southern edge
of the Study Area.
Date: September 24, 2018
Source: Tetra Tech, Inc.
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APPENDIX C – NATURAL RESOURCES
SURVEY REPORTS
• Wetland and Watercourse Delineation Report – Quinebaug Solar.
Prepared by Tetra Tech, Inc. (April 2019).
• Vernal Pool Survey and General Herpetological Inventory of the
Quinebaug Solar Project. Prepared by FB Environmental (March
2019).
• Eastern Spadefoot Toad Survey, Quinebaug Solar Project,
Brooklyn and Canterbury, Connecticut. Prepared by FB
Environmental (March 2019).
• Northern Long-eared Bat (NLEB) Presence/Absence Survey.
Prepared by Tetra Tech, Inc. for Ranger Solar (September 20,
2016).
• Vernal Pool Survey Report. Prepared by Verdanterra, LLC for
Ranger Solar (May 7, 2016).

April 2019

Quinebaug Solar, LLC

Environmental Site Conditions Report

April 2019

Quinebaug Solar, LLC

Environmental Site Conditions Report

Wetland and Watercourse Delineation Report – Quinebaug
Solar. Prepared by Tetra Tech, Inc. (April 2019).
Please refer also to the updated Wetland and
Watercourse Delineation Report (May 2019)
provided as the next document in this Exhibit.
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Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

Prepared for:

Quinebaug Solar, LLC
700 Universe Blvd
Juno Beach, FL 33408
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INTRODUCTION
As part of a comprehensive natural resource assessment, Tetra Tech, Inc. conducted wetland and
watercourse delineations in July and August 2016, September 2018, and February 2019 at the site of the
proposed Quinebaug Solar Project (Project) located in the towns of Brooklyn and Canterbury, Windham
County, Connecticut. This report outlines the results of these surveys and describes the nature and
condition of the resources identified.

PROJECT UNDERSTANDING
Quinebaug Solar, LLC (Quinebaug Solar), an affiliate of NextEra Energy Resources, is proposing the
development of the approximately 50-megawatt Project. The Project area consists of approximately 516
acres of land (Study Area, Figure 1) and is comprised of multiple parcels located west of Interstate 395,
between Routes 169 and 205. The results outlined in this document are intended to inform the design
and layout of the Project in consideration of avoiding impacts to wetlands and watercourses that were
delineated for the Project.

SITE DESCRIPTION
The Study Area is generally gently sloping and is comprised of forested areas, agricultural fields, developed
land (open space and low intensity), and wetlands and open water habitats. There is evidence of historical,
as well as ongoing, gravel extraction activities in distinct areas of the site. Steeper slopes were found to
occur in these gravel pits, and around relict and existing watercourses. The Project is bordered by Cold
Spring Brook to the north, a tributary of Blackwell Brook that borders the western side of the site. Both of
these brooks generally flow south and eventually into the Quinebaug River located south of the Study
Area.
Portions of the site that are currently forested show evidence of past use as both farmland and pasture.
Areas observed during site visits had crop production of corn in the northeast and southeast corners of
the site. Soybeans were observed in the central field in 2016. Other cleared areas appear to be currently
out of crop production or used for hay. An athletic field is located in the southwest corner of the Study
Area, adjacent to Blackwell Brook. Wetlands and watercourses identified in the Study Area generally occur
in forested areas that have been mostly avoided by gravel extraction and agricultural operations. The site
occurs in a mixed rural and suburban part of the towns of Brooklyn and Canterbury, Connecticut, with
residential homes generally occurring east and south of the Study Area. The Study Area is bisected by
Wauregan Road, and an existing access road cuts through the center of the site.
Vernal pool surveys were completed for the Project in 2016 and in 2018. The results of the vernal pool
surveys are shown on Figure 1. Summary reports outlining the vernal pool survey methods and results are
provided under separate covers.

SURVEY METHODS
Prior to conducting field surveys, a desktop analysis was completed using publicly available data, including
but not limited to, the U.S. Fish and Wildlife Service’s National Wetlands Inventory, U.S. Department of
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Figure 1.
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Water Resources of the Quinebaug Solar Project, Brooklyn and Canterbury, Connecticut.
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Agriculture Natural Resources Conservation Service hydric soils data, and U.S. Geological Survey
topographic maps. This desktop review was completed to identify areas where wetlands and hydric soils
are likely to occur and inform field staff about the site prior to the field delineation effort. The entire Study
Area was field surveyed to accurately map the boundaries of wetlands and watercourses and to document
the condition of each resource.
The wetland and watercourse delineations were completed for the Project during the growing season, in
July and August 2016. To account for changes in the development footprint, additional surveys were
completed in September 2018 and February 2019. Surveys were conducted in accordance with the
technical criteria and Routine On-Site Determination Methods described in the U.S. Army Corps of
Engineers (USACE) 1987 Wetland Delineation Manual1, and the Regional Supplement to the Corps of
Engineers Wetland Delineation Manual: Northcentral and Northeast Regional Supplement version 2.02.
Additionally, wetland and watercourses surveys were completed in accordance with the Inland Wetlands
and Watercourses Regulations of the Town of Brooklyn3 and the Inland Wetlands and Watercourses
Regulations of the Town of Canterbury4, where applicable. Wetland and watercourse boundaries were
marked in the field with pink and blue alpha-numeric coded flagging and located using iPads equipped
with Collector for Arc GIS connected via Bluetooth to EOS Positioning Systems, Arrow 100 Sub-meter
Global Navigation Satellite System. Delineations were overseen by a Professional Soil Scientist and
member of the Soil Science Society of Southern New England.

WETLAND DELINEATION RESULTS
The following sections provide a summary of the wetland and watercourse resources identified for the
Project. In total, 27 wetland resources were identified5 totaling approximately 72.68 acres that are
regulated by the USACE, the Connecticut Department of Energy and Environmental Protection, and the
towns of Brooklyn and Canterbury. The following resource descriptions provide an account of the general
conditions found at the Project site. Appendix A, Table 1 lists each wetland resource identified on Figure
1 and includes a brief explanation of notable features for each resource.

1

United States Army Corps of Engineers (USACE). 1987. Corps of Engineers Wetlands Delineation Manual.
Published by the Environmental Laboratory. January 1987 – Final Report. 143 pp. Available online at:
http://www.cpe.rutgers.edu/Wetlands/1987-Army-Corps-Wetlands-Delineation-Manual.pdf.
Accessed
October 17, 2018.
2
USACE 2012. Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Northcentral and
Northeast Region (Version 2.0), ed. J. S. Wakeley, R. W. Lichvar, C. V. Noble, and J. F. Berkowitz.
ERDC/EL TR-12-1. Vicksburg, MS: U.S. Army Engineer Research and Development Center.
3
Town of Brooklyn. 2013. Inland Wetland and Watercourses Regulations. Published by the Town of Brooklyn,
Connecticut. October 2013. 77 pp. Available online at:
https://www.brooklynct.org/sites/brooklynct/files/file/file/brooklyn_iwwc_october_2013_0.pdf. Accessed
October 17, 2018.
4
Town of Canterbury. No date. Inland Wetland and Watercourses Regulations. Published by the Town of Canterbury,
Connecticut. 21 pp. Available online at: http://www.canterburyct.org/documents/IWWA%20Regs.pdf.
Accessed October 17, 2018.
5
Wetland 26 was delineated as part of larger area of interest and is not located within the current Study Area. This
wetland, as well as the expanded area for wetland W03 that falls outside the Study Area boundary, were surveyed
and are shown on Figure 1 and discussed in this report to ensure proper buffering of adjacent resources from
proposed facilities is accounted for during the Project design process.
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Forested Wetlands
Palustrine forested (PFO)6 wetlands are the most common wetland resource type occurring throughout
the Study Area (Appendix A, Table 1). These wetlands fall under the riverine and depressional
hydrogeomorphic classification7. Several forested floodplain wetlands occur along the western border of
the Study Area and are associated with Blackwell Brook and Cold Spring Brook, both tributaries to the
Quinebaug River. The depressional forested wetlands are more centrally located in the Study Area and
are either isolated resources or connected to other wetlands via intermittent and human-made
watercourses.
Forested wetlands within the Study Area are typically dominated by red maple (Acer rubrum), American
elm (Ulmus americana), yellow birch (Betula alleghaniensis), American hornbeam (Carpinus caroliniana),
and eastern white pine (Pinus strobus). The shrub layer is dominated by rambler rose (Rosa multiflora),
and Japanese barberry (Berberis thunbergii), both listed as invasive species in Connecticut8. Species
commonly present in the herbaceous layer of this wetland type includes cinnamon fern (Osmundastrum
cinnamomeum), jewelweed (Impatiens capensis), and skunk cabbage (Symplocarpus foetidus).
Soils within these forested wetland communities are generally characterized by an organic surface layer
underlain by a loam or sandy loam with a depleted matrix. Certain areas also were very stony at the soil
surface. The floodplain wetlands associated with Cold Spring Brook and Blackwell Brook had evidence of
flooding such as alluvial deposits and terraced landforms. At the time of the surveys, commonly observed
hydrologic indicators included areas of surface water, soil saturation within the upper 12 inches of soil,
drainage patterns, and geomorphic position.

Emergent/Forested/Scrub-Shrub Wetlands
Two wetlands within the Study Area contain a mix of cover types and are identified in Figure 1 as palustrine
emergent/palustrine forested/palustrine scrub-shrub (PEM/PFO/PSS) depressional wetlands. Wetland
W27 is located just north of Wauregan Road adjacent to a hay field. Wetland W10 is a PEM/PFO/PSS/PUB
wetland located along the southwest border of the Study Area and contains a ponded area that is flooded
in the spring, and mostly overgrown with emergent vegetation later in the summer (Appendix B,
Photograph 2). This emergent area is dominated with rice cut grass (Leersia oryzoides), smartweed
(Persicaria spp.), and nodding burr-marigold (Bidens cernua). The shrubby edge of the open water and
marsh area is dominated by common buttonbush (Cephalanthus occidentalis) and swamp white oak
(Quercus bicolor), with the forested areas containing similar species and characteristics to the areas
described above.

6

Cowardin, L. M., V. Carter, F. C. Golet, and E. T. LaRoe. 1979. Classification of wetlands and deepwater habitats
of the United States. U.S. Department of the Interior, Fish and Wildlife Service. FWS/OBS-79/31.
Washington, DC. Available online at: https://www.fws.gov/wetlands/documents/classwet/index.html.
7
U.S. Department of Agriculture, Natural Resources Conservation Service. 2008. Hydrogeomorphic Wetland
Classification System: an overview and modification to better meet the needs of the Natural Resource
Conservation Service. Technical Note 190-8-76.
8
Connecticut Invasive Plants Council. 2018. Connecticut Invasive Plant List. University of Connecticut. October
2018. Available online at: https://cipwg.uconn.edu/wp-content/uploads/sites/244/2018/12/CT-InvasivePlant-List-2018Scientific-Name.pdf.
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Many of the forested wetlands within the Study Area have a small shrub component or patches of a
shrubby understory. The shrubs observed in these areas include rambler rose, Japanese barberry, and
northern spicebush (Lindera benzoin).
Soils in these wetlands can vary between cover type, with the emergent and shrub-dominated areas
consisting of a deep (greater than 18 inches) organic layer classified as histosol. Hydrology indicators
include open water and saturation to the soil surface.

Emergent Wetlands
Not including the abovementioned wetlands with multiple cover types, two palustrine emergent (PEM)
wetlands occur within the Study Area. Wetland W01 is located within an active agricultural field planted
with corn (Zea mays) (Appendix A, Table 1) (Figure 1). This is a depressional, anthropogenic wetland, with
a high level of disturbance from ongoing agricultural activities. Soils observed within this wetland include
a plowed topsoil underlain by a depleted matrix containing redoximorphic concentrations. The second
emergent wetland is wetland W04, which is a small, isolated, depression adjacent to the active gravel
extraction area on the south side of Wauregan Road. This wetland is dominated by porcupine sedge (Carex
hystericina), spotted lady’s thumb (Persicaria maculosa), and cottongrass bulrush (Scirpus cyperinus). The
soil in this wetland is dense or compacted, creating a shallow aquitard and hydric conditions.

WATERCOURSE DELINEATION RESULTS
Eight watercourses were identified during field surveys for the Project. Two of the watercourses are
classified as perennial and the remainder are classified as intermittent watercourse types. Cold Spring
Brook flows generally west along the northwestern border of the Study Area and empties into Blackwell
Brook that flows south along the western border of the Study Area. These two perennial watercourses
are tributaries to the Quinebaug River. The remainder of the watercourses identified within the Study
Area are generally small, shallow streams flowing on a gently sloping gradient. Substrate typically consists
of sand, cobble, and gravel. Table 2 in Appendix A provides further details on each watercourse delineated
within the Study Area.
Two watercourses identified in the Study Area are the result of anthropogenic activities. Watercourses
S01 and S06 are human-made ditches likely created to divert water away from certain areas. Watercourse
S06 (Appendix B, photograph 5) is a ditch that conveys water from a culvert outlet in the site access road
and ends as a surface drainage in wetland W21. S01 is a natural, intermittent, stream that flows west out
of wetland W07, and flows into a human made ditch when it takes an abrupt turn and flows south into a
culvert in the access road and eventually into wetland W10.
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Table 1.

Wetland Identification

Cowardin
Classification1

Quinebaug Solar

Quinebaug Solar, Wetland Delineation Survey Results.
Area
delineated
(Acres)

Area
delineated
(Square
Feet)

W01

PEM

0.14

6,261

W02

PFO

1.61

70,015

W03

PFO

3.70

161,172

W04

PEM

0.02

756
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Resource Summary
This wetland is a depression in an active agricultural
field with 50/50 redoximorphic depletions and
concentrations in the sub soil layer starting at 18 inches.
Vegetation present is corn (Zea mays).
This wetland occurs in a forested depression located
along the northeast boundary of the Study Area, adjacent
to Rukstella Road. The soil is classified as a histosol
with approximately 18 inches of organic surface layer.
The vegetation consists predominantly of red maple
(Acer rubrum), skunk cabbage (Symplocarpus foetidus),
poison ivy (Toxicodendron radicans), cinnamon fern
(Osmundastrum cinnamomeum), rambler rose (Rosa
multiflora), and swamp white oak (Quercus bicolor).
This wetland is hydrologically connected to wetland
W02 through an off-site drainage. Two human-made
ponds are present in this wetland just outside of the
Study Area. The soil is a histosol with a thick organic
layer of approximately 18 inches over a depleted subsoil
layer. The vegetation predominantly consists of red
maple, skunk cabbage, poison ivy, cinnamon fern,
rambler rose, and swamp white oak.
This isolated emergent wetland occurs in a previously
forested area that was recently cleared. Soils are a
depleted sandy loam with redoximorphic concentrations
observed. Vegetation is dominated by porcupine sedge
(Carex hystericina), cottongrass bulrush (Scirpus
cyperinus), and spotted lady’s thumb (Persicaria
maculosa).
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Wetland Identification

Cowardin
Classification1

Quinebaug Solar

Area
delineated
(Acres)

Area
delineated
(Square
Feet)

W05

PFO

1.32

57,554

W06

PFO

1.65

72,084

W07

PFO

21.42

932,909

W08

PFO

0.05

2,346
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Resource Summary
This is a forested wetland that contains a vernal pool
(VP8). The soils consist of a think organic layer over a
depleted subsoil with saturation at the surface. The
vegetation predominantly observed consists of red
maple, cinnamon fern, rambler rose, and swamp white
oak.
This forested wetland is located in a low spot within the
landscape. Soil was observed to have 18 inches of dark
organic material over a depleted subsoil layer. The
vegetation predominantly consists of red maple, eastern
white pine (Pinus strobus), skunk cabbage, cinnamon
fern, rambler rose, swamp white oak, American elm
(Ulmus americana), and evergreen wood fern
(Dryopteris intermedia).
This large forested wetland is centrally located in the
Study Area. An intermittent watercourse (S01) flows into
the wetland from the west. Soils was observed to have 20
inches of dark organic material over a depleted subsoil
layer. The vegetation predominantly consists of
cinnamon fern, white ash (Fraxinus americana), oriental
bittersweet (Celastrus orbiculatus), sensitive fern
(Onoclea sensibilis), highbush blueberry (Vaccinium
corymbosum), American elm, jack-in-the-pulpit
(Arisaema triphyllum), and stinging nettle (Urtica
dioica).
This is a small isolated forested wetland located south of
wetland W09 and north of wetland W07. Soils consist of
a histosol with 20 inches of organic material over a
depleted subsoil layer. The predominant vegetation
observed consisted of red maple, skunk cabbage,
stinging nettle, northern spicebush, poison ivy, and
cinnamon fern.
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Wetland Identification

Cowardin
Classification1

Quinebaug Solar

Area
delineated
(Acres)

Area
delineated
(Square
Feet)

W09

PFO

1.28

55,965

W10

PEM/PFO/PSS/
PUB

9.80

426,745

W11

PFO

0.69

30,051
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Resource Summary
This is a forested wetland that drains from the cornfield
located to the northeast. The soils consist of a histosol
with 20 inches of organic material over a depleted
subsoil layer. The vegetation predominantly observed
consisted of red maple, eastern white pine, cinnamon
fern, rambler rose swamp white oak, stinging nettle, and
northern spicebush (Lindera benzoin).
This is a forested wetland on the west and scrub/shrub
and emergent wetland complex on the eastern side.
There are two open water areas on the southern boundary
of the wetland complex that fill in with emergent
vegetation late in the season. The soils consist of a
histosol with a thick organic layer, saturated to the
surface, with areas of surface water ranging from 3 to 10
inches deep. Red maple and eastern white pine are the
dominant trees with common buttonbush (Cephalanthus
occidentalis) occurring in a shrub-dominated area of the
wetland, and rice cutgrass (Leersia oryzoides) covering
most of the emergent mash around the open water area of
this wetland.
This forested wetland contains a vernal pool (VP4) and
is located in a relict channel in a deep valley. This
wetland is hydrologically connected to three other
wetlands (W12, W13, and W14) through intermittent
surface flow. The soils consist of a thick organic layer
over a depleted subsoil layer. Dominant vegetation
includes red maple, highbush blueberry, skunk cabbage,
sensitive fern, rambler rose, and swamp white oak.
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Wetland Identification

Cowardin
Classification1

Quinebaug Solar

Area
delineated
(Acres)

Area
delineated
(Square
Feet)

W12

PFO

0.24

10,313

W13

PFO

0.05

1,979

W14

PFO

0.35

15,121

W15

PFO

2.19

95,427

W16

PFO

0.08

3,313
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Resource Summary
This is a forested wetland that drains into an intermittent
tributary (S02) of Blackwell Brook. The vegetation
predominantly consists of red maple, highbush
blueberry, poison ivy, sensitive fern, rambler rose, and
eastern white pine.
This small forested wetland occurs in the relict
watercourse channel on the western side of the Study
Area. The soils consist of a histosol. The vegetation
includes red maple, sensitive fern, and common
winterberry (Ilex verticillata).
This forested wetland contains a vernal pool (VP5).
There is a cornfield to the north and to the south of this
wetland, and an inactive gravel pit is located to the east.
The vegetation includes common winterberry, highbush
blueberry, red maple, sensitive fern, and rambler rose.
This wetland is a forested floodplain of Cold Spring
Brook (S04), located along the western boundary of the
Study Area. The dominant vegetation includes American
elm, red maple, yellow birch (Betula alleghaniensis),
American hornbeam (Carpinus caroliniana), evergreen
wood fern, jewelweed (Impatiens capensis), skunk
cabbage, cinnamon fern, and stinging nettle. There is a
natural spring flowing out of the ground at the edge of
this wetland that flows to the west into Cold Spring
Brook.
This wetland occurs in the floodplain of Cold Spring
Brook and S04 and contains a vernal pool (VP6). The
soils consist of a histosol with 18 inches of organic muck
over sand. The dominant vegetation includes American
elm, red maple, evergreen wood fern, and jewelweed.
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Wetland Identification

Cowardin
Classification1

Quinebaug Solar

Area
delineated
(Acres)

Area
delineated
(Square
Feet)

W17

PFO

1.64

71,512

W18

PFO

2.37

103,235

W19

PFO

2.12

92,522

W20

PFO

1.05

45,675
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Resource Summary
This wetland is a forested floodplain wetland of
watercourse S03 and Cold Spring Brook (S04). The
terrain has distinct microtopographic relief with trees
predominantly growing on the mounded areas. There are
signs of water staining and drainage patterns with seeps
observed throughout. The dominant vegetation observed
includes American elm, red maple, yellow birch,
American hornbeam, evergreen wood fern, jewelweed,
skunk cabbage, cinnamon fern, stinging nettle, and
purple avens (Geum rivale).
This wetland drains to the west into watercourse S03.
Signs of water staining and drainage patterns are the
hydrologic indicators in this wetland. The dominant
vegetation observed includes red maple, skunk cabbage,
poison ivy, cinnamon fern, rambler rose, and swamp
white oak.
This wetland is located along the northern boundary of
the Study Area, and a vernal pool (VP7) located in an old
farm pond occurs in this wetland. The soil is a histosol
with approximately 20 inches of organic surface later.
Vegetation includes red maple, jewelweed, skunk
cabbage, Japanese barberry (Berberis thunbergii),
rambler rose, oriental bittersweet, burning bush
(Euonymus alatus), poison ivy, and cinnamon fern.
This wetland is located adjacent to a cornfield. The soil
is a histosol with approximately 20 inches of organic
surface. The dominant vegetation observed includes red
maple, jewelweed, skunk cabbage, Japanese barberry,
rambler rose, oriental bittersweet, burning bush, poison
ivy, sugar maple (Acer saccharum), and cinnamon fern.
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Wetland Identification

Cowardin
Classification1

Quinebaug Solar

Area
delineated
(Acres)

Area
delineated
(Square
Feet)

Resource Summary

This forested wetland is located in the southern portion
of the Study Area and receives water from watercourse
S06. Additionally, this wetland is connected to wetland
W21
PFO
1.08
47,022
W07 via a culvert in the gravel access road.
Characteristics of this wetland are similar to that of
wetland W07.
This forested wetland is located along the southern
W22
PFO
0.51
22,213
boundary of the Study Area, adjacent to Wauregan Road.
This forested wetland is located along the western
boundary of the Study Area within the floodplain of
W23
PFO
4.10
178,609
Blackwell Brook (S07). Three vernal pools (VP1, VP2,
and VP3) are located within this wetland.
This forested wetland is located along the western
boundary of the Study Area within the floodplain of
W24
PFO
1.39
60,620
Blackwell Brook (S07). A vernal pool (VP3) is
associated with this wetland that provides a hydrologic
connection to wetland W23.
This forested wetland is located along the western
boundary of the Study Area within the floodplain of
W25
PFO
1.55
67,569
Blackwell Brook (S07). This wetland also is associated
with watercourse S02.
This forested wetland is located outside the southern end
W26
PFO
8.98
391,106
of the Study Area and is connected to the Quinebaug
River, offsite.
This emergent, forested, and scrub-shrub wetland is
W27
PEM/PFO/PSS
3.30
143,767
located along the southern boundary of the Study Area.
1 – PFO = palustrine forested; PEM = palustrine emergent; PSS = palustrine scrub-shrub; PUB = palustrine unconsolidated bottom
Cowardin, L. M., V. Carter, F. C. Golet, and E. T. LaRoe. 1979. Classification of wetlands and deepwater habitats of the United States.
U.S. Department of the Interior, Fish and Wildlife Service. FWS/OBS-79/31. Washington, DC. Available online at:
https://www.fws.gov/wetlands/documents/classwet/index.html. Accessed March 6, 2019.

12

March 2019

Wetland and Watercourse Delineation Report

Table 2.
Watercourse
Identification
S01

S02

S03

S04
(Cold Spring Brook)
S05
S06

S07 (Blackwell Brook)

S08

Quinebaug Solar

Quinebaug Solar, Watercourse Delineation Results.

Watercourse Type

Summary

This watercourse is a drainage that flows west from wetland W07 as a
natural intermittent channel. Historic anthropogenic activity has changed
Intermittent
the course of this stream to abruptly turn south and flow south through a
culvert and eventually into wetland W10.
This watercourse is a small channel flowing through wetland W12. Water
Intermittent
flows west towards Blackwell Brook (S07) and disperses as surface flow
into wetland W25 before reaching Blackwell Brook.
This watercourse has an intermittent flow regime out of wetland W18. As
it flows through wetland W17 it likely receives more groundwater inputs
and becomes a perennial watercourse, eventually discharging into Cold
Intermittent/Perennial
Spring Brook (S04). The substrate consists mostly of sand and muck,
with cobble more common in the upper, intermittent section of the
stream. Small fish were observed in downstream pools.
This watercourse flows southwest along the northwestern boundary of the
Study Area and is a tributary to Blackwell Brook (S07). This lowPerennial
gradient stream is sinuous with a substrate of sand and muck with areas
of cobble. A ground-water seep in wetland W15 flows into this
watercourse.
This small watercourse segment flows north into wetland W11 and vernal
Intermittent
pool VP4 receiving runoff from the gravel access road to the south.
This watercourse is a human-made ditch that flows west from a culvert in
Intermittent
the access road and ends as surface flow into wetland W21.
This larger watercourse flows south along the western boundary of the
Study Area and contains several floodplain wetlands (W15, W23, W24,
Perennial
and W25), and vernal pools (VP1, VP2, and VP3). This watercourse is
characterized by steep banks with areas of undercutting and erosion
common. Blackwell Brook is a tributary to the Quinebaug River.
This intermittent watercourse is located south of the Study Area in
Intermittent
wetland W26.
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Photo: 1
Description: Typical forested
wetland with mucky soils and
indicators of surface water.
Date: July 15, 2016
Source: Tetra Tech, Inc.

Photo: 2
Description: Emergent and
open water wetland (W10) on
the southern boundary of the
Study Area.
Date: September 24, 2018
Source: Tetra Tech, Inc.
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Photo: 3
Description: Typical forested
wetland with shrubby
understory.
Date: July 15, 2016
Source: Tetra Tech, Inc.

Photo: 4
Description: Forested
floodplain wetland on the
western boundary of the
Study Area. S03 is a tributary
to Cold Spring Brook.
Date: September 5, 2018
Source: Tetra Tech, Inc.
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Photo: 5
Description: Human-made
ditch S06 flows out of a
culvert in the access road and
empties into wetland W21.
Date: February 18, 2019
Source: Tetra Tech, Inc.
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Executive Summary
Quinebaug Solar, LLC, a wholly owned subsidiary of NextEra Energy Resources, is proposing to
construct a circa 50-megawatt solar energy facility on an approximately 480-acre site in Brooklyn and
Canterbury, Connecticut (Study Area). FB Environmental (FBE) conducted a herpetological assessment
of the entire Study Area. Specific tasks consisted of 1) a vernal pool survey; and 2) a general
herpetological inventory with emphasis on detection of the pure-diploid blue-spotted salamander
(Ambystoma laterale). A total of 13 days were spent in the field on the subject property to accomplish the
aforementioned tasks. A total of 14 amphibian and five reptile species were detected at the site, notably
the wood frog (Lithobates sylvaticus), spotted salamander (Ambystoma maculatum), Fowler’s toad
(Anaxyrus fowleri) spotted turtle (Clemmys guttata), and northern black racer (Coluber c. constrictor).
The blue-spotted salamander was not detected within the Study Area. The presence of the eastern
spadefoot toad (Scaphiopus holbrookii) was confirmed in the Study Area, and a survey report for this
survey is provided under separate cover.

1. Introduction
At the request of Tetra Tech, Inc. (the lead project consultant for NextEra Energy Resources), FBE
conducted a second round of vernal pool surveys (Verdanterra, LLC conducted the first in 2016) and a
general herpetological inventory with emphasis on detection of the pure-diploid blue-spotted salamander
within the Study Area located in eastern Connecticut (Figure 1). In addition, species detection surveys for
the eastern spadefoot also were performed as part of a separate survey effort.
1.1 Pool-breeding amphibians
Pool-breeding amphibians in Connecticut consist of
spotted
salamanders,
marbled
salamanders
(Ambystoma opacum), Jefferson salamander complex
(Ambystoma jeffersonianum complex) (a state species
of special concern), blue-spotted salamander complex
(Ambystoma laterale complex) (a state species of
special
concern),
pure-diploid
blue-spotted
salamanders (a state endangered species), and wood
frog. These pool-breeding amphibians spend the
majority of their lives in terrestrial habitat adjacent to From top to bottom: a spotted salamander (Ambystoma maculatum),
breeding pools, and thus require both aquatic and marbled salamander (A. opacum), and blue-spotted salamander (A.
laterale). Photo courtesy of Kevin Ryan, taken in 2011 in
terrestrial areas for survival. After spring emergence, Canterbury, Connecticut.
most adult pool-breeding amphibians in Connecticut
spend less than one month of their life-cycle in breeding pools; for the remainder of their lives they
inhabit adjacent terrestrial or wetland areas (Semlitsch 1981, 2000 cited in Calhoun and Klemens 2002).
In their terrestrial habitats, both juvenile and adult amphibians require areas of deep, uncompacted organic
material (leaf litter), coarse woody material (e.g., logs, sticks, branches), and shade, all typical
characteristics of mature forest.
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Figure 1. Quinebaug Solar Study Area, Brooklyn and Canterbury, Connecticut.
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In a summary of studies examining how far pool-breeding
amphibians move from their breeding pools, Semlitsch (1998)
found that a “critical terrestrial habitat” zone surrounding a
breeding pool should extend approximately 540 feet from the
pool’s edge would encompass the distance moved from a
breeding pool of 95 percent of the individuals within a breeding
amphibian population. Conservation of pool-breeding
amphibians has since employed circular “life zones”
surrounding a wetland to meet the terrestrial habitat
requirements of the amphibian species breeding within it (e.g.,
adult wood frog (Lithobates sylvaticus). Photo
Faccio, 2003; McDonough and Paton, 2007). Conservation An
courtesy of Kevin Ryan, taken in 2009 in Canterbury,
strategies that only focus on protecting breeding pools (and not Connecticut.
the associated critical terrestrial habitat) will most likely fail to
maintain a viable amphibian population. Protection of critical terrestrial habitat therefore must also be a
priority (Marsh and Trenham 2001 cited in Calhoun and Klemens 2002).
1.2 Pure-diploid blue-spotted salamander
Blue-spotted salamanders breed in the early spring, typically in fish-free pools similar to those used by
other ambystomatids (Klemens, 1993; Bogart and Klemens, 1997; Gibbs et al., 2007). In eastern
Connecticut, blue-spotted salamander breeding migrations typically begin during the first warm rains after
ground thaw, which typically occurs from mid-March through early April. Subsequent migrations and
breeding activity usually take place over the next 1–4 weeks.
Blue-spotted salamanders are reported to occur in or around wooded swamps (Klemens, 1993) and to be
more tolerant of dry, sandy conditions than are other ambystomatid salamanders within their range
(Minton 1972, 2001; Voght 1981, cited in Lannoo, 2005). They also may be more willing to move across
open fields and roads than other salamander species (Regosin et al., 2005). Klemens (1993) and Gibbs et
al. (2007) report that blue-spotted salamanders tend to be more surficial than other Ambystoma species,
being found more readily under cover objects (rocks, logs) in spring, summer, and fall.
Ryan and Calhoun (2014) collected habitat data on pure-diploid individuals at 1- and 10-meter diameter
plots centered on animal locations. At the 10-meter scale, salamander presence was correlated positively
with percent cover of slash and correlated negatively with percent cover of grass, total basal area of trees,
and relative humidity. At the 1-meter scale, salamander locations had deeper leaf litter and more soil
moisture than did randomly selected locations.

2. Study Area
The Quinebaug Solar project is situated in the towns of Brooklyn and Canterbury, within Connecticut’s
Eastern Hills and Uplands Region (Klemens, 1993). The Study Area consists of approximately 480 acres
comprised of numerous separate and abutting privately-owned parcels located generally north of
Wauregan Road in Canterbury and south of Rukstella Road and Allen Hill Road in Brooklyn (Figure 1).
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Major land cover types present within the Study Area include actively-managed agricultural fields (corn,
soybeans, and hay), forested areas, and several scarified areas, which are the result of previous gravel
extraction. An athletic field and associated unpaved parking areas are present at the western end of the
site. The site also contains approximately 1.5 miles of dirt/gravel access roads.
Forested portions of the site are primarily composed of deciduous species although evergreen-dominant
stands also are present, particularly at the southern end of the property. Observed deciduous species
include red maple (Acer rubrum), red oak (Quercus rubra), eastern white oak (Quercus alba), American
beech (Fagus grandifolia), hickory (Carya sp.), yellow birch (Betula alleghaniensis), black birch (Betula
lenta), ash (Fraxinus spp.), American hornbeam (Carpinus caroliniana), American elm (Ulmus
americana), and black gum (Nyssa sylvatica). Observed evergreen species include eastern white pine
(Pinus strobus) and eastern hemlock (Tsuga canadensis). The presently forested areas of the site show
evidence of past agricultural use (e.g., pasture). Owing to this land use history, a high density of nonnative invasive plant species (invasives) occurs within forested areas. Observed invasive species include
Japanese barberry (Berberis thunbergii), garlic mustard (Alliaria petiolata), multiflora rose (Rosa
multiflora), border privet (Ligustrum obtusifolium), burning bush (Euonymus alatus), and Morrow’s
honeysuckle (Lonicera morrowii).
There are numerous wetlands within the Study Area, amounting to approximately 56 acres in total.1 The
majority cover type of wetlands within the Study Area is forest although an emergent wetland exists in an
active agricultural field at the northern end of the site and an approximately 9.8-acre wetland (delineated
as an emergent/scrub-shrub/forested wetland) is present within the south-central portion of the Study
Area. In general, the canopies of forested wetlands within the Study Area are dominated by red maple.
Where present, shrubs in these wetlands typically consist of spicebush (Lindera benzoin), winterberry
(Ilex verticillata), and highbush blueberry (Vaccinium corymbosum). Herbaceous layers within these
wetlands are composed primarily of skunk cabbage (Symplocarpus foetidus), jewelweed (Impatiens
capensis), and cinnamon fern (Osmundastrum cinnamomeum). Invasives are common within forested
wetlands within the Study Area and consist primarily of Japanese barberry and multiflora rose.
Cold Spring Brook, a tributary to Blackwell Brook, a sandy-bottomed tributary to the Quinebaug River,
flows from north to south, and serves as a portion of the western Study Area boundary. A small, springfed tributary stream to the Cold Spring Brook is present near the northwestern boundary of the Study
Area.
Eight vernal pools are present within the Study Area (Figure 1)2. Pools One, Two, and Three are within
the floodplain of Blackwell Brook. Pools One and Two are shallow depressions and Pool Three is an
oxbow. Pools Four and Five are long, linear pools along the bed of a relict stream channel situated

1

Tetra Tech, Inc. conducted a wetland and watercourse delineation in 2016 and 2018 within the Study Area based on standards
set forth by the U.S. Army Corps of Engineers and the State of Connecticut Department of Energy and Environmental
Protection (Tetra Tech, Inc. 2019).

2

Vernal pools were identified by Verdanterra, LLC in 2016. FBE identified no vernal pools in addition to those identified by
Verdanterra, LLC during their 2016 survey effort.
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roughly perpendicular to Blackwell Brook. Pool Six is a modified-natural or manmade pool alongside
Rukstella Road. Pool Seven is an abandoned manmade impoundment (i.e., an old farm pond) and Pool
Eight is a shallow pool within a forested wetland complex (i.e., a cryptic vernal pool).

3. Methods
3.1 Vernal pool and blue-spotted salamander surveys
In the spring of 2018 FBE conducted a vernal pool assessment following procedures set forth in Calhoun
and Klemens (2002), the Connecticut Association of Wetland Scientists Vernal Pool Monitoring Program
Protocol (Connecticut Association of Wetland Scientists, no date) and the Maine Association of Wetland
Scientists Vernal Pool Technical Committee, Vernal Pool Survey Protocol (Maine Association of
Wetland Scientists, 2014). Photographs taken during the surveys are provided in Appendix A, and
associated data forms for each monitoring protocol that were completed during the survey are provided in
Appendix B. Blue-spotted salamander surveys occurred concurrently with the vernal pool survey. FBE
attempted to detect the presence of reptiles and amphibians present within the Study Area, including bluespotted salamanders, using the techniques described below.
3.2 Species detection techniques
Cover object searches
Terrestrial and semi-terrestrial salamanders and other herptile species (e.g., snakes) are often found
underneath natural cover objects (e.g. rocks and logs) on the forest floor, although amphibian and reptiles
can be found in anthropogenic debris (i.e. garbage piles) as well. Cover object surveys were conducted by
examining underneath all accessible rocks, logs, and anthropogenic debris for the presence of amphibian
and reptiles underneath them.
Visual encounter surveys
Visual encounter surveys involve field personnel searching a focal area systematically for a known period
of time. Visual encounter surveys are an effective technique to rapidly detect species in a given area
(Crump and Scott, 1994; Rodda et al. 2007 cited in Vonesh et al., 2010). The technique requires minimal
equipment and can be employed in a variety of habitat types (Vonesh et al., 2010).
To conduct a visual encounter survey, an experienced herpetologist (sometimes accompanied by field
assistants) typically selectively searches small areas of habitat determined most likely to yield amphibians
and reptiles. The approach potentially yields more species and individuals per unit effort than randomized
sampling approaches. Alternatively, an area may be searched via visual encounter surveys using transects
where a researcher walks along a specified compass bearing.
At the Quinebaug Solar site, visual encounter surveys consisted of searching areas deemed most likely to
yield amphibians and reptiles. This method was supplemented by loosely conducting transect surveys by
using a handheld global positioning system to traverse the site to specific locations.
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Minnow trapping
Aquatic traps used by amphibian researchers are typically of a funnel design that channel individuals into
a holding section which can be accessed by the researcher to recover captured animals. Commercially
available wire minnow traps have been used in numerous amphibian studies (e.g. Fronzuto and Verrell,
2000 and Ghioca and Smith, 2007 cited in Skelly and Richardson, 2010).
Minnow traps were used to capture pool-breeding amphibians when in their breeding pools. Minnow
trapping consisted of placing minnow traps in strategic positions (e.g. along logs, near egg masses)
partially submerged in the vernal pool to intercept amphibians using it.
Minnow traps were set in all eight vernal pools on April 16 and were subsequently checked on April 17
and 18.
Dip netting
Dip nets are commonly used to sample amphibian larvae. Dip-netting can be relatively unstructured if the
goal is simply to detect the presence of particular species. Alternatively, dip net surveys in which elapsed
time or number of sweeps is counted can be used to provide estimates of relative abundance of species.
Dip netting is fast and can be performed in a number of environments. A downside, however, is that
effective dip netting relies on the experience of the user (Skelly and Richardson, 2010).
Dip netting was utilized to aid in the detection of amphibian larvae and fairy shrimp (order Anostraca).
Kevin Ryan conducted all dip netting activity.
Nocturnal surveys
Conducting nocturnal surveys involves searching an area at night with the aid of flashlights during and
after precipitation events when amphibians are typically most active. Any amphibians encountered during
these surveys are subsequently captured, identified, and released.
Nocturnal surveys were conducted as part of the effort to detect the presence of the eastern spadefoot
toads.

4. Results and Discussion
A total of 13 separate site visits amounting to 191.25 person-hours were spent within the Study Area to
accomplish the vernal pool survey and the general herpetological inventory with emphasis on detection of
the pure-diploid blue-spotted salamander (Table 1). FBE’s Kevin Ryan led field investigations while
accompanied by a herpetological field assistant: Richard Brereton, Margaret Burns, or Amanda Gavin of
FBE. Dennis Quinn of CTHerpConsultant, LLC joined the field effort on 8 May.
4.1 Vernal pool assessment
The vernal pool assessment was conducted on April 16–19 and May 6–8, 2018. Pools also were visited
during the general herpetological inventory that occurred on June 8, 20–22, and September 19 and 21.
According to parameters in Calhoun and Klemens (2002), Pools Four, Five, Six, and Eight are Tier I
pools and Pools One, Two, Three, and Seven are Tier III pools (Table 2). Results specific to each pool are
provided in the following sections. Vernal pool analysis maps are presented in Appendix C.
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Table 1. Survey effort at the proposed Quinebaug Solar site, Brooklyn and Canterbury, CT.
Date

Field personnel

Hours on-site Total person-hours

16-Apr-18 Kevin Ryan, Rich Brereton

6.00

12.00

17-Apr-18 Kevin Ryan, Rich Brereton

9.50

19.00

18-Apr-18 Kevin Ryan, Rich Brereton

8.75

17.50

19-Apr-18 Kevin Ryan, Rich Brereton

6.25

12.5

6-May-18

Kevin Ryan, Margaret Burns

6.25

12.50

7-May-18

Kevin Ryan, Margaret Burns

8.25

16.50

8-May-18

Kevin Ryan, Margaret Burns, Dennis Quinn

7.25

21.75

8-Jun-18

Kevin Ryan, Margaret Burns

6.00

12.00

20-Jun-18 Kevin Ryan, Rich Brereton

8.75

17.50

21-Jun-18 Kevin Ryan, Rich Brereton

9.25

18.50

22-Jun-18 Kevin Ryan, Rich Brereton

3.50

7.00

19-Sep-18 Kevin Ryan, Amanda Gavin

8.00

16.00

21-Sep-18 Kevin Ryan, Amanda Gavin

4.25

8.50

92.00

191.25

Total
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Table 2. Vernal pool summary table at the proposed Quinebaug Solar site, Brooklyn and Canterbury,
Connecticut. Tier ratings are according to those set forth in Calhoun and Klemens (2002). 2016 egg mass
numbers are from the Verdanterra, LLC vernal pool survey. CTH = Critical terrestrial habitat.
Vernal
Tier
Pool

Envelope %
developed

CTH %
developed

No. spotted
salamander
egg masses
(2016/2018)

*

*

No. wood frog
egg masses
(2016/2018)

Fairy
shrimp
detected?

1

III

0

8

1/0

0/0

No

2

III

0

8

18/9

0/0

No

3

III

0

7

20/7

0/0

No

4

I

0

8

5/15

1/19

Yes

5

I

0

0

50/30

0/63

No

6

I

5

2

22/6

0/14

No

7

III

0

4

0/0

0/0

No

8

I

0

<1

7/5

3/0

No

*The vernal pool envelope is land within 100 feet of a pool’s edge; critical terrestrial habitat is land from
100 to 750 feet from a pool’s edge.
4.1.1 Pools One–Three: Blackwell Brook floodplain pools
Pools One, Two, and Three are in the floodplain of Blackwell Brook situated along the western boundary
of the Study Area. The floodplain is at the base of a steep slope to the east. The area is forested with red
maple dominating the canopy, with hickory also present. Spicebush is present in the understory, as is
invasives Japanese barberry and burning bush. Skunk cabbage dominates the herbaceous layer with
American false hellebore (Veratrum viride) also present.
These pools are subject to flooding from Blackwell Brook. A rain event on April 16 completely inundated
the floodplain with several feet of water, making pools One, Two, and Three indistinguishable.
Floodwaters connected pools One, Two, and Three to Blackwell Brook, undoubtedly introducing fish into
the pools, which were captured in minnow traps, and also likely washing egg masses downstream (which
could affect egg mass counts and contribute to high variability from year to year). Fish species captured in
minnow traps consisted of the common shiner (Luxilus cornutus), spottail shiner (Notropis hudsonius),
central mudminnow (Umbra limi), blacknose dace (Rhinichthys atratulus), and green sunfish (Lepomis
cyanellus). Several freshwater mussel beds, likely the eastern elliptio (Elliptio complanata) were observed
in Blackwell Brook.
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Pool One (Tier III)
Pool One is a small depression within the floodplain with a substrate composed of shallow muck. Water
depth during the vernal pool survey averaged six inches. The pool has no permanent inlets or outlets but
was flooded by rising water from Blackwell Brook on April 16.
No amphibian egg masses were observed during the vernal pool survey. Note, however, that egg masses
may have been present in Pool One prior to the April 16 storm. Several egg masses observed on April 17
in a non-inundated area approximately 30 feet south (downstream) of the floodplain were presumably
washed down from Pool One and/or Pool Two. The vernal pool survey completed by Verdanterra in 2016
included the observation of one spotted salamander egg mass in Pool One.
Minnow trapping (10 traps for two nights) yielded only small fish and dip netting yielded no amphibian
larvae or fairy shrimp. Several juvenile green frogs (Lithobates clamitans melanota) were observed in
Pool One.
The majority (82 percent) of the envelope3 surrounding Pool One is forested (Blackwell Brook
encompasses 18 percent). The critical terrestrial habitat is mostly forested (78 percent), with only 8
percent of the total area classified as developed (residential development).
Pool Two (Tier III)
Pool Two is a shallow depression in the floodplain situated within 50 feet of Pool One. The pool has a
predominantly mineral soil substrate with water depths of 6–12 inches. The pool has no permanent inlets
or outlets. As with Pool One, it was inundated by Blackwell Brook’s floodwaters on April 16.
Nine spotted salamander egg masses were observed in the pool. More egg masses may have been present
in Pool Two prior to the April 16 storm – as noted with Pool One, several egg masses were observed on
April 17 in a non-inundated area of the floodplain, presumably washed down from Pool One and/or Pool
Two.
Minnow trapping (10 traps for two nights) yielded only small fish, while dip netting yielded no amphibian
larvae or fairy shrimp. Several juvenile green frogs were observed in the pool.
The majority (80 percent) of Pool Two’s envelope is forested (Blackwell Brook encompasses 20 percent).
Due to the close proximity of Pools One and Two, land cover in Pool Two’s critical terrestrial habitat is
identical to that of Pool One: 78 percent forested with 8 percent developed (residential development).
Pool Three (Tier III)
Pool Three is a large oxbow alongside Blackwell Brook. The pool has a substrate of very deep muck with
water depths greater than 3 feet. Floodwater from Blackwell Brook inundated Pool Three during the April
16 storm. During normal, non-flood, stages several seep areas were observed feeding into the east side of
the pool. The pool has a small intermittent outlet to Blackwell brook via a small channel at the western
end of the pool.
3

The vernal pool envelope consists of land within 100 feet from the pool’s edge. The critical terrestrial habitat is land from 100
to 750 feet from the pool’s edge.
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Seven spotted salamander egg masses were observed in Pool Three. Additional egg masses may have
gone undetected due to the turbidity of the water, aquatic vegetation, and deep muck that render the pool
non-wadeable.
Minnow trapping (30 traps for two trap nights) yielded seven adult male spotted salamanders, two adult
green frogs and four tadpoles, and numerous small fish. Numerous adult and juvenile green frogs, in
addition to those trapped, also were observed in the pool. Pool Three was inaccessible to dip-netting due
to the deep muck layer.
Pool Three’s envelope is forested (79 percent) with the remaining 21 percent consisting of Blackwell
Brook. Eighty-one percent of Pool Three’s critical terrestrial habitat is forested; agricultural fields,
recreational fields, and open water comprise the remaining 19 percent. Seven percent of the critical
terrestrial habitat is classified as developed (the recreational field).
4.1.2 Pools Four and Five: Relict Channel Pools
Pools Four and Five are located in a relict stream channel situated roughly perpendicular to Blackwell
Brook. Both pools are long and linear owing to the fact that they were likely once pools within a channel
with flowing water. During wet weather water flows east to west in the channel, from Pool Five to Pool
Four and westward until exiting into the Blackwell Brook floodplain.
The forest surrounding the relict channel from the floodplain to Pool Five contains a mixture of red
maple, eastern white pine, and red oak with a ground cover of various fern species and Canada-mayflower
(Maianthemum canadense).
Pool Four (Tier I)
Pool Four is a long, linear pool in the relict channel. Observed water depth ranged from 12–18 inches
with a substrate consisting primarily of mineral soil with some areas of muddy/mucky substrate restricted
to the deepest portions of the pool. The pool has no permanent inlets or outlets but it does presumably
receive some hydrologic input from water flowing through the relict channel from Pool Five during high
water levels and from an adjacent forested wetland. During high water levels, water exits the pool at its
south end and drains westward through the relict channel to the floodplain of Blackwell Brook.
Fifteen (15) spotted salamander and 19 wood frog egg masses were observed in the pool. Fairy shrimp
also were present in Pool Four, the only occurrence of fairy shrimp recorded within the Study Area.
Minnow trapping (20 traps for two trap nights) yielded no amphibian captures and no amphibian larvae
were captured during dip netting efforts. Several adult green frogs also were observed in the pool.
Ninety-five percent of Pool Four’s envelope is forested with agricultural field encompassing the
remaining 5 percent. Forest and agricultural fields comprise 49 percent and 31 percent, respectively, of
the pool’s critical terrestrial habitat. The remaining area is composed of gravel pit (12 percent),
recreational field (5 percent), and development (dirt road and dirt parking lot, 3 percent).
Pool Five (Tier I)
Pool Five is a long, linear pool in the relict channel approximately 500 feet upstream in the relict channel
from Pool Four. Water depth in the pool ranges from 1 to 3 feet with a mucky substrate. The pool has no
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permanent inlets or outlets; however, when water levels are high, water exits the pool at its south end and
drains westward through the relict channel to Pool Four.
FBE observed a total of 30 spotted salamander and 63 wood frog egg masses, 52 of which were in a
single, large raft. Despite considerable search efforts, the presence of fairy shrimp was not detected in
Pool Five.
Minnow trapping (20 traps for two trap nights) yielded one adult female spotted salamander and six male
wood frogs. Dip netting yielded no amphibian larvae. One male wood frog was heard calling from the
pool on April 17. Several adult and juvenile green frogs also were observed in the pool as were a dead
eastern painted turtle (Chrysemys p. picta) hatchling and one live adult individual.
Pool Five’s envelope is comprised of 79 percent forest and 21 percent agricultural field. The critical
terrestrial habitat is comprised of relatively equal parts forest (34 percent), agricultural field (33 percent),
and gravel pit (33 percent).
4.1.3 Pools Six and Seven: Human-Altered Pools
Two human-created or altered pools are located near the northern boundary of the Study Area – an
abandoned farm pool surrounded by forest and a modified-natural pool by the side of Rukstella Road, just
below the road grade.
Pool Six (Tier I)
Pool Six is a small pool next to the northern border of the Study Area that lies at the base of a slope
leading down from Rukstela Road. Water depth in the pool was observed to range from 1 to 3 feet with a
mineral soil substrate. The pool is hydrologically isolated and has no permanent inlets or outlets. The pool
appears to have been created by excavating an existing wetland and/or installation of a berm along the
southern boundary of the pool.
Six (6) spotted salamander and 14 wood frog egg masses were observed in the pool. Minnow trapping
effort (five traps for two trap nights) yielded one male wood frog and dip netting yielded no amphibian
larvae. A spotted turtle was observed basking on a floating piece of debris in Pool Six on May 8.
The envelope of Pool Six consists of 89 percent forest with agricultural field at 6 percent and
development (dirt road) the remaining 5 percent. The pool’s critical terrestrial habitat is comprised of 63
percent forest, 34 percent agricultural field, and 2 percent development, consisting of the dirt road.
Pool Seven (Tier III)
Pool Seven is an abandoned farm pond (i.e., a manmade impoundment) that was presumably created from
an existing wetland or small watercourse (the pond appears to be excavated and a berm is present along its
western end). During vernal pool surveys, water was observed flowing into the pool from a rock-lined
spring/seepage area. Water depth in the pool was greater than 3 feet and could not be precisely determined
as the pool’s muck substrate is so deep and widespread that wading is not possible.
No vernal pool amphibian egg masses were observed in Pool Seven. No amphibians were captured in
minnow traps (10 traps for two trap nights), while dip netting from the edge of the pool yielded only
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numerous freshwater snails. Several subadult green frogs were observed in the pool as were a pair of
wood ducks (Aix sponsa).
The envelope of Pool Seven is entirely forested. The critical terrestrial habitat consists of forest (60
percent), agricultural field (36 percent) and development (dirt roads and a residence, 4 percent). The forest
surrounding the pool (the envelope in particular) contains a very high density of invasive plants in the
understory, notably Japanese barberry, multiflora rose, garlic mustard, and border privet.
4.1.4 Pool Eight: Cryptic Vernal Pool in a Forested Wetland Complex
Pool 8 (Tier I)
Pool Eight is a very small pool situated in a forested wetland toward the southeastern end of the Study
Area. The pool meets the definition of a cryptic vernal pool in that in exists within a larger wetland
complex. Water depth within the pool was observed to be up to approximately 1 foot. The pool has no
permanent inlets or outlets, but during periods of high water table the pool becomes hydrologically
connected to the surrounding wetland via surface water.
Five spotted salamander egg masses were observed within the pool (Verdanterra, LLC documented three
wood frog egg masses in this pool in 2016). Minnow trapping effort (five traps for two trap nights)
yielded no captures; dip netting yielded no amphibian larvae. Several juvenile wood frogs and several
juvenile green frogs were observed in the pool.
The envelope of Pool Eight is 96 percent forested with the remaining 4 percent being encompassed by
agricultural field. The critical terrestrial habitat is comprised of 74 percent forest, 25 percent agricultural
field, and <1 percent development (a residence).
4.2 Critical Terrestrial Habitat
The forested areas within the pools’ vernal pool envelope (land within 100 feet from a pool’s edge) and
critical terrestrial habitat (land from 100 to 750 feet from the pool’s edge) provides suitable terrestrial
habitat for wood frog, spotted salamander, and other amphibian species. The shade, leaf litter, and coarse
woody debris within this forest provide protection from desiccation and predation, and also provides
habitat for amphibian prey — all components of diurnal refugia. It is likely that these forested areas
within the vernal pool envelope and critical terrestrial habitat are where the majority of pool-breeding
amphibians reside at the Quinebaug Solar site when not in breeding pools. Total forested area within the
vernal pool envelope and critical terrestrial habitat for the eight pools within the Study Area ranges from
34 percent to 81 percent.
Actively-managed agricultural fields and, to a lesser extent, gravel extraction areas are present within the
critical terrestrial habitats of most of the pools. These areas likely do not provide suitable diurnal refuge
for amphibians due to full exposure to sunlight and lack of leaf litter and cover objects. While amphibians
likely do not use the agricultural fields for shelter or food, it is possible that they could travel across them
during precipitation events or otherwise wet conditions at night to reach suitable habitat.
Cline and Hunter (2014) quantified the relative permeability of different types of open-canopy vegetation
to juvenile wood frogs. The authors found that permeability varied between open-canopy cover types in
the following order (beginning with the least permeable): row crop < hayfield < clear-cut < open lawn <
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moderate-cover lawn. The current conditions of the field (row crops and hay) are considered the two least
permeable open-canopy cover types based on Cline and Hunter (2014). The ground under the panels
installed within what is currently agricultural field will be maintained as meadow, which according to the
findings of Cline and Hunter (2014) could increase the permeability of the area for amphibians.
4.3 Pure-diploid blue-spotted salamander survey
Despite considerable effort to detect the species, the pure-diploid blue-spotted salamander was not
observed within the Study Area despite the seeming availability of suitable habitat. Both the forested
floodplain of Blackwell Brook and the wetlands within the relict stream channel appear to have suitable
breeding and terrestrial habitat for this species.
Pure-diploid blue-spotted distribution in eastern Connecticut coincides with glacial lake beds. Despite the
presence of seemingly suitable habitat for blue-spotted salamanders, the Quinebaug Solar site is situated
approximately 3 miles north of a glacial lake bed where blue-spotted salamanders are known to occur.
5.1 General Herpetological Inventory
Data on the presence and distribution of amphibians and reptiles was collected throughout the entire field
investigation. A total of 14 amphibian and five reptile species were detected at the site (Table 3). Only
two snake species were recorded and it is likely that several species have avoided detection. Additional
information regarding each species detected is provided below; with the exception of vernal pool
amphibians, which are discussed in detail previously in this report. Greater detail is given to state-listed
species and species falling under the category of Greatest Conservation Need in the 2015 Connecticut
Wildlife Action Plan. Figure 2 presents the locations of notable reptile observations.
Salamanders
Spotted salamander
The spotted salamander is identified as an Important species in the Connecticut Wildlife Action Plan. This
is the only species of mole salamander that was observed within the Study Area. The species breeds in the
Blackwell Brook floodplain pools (Pools One, Two, and Three), the relict channel pools (Pools Four and
Five), and the cryptic vernal pool (Pool Eight). One juvenile was observed under a cover object in the
forest associated with the Blackwell Brook floodplain. A gravid female was observed under a log just
outside Pool Three and three juveniles were found under cover objects within the forest surrounding Pool
Four.
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Table 3. Amphibian and reptile species observed at the Quinebaug Solar site, Brooklyn and Canterbury,
Connecticut. WAP = Connecticut Wildlife Action Plan.
Scientific Name

Common Name

WAP
Listing

Age class

Important

Egg, juvenile,
adult

State Listing

Salamanders
Ambystoma maculatum

Spotted salamander

-

Desmognathus fuscus

Northern dusky salamander

-

-

Larva, adult

Eurycea bislineata

Northern two-lined salamander

-

-

Adult

Hemidactylium scutatum

Four-toed salamander

-

-

Juvenile, adult

Plethodon cinereus

Redback salamander

-

-

Adult

Notophthalmus v.
viridescens

Eastern newt

-

-

Juvenile

-

Juvenile, adult

Frogs and Toads
Anaxyrus americanus

American toad

-

Anaxyrus fowleri

Fowler’s toad

-

Hyla versicolor

Gray treefrog

-

-

Adult

Lithobates clamitans
melanota

Green frog

-

-

Juvenile, adult

Lithobates palustris

Pickerel frog

-

-

Juvenile, adult

Lithobates sylvaticus

Wood frog

-

Pseudacris crucifer

Spring peeper

-

Scaphiopus holbrookii

Eastern spadefoot

Endangered

Important

Important
Most
Important

Adult

Larva, adult
Adult
Adult

Turtles
Chelydra serpentina

Snapping turtle

-

-

Eggs

Chrysemys p. picta

Eastern painted turtle

-

-

Hatchling, adult

Clemmys guttata

Spotted turtle

Special
Concern

Very
important

Adult

Snakes
Coluber c. constrictor

Northern black racer

-

Important

Adult

Thamnophis sirtalis

Common garter snake

-

-

Adult
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Figure 2. Notable reptile locations at the Quinebaug Solar site, Brooklyn and Canterbury,
Connecticut.
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Four-toed salamander
Two individual four-toed salamanders (Hemidactylium scutatum) were observed during the course of the
field investigation. A juvenile was found under log in the Blackwell Brook floodplain and an adult was
found under a log in the relict channel in between Blackwell Brook and Pool Four. The Blackwell Brook
floodplain appears to provide some suitable breeding habitat for this species.
Redback salamander
Redback salamanders (Plethodon cinereus) were the most commonly-encountered salamander at the
Quinebaug Solar site, being found throughout the forested portions of the Study Area. Areas with a welldeveloped duff layer and numerous rotten logs yielded the greatest number of individuals. The highest
density of these salamanders appears to be in the relict channel in the vicinity of Pool Four, where 29
individuals were found on the morning of April 19.
Eastern newt
A single juvenile (red eft) individual of eastern newt (Notophthalmus v. viridescens) was found in the
floodplain of Blackwell Brook.
Northern dusky salamander
Two adult and three larval northern dusky salamanders (Desmognathus fuscus) were observed in the
tributary spring to Cold Spring Brook.
Northern two-lined salamander
A single adult two-lined salamander (Eurycea bislineata) was captured in the spring/seepage area that
feeds into Pool Seven.
Frogs and Toads
American toad
The American toad (Anaxyrus americanus) was documented throughout the Study Area. Adult and
juvenile individuals were most commonly encountered during nocturnal searches. American toad tadpoles
were observed in Pool Three, Pool Six, and within inundated tractor ruts in an active agricultural field
near the intersection of Rukstella Road and Allen Hill Road.
Fowler’s toad
The Fowler’s toad (Anaxyrus fowleri) is identified as an Important species in the Connecticut Wildlife
Action Plan. This species is sympatric with American toads but are typically found in in drier areas. Adult
and juvenile Fowler’s toads were most commonly encountered during nocturnal searches.
The Fowler’s toad has a spotty distribution in southern New England. In Connecticut, Fowler’s toads are
typically found in in well-drained sand and gravel areas (Klemens, 1993). Within these areas the toads are
found in a variety of cover types but Klemens (1993) notes that the sites are characteristically welldrained and often very dry. Like American toads, Fowler’s toads can be found in disturbed areas, and can
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be common in suburban areas. Fowler’s toads breed in shallow pools, including marshes, borrow pits, and
ditches with semi-permanent water (Gibbs et al., 2007).
Klemens (1993) states that the Fowler’s toad appears to be secure in eastern New England, but the spotty
distribution of the species in western New England increases the species’ vulnerability to local
extirpations due to human activity.
Gray treefrog
The presence of the gray treefrog (Hyla versicolor) within the Study Area was confirmed by observation
of its distinctive call. The species was heard calling from the Blackwell Brook floodplain, the forest
surrounding Pool Eight, the gravel pit, and the vicinity of the large pond.
Green frog
The green frog is the most ubiquitous amphibian within the Study Area. The species was observed within
or in the vicinity of all eight pools and all other wetland areas. Hundreds, if not thousands of juvenile
individuals were observed within the large pond.
Pickerel frog
Pickerel frogs (Lithobates palustris) are present at the Quinebaug Solar site. Observations of the species
consist of several adult and juveniles within the Blackwell Brook floodplain.
Spring peeper
An adult spring peeper was observed in the Blackwell Brook floodplain. This species is undoubtedly
common within the Study Area.
Wood frog
The wood frog is identified as an Important species in the Connecticut Wildlife Action Plan. This species
was confirmed breeding in the relict channel pools (Pools Four and Five) and in Pool Six. One individual
was heard calling from Pool Five during the vernal pool survey. Numerous juveniles were observed in the
vicinity of Pool Eight and several adults were observed in the Blackwell Brook floodplain. An adult was
observed active on the forest floor in the forest surrounding the relict channel.
Eastern spadefoot toad
The presence of the state-endangered eastern spadefoot was confirmed at the Quinebaug Solar site during
nocturnal searches targeted for the species4. This species also is listed as a Most Important species in the
Connecticut Wildlife Action Plan. Two adult individuals were captured on the dirt access road to the site
not far from the Wauregan Road access gate. A third individual was captured in the gravel pit.Rukstella

4

For more information regarding the eastern spadefoot toad at the Quinebaug Solar site, see FB Environmental’s Eastern
Spadefoot Toad Survey, Quinebaug Solar Project report.
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Turtles
Spotted turtle
The spotted turtle is state-listed as a Special Concern species and is identified as a Very Important species
of greatest conservation need in the Connecticut Wildlife Action Plan. A single individual was observed
basking on a floating board in Pool Six.
Spotted turtles may be found in a wide variety of permanent and temporary shallow water habitats. In
southern New England, spotted turtles inhabit muddy-bottomed slow-moving streams, marshy areas of
large lakes, river floodplains, fens, drainage ditches, red maple swamps, vernal pools, quarry pools, bogs,
small ponds, and tidal creeks. Female turtles nest on well-drained embankments and pastures, and in the
tops of tussocks in fens and bogs (Klemens 1993). Terrestrial habitat is used extensively while searching
for suitable nesting sites, traveling among wetland habitats, and when moving to terrestrial aestivation
sites during periods of high temperatures (NHFG website, 2018).
This species’ ability to utilize a wide variety of wetland types may account for its widespread distribution.
The small and shallow wetlands used by spotted turtles however have traditionally have received little or
no legal protection, and many have been drained or fragmented by development. Spotted turtles may be
locally common in some areas of New England, though they have become rare in urbanized areas. Overcollection of these turtles for pets poses a threat to populations in close proximity to humans. As with
other species of turtles that make extensive overland movements, habitat loss and fragmentation are the
primary conservation problem negatively affecting this species’ survival (Klemens, 1993).
Eastern painted turtle
One dead (decapitated) juvenile and one adult painted turtle were observed in Pool Five.
Snapping turtle
A depredated snapping turtle (Chelydra serpentina) nest was observed in a gravel pit.
Snakes
Common garter snake
Garter snakes (Thamnophis sirtalis) were found scattered throughout the site. Four individuals were
observed in the Blackwell Brook Floodplain and single individuals were observed in the relict stream
channel, the forest near Pool Eight, on the dirt road near Pool Six, on the dirt road near the athletic field,
and at the edge of the large forested wetland complex present at the east-central end of the site.
Northern black racer
The northern black racer has a widespread distribution in Connecticut, with the exception of the
northwestern portion of the state where it is rare. The species inhabits a variety of cover types but avoids
heavily forested areas and is more commonly found in open or lightly wooded areas such as meadows,
fields, rocky slopes, woodland ecotones, old fields, and powerline corridors (Klemens, 1993). Klemens
(1993) states that racers remain abundant in many areas however it becomes scarce in developed (urban)
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areas of southwestern Connecticut due to habitat fragmentation and the dense forest cover of the
remaining undeveloped land.
A black racer was observed on the dirt road bordering the gravel pit at the center of the Study Area on
May 8. On September 21 two black racers were observed basking under shrubby vegetation along the dirt
road near the sports field.

5. Conclusion
Overall, the Quinebaug Solar site exhibits moderate herpetological diversity for a site of this size in
Connecticut, with total of 14 amphibian and five reptile species being detected (Table 3).While over onethird of the herpetofauna species detected on site are listed by Connecticut at some level of conservation
concern, undoubtedly, the species of greatest conservation concern is the eastern spadefoot toad.
Conservation measures for this species are discussed in detail in the Herpetofauna Avoidance and
Mitigation Plan for the Quinebaug Solar Project, submitted under separate cover.
The intact forested area comprised of the Blackwell Brook floodplain and the relict channel is home to the
greatest diversity and abundance of herpetofauna on the site. The two pools within the relict channel were
found to contain the greatest numbers of pool-breeding amphibians and both meet the criteria of Tier I
pools, per Calhoun and Klemens (2002). Furthermore, this area exhibited the greatest diversity of reptiles
and is the only place within the Study Area where fairy shrimp were detected. Northern black racers were
observed basking at the edge of or moving into the area of forest encompassing the relict channel and
although the one spotted turtle observed during field the field investigation was not observed in this area,
the relict channel appears to be suitable habitat for the species.
Though the three pools within the Blackwell Brook floodplain do not appear to produce pool-breeding
amphibians at the same level of abundance as the pools in the relict channel, these floodplain vernal pools
and the floodplain itself are nonetheless important for the overall diversity of the site. Several species
were detected in the vicinity of the floodplain pools that were not found elsewhere on-site, namely the
four-toed salamander, eastern newt, and pickerel frog. Similar to the relict channel, this area appears to
contain suitable habitat for the spotted turtles.
For the reasons outlined above, the forest associated with the Blackwell Brook floodplain and relict
channel should not be altered as part of the construction of the proposed solar facility. Aside from
conservation measures regarding the eastern spadefoot toad, leaving this forest intact will provide the
most valuable conservation opportunity for herpetofauna available on the site. Furthermore, although
large areas of the Quinebaug Solar site have been cleared (due to mining and agriculture), there are at
present no major barriers to the movement of reptiles and amphibians (e.g., roadways with curbs and
catch basins), and the amphibian breeding pools have adjacent forested areas. As agricultural fields and
forest are converted to solar fields, the conservation management goal for the Quinebaug Solar site should
be to maintain the interconnected landscape by careful design that does not obstruct amphibian and reptile
movement and that maintains forested portions of vernal pool envelopes (the first 100 feet from a pool’s
edge), and limits development (e.g., impervious structures and paved roads) to only 25 percent of the area
from 100 to 750 feet from the pool (the Critical Terrestrial Habitat).
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Appendix A. Photographs

Photo 1. Pool One is within the Blackwell Brook
floodplain. Photograph taken May 6, 2018.

Photo 2. Pool two is within the Blackwell Brook
floodplain, not far from Pool One. Photograph taken
May 6, 2018.

Photo 3. Pool Three is an oxbow in the Blackwell
Brook floodplain. Photograph taken April 18, 2018.

Photo 4. The surface of Pool Three covered with
duckweed (subfamily Lemnoideae) on September 19,
2018.
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Photo 5. Pool Four is in the relict stream channel.
Photograph taken May 7, 2018.

Photo 6. A fairy shrimp (order Anostraca) captured
using a dip net in Pool Four. Photograph taken May
7, 2018.

Photo 7. Pool Five is in the relict stream channel.
Photograph taken May 7, 2018.

Photo 8. A raft of wood frog egg masses in Pool Five
Photograph taken April 17, 2018.
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Photo 9. Pool Six is situated in-between a dirt road
and an active agricultural field. A spotted turtle was
observed using this pool. Photograph taken May 7,
2018.

Photo 10. Pool Seven is an old farm pond.
Photograph taken May 9, 2018. .

Photo 11. Pool Eight is a small pool situated in a
larger forested wetland complex. Photograph taken
April 19, 2018.

Photo 12. The pond at the south-central portion of the
site. Photograph taken June 8, 2018.

Page 24

FBE - Quinebaug Solar Vernal Pool Survey and Herpetological Inventory

Photo 13. A black racer observed in vegetation on
the side of a dirt road on September 21.

Photo 14. A close-up photo of the black racer in the
previous photo.
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Appendix B. Completed vernal pool data forms
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Appendix C. Vernal pool analysis maps
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Executive Summary
Quinebaug Solar, LLC, a wholly owned subsidiary of NextEra Energy Resources, is proposing to
construct a circa 50-megawatt solar energy facility on an approximately 460-acre site in Brooklyn and
Canterbury, Connecticut (Study Area). FB Environmental (FBE) conducted nocturnal field surveys to
determine if the eastern spadefoot toad (Scaphiopus holbrookii) is present or likely absent within the
Study Area. A total of 16 nights of surveys were conducted during suitable weather conditions. The
presence of the eastern spadefoot at the Quinebaug Solar site was confirmed, with a total of three
individuals being captured.

1. Introduction
At the request of Tetra Tech, Inc. (the lead project consultant for NextEra Energy Resources), FBE
conducted nocturnal field surveys to determine if the eastern spadefoot toad (Scaphiopus holbrookii) is
present within the Study Area and if so, to radio-tag and subsequently track captured individuals. This
report presents the results of FBE’s spadefoot survey efforts completed in 2018. In addition to the eastern
spadefoot surveys, FBE also conducted a vernal pool survey and a general herpetological inventory with
emphasis on detection of the pure-diploid blue-spotted salamander (Ambystoma laterale). Results of the
vernal pool survey, blue-spotted salamander survey and general herpetological inventory are provided
under separate cover.
1.1 Eastern spadefoot toad
The eastern spadefoot toad is the only member of the spadefoot family
(Scaphiopodidae) present east of the Mississippi River. While eastern
spadefoot toads are common from Tennessee west to the Mississippi
Valley, New England populations are scattered and disjunct, and
typically found in river valleys with sandy, well-drained soils, which
also tend to be prized for residential and commercial development
(Klemens, 1993). Some of these already localized populations have
been extirpated, presumably due to habitat loss accompanying
urban/suburban development (Klemens, 1993).
Eastern spadefoot toads spend the vast majority of their lives alone in Adult female (top) and male (bottom) eastern
spadefoot toads. Photo courtesy of Kevin
self-dug underground burrows in the uplands surrounding breeding Ryan, taken in 2011 in Canterbury,
pools. They do not breed on a rhythmic, annual cycle that is typical of Connecticut.
the large majority of North American pool-breeding amphibian species, and can forgo breeding for
numerous, consecutive years (Ball, 1936; Klemens, 1993). The known breeding sites in eastern
Connecticut are temporary pools with an open canopy that are created by heavy rainfall; some likely do
not meet the regulatory definition to be considered wetlands (personal observations; D. Quinn pers.
comm.). In years when breeding does occur, the activity is explosive, typically lasting only one or two
nights, and can occur anytime from late March through October in southern New England (Klemens,
1993). Because of this irregular and contracted breeding pattern, standard calling anuran (frog and toad)
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surveys are severely limited as a primary tool to document and monitor local eastern spadefoot toad
populations (Cook et al., 2011).
Data on movement patterns and habitat selection of eastern spadefoot toads in the northeast are sparse,
with the exception of a study in the Quinebaug River valley in eastern Connecticut (Ryan et al. in prep.)
and another on Cape Cod (Timm et al., 2014). Eastern spadefoots in these areas spent anywhere from one
day to six months in a burrow, emerging only at night to feed on insects and other small invertebrates,
typically on rainy nights from mid-June through mid-September (Ryan et al., 2015). Individuals would
often return to a different burrow than the one they left; some used as many as eight unique burrows in
their home range, anywhere from 32 square feet to more than 40 acres. Some eastern spadefoots were
observed travelling up to a half mile, though typically they stayed within a few meters of their burrows.
The considerable variation in movement patterns and behavior is likely caused by cover type and prey
availability.
Cover types that include bare soil and dense clumps of vegetation appear to be preferred by eastern
spadefoots. Bare, sandy soil is preferred for burrowing, while dense vegetation provides refuge from
predators while individuals are emerged from their burrows. Klemens (2002) observed that the recorded
eastern spadefoot toad occurrences in eastern Connecticut coincided well with Hinckley Soils. Hinckley
soils are sandy, gravelly, and typically well drained (U.S. Department of Agriculture Natural Resources
Conservation Service [USDA NRCS], 2008), characteristics that are consistent with reports of soil types
preferred by eastern spadefoot toads (e.g., Pearson [1955] and Jansen et al. [2001]). Building on Klemens’
observations, Moran and Button (2011) used soils and digital elevation model data from known eastern
spadefoot toad sites in Connecticut, Massachusetts, and Rhode Island to create a geographic information
system model that identifies and predicts potential eastern spadefoot toad habitat in the region.

2. Study Area
2.1 Site configuration
The Quinebaug Solar project is situated in the towns of Brooklyn and Canterbury, within Connecticut’s
Eastern Hills and Uplands Region (Klemens, 1993) (Figure 1). The specific Study Area consists of
approximately 460 acres comprised of numerous separate and abutting privately-owned parcels located
generally north of Wauregan Road in Canterbury and south of Rukstella Road and Allen Hill Road in
Brooklyn, Connecticut.
Major land cover types present within the Study Area include actively-managed agricultural fields (corn,
soybeans, and hay), forested areas, and several scarified areas which are the result of previous gravel
extraction. Three gravel extraction areas are present: the western area and the central area, which are
clearly visible on the aerial photo as bare earth areas (Figure 1) and are no longer active; and the
southeastern area which is situated within a panhandle of the site across Wauregan Road from the main
body of the site. The southeastern area has recently undergone gravel extraction, which is not reflected by
the aerial photo as it predates the extraction activity. An athletic field and associated unpaved parking
areas are present at the western end of the site. The site also contains approximately 1.5 miles of
dirt/gravel access roads.
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Figure 1. Quinebaug Solar site map, Brooklyn and Canterbury, Connecticut.
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2.2 Soils
A soil map obtained from the USDA NRCS’s Web Soil Survey shows soils within the Study Area are
comprised of 17 different series (Appendix A). Woodbridge is the most prominent soil series on the site,
encompassing 93 acres followed by Hinckley (86 acres), Paxton and Montauk (78.7 acres), Windsor soils
(50 acres), Ridgebury (36 acres), Agawam (23 acres), Ninigret (20 acres) Canton and Charlton (19 acres)
and Suffield (14 acres). The remaining eight soil series all comprise less than 10 acres each.
2.3 Forest
Forested portions of the site are primarily composed of deciduous species although evergreen-dominant
stands also are present, particularly at the southern end of the property. Observed deciduous species
include red maple (Acer rubrum), red oak (Quercus rubra), eastern white oak (Quercus alba), American
beech (Fagus grandifolia), hickory (Carya sp.), yellow birch (Betula alleghaniensis), black birch (Betula
lenta), ash (Fraxinus spp.), American hornbeam (Carpinus caroliniana), American elm (Ulmus
americana), and black gum (Nyssa sylvatica). Observed evergreen species include eastern white pine
(Pinus strobus) and eastern hemlock (Tsuga canadensis). The presently forested areas of the site show
evidence of past agricultural use (e.g., pasture). Owing to this land use history, a high density of nonnative invasive plant species (invasives) occurs within forested areas. Observed invasive species include
Japanese barberry (Berberis thunbergii), Oriental bittersweet (Celastrus orbiculatus) garlic mustard
(Alliaria petiolata), multiflora rose (Rosa multiflora), border privet (Ligustrum obtusifolium), burning
bush (Euonymus alatus), and Morrow’s honeysuckle (Lonicera morrowii).
2.4 Hydrologic features
There are numerous separate wetland areas within the Study Area, amounting to approximately 56 acres
in total1. The majority cover type of wetlands within the Study Area is forest although an emergent
wetland exists in an active agricultural field at the northern end of the site and an approximately 9.8-acre
wetland (delineated as an emergent/scrub-shrub/forested wetland) is present within the south-central
portion of the Study Area. In general, the canopies of forested wetlands within the Study Area are
dominated by red maple. Where present, shrubs in these wetlands typically consist of northern spicebush
(Lindera benzoin), winterberry (Ilex verticillata), and highbush blueberry (Vaccinium corymbosum).
Herbaceous layers within these wetlands are composed primarily of skunk cabbage (Symplocarpus
foetidus), jewelweed (Impatiens capensis), and cinnamon fern (Osmundastrum cinnamomeum). Invasives
are common within forested wetlands within the Study Area and consist primarily of Japanese barberry
and multiflora rose.
Cold Spring Brook, a tributary to Blackwell Brook, a sandy-bottomed tributary to the Quinebaug River,
flows from north to south, and serves as a portion of the western Study Area boundary. A small, springfed tributary stream to the Cold Spring Brook is present near the northwestern boundary of the Study
Area.

1

Tetra Tech, Inc. conducted a wetland and watercourse delineation in 2016 and 2018 within the Study Area based on standards
set forth by the U.S. Army Corps of Engineers and the State of Connecticut Department of Energy and Environmental
Protection (Tetra Tech, Inc. 2019).
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Eight vernal pools are present within the Study Area (Figure 1)2. Pools One, Two, and Three are within
the floodplain of Blackwell Brook. Pools One and Two are shallow depressions and Pool Three is an
oxbow. Pools Four and Five are long, linear pools along the bed of a relict stream channel situated
roughly perpendicular to Blackwell Brook. Pool Six is a modified-natural or manmade pool alongside
Rukstella Road. Pool Seven is an abandoned manmade impoundment (i.e., an old farm pond) and Pool
Eight is a shallow pool within a forested wetland complex (i.e., a cryptic vernal pool). Two additional
pools, which likely do not meet the criteria to be considered wetlands, also are present within the Study
Area (these pools are discussed further in the Results and Discussion section of this report).

3. Methods
3.1 Desktop analysis
FBE examined USDA NRCS Web Soil Survey maps for the presence of Hinckley soils in the vicinity of
the Study Area. FBE also examined the Predicted Spadefoot Toad Habitat map produced by Kate Moran
of the Connecticut Department of Energy and Environmental Protection for the presence of predicted
spadefoot habitat within the vicinity of the Study Area.
3.2 Species detection techniques
Visual encounter surveys
Visual encounter surveys involve field personnel searching a focal area systematically for a known period
of time. Visual encounter surveys are an effective technique to rapidly detect species in a given area
(Crump and Scott, 1994; Rodda et al. 2007 cited in Vonesh et al., 2010). The technique requires minimal
equipment and can be employed in a variety of habitat types (Vonesh et al., 2010).
To conduct a visual encounter survey, an experienced herpetologist (sometimes accompanied by field
assistants) typically selectively searches small areas of habitat determined most likely to yield target
species. The approach potentially yields more species and individuals per unit effort than randomized
sampling approaches. Alternatively, an area may be searched via visual encounter surveys using transects
where a researcher walks along a specified compass bearing.
At the Quinebaug Solar site, visual encounter surveys for eastern spadefoot toads occurred at night during
suitable weather conditions. Teams of one to three individuals surveyed with the aid of high-output LED
headlamps. While surveys were primarily focused in areas deemed optimal for detecting eastern spadefoot
toad (e.g., areas of open canopy having dense clumps of vegetation), searches also were conducted in
areas not often associated with spadefoot activity (e.g., on dirt roads traversing forested areas). FBE also
searched for potential eastern spadefoot breeding pools during nocturnal surveys as well as during the
vernal pool survey and general herpetological inventory.
Following the conclusion of an individual survey bout at the Study Area, other known eastern spadefoot
localities were visited to check for activity. The sites are at three known breeding pools, one each in the
towns of Plainfield, Lisbon, and North Stonington, Connecticut. Confirming spadefoot activity at other
2

Vernal pools were identified by Verdanterra, LLC in 2016. FBE identified no vernal pools in addition to those identified by
Verdanterra.
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sites within the state is useful in that it provides further evidence that the Study Area was searched during
conditions when eastern spadefoot toads are likely to be emerged from their burrows.
3.2 Tagging
Dennis Quinn of CTHerpConsultant, LLC, an expert in eastern spadefoot radio-telemetry, surgically
implanted radio transmitters into each captured eastern spadefoot. For each individual, snout-to-vent
length was measured to the nearest 1 millimeter (mm) using calipers, mass to the nearest 0.1 gram (g)
using a digital scale, and a 12 mm PIT tag (Model HPT12, 134.2kHz ISO FDXB tag; Biomark, Boise,
Idaho, USA) and a radio transmitter (Model R1655 or A2455; Advanced Telemetry Systems, Isanti,
Minnesota, USA) were implanted following the methods in Madison et al. (2010). Implanted transmitters
never exceeded 10% of an animal’s body mass. Eastern spadefoot toads were anesthetized using 3.1
millimolar tricaine methane sulfonate (MS-222) neutralized to pH 7.0 using NaOH. When the righting
and touch responses were completely suppressed (following Faccio [2003] and McDonough and Paton
[2007]), a ca. 7 mm incision was made in the ventral posteriolateral abdominal wall and radio transmitter
and PIT tag (bathed in ethanol and rinsed with distilled water) were inserted into the peritoneal cavity.
Incisions were closed using dissolvable sutures (Model PDS II, RB-1 taper, Size 5-0, Ethicon Inc.,
Somerville, New Jersey, USA). Animals were then rinsed with distilled water. Individuals were then held
in separate plastic containers lined with wet paper towels and eventually released within 5 m of their
initial capture.
3.3 Radio telemetry
Transmitter-implanted eastern spadefoot toads were located using an ATS receiver (Model R410) and an
ATS three-element yagi antenna. Individuals were located on an opportunistic basis to within ca. 10
centimeter (cm). Locations were recorded using a handheld global positioning system (GPS) unit
(GPSmap 76Cx, Garmin International, Inc., Olathe, Kansas, USA) which was typically accurate to within
10 m.
3.4 Weather data
Data on daily precipitation and high, low, and average temperature was obtained from a weather station in
Windham, Connecticut via the Weather Underground website (www.weatherunderground.com).

4. Results and Discussion
4.1 Desktop analysis
USDA NRCS web soil survey maps show that approximately 85 acres (18%) of the Quinebaug Solar site
is mapped as Hinckley soil, which exists mainly within the western portion of the site and the portion of
the site southeast of Wauregan Road (Figure 2). The CT DEEP Predicted Spadefoot Habitat map shows
that potential spadefoot habitat does exist on the site. In general, the areas predicted to be eastern
spadefoot habitat roughly coincide with areas mapped as Hinckley soils.
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Figure 2. Quinebaug Solar site map showing locations of captured eastern spadefoot toads,
Brooklyn and Canterbury, Connecticut.
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4.2 Survey effort and captures
A total of 161.5 hours over 16 nights in June, July, August, and September 2018 were spent surveying for
the presence of eastern spadefoot toads at the Quinebaug Solar site (Table 1). During each survey bout,
meteorological conditions (Table 2) were conducive to eastern spadefoot toads being active (i.e., the toads
emerged from their burrows) and hence detectable. Spadefoot activity at other known localities nearby
was confirmed on nine of the 16 survey nights. Overall survey effort resulted in the detection of three
individual eastern spadefoot toads. An individual was captured on June 24 (Spadefoot A) on the gravel
road that provides access to the site, approximately 1,500 feet north of an access gate at Wauregan Road.
A second individual (Spadefoot B) was captured on the road within approximately 10 feet this location on
June 28. The third spadefoot (Spadefoot C) was captured at the southern edge of the gravel extraction area
on September 4. Aside from the three captures, a single male eastern spadefoot toad was heard calling
from the gravel extraction area at the center of the site during a nocturnal survey bout on June 28 but
could not be located that night or at all during the spadefoot survey (all captured eastern spadefoots were
female).
4.3 Potential breeding pools
During the course of the vernal pool survey and general herpetological inventory, FBE identified two
potential eastern spadefoot breeding pools in addition to the wetlands and vernal pools identified and/or
delineated by Verdanterra and Tetra Tech, Inc. Both of these pools have very short hydroperiods and
undoubtedly do not meet the criteria to be considered wetlands per U.S. Army Corps of Engineers or State
of Connecticut definitions, but they nonetheless have the potential to provide breeding habitat for
spadefoot toads (note however that the hydroperiods of these pools are too short to support other poolbreeding species such as wood frog [Rana sylvatica] and spotted salamander [Ambystoma maculatum).
The first pool (Pool A) lies northeast of the gravel extraction area at the center of the site. An access road
to an adjacent hayfield traverses the pool. On April 19 the pool was observed to be approximately 50 to
75 feet in diameter with 2+ feet of standing water at its deepest point. Later, during the May 7 field
investigation, the pool was observed to be completely dry. Tire ruts in the pool contained only several
inches of water on September 19, after precipitation events that totaling 2+ inches the preceding week. No
amphibian eggs or tadpoles were observed in the pool at any point during the course of the field
investigation.
The second (Pool B) is in an active agricultural field near the intersection of Rukstella Road and Allen
Hill Road. On April 19 the pool was observed to be approximately 50 feet in diameter with up to one foot
of standing water. American toad tadpoles were observed in the pool on May 8 and the pool contained no
standing water on June 8. On September 19, tire ruts within the pool contained several inches of water.
The results of the spadefoot surveys suggest that eastern spadefoot toads did not utilize either of the above
potential breeding pools for breeding in 2018. With only a single year of data, however, it cannot be ruled
out that these pools may contain breeding congresses in some years. To illustrate this point, eastern
spadefoot toads were confirmed breeding at the North Stonington, Plainfield, and Lisbon sites in 2017,
but as of October 2018 we had received no reports of eastern spadefoot toads breeding at any of these
three sites in 2018.
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Table 1. Summary of eastern spadefoot toad survey effort at the proposed Quinebaug Solar site, Brooklyn and
Canterbury, Connecticut. Entries in bold indicate an eastern spadefoot capture within the Study Area.
Meteorological conditions are presented in Table 2.
Date

Field personnel

Hours
on site

Total
personhours

Remarks

1-Jun-18

Dennis Quinn, Jani Quinn

4.5

9

-

18-Jun-18

Dennis Quinn, Jani Quinn

5

10

-

24-Jun-18

Dennis Quinn, Jani Quinn

6.5

13

Spadefoot toad captured (n=1 adult
female). Spadefoot toads also active
at sites at N. Stonington and Lisbon
sites.

28-Jun-18

Dennis Quinn, Jani Quinn

6

12

Spadefoot toad captured (n=1 adult
female)

17-Jul-18

Dennis Quinn, Jani Quinn, Jeffrey Cavallaro

5.5

16.5

-

22-Jul-18

Dennis Quinn, Kevin Ryan, Jeffrey Cavallaro

4.5

13.5

-

25-Jul-18

Kevin Ryan, Jeffrey Cavallaro

4-Aug-18

Dennis Quinn, Jani Quinn

4.5

9

Spadefoot toads active at N. Stonington
and Lisbon sites.

11-Aug-18

Jeffrey Cavallaro

4.5

4.5

Spadefoot toads active at N. Stonington.

13-Aug-18

Jeffrey Cavallaro

4.5

4.5

Spadefoot toads active at N. Stonington.

4

8

4.5(KR)
3 (JC)

7.5

-

Spadefoot toad captured (n=1 adult
female)

6-Sep-18

Dennis Quinn, Jeffrey Cavallaro

9-Sep-18

Dennis Quinn, Jeffrey Cavallaro, Jani Quinn

4.5

13.5

Spadefoot toads active at N. Stonington
and Plainfield sites.

10-Sep-18

Dennis Quinn, Jeffrey Cavallaro, Kevin Ryan

4

12

Spadefoot toads active at Plainfield and
Lisbon sites.

12-Sep-18

Dennis Quinn, Jani Quinn, Jeffrey Cavallaro

4.5

13.5

Spadefoot toads active at Plainfield and
Lisbon sites.

13-Sep-18

Dennis Quinn, Jeffrey Cavallaro

2.5

5

Spadefoot toads active at Plainfield and
Lisbon sites.

25-Sep-18

Dennis Quinn, Jeffrey Cavallaro

5

10

Spadefoot toad active at Plainfield site.

77.5

161.5

Total
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Table 2. Meteorological conditions during eastern spadefoot toad surveys at the proposed Quinebaug Solar
site, Brooklyn and Canterbury, Connecticut. Weather data was obtained from a weather station in
Windham, Connecticut via wunderground.com. Entries in bold indicate an eastern spadefoot capture
within the Study Area.
Date

High
Temp.
(ºF)

Low
Temp.
(ºF)

Average
Temp.
(ºF)

Precip.
(Inches)

Remarks

1-Jun-18

80

64

72

0.05

No rain, predicted storm passed to the north. Sites dry
during survey.

18-Jun-18

89

60

74

0.10

Light rain at beginning of survey. Site was damp, but not
saturated. Rain ended ~2 hours into survey.

24-Jun-18

78

60

68

0.10

Light rain at beginning of survey. Site was damp, but
not saturated. Rain ended ~3 hours into survey.

28-Jun-18

79

66

72

0.00

Rain occurred during the day. No rain at night. Site
damp, but not saturated.

17-Jul-18

90

71

80

0.00

Heavy thunderstorms before dark, rain continued after
sunset. Site saturated however overall level of overall
amphibian activity apparently low.

22-Jul-18

81

64

72

1.18

Heavy rain during morning. Intermittent rain during
survey. Site saturated during survey.

25-Jul-18

80

73

76

0.39

Rain during day. Steady light rain from 10pm onward
during survey.

4-Aug-18

79

72

75

0.73

Heavy thunderstorms earlier during the day. No rain
during survey but site saturated.

11-Aug-18

75

69

72

0.79

Rain earlier during the day. No rain during survey but site
saturated.

13-Aug-18

75

70

72

0.31

Light rain during survey.

6-Sep-18

91

71

81

0.74

Rain during survey.

9-Sep-18

63

58

53

0.0

Heavy rain earlier in the day. Light rain during survey.
Site saturated. Heavy rain following surveys around 3-4
am.

10-Sep-18

61

52

56

0.74

Steady rain for most of the day. Intermittent light rain
during survey. Site saturated.

12-Sep-18

73

64

68

1.5

Site very saturated.

13-Sep-18

73

64

68

1.08

Heavy rain before sunset. Light rain during survey.

25-Sep-18

70

51

60

0.13

Heavy rain before sunset. Light rain during survey.
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Despite hearing a calling male eastern spadefoot, no apparently suitable breeding pools were observed
within the gravel extraction areas, and it is highly unlikely that any pools are present for more than a
matter of hours, even in the wettest conditions. The gravel extraction areas are all excessively well
drained and any standing water was observed to drain within one day.
4.4 Spadefoot habitat
Of the three captures, only Spadefoot C was captured in an area of Hinckley soil and predicted spadefoot
habitat, while spadefoot toads A and B were captured outside of Hinckley/predicted habitat areas.
Building on Klemens (1993), Moran and Button (2011) found a significant relationship between sites
inhabited by eastern spadefoot toads and the presence of sand or sandy gravelly glaciofluvial or Eolian
soils that are well- or excessively well-drained. Ryan et al. (in prep) observed that within these areas,
eastern spadefoot toads tend to burrow in areas with bare soil. Furthermore, transmitter-implanted
individuals observed at night (emerged from their burrows) were typically found underneath dense cover
(e.g., clumps of shrubs).
The inactive gravel extraction areas within the Study Area appear to provide the most suitable habitat for
eastern spadefoot toads, presumably due to the lack of a forest canopy and the presence of bare soil and
clumps of vegetation. The western and central gravel extraction areas appear to provide the most suitable
eastern spadefoot habitat. Despite its location within an area mapped as predicted habitat, the western
gravel extraction area had no spadefoot toad observations. The southeastern gravel extraction area on the
other side of Wauregan Road is mapped as suitable habitat but is currently an active mine.
Like the gravel extraction areas, the agricultural fields within the Study Area provide areas of open
canopy and bare soil. The nearest dense vegetation to these areas lies along the edges of the fields
themselves. It has been the author’s experience that while eastern spadefoot toads will burrow in active
agricultural fields, they tend not to remain in the fields for extended periods of time.
4.5 Radio-telemetry and spadefoot movement patterns
Spadefoot A, the adult female captured on June 24, was implanted with a transmitter and subsequently
released on June 28. It was then located on July 4 and 10 in a burrow at the edge of the dirt road near its
original point of capture. On July 17 the individual had moved on from this location. Despite searching
for a signal throughout the entire Study Area and surrounding roads, as of October 2018 Spadefoot A had
not been relocated and has presumably left the Study Area altogether.
Spadefoot B, the adult female captured on June 28, implanted with a transmitter, and released on July 4. It
was found to be burrowed close to its point of release on the edge of the dirt access road. On July 17
Spadefoot B was no longer at this location. As with Spadefoot A, despite extensive searching as of
October 2018 the individual has not been located again.
Lastly, Spadefoot C, the adult female captured in the gravel extraction area on September 6, was
implanted with a transmitter and released on September 10. As of September 19 the individual has been
burrowed several meters away from its point of release.
Spadefoot toads A and B were both captured well outside of areas mapped as being underlain by Hinckley
soil or as predicted spadefoot habitat. Field personnel conducting the surveys did not expect to find
spadefoot toads at this location near the Study Area entrance gate due to the apparent lack of suitable
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groundcover and vegetation structure. The area immediately in the vicinity of their capture location
consists of forest, which does not contain the bare soil and clumps of dense vegetation apparently
preferred by the species. The radio-telemetry results suggest that these two individuals were captured
while making long-distance movements that crossed the Study Area, as neither was found again after July
17. Spadefoot toads are known to travel across inhospitable terrain in search of suitable habitat; Ryan et
al. [in prep.) observed eastern spadefoot toads travelling in excess of 2,000 feet from their release points
(transmitter failure is highly unlikely as an explanation for the individuals’ disappearance, especially
considering that both transmitters would be required to fail in such a scenario).
Unlike Spadefoot toads A and B, Spadefoot C was captured in an area with a high likelihood of finding
eastern spadefoot toads. The area at its capture location is underlain by Hinckley soil and shown as
predicted spadefoot habitat. As of October 2018 the individual is still burrowed near its capture location.
Given the time of year it is likely this individual will remain burrowed at or near its current location
throughout its dormant season.
4.6 Conservation implications
The detection of three individual spadefoot toads over the course of 161.5 person hours suggests that the
Quinebaug Solar site may contain a low population density of eastern spadefoot toads. While conducting
research on eastern spadefoot toads from 2008-2011, the author found that the number of eastern
spadefoot toads detected at two study sites did not vary drastically from year-to-year, ranging from one to
10 individuals. A large area of predicted spadefoot habitat is present along Wauregan Road which runs
east-west just south of the Study Area. The author conducted nocturnal surveys via car on Wauregan
Road during favorable conditions on five occasions in 2009 and one occasion in 2011. No eastern
spadefoot toads were detected during the course of these surveys.
To achieve the goal of protecting populations of pool-breeding amphibians, many researchers
acknowledge that circular management zones, often very limited in area, will not conserve target
populations over the long term (Baldwin et al. 2006; Calhoun et al. 2014). Windmiller and Calhoun
(2008) note that degrading the terrestrial habitat adjacent to breeding pools has been found to reduce the
probability of the presence of amphibian populations in otherwise suitable breeding sites (Homan et al.,
2004; Rubbo and Kiesecker 2005), reduce the average size of pool-breeding amphibian populations
(Homan et al., 2004; Egan and Paton, 2008), and reduce amphibian species richness (Lehtinen et al.,
1999).
Protecting eastern spadefoot is likely a bit more complicated due to its poorly understood life history and
the difficulties inherent in studying a burrow-dwelling, irregularly breeding species. This complexity and
incomplete understanding have led to challenges in conserving or connecting the habitat elements
important to spadefoot toads and in assessing “persistence” of a population versus “thriving” of a
population. Creative conservation, involving landowners as stewards of wildlife of concern, may be an
important part of the solution (Calhoun et al. 2014). For example, most spadefoot toads tracked as part of
the Ryan et al. (in prep.) study were found to be using human-created cover types with areas of bare soil
associated with gravel mining, agriculture, a manmade detention basin (designed to serve as spadefoot
habitat), and in residential development. Likewise, at least one of the three known breeding pools in
eastern Connecticut is a manmade impoundment. Therefore, it may be possible that, under certain
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circumstances (i.e., in otherwise relatively unfragmented landscapes), human alterations of the landscape
can serve to bolster rather than hinder the spadefoot population. The all-important caveat to this point is
that, historically, development caused at least one documented extirpation of a robust eastern spadefoot
population in New Haven, Connecticut studied by Ball (1936). In short, eastern spadefoot toads may be
more tolerant of some development than other pool-breeding amphibian species, especially if breeding
pools and burrow sites are not situated in heavily fragmented landscapes. Given the current dearth of
baseline data on population size and growth rate, however, the corollary argument is that eastern
spadefoot toads could be persisting at the Quinebaug Solar site locations in spite of land use conversion,
and further, could potentially be in decline.
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Appendix A. USDA NRCS Web Soil Survey Map of the Quinebaug Solar Site
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Appendix B. Photographs

Photo 1. The large, short hydroperiod pool (Pool
A) near the central gravel extraction area on April
19.

Photo 2. Pool A on May 7.

Photo 3. Pool A contained some standing water on
September 19.

Photo 4. An area of pooled water (Pool B) observed
in an agricultural field at the intersection of Allen Hill
and Rukstella Road on April 19.
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Photo 5. Pool B contained American toad (Anaxyrus
americanus) tadpoles on May 8.

Photo 7. The adult female eastern spadefoot
(Scaphiopus holbrookii) captured on June 24.

Photo 6. Pool B contained no standing water on June
8.

Photo 8. The eastern spadefoot captured in the gravel
extraction area shortly after being released at night on
September 10.
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Photo 9. The gravel extraction area looking towards
the center areas contains open soil and clumps of
vegetation.

Photo 10. The westernmost gravel extraction area
contains open soil and clumps of vegetation and is
mapped as predicted spadefoot habitat.
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Mr. Aaron Svedlow
Ranger Solar
60 Forest Falls Drive
Suite 7
Yarmouth, Maine 04096

Project

Northern Long-eared Bat (NLEB)
Presence/Absence Survey

Town

Brooklyn and Canterbury, CT

Area of Forest for Clearing

Unknown

Surveyor Name/Firm

Clinton Parrish/Tetra Tech, Inc.

Detector Operation Dates

Nights of July 26 and 27, 2016

Survey Results

NLEB NOT DETECTED

Dear Aaron,
This report contains the results of the northern long-eared bat (Myotis septentrionalis,
hereafter NLEB) summer presence/absence survey performed for the Quinebaug Solar
Development Project (Project) in Brooklyn and Canterbury, CT. Acoustic detectors deployed
by Tetra Tech did not detect the presence of NLEB. However, species listed as Endangered
by the State of Connecticut including little brown bat (Myotis lucifugus) and tri-colored bat
(Perimyotis subflavus), were detected (DEEP 2015).
PROJECT DESCRIPTION
The proposed Project entails solar development in northeastern Connecticut on a track of land
that is mostly forested with areas of agricultural and commercial use. The Project lies between
the towns of Brooklyn, approximately 2.5 miles to the north and Canterbury, approximately
2.5 miles to the southwest. The area being considered contains 717 acres (Project Area), of
which ~538 acres is forested and ~180 is open land consisting of croplands, grassy areas
(recreation fields), and gravel pits. Dominate tree species include oak (Quercus spp.), white
pine (Pinus strobus), and red maple (Acer rubrum). The Project Area is flanked by residential
development to the northeast with the remainder of the lands in the vicinity consisting of
forested blocks, fields, and light residential development. Blackwell and Coldspring Brooks
run adjacent to the western boundary of the Project Area and the Quinebaug River flows less
than 200m from the southern corner of the Project Area. Nearby public lands include
Quinebaug Lake State Park Scenic Reserve 2.5 miles to the northeast. Beyond the 395 corridor
and lands adjacent to the Quinebaug River are large tracts of contiguous forest including
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Natchaug State Forest to the northwest (~9 miles ) and Pachaug State Forest to the southeast
(~10 miles).
METHODS
The summer presence/absence survey was conducted in accordance with the 2016 U.S. Fish
and Wildlife Service Range-wide Indiana Bat Summer Survey Guidelines for Indiana Bat and
Northern Long-eared Bat (Guidelines). This survey utilized a two-phased approach: Phase 1)
desktop and field-based habitat assessments, and Phase 2) acoustic surveys. Full spectrum
acoustic detectors were deployed during field assessments and resulting data was processed
using Kaleidoscope Pro v 3.1.7. Qualified Tetra Tech personnel carried out all phases of the
survey and specific roles are summarized in Table 1; resumes for relevant staff are provided
in (Appendix C).
Table 1. Personnel involved in NLEB Acoustic Presence/Absence Surveys and analyses for
Quinebaug Solar, July and August 2016.
Personnel

Desktop
Analysis

Field
Assessment

Detector
Deployment

Acoustic
Analysis

Qualitative
Analysis

Clinton Parrish
Wildlife Biologist

X

X

X

X

X

Derek Hengstenberg
Wildlife Biologist

X

HABITAT ASSESSMENT
Desktop Analysis
Prior to conducting field work, a desktop land cover analysis was performed to identify
suitable NLEB habitat within the Project Area (Figure 1). Specifically, aerial photography and
Google Earth imagery were reviewed to determine areas that may be used by NLEB for
foraging and roosting during the breeding and migration seasons. Determinations were based
on forest patch size, proximity to closed-canopy forests, and landscape features that may be
used by bats commuting between roosting and foraging habitats (e.g., forested tracts,
wetlands, streams). All relatively contiguous forested lands not highly fragmented by
residential or commercial developments were considered suitable NLEB habitat, and all
densely populated or developed stretches were determined to be unsuitable (USFWS 2016).
All of the Project Area (717 acres) was determined to be possible suitable habitat as it consists
of forested habitat interspersed with clearings and associated edge habitats that could be
utilized as foraging areas by NLEB (Hogberg et al. 2002).
Tetra Tech also reviewed the land cover imagery for the presence of any areas that could
potentially support natural hibernacula, including karst or similar geological formations. None
were identified.
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Figure 1. Locations of acoustic detectors deployed at the Project near Quinebaug, Connecticut on the nights of July 26 and 27,
2016.

3

Maps and GPS coordinates were produced for use in the field that demarcated suitable habitat
within the Project Area, as well as the number and proposed locations of acoustic detectors
required to survey the area.
Field Assessment
On July 26, 2016, Tetra Tech conducted a site visit to verify the presence of and describe the NLEB
habitat identified during the desktop analysis, and to deploy the acoustic detectors. Detectors were
deployed at 8 locations for the nights of July 26 and 27, 2016 (Figure 1). General habitat
descriptions are provided below in Table 2. The completed Phase 1 Summer Habitat Assessment
is included in Appendix B.
Table 2. Detector station descriptions and survey at Quinebaug Solar, July 2016.

Station

CTQG-1

CTQG-2

CTQG-3

Suitable
NLEB
Habitat

Description

GPS
Coordinates
(NAD 83 zone
19)
y

x

Y

Edge of a mature forest adjacent to
gravel pit. Forest edge is flanked by
shrubs that encroach on gravel pit.

4625943

25553
6

Y

Within canopy of a mature, mixed
forest. The microphone was oriented
along an old two-track road that lead
to a soccer field 40m away.

4625566

25508
9

Y

Edge of shallow pond with emergent
vegetation. Open water was limited
due dry conditions and large amount
of emergent vegetation.
Gravel access road within a mature,
deciduous forest. The access road
created an excellent foraging
corridor.
Overgrown road within a mixed,
mature forest. The old road was
covered by dense Rubus spp. and
ferns, which provided a potential
foraging corridor.

4625567

25561
4

4625429

25593
3

4625641

25621
8

CTQG-4

Y

CTQG-5

Y

CTQG-6

Y

Mature forest edge and open area
(gravel pit).

4624698

25672
1

CTQG-7

Y

Edge of mature forest and corn field.

4625126

25671
1

Survey
Dates

Survey
Hours

Nights
of July
26 and
27,
2016

Hour
before
sunset
(~7:19
PM) to
an hour
after
sunrise
(~6:23
AM)
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Station

CTQG-8

Suitable
NLEB
Habitat

Y

Description

Gassy clearing among fence rows
associated with an old farmstead.

GPS
Coordinates
(NAD 83 zone
19)
y

x

4626423

25613
3

Survey
Dates

Survey
Hours

ACOUSTIC PRESENCE/ABSENCE SURVEYS
Detector Type
Wildlife Acoustics Song Meter-3 BAT (SM3) ultrasonic bat detector/recorders (Wildlife
Acoustics, Inc., Massachusetts, USA) equipped with SMM-U1 microphones with windscreens
were used for the duration of the survey effort. Detectors were set to record from an hour before
sunset to an hour after sunrise in full-spectrum mode and files were saved in .wav format on
internal SD cards. Detectors and accessories are fully waterproof and were powered by internal D
cell batteries. Each detector and microphone was tested prior to deployment with a Wildlife
Acoustics Ultrasonic Calibrator to ensure equipment was functioning properly and sensitivities
were within manufacturers suggested thresholds. Once detectors were set, an ultrasonic calibrator
(Wildlife Acoustics) was used for a “chirp test” to ensure all connections were sound and
microphones were registering high frequency noise. Log files were reviewed when units were
pulled to verify proper functioning for the duration of the survey.
Detector Deployment
Eight detectors were micro-sited in suitable habitat within the Project Area to ensure that potential
habitats were sampled in accordance with the Guidelines. Detectors were deployed in the
following habitat types:
 Interior forest-canopy openings
 Closed canopy forests
 Near open water
 Open grassland
Microphones were mounted on branches when appropriate or on native poles at a height of 2.5 - 4
meters (8 - 13 feet) to avoid ground vegetation and to elevate the cone of detection. Microphones
were oriented in line with suspected flight paths to increase the number of call pulses and quality
of recordings. Therefore, specific orientation was determined by microsite conditions. Appendix
A includes station conditions and photographs showing detector orientation.
Following is a summary of the acoustic summer presence/absence survey effort:
 The total Project Area was approximately 717 acres
 The area of suitable NLEB habitat within the Project Area was approximately 717 acres
 Eight detectors were deployed on the nights of July 26 and 27, 2016 (2 detector nights) for
a total of 16 detector-nights
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ANALYSIS
Tetra Tech analyzed the recorded data according to the Guidelines. Data was converted to zerocross, filtered, and analyzed using Kaleidoscope Pro (Wildlife Acoustics, Inc.) version 3.1.7 using
the classifier “Bats of North America 3.1.0” for species of bats in Connecticut at a sensitivity level
of “-1 more sensitive liberal”. Signals of interest ranged from 8-120 kHz lasting 2 – 500 ms with
a minimum of 2 call pulses. Full spectrum .wav files were converted to ZC using a division ratio
of 8. All files auto-classified as a Myotis species or tri-colored bat were subsequently manually
reviewed using SonoBat v 3.2.0. Bat passes that lacked detail to be identified at the species level
(e.g., too far from the microphone or noise interference) were identified as “high frequency
species” if the characteristic frequency was greater 40 kHz and call characteristics were
ambiguous. Results were summarized by station and survey night.
RESULTS
All weather requirements (including temperature, precipitation, and average wind speed) were met
during both survey nights. Skies were clear to partly cloudy on the night of July 26. Temperatures
ranged from 68-88 degrees F0 with variable winds from the northwest that decreased throughout
the night (avg. 5.6 mph). Similar, favorable survey conditions persisted on the night of July 27
with partly cloudy skies. Temperatures ranged from 66-88 degrees F0 with variable winds from
the northwest that decreased throughout the night (avg. 3.9mph) (weatherunderground.com).
On the nights of July 26 and 27, a total of 12, 902 bat passes were recorded at the 8 stations (Table
3). All detectors remained fully operational during the survey period. Six NLEB bat passes were
auto-classified as NLEB by Kaleidoscope Pro, but were determined to be incorrectly identified
when manually reviewed (2 were determined to be high frequency species [but not NLEB] and 4
big brown bat). A single pass auto-classified as eastern small-footed bat was determined to be a
high frequency species during manual review. There were a high rate of false positive Myotis autoclassifications within this dataset that were determined to be eastern red bat. Sixteen bat passes
were auto-classified as Indiana bat by Kaleidoscope Pro, 14 of which were determined to be eastern
red bat and 2 high frequency. Of the 189 little brown bat auto-classifications, only 18 were
positively confirmed as little brown bat while the majority were eastern red bat. Of the 44 tricolored bat auto-classifications, 14 were determined to be accurate with the remainder classified
as high frequency species or eastern red bat. Maximum Likelihood Estimates (MLEs) suggest that
all eight bat species occurring in Connecticut are likely present within the Project Area (Table 4).
However, manual review of data determined no northern long-eared, eastern small-footed, or
Indiana bat passes were recorded and the species composition to include six species: big brown
bat (Eptesicus fuscus), eastern red bat (Lasiurus borealis), hoary bat (Lasiurus cinereus), silverhaired bat (Lasionycteris noctivagans), little brown bat, and tri-colored bat.
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Table 3. Summary of bat passes recorded on the nights of July 26-27, 2016 near Brooklyn and Canterbury, CT.

Station
CTQG-1
CTQG-2
CTQG-3
CTQG-4
CTQG-5
CTQG-6
CTQG-7
CTQG-8

Overall

Date
7/26
7/27
7/26
7/27
7/26
7/27
7/26
7/27
7/26
7/27
7/26
7/27
7/26
7/27
7/26
7/27

Big
Brown
Bat
588
538
76
48
709
557
1,043
723
1,691
1,336
574
424
485
396
223
215
9,626

High
Frequency

Eastern
Red Bat

Hoary
Bat

Silverhaired
Bat

1

26
29
9
11
46
161
196
172
199
647
26
48
30
13
24
15
1,652

29
110
21
51
44
51
1
21
92
21
24
32
21
28
10
17
573

48
61
33
44
168
118
41
31
12
14
103
127
53
40
38
39
970

2
1
1
13
10
6
3
1
9
1

48

Little
Brown
Bat

Myotis
Species

Tricolored
Bat

1
1
1
7

1
4
7
1
1

1
5
2
1
18

1

14

Station Total
692
738
139
157
970
889
1,305
964
2,000
2,022
728
633
603
480
295
287
12,902

7

Table 4. Summary of Maximum Likelihood Estimates (MLEs) for species presence by Kaleidoscope Pro on the nights of July 26 and 27,
2016 near Brooklyn and Canterbury, CT.
Eastern
Big
SilverLittle
Northern
TriEastern
Hoary
Small
Indiana
Station
Date
Brown
haired
Brown
Longcolored
Red Bat
Bat
footed
Bat
Bat
Bat
Bat
eared Bat
Bat
Bat
7/26
1
1
0.54
1
1
1
0
0
2E-07
CTQG-1
7/27
1
1
0.68
0.30
1
1
0
0
0
7/26
0.23
0.06
1
1
1
0
0
0.04
4.45E-04
CTQG-2
7/27
1
0.51
0.45
1
0
1.13E-04
0
9.26E-04
3.20E-04
7/26
0.52
1
0.87
1
1
1
0
0
0
CTQG-3
7/27
1
1
0.64
1
1
1
0
0
0
7/26
1
1
1
0.85
1
0
0
3.73E-04 5.28E-04
CTQG-4
7/27
1
1
1
1
1
0
0
0.01
1.13E-04
7/26
1
1
0.54
1
1
0
0
0
3.72E-03
CTQG-5
7/27
0.82
1
1
1
1
1
0
0
9.39E-04
7/26
1
1
1
1
1
1
0
0
4.46E-05
CTQG-6
7/27
1
1
1
1
1
0
0
0
0.01
7/26
1
1
0.82
1
1
0
0
1.13E-04
0
CTQG-7
7/27
1
0.50
1
1
0.69
0
0
0
0.02
7/26
0.14
1
1
1
1
1
1
0
0
CTQG-8
7/27
1
1
1
1
1
1
0
0
6E-07
1
0.64
0.45
1
Overall
0
0
0
1.01E-04
1.07E-05
Note: Maximum Likelihood Estimates (MLEs) interpretation – values <0.05 indicates there is 95% confidence that the species is present. Bold values indicate
significance.
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CONCLUSION
Although 6 bat passes were auto-classified as NLEB by Kaleidoscope Pro software, they were not
confirmed during manual review. Shorter, higher frequency call types by the little brown bat and
approach phase call types by other species such as eastern red bat and even big brown bat can
sometimes be false positive NLEB auto-classifications by Kaleidoscope Pro, due largely to the
steep slope of the pulses. Given that no NLEB were detected following the summer survey
protocol, there is no indication that NLEB utilize the Project Area in high numbers and the Project
would negatively impact the species. However, the presence of little brown bat and tri-colored bat,
both State Endangered species, were confirmed in the Project Area.
Dramatic population declines of greater than 90% following the onset of WNS prompted recent
State listings of little brown bat and tri-colored bat in Connecticut (DEEP 2016). Little brown bats
were not detected in high numbers during the survey (less than 1 % of the total bat passes recorded)
but they were detected at 4 of the 8 stations. Tri-colored bats also represented less 1% of the total
passes recorded and were detected at 4 of the 8 stations. The majority of little brown and tri-colored
bat passes were recorded at Stations 4 and 5 which were located along small roadways within
large, forested blocks.
Recent studies in Connecticut found that migratory tree bat species including hoary bat, silverhaired bat, and eastern red bat comprised only one quarter of the bats identified, suggesting these
populations may be at risk or in decline (DEEP 2016). As a result, these three species were
identified as species Special Concern on the updated 2015 Connecticut Wildlife Action Plan. All
three species were detected throughout the Project Area at each of the stations. However, the
highest number of passes were concentrated at Stations 3, 4, and 5, which were forested habitats
with small canopy openings.
The USFWS determined that White-Nose Syndrome (WNS) is the primary threat to NLEB and
regulating other sources of mortality or harm, such as from habitat loss, will not effectively
conserve this species (USFWS 2016). Although DEEP does not list specific threats by species,
the current sentiment among wildlife protection agencies is that potential impacts such as habitat
loss through timber harvest that removes summer and roosting habitat is considered a low
ranking threat to cave roosting bats such as, northern long-eared bat, little brown bat, and tricolored bat (USFWS 2016, NHFG 2015).
Please be in touch if you have any questions about the results described herein:
derek.hengstenberg@tetratech.com or (207) 358-2401.
Very truly yours,

Derek Hengstenberg
Certified Wildlife Biologist/ Project Manager
CC:

Sarah Watts (Tetra Tech)
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APPENDIX A.
STATION CONDITIONS AND DETECTOR ORIENTATION PHOTOGRAPHS
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PHOTOGRAPHIC RECORD
Company:
Project:

Ranger Solar
Quinebaug Solar Development, Brooklyn and Canterbury, CT.

Photo No.: 01
Station: CTQG-01
Date: July 26, 2016
Comments: Microphone oriented to the southwest along the forest edge where a short roads leads from
forest to the gravel pit. Dominate forest species include mature oak, black cherry and white pine.
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PHOTOGRAPHIC RECORD
Company:
Project:

Ranger Solar
Quinebaug Solar Development, Brooklyn and Canterbury, CT

Photo No.: 02
Station: CTQG 01
Date: July 26, 2016
Comments: View northeast towards detector (located on shrub in left of frame) and gravel pit.
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PHOTOGRAPHIC RECORD
Company:
Project:

Ranger Solar
Quinebaug Solar Development, Brooklyn and Canterbury, CT

Photo No.: 03
Station: CTQG -02
Date: July 26, 2016
Comments: Microphone oriented to the north along a potential, within canopy flyway.
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PHOTOGRAPHIC RECORD
Company:
Project:

Ranger Solar
Quinebaug Solar Development, Brooklyn and Canterbury, CT

Photo No.: 04
Station: CTQG -03
Date: July 26, 2016
Comments: Mostly dry pond surrounded by forest. The microphone is oriented southeast (left of frame)
over the pond and emergent vegetation.
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PHOTOGRAPHIC RECORD
Company:
Project:

Ranger Solar
Quinebaug Solar Development, Brooklyn and Canterbury, CT

Photo No.: 05
Station: CTQG -03
Date: July 26, 2016
Comments: View to the south overlooking pond and emergent vegetation.
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PHOTOGRAPHIC RECORD
Company:
Project:

Ranger Solar
Quinebaug Solar Development, Brooklyn and Canterbury, CT

Photo No.: 06
Station: CTQG -04
Date: July 26, 2016
Comments: Mature, deciduous forest with open understory behind detector (left of frame).
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PHOTOGRAPHIC RECORD
Company:
Project:

Ranger Solar
Quinebaug Solar Development, Brooklyn and Canterbury, CT

Photo No.: 07
Station: CTQG -04
Date: July 26, 2016
Comments: View north along road and canopy gap adjacent to detector (located on tree in far left of
frame). The microphone is oriented north along the forest edge.

18

PHOTOGRAPHIC RECORD
Company:
Project:

Ranger Solar
Quinebaug Solar Development, Brooklyn and Canterbury, CT

Photo No.: 08
Station: CTQG -05
Date: July 26, 2016
Comments: View facing southwest down and old road that is overgrown with rubus and ferns. The
microphone is oriented down the road (upper right of frame).
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PHOTOGRAPHIC RECORD
Company:
Project:

Ranger Solar
Quinebaug Solar Development, Brooklyn and Canterbury, CT

Photo No.: 09
Station: CTQG -05
Date: July 26, 2016
Comments: View facing southwest down and old road and potential foraging corridor.
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PHOTOGRAPHIC RECORD
Company:
Project:

Ranger Solar
Quinebaug Solar Development, Brooklyn and Canterbury, CT

Photo No.: 10
Station: CTQG -06
Date: July 26, 2016
Comments: The microphone is oriented northeast along a mature forest edge.
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PHOTOGRAPHIC RECORD
Company:
Project:

Ranger Solar
Quinebaug Solar Development, Brooklyn and Canterbury, CT

Photo No.: 11
Station: CTQG -06
Date: July 26, 2016
Comments: View to the southwest of station and gravel pit. The detector is located in the center of frame,
on a bank in front of the forest edge.
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PHOTOGRAPHIC RECORD
Company:
Project:

Ranger Solar
Quinebaug Solar Development, Brooklyn and Canterbury, CT

Photo No.: 12
Station: CTQG -07
Date: July 26, 2016
Comments: View to the south along forest edge and corn field. The microphone was oriented south along
the forest edge.
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PHOTOGRAPHIC RECORD
Company:
Project:

Ranger Solar
Quinebaug Solar Development, Brooklyn and Canterbury, CT

Photo No.: 13
Station: CTQG -08
Date: July 26, 2016
Comments: View to the west with microphone oriented towards field (top center of frame).
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PHOTOGRAPHIC RECORD
Company:
Project:

Ranger Solar
Quinebaug Solar Development, Brooklyn and Canterbury, CT

Photo No.: 14
Station: CTQG -08
Date: July 26, 2016
Comments: Overview of habitat and old farmstead adjacent to station. The unit is located in a small tree
in the bottom left of frame.
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PROFESSIONAL QUALIFICATIONS SUMMARY
Mr. Parrish has more than 12 years of experience
conducting wildlife and habitat projects throughout
the Northeast, Mid-Atlantic, Mid-West, and Western
U.S. His responsibilities have included working as
the lead wildlife biologist on a wide variety of
terrestrial and aquatic projects with a particular
emphasis on avian ecology, avian response to wind
development, avian and bat acoustic monitoring,
physical and biological stream surveys, habitat
assessment and management, and carnivore
monitoring. Most recently, Mr. Parrish’s work has
included conducting bat acoustic surveys, raptor
migration studies, breeding bird surveys, threatened
and endangered species surveys, seabird and
shorebird surveys, and grassland bird surveys, and
the associated reporting for small and large-scale
wind developers and the Department of Defense.
Mr. Parrish is proficient with data management and
analysis using MS Access, GIS, and the program R.

EDUCATION AND REGISTRATIONS
 MS, Biology, Plymouth State University, 2013
 BS, Environmental Biology, Magna Cum Laude,
Plymouth State University, 2003

SELECTED PROJECT EXPERIENCE
Wildlife Biologist, September 2013 to Present;
Patriot Renewables, Multiple Wind Projects,
Maine
Wildlife biologist and field lead for completion of
pre-construction and post-construction surveys at
multiple wind development sites in Maine, including
Spruce Mountain, Saddleback Ridge, and Canton
Mountain. Survey work was conducted in support of
the permitting process, and included bird and bat
mortality surveys; bat acoustic surveys; raptor
migration surveys; migrant stopover surveys; rare,
threatened, and endangered (RTE) species surveys;
breeding bird surveys; and an upland sandpiper
survey. Conducted field studies and prepared
reports and memoranda.
Wildlife Biologist, July 2014–Present; US Navy,
Shorebird Monitoring, Naval Station Cutler,
ME
Mr. Parrish is conducting bi-monthly shorebird
surveys in accordance with International Shorebird
Survey (ISS) protocol. Several habitats adjacent to
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the project area have been identified as Important
Bird Areas (IBAs) by Maine Audubon for
contributions as critical migration stop-over
habitats and warrant standardized long-term
monitoring to contribute to migratory bird
population data.

Data Analyst and Reviewer, January 2013–
Present; U.S. Fish and Wildlife Service
(USFWS), Acoustic Bat Monitoring, East Coast
Mr. Parrish is the lead wildlife biologist responsible
for managing, processing, and reviewing acoustic
bat recordings for 8 NWRs and qualitatively
reviewing data for a total of 32 NWRs from the 2015
dataset. Mr. Parrish also was one of two biologists
responsible for managing and processing up to 32
National Wildlife Refuges (NWR) on the east coast.
from 2012, 2013, and 2014. File formats and level of
organization have varied depending on refuge, and
were arranged in standardized directories prior to
processing using either full spectrum (Sonobat) or
zero cross (BCID) classification software. Automated
classifications were then summarized and
qualitatively vetted (i.e., manually reviewed on a
spectrogram) to determine accuracy of automated
classification.
Wildlife Biologist, March 2015–Present;
NAVFAC, Acoustic Bat Monitoring, VA and NJ
Mr. Parrish deployed a total of 16 acoustic bat
detectors at three naval stations in the Norfolk, VA
area and on one installation in NJ. Detector set ups
will operate through the fall to collect information
on species composition, and activity levels across
and entire warm season. Mr. Parrish is responsible
for managing all incoming acoustic recordings and
will be the lead data analyst as well as generating
reports on survey results.
Wildlife Biologist, April 2015–Present;
Nextera Energy, Acoustic Bat Monitoring, ND
As a wildlife biologist, Mr. Parrish conducted a preconstruction bat acoustic survey at a proposed
large-scale wind power project in North Dakota. Mr.
Parrish deployed five ground based acoustic
detectors to determine the presence/absence of the
Federally Threatened northern long-eared bat. In
addition, acoustic data was used to determine the
species composition and level of temporal activity of
bats during the entire warm season in 2015.

Wildlife

Wildlife Biologist, March 2014–February
2015; Eoilan Renewable Energy, Eagle use and
nest surveys, ME
Mr. Parrish carried out independent, bi-monthly
eagle and raptor surveys for a potential small scale
wind project in Downeast Maine. In addition to use
surveys, Mr. Parrish conducted spring bald eagle
nest surveys as a passenger in a small, fixed-wing
aircraft in the greater project area to determine the
number of resident eagles and assess potential risk
of a wind facility.
Wildlife Biologist, August 2014–February
2015; Massachusetts Army National Guard
(Camp Edwards), Acoustic Bat Monitoring, MA
Due to the proposed listing of northern long-eared
bat as endangered under the Endangered Species
Act (ESA) by the United States Fish and Wildlife
Service (USFWS) and the documented declines of
bats from white-nosed syndrome, there is growing
concern regarding negative impacts on this
increasingly vulnerable species. Mr. Parrish was part
of a project to collect information on the species
richness, activity levels, and spatio-temporal use
patterns of bats (Microchiroptera) during the latesummer and fall period. Passive acoustic bat
monitors were used to record calls which were then
analyzed by Mr. Parrish using two software
programs. Mr. Parrish then conducted statistical
analysis examining spatial and temporal
relationships and presented results in a final report.
Wildlife Biologist, August 2014–February
2015; Nextera Energy, Acoustic Bat
Monitoring, SD
As a wildlife biologist, Mr. Parrish conducted a preconstruction bat acoustic survey at a proposed
large-scale wind power project in South Dakota.
The objective of this project was to determine the
presence or absence of the Federally Threatened
Northern Long-eared bat and Mr. Parrish deployed
acoustic monitors throughout project area within
suitable habitats and preformed a habitat
assessment for potential occurrence of bat species
using 2013 USFWS Indiana Bat survey guidelines.
Prepared reports on habitat suitability for bat
species within project area, analyzed all acoustic
data, and presented results in a report of the results
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from acoustic monitoring during the fall migration
period in 2014.

Wildlife Biologist, April 2014–February 2015;
Nextera Energy, Acoustic Bat Monitoring, ND
As a wildlife biologist, Mr. Parrish conducted a preconstruction bat acoustic survey at a proposed
large-scale wind power project in North Dakota. Mr.
Parrish deployed three ground based acoustic
detectors and two detectors in meteorological
towers to determine the species composition and
level of temporal activity of bats during the entire
warm season in 2014. Mr. Parrish used two software
programs to analyze acoustic data and then
summarized results for reporting.
Wildlife Biologist, November–January 2015;
BH2M Civil Engineering, New England
Cottontail survey, ME
To determine the presence or absence of the New
England Cottontail (a candidate species to be
included on the Federal ESA and Endangered
Species in Maine), Mr. Parrish is conducted a remote
camera survey in plot adjacent to a suburban area in
Maine.
Wildlife Biologist, April–December 2014; US
Navy, Confidential Project, Bat and Avian
Acoustics Monitoring Project, ME
To facilitate analysis of acoustic avian data, Mr.
Parrish compiled avian vocalizations within a
company directory and constructed song
recognizers using the program “Song Scope” by
Wildlife Acoustics. Species specific recognizers aid
in processing large quantities of avian acoustic data
and Mr. Parrish evaluated acoustic recordings using
developed recognizers to identify the presence of
species of concern within Project area. Mr. Parrish
also collected and analyzed bat acoustic data to
determine the species composition and activity
levels within the project area.
Wildlife Biologist, April–December 2014;
Patriot Renewables, Spruce Mountain Wind
Project, Mortality Searcher efficiency and bat
acoustic monitoring, ME
Mr. Parrish participated in a study testing the
efficacy of carcass searcher efficiency at a wind
project in western Maine. These “searcher efficiency
trials” are important for determining bias associated
with human carcass searches and results are
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included in a model to generate predicted estimates
of actual fatalities. In addition, Mr. Parrish collected
and analyzed bat acoustic data to determine species
composition and relative levels of activity at the
wind facility to assess potential collision risk.

Wildlife Biologist, March–October 2014;
Eolian Renewable Energy, Bat acoustic
monitoring, ME
As a wildlife biologist, conducted a pre-construction
bat acoustic survey at a proposed small-scale wind
power project in Maine. Deployed acoustic monitors
throughout project area and preformed a habitat
assessment for potential occurrence of bat species
using 2014 USFWS Indiana Bat survey guidelines.
Prepared reports on habitat suitability for bat
species within project area and results from acoustic
monitoring during the fall migration period in 2013.
Wildlife Biologist, July–August 2014; Eolian
Renewable Energy, Bat acoustic monitoring,
CT
Mr. Parrish conducted a pre-construction bat
acoustic survey at a proposed small-scale wind
power project in Connecticut. The intent of this
project was to determine the presence/absence of
the Federally Threatened northern long-eared bat.
Mr. Parrish implemented survey methods described
in the 2014 Indiana Bat Summer Survey Guidance as
directed in the USFWS (2014) Northern Long-Eared
Bat Interim Conference and Planning Guidance. This
approach involved moving several detectors
throughout the project area to achieve the required
spatial coverage and number of sampling nights
given the amount of forested habitat within the
project area. Data was then analyzed using two
software programs and presented in a report.
Wildlife Biologist, February–June 2014; US
Navy, Confidential Project, Avian Surveys and
Wildlife Tracking, ME
As part of a long-term monitoring project, Mr.
Parrish conducted snow track surveys to identify
species composition and the presence of threatened
or endangered species within the project area and to
determine the relative abundance of prey to
carnivore species. Avian richness and composition
was determined in the non-breeding season by
raptor surveys and area searches. Traditional Breed
Bird Surveys were conducted in the spring to
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determine the abundance and composition of
migratory and resident avian species.

Wildlife Biologist, October–January 2014;
Apex Energy, Mills Branch Wind Project, MD
Acoustic monitoring to determine presence of bat
species and periods of highest actively from early
spring to late fall is common procedure as part of
the site evaluation process for wind facilities. Mr.
Parrish visited the Project area to independently
retrieve monitoring equipment from several
locations including a “high set-up” on a
meteorological tower and drafted a report on bat
acoustic monitoring results.
Biologist, October 2013–January 2014;
NextEra, Critical Issues Analysis for National
Wind Prospecting, ME, PA, MD, and WV
Mr. Parrish carried out site visits to complement
desktop review of potential environmental flaws
associated with wind development in the proposed
project areas. In accordance with U.S. Fish and
Wildlife Land-Based Wind Energy guidelines, Mr.
Parrish evaluated and summarized information on:
habitat types, sensitive resources, wetlands,
streams, viewsheds, and existing developments. In
addition, Mr. Parrish completed the Biological
Sections for the final report submitted to clients
which included information on: Ecoregion
description, sensitive habitats, threatened and
endangered species, potential risks to birds and
bats, and federal and state policies for threatened
and endangered species. Tetra Tech and all involved
in the National Wind Prospecting effort received
accolades from the client for the quality and speed
at which evaluations were conducted.
Wildlife Biologist, September 2013–January
2014; Geronimo Wind, Blue Ridge Wind
Project, Mansfield, IL
As a wildlife biologist, conducted a pre-construction
bat acoustic survey at a proposed wind power
project in Illinois. Deployed acoustic monitors
throughout project area and preformed a habitat
assessment for potential occurrence of bat species
using 2013 USFWS Indiana Bat survey guidelines.
Prepared reports on habitat suitability for bat
species within project area and results from acoustic
monitoring during the fall migration period in 2013.
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1.

Introduction

Between April 19 and April 30, 2016, Verdanterra, LLC (Verdanterra) conducted vernal pool surveys for the
proposed Ranger Solar, LLC (Ranger) Quinebaug project in Brooklyn and Canterbury, Connecticut. Ranger has
proposed to develop a utility-scale commercial solar power generating facility that would generate clean
energy to be transmitted through the region’s electric grid (Project).
The Project location is shown in Figure 1. The purpose of this survey was to collect information on the location,
size, and quality of vernal pools. This report summarizes the results of two field visits to the Project area.

1.1. Regulatory Context
The New England District of the United States Army Corps of Engineers (USACE) implements its Clean Water
Act jurisdictional authority for minimal impact work in freshwater wetlands and inland waters of the United
States via the General Permit (GP). Applicants are responsible for ensuring that the boundaries depicted satisfy
the Federal criteria defined at 33 CFR 328-329. Wetland boundaries need to be delineated for all wetlands on
the subject parcel(s), including isolated wetlands and/or vernal pools.
The Corps regulates vernal pools in accordance with the Connecticut GP (2011-2016). General Condition 26 of
the GP, “Protection of Vernal Pools,” describes the requirement to delineate wetlands and vernal pools on the
subject parcel(s) in accordance with Federal criteria defined at 33 CFR 328-329. Inland Category 2 projects must
complete a vernal pool survey of the entire site, not just for the areas being directly impacted. The applicant
must report the results of the survey to the Corps. If no vernal pools are found on the site, the applicant must
confirm that in writing and also identify the party that conducted the survey and the survey date. This
requirement may be waived by the Corps, in writing, on a case-by-case basis. Impacts to uplands in proximity
(within 750 feet) to the vernal pools referenced in the Definitions of Categories shall be minimized to the
maximum extent possible. Definitions (3), Special Wetlands, of the GP provides the following definition of a
vernal pool.
“Vernal Pool” an often temporary body of water occurring in a shallow depression of natural or human origin that fills
during spring rains and snow melt and typically dries up during summer months. Vernal pools support populations of
species specially adapted to reproducing in these habitats. Such species may include wood frogs, mole salamanders
(Ambystoma sp.), fairy shrimp, fingernail clams, and other amphibians, reptiles and invertebrates. Vernal pools lack
breeding populations of fish.”

Only vernal pools that meet the current definition of waters of the U.S. are regulated by the Corps. Direct and
indirect adverse effects to all vernal pools, including their envelopes and critical terrestrial habitats, shall be
avoided and minimized to the maximum extent practicable. Site clearing, grading, and construction activities
associated with a regulated activity within 750 feet of a vernal pool may cause these adverse effects to the
vernal pool.
Secondary impacts to waterway and/or wetland areas, (e.g., areas drained, flooded, cleared, excavated or
fragmented) shall be added to the total fill area when determining whether the project qualifies for Category 1
or 2. Site clearing, grading and construction activities in the upland habitat within 750 feet surrounding vernal
pools are secondary impacts. Vernal pools are Special Wetlands and projects with direct or indirect impacts to
Special wetlands are not eligible for Category 1 authorization.
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2.

Methods

The following methodology was used during 2016 vernal pool surveys in the Project area. Breeding season
surveys were conducted following the Connecticut Association of Wetland Scientists Vernal Pool Monitoring
Program Protocol1. Additional guidance concerning pool assessment methods, decontamination procedures,
and assessor qualifications was taken from the Maine Association of Wetland Scientists Vernal Pool Technical
Committee Vernal Pool Survey Protocol – April 20162.
The first vernal pool surveys were performed on April 19 and April 20, 2016 and the second visit was conducted
on April 29 and April 30, 2016. The study area was provided to Verdanterra by Ranger on April 14, 2016. The
Project area consists of several parcels. A systematic survey for vernal pools was conducted over the entire
Project area. Biologists conducted meander surveys throughout the Project area to search for potential vernal
pools. Global Positioning System (GPS) tracking was recorded during each survey to allow biologists to visually
evaluate the areas surveyed while in the field. During the surveys, each potential vernal pool was thoroughly
surveyed by slowly wading through the pool basin searching for amphibian breeding activity, including the
presence of egg masses and noting other vernal pool-dependent species use. Egg masses for each vernal pooldependent amphibian species were counted and recorded. Presence of other life stages of these amphibians
was noted, as was the physical and biological characteristics of the pool such as the presence/absence of a
permanently flowing inlet or outlet and the presence/absence of fish. Where eggs had already hatched,
biologists made estimates of tadpoles present in the pool by making a grid through the pool and estimating
the number of tadpoles in each cell. Estimates were made in several grids in order extrapolate the number of
tadpoles to the entire pool.
Once a identifying a vernal pool, a GPS receiver was used to locate the boundary of the vernal pool depression.
A GPS point was collected in ponded areas that did not contain vernal pool obligate species or their signs.
These ponded areas were visited during the second visit to confirm that no breeding activity had occurred in
that pool. Data were recorded using the Connecticut Association of Wetland Scientists Vernal Pool Data Sheet3.
GPS data were imported into a Geographic Information System (GIS) to create maps of each of the pools
surveyed. The results of these surveys are described below and further detail is provided in Appendix A – Vernal
Pool Summary Table and Appendix B – Vernal Pool Assessment Forms.

3.

Results

During the two surveys, Verdanterra identified 11 vernal pools within the Project area (Figure 2-1 to Figure 2-6).
The following provides a summary of the identified vernal pools:

Connecticut Association of Wetland Scientists. Undated. CAWS Vernal Pool Monitoring Program Protocol. Available
http://www.ctwetlands.org/forms/CAWS_VernalPoolMonitoring_Protocols.pdf. Accessed April 14, 2016.
2
Maine Association of Wetland Scientists. 2014. Maine Association of Wetland Scientists Vernal Pool Technical Committee Vernal
Pool Survey Protocol –April 2014. Available http://mainewetlands.org/s/Complete-MAWS-2014-VP-Survey-Protocol_v3_051420146zs7.pdf. Accessed 4/15/2016.
3
Connecticut Association of Wetland Scientists. Undated. Vernal Pool Data Sheet. Available
http://www.ctwetlands.org/forms/CAWS_VernalPoolMonitoring_DataForm.pdf. Accessed 4/15/2016.
1
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•

11 vernal pools were identified in the Project area.

•

9 of the 11 vernal pools were determined to be naturally occurring. The remaining 2 pools were
characterized as natural-modified or unnatural.

•

The one pool that is unnatural in origin may not be regulated by the USACE as a vernal pool, however
it may be regulated by the USACE as a water of the U.S. The unnatural pools were located in allterrain vehicle trails, borrow pits, ruts made by logging equipment, or similar features.

•

The first survey occurred toward the end of the wood frog breeding season. Sites were surveyed as
soon as possible after access was granted. Wood frog egg masses were observed in two pools,
however wood frog tadpoles were observed in vernal pools that did not have observable egg masses.
Biologists were careful to look for any signs of wood frog tadpoles in any ponded areas.

•

Several areas were observed that had ponded water during one or both visits. These areas did not
have sign of primary or secondary vernal pool indicator species. These areas may still be regulated as
wetlands, but are not considered vernal pools.

A comprehensive table detailing the amphibian breeding activity in each pool and use by vernal pooldependent species is presented in Appendix A. CAWS Vernal Pool Data Sheets are presented in Appendix B.
Appendix C contains the Verdanterra Observer Credential Forms.
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Figures
Figure 1. Ranger Solar – Quinebaug Project Location Map
Figures 2-1 to 2-6. Vernal Pool Summary
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Ranger Solar LLC.
Quinebaug – 2016 Vernal
Pool Survey
Figure 2.2

Number of Egg Masses
Vernal Pool
Survey Date
Spotted
Blue Spotted
ID
Wood Frog
Salamander Salamander
4/19/2016
0
18
0
RS_QN_
VP02_2
4/30/2016
0
27
0

47 Richards Lane
Freeport, ME 04032
608.467.0750

Vernal Pool
Survey Date
ID
RS_QN_
VP04_1

Number of Egg Masses
Spotted Blue Spotted
Salamander Salamander
0
5
0
1
0
0

Wood Frog

4/19/2016
4/30/2016

Vernal Pools:
RS_QN_VP02_2
RS_QN_VP04_1
RS_QN_VP05_1

Vernal Pool
Survey Date
ID
RS_QN_
VP05_1

Number of Egg Masses
Spotted
Blue Spotted
Salamander Salamander
0
60
0
0
0
0

Wood Frog

4/19/2016
4/30/2016

Ranger Solar LLC.
Quinebaug – 2016 Vernal
Pool Survey
Figure 2.3

Number of Egg Masses
Vernal Pool
Survey Date
Spotted
Blue Spotted
ID
Wood Frog
Salamander Salamander
4/19/2016
0
22
0
RS_QN_
VP03_2
4/302016
0
15
0

47 Richards Lane
Freeport, ME 04032
608.467.0750

Vernal Pool
Survey Date
ID
RS_QN_
VP04_2

Number of Egg Masses
Spotted Blue Spotted
Salamander Salamander
0
0
0
0
0
0

Wood Frog

4/19/2016
4/302016

Vernal Pools:
RS_QN_VP03_2
RS_QN_VP04_2

Ranger Solar LLC.
Quinebaug – 2016 Vernal
Pool Survey
Figure 2.4

Number of Egg Masses
Vernal Pool
Survey Date
Spotted
Blue Spotted
ID
Wood Frog
Salamander Salamander
4/19/2016
3
7
0
RS_QN_
VP06_2
4/30/2016
0
6
0

Vernal Pools:
RS_QN_VP06_2
47 Richards Lane
Freeport, ME 04032
608.467.0750

Ranger Solar LLC.
Quinebaug – 2016 Vernal
Pool Survey
Figure 2.5

Number of Egg Masses
Vernal Pool
Survey Date
Spotted
Blue Spotted
ID
Wood Frog
Salamander Salamander
4/20/2016
0
6
0
RS_QN_
VP09_1
4/29/2016
0
7
0

47 Richards Lane
Freeport, ME 04032
608.467.0750

Vernal Pool
Survey Date
ID
RS_QN_
VP10_1

Number of Egg Masses
Spotted Blue Spotted
Salamander Salamander
0
0
0
0
0
0

Wood Frog

4/20/2016
4/29/2016

Vernal Pools:
RS_QN_VP09_1
RS_QN_VP10_1

Ranger Solar LLC.
Quinebaug – 2016 Vernal
Pool Survey
Figure 2.6

Attachment A. Vernal Pool Summary Table

Verdanterra, LLC
608.467.0750 | 47 Richards Lane | Freeport, ME 04032
verdanterra.com

Quinebaug Solar Vernal Pool Summary Table
Figure
Number

Vernal Pool ID

1st Survey 2nd Survey
Date

Date

Descriptor

Hydrology

Wood Frog
1st Visit

Spotted Salamander

2nd Visit

1st Visit

2nd Visit

Blue Spotted Salamander Rare Species
Observed?
1st Visit
2nd Visit

2.2

RS_QN_VP01_1

4/19/2016

4/30/2016

Natural

Ephemeral

0

0

1

1

0

0

No

2.2

RS_QN_VP02_1

4/19/2016

4/30/2016

Natural

Ephemeral

0

0

18

18

0

0

No

2.2

RS_QN_VP03_1

4/19/2016

4/30/2016

Natural

Semi-permanent

0

0

20

20

0

0

No

2.3

RS_QN_VP02_2

4/19/2016

4/30/2016

Natural

Ephemeral

0

0

18

27

0

0

No

2.3

RS_QN_VP05_1

4/19/2016

4/30/2016

Natural

Semi-permanent

0

0

60

0

0

0

No

2.3

RS_QN_VP04_1

4/19/2016

4/30/2016

Natural

Ephemeral

0

1

5

0

0

0

No

Unnatural

2.4

RS_QN_VP03_2

4/19/2016

4/30/2016

Ephemeral

0

0

22

15

0

0

No

2.4

RS_QN_VP04_2

4/19/2016

4/30/2016 Natural-Modified

Permanent

0

0

0

0

0

0

No

2.5

RS_QN_VP06_2

4/19/2016

4/30/2016

Ephemeral

3

0

7

6

0

0

No

Natural

2.6

RS_QN_VP10_1

4/20/2016

4/29/2016

Natural

Ephemeral

0

0

0

0

0

0

No

2.6

RS_QN_VP09_1

4/20/2016

4/29/2016

Natural

Ephemeral

0

0

6

7

0

0

No

Other

Wood Frog Tadpoles
Wood Frog Tadpoles

Appendix B. Connecticut Vernal Pool Data Sheets

VERNAL POOL DATA SHEET

20160419

Survey Date:

Investigator(s): THE/ZCW

CAWS Pool # : RS_QN_VP01_1 CAWS Project #:
Project/property name:

Town:

Canterbury

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

Trace

Start time:
End time:

partly cloudy

8:23:00 AM
8:38:00 AM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:
condition

X

If condition mixed,

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

X

Visual

Yes

post construction

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

X

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

No

X

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?

No

X

Yes

Outlet observed?

No

X

Yes

finfish observed?

No

X

Yes

Estimated water depth range?
9"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
Vegetation (within or overhanging pool):
Trees/Saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Symplocarpus foetidus
Herbs:
70
Percent tree canopy closure?
Woody debris content? High
Med. X Low
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

0

Water Quality:
conductivity(uS/cm)

Nitrate-N (mg/l)
Sulphidic odor?

#
300-400

Polarized sunglasses used?

during construction

ph

#

full cloud cover

Dipnetting

X

#

mostly cloudy

Type of Inspection:
baseline

1-25
26-50

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

silty?

Approximate % cover by algal mat or duckweed?
GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
None
field
surface water None
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
X
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Herbs:

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.

1

Painted Turtle
Snapping Turtle
Blue-spotted salamander

VERNAL POOL DATA SHEET, p. 2

Survey Date:
20160419 Investigator(s):
CAWS Pool # : RS_QN_VP01_1 Project/property name:

THE/ZCW

Town:
Canterbury
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160430

Survey Date:

Investigator(s): THE/ZCW

CAWS Pool # : RS_QN_VP01_1 CAWS Project #:
Project/property name:

Town:

Canterbury

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

0"

Start time:
End time:

partly cloudy

7:05:00 AM
7:12:00 AM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:
condition

X

If condition mixed,

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

X
X

Visual

Yes

post construction

No

X

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?

No

X

Yes

Outlet observed?

No

X

Yes

finfish observed?

No

X

Yes

Estimated water depth range?
9"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
Vegetation (within or overhanging pool):
Trees/Saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Symplocarpus foetidus
Herbs:
70
Percent tree canopy closure?
Woody debris content? High
Med. X Low
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

4

Water Quality:
conductivity(uS/cm)

Sulphidic odor?

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

X

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

Nitrate-N (mg/l)

#
300-400

Polarized sunglasses used?

during construction

ph

#

full cloud cover

Dipnetting

X

#

mostly cloudy

Type of Inspection:
baseline

1-25
26-50

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

silty?

Approximate % cover by algal mat or duckweed?
GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
None
field
surface water None
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
X
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Herbs:

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.

1

Painted Turtle
Snapping Turtle
Blue-spotted salamander

VERNAL POOL DATA SHEET, p. 2

Survey Date:
20160430 Investigator(s):
CAWS Pool # : RS_QN_VP01_1 Project/property name:

THE/ZCW

Town:
Canterbury
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160419

Survey Date:

Investigator(s): THE/ZCW

CAWS Pool # : RS_QN_VP02_1 CAWS Project #:
Project/property name:

Town:

Canterbury

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

Trace

Start time:
End time:

partly cloudy

8:40:00 AM
9:05:00 AM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:
condition

X

If condition mixed,

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

X

Visual

Yes

post construction

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

X

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

No

X

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?

No

X

Yes

Outlet observed?

No

X

Yes

finfish observed?

No

X

Yes

Estimated water depth range?
12"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
Vegetation (within or overhanging pool):
Trees/Saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Symplocarpus foetidus
Herbs:
70
Percent tree canopy closure?
Woody debris content? High
Med. X Low
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

0

Water Quality:
conductivity(uS/cm)

Nitrate-N (mg/l)
Sulphidic odor?

#
300-400

Polarized sunglasses used?

during construction

ph

#

full cloud cover

Dipnetting

X

#

mostly cloudy

Type of Inspection:
baseline

1-25
26-50

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

silty?

Approximate % cover by algal mat or duckweed?
GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
HI
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
None
field
surface water None
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
X
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Herbs:
Symplocarpus foetidus

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.

18

Painted Turtle
Snapping Turtle
Blue-spotted salamander
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Survey Date:
20160419 Investigator(s):
CAWS Pool # : RS_QN_VP02_1 Project/property name:

THE/ZCW

Town:
Canterbury
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160430

Survey Date:

Investigator(s): THE/ZCW

CAWS Pool # : RS_QN_VP02_1 CAWS Project #:
Project/property name:

Town:

Canterbury

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

0"

Start time:
End time:

partly cloudy

7:13:00 AM
7:19:00 AM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:
condition

X

If condition mixed,

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

X
X

Visual

Yes

post construction

No

X

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?

No

X

Yes

Outlet observed?

No

X

Yes

finfish observed?

No

X

Yes

Estimated water depth range?
12"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
Vegetation (within or overhanging pool):
Trees/Saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Symplocarpus foetidus
Herbs:
70
Percent tree canopy closure?
Woody debris content? High
Med. X Low
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

4

Water Quality:
conductivity(uS/cm)

Sulphidic odor?

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

X

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

Nitrate-N (mg/l)

#
300-400

Polarized sunglasses used?

during construction

ph

#

full cloud cover

Dipnetting

X

#

mostly cloudy

Type of Inspection:
baseline

1-25
26-50

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

silty?

Approximate % cover by algal mat or duckweed?
GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
HI
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
None
field
surface water None
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
X
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Herbs:
Symplocarpus foetidus

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.

18

Painted Turtle
Snapping Turtle
Blue-spotted salamander
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Survey Date:
20160430 Investigator(s):
CAWS Pool # : RS_QN_VP02_1 Project/property name:

THE/ZCW

Town:
Canterbury
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160419

Survey Date:

Investigator(s): ZCW

CAWS Pool # : RS_QN_VP02_2 CAWS Project #:
Project/property name:

Town:

Brooklyn

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

Trace

Start time:
End time:

condition

X

partly cloudy

11:00:00 AM
11:30:00 AM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:

If condition mixed,

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

X

Visual

post construction

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

X

Yes
No
Temporary flagging used to
mark egg masses?
Yes

Comments:

X

No

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
No

Outlet observed?

No

finfish observed?

No

X

Yes
Yes

X

X

X

Yes

Estimated water depth range?
12"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
Vegetation (within or overhanging pool):
Trees/Saplings: Acer rubrum
Shrubs/Vines:
Herbs:
70
Percent tree canopy closure?
Woody debris content? High
Med. X Low
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

0

Water Quality:
ph

conductivity(uS/cm)

Nitrate-N (mg/l)

temperature (°C)

Total P (ug/l)

Sulphidic odor?

DO(mg/l)

Tannic acid?

Approximate % cover by algal mat or duckweed?

silty?
0

GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

Green Frog

Pickerel Frog
Bull Frog

X

#
300-400

Polarized sunglasses used?

during construction

Inlet observed?

#

full cloud cover

Dipnetting

X

#

mostly cloudy

Type of Inspection:
baseline

1-25
26-50

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
None
field
surface water None
vLow
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
X
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Acer rubrum
Shrubs/Vines: Berberis thunbergii
Herbs:

Spring Peeper

Eastern Toad

Gray Tree Frog

Spotted Turtle

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.
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Survey Date:
20160419 Investigator(s):
CAWS Pool # : RS_QN_VP02_2 Project/property name:

ZCW

Town:
Brooklyn
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160430

Survey Date:

Investigator(s): ZCW

CAWS Pool # : RS_QN_VP02_2 CAWS Project #:
Project/property name:

Town:

Brooklyn

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Development:

Yes

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

0"

Start time:
End time:

condition

X

partly cloudy

8:01:00 AM
8:20:00 AM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:

If condition mixed,

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

X
X

Visual

X

Yes
No
Temporary flagging used to
mark egg masses?
Yes

Comments:

X

No

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?

No

Outlet observed?

No

finfish observed?

No

X

Yes
Yes

X

X

X

Yes

Estimated water depth range?
12"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
Vegetation (within or overhanging pool):
Trees/Saplings: Acer rubrum
Shrubs/Vines:
Herbs:
70
Percent tree canopy closure?
Woody debris content? High
Med. X Low
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

4

Water Quality:
ph

conductivity(uS/cm)

Nitrate-N (mg/l)

temperature (°C)

Total P (ug/l)

Sulphidic odor?

DO(mg/l)

Tannic acid?

Approximate % cover by algal mat or duckweed?

silty?
0

GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

Green Frog

Pickerel Frog
Bull Frog

X

#
300-400

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

Wood frog tadpoles found from net sweeps.
Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

Polarized sunglasses used?

during construction
post construction

#

full cloud cover

Dipnetting

X

#

mostly cloudy

Type of Inspection:
baseline

1-25
26-50

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
None
field
surface water None
vLow
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
X
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Acer rubrum
Shrubs/Vines: Berberis thunbergii
Herbs:

Spring Peeper

Eastern Toad

Gray Tree Frog

Spotted Turtle

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.
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Survey Date:
20160430 Investigator(s):
CAWS Pool # : RS_QN_VP02_2 Project/property name:

ZCW

Town:
Brooklyn
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160419

Survey Date:

Investigator(s): THE/ZCW

CAWS Pool # : RS_QN_VP03_1 CAWS Project #:
Project/property name:

Town:

Canterbury

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

Trace

Start time:
End time:

X

partly cloudy

9:24:00 AM
9:50:00 AM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

X

Visual

Yes

X

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

No

X

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?
No
Yes X
X
Outlet observed?
No
Yes X
X
No

X

Yes

Estimated water depth range?
24"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
0
Vegetation (within or overhanging pool):
Trees/Saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Symplocarpus foetidus, Carex spp.
Herbs:
70
Percent tree canopy closure?
Woody debris content? High
Med.
Low X
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

Water Quality:
conductivity(uS/cm)

Nitrate-N (mg/l)

temperature (°C)

Total P (ug/l)

Sulphidic odor?

DO(mg/l)

Tannic acid?

silty?

Approximate % cover by algal mat or duckweed?

40

GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

Green Frog

X

#
300-400

Polarized sunglasses used?

post construction

ph

#

If condition mixed,

during construction

finfish observed?

#

full cloud cover

Dipnetting

X

1-25
26-50

mostly cloudy

Type of Inspection:
baseline

condition

Spring Peeper

X

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
None
field
surface water None
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
x
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Herbs:
Symplocarpus foetidus

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.

20

Painted Turtle
Snapping Turtle
Blue-spotted salamander

VERNAL POOL DATA SHEET, p. 2

Survey Date:
20160419 Investigator(s):
CAWS Pool # : RS_QN_VP03_1 Project/property name:

THE/ZCW

Town:
Canterbury
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
High
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)
High

VERNAL POOL DATA SHEET

20160430

Survey Date:

Investigator(s): THE/ZCW

CAWS Pool # : RS_QN_VP03_1 CAWS Project #:
Project/property name:

Town:

Canterbury

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

0"

Start time:
End time:

X

partly cloudy

7:25:00 AM
7:40:00 AM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

X
X

Visual

Yes

X

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

No

X

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?
No
Yes X
X
Outlet observed?
No
Yes X
X
No

X

Yes

Estimated water depth range?
24"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
4
Vegetation (within or overhanging pool):
Trees/Saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Symplocarpus foetidus, Carex spp.
Herbs:
70
Percent tree canopy closure?
Woody debris content? High
Med.
Low X
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

Water Quality:
conductivity(uS/cm)

Nitrate-N (mg/l)

temperature (°C)

Total P (ug/l)

Sulphidic odor?

DO(mg/l)

Tannic acid?

silty?

Approximate % cover by algal mat or duckweed?

40

GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

Green Frog

X

#
300-400

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

Polarized sunglasses used?

post construction

ph

#

If condition mixed,

during construction

finfish observed?

#

full cloud cover

Dipnetting

X

1-25
26-50

mostly cloudy

Type of Inspection:
baseline

condition

Spring Peeper

X

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
None
field
surface water None
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
x
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Herbs:
Symplocarpus foetidus

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.
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Survey Date:
20160430 Investigator(s):
CAWS Pool # : RS_QN_VP03_1 Project/property name:

THE/ZCW

Town:
Canterbury
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
High
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)
High

VERNAL POOL DATA SHEET

20160419

Survey Date:

Investigator(s): ZCW

CAWS Pool # : RS_QN_VP03_2 CAWS Project #:
Project/property name:

Town:

Brooklyn

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

Trace

Start time:
End time:

condition

X

partly cloudy

12:09:00 PM
12:20:00 PM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:

If condition mixed,

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

X

Visual

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

X

Yes

post construction

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

X

No

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?

No

X

Yes

Outlet observed?

No

X

Yes

finfish observed?

No

X

Yes

Estimated water depth range?
12"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
Vegetation (within or overhanging pool):
Trees/Saplings: Quercus rubra, Prunus serotina
Shrubs/Vines: Rosa multiflora
Herbs:
70
Percent tree canopy closure?
Woody debris content? High
Med. X Low
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

0

Water Quality:
conductivity(uS/cm)

Nitrate-N (mg/l)
Sulphidic odor?

#
300-400

Polarized sunglasses used?

during construction

ph

#

full cloud cover

Dipnetting

X

#

mostly cloudy

Type of Inspection:
baseline

1-25
26-50

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

Approximate % cover by algal mat or duckweed?

silty?
0

GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
vLow
vLow
forest
shrubs/saplings vLow
Mod
exposed soil
Mod
Low
None
None
pavement
None
None
building
None
None
lawn
Mod
Hi
field
surface water None
None
Low
vLow
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
X
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Quercus rubra
Shrubs/Vines: Rosa multiflora
Herbs:

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.
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Survey Date:
20160419
CAWS Pool # : RS_QN_VP03_2

VERNAL POOL DATA SHEET, p. 2

Investigator(s):
Project/property name:

ZCW

Town:
Brooklyn
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
Mod
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160430

Survey Date:

Investigator(s): ZCW

CAWS Pool # : RS_QN_VP03_2 CAWS Project #:
Project/property name:

Town:

Brooklyn

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Development:

Yes

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

0"

Start time:
End time:

condition

X

partly cloudy

8:29:00 PM
8:40:00 PM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:

If condition mixed,

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

X
X

Visual

X

Yes
No
Temporary flagging used to
mark egg masses?
Yes

Comments:

X

No

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?

No

X

Yes

Outlet observed?

No

X

Yes

finfish observed?

No

X

Yes

Estimated water depth range?
12"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
Vegetation (within or overhanging pool):
Trees/Saplings: Quercus rubra, Prunus serotina
Shrubs/Vines: Rosa multiflora
Herbs:
70
Percent tree canopy closure?
Woody debris content? High
Med. X Low
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

4

Water Quality:
ph

conductivity(uS/cm)

Nitrate-N (mg/l)
Sulphidic odor?

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

Approximate % cover by algal mat or duckweed?

#
300-400

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

Wood frog tadpoles found during net sweeps
Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

Polarized sunglasses used?

during construction
post construction

#

full cloud cover

Dipnetting

X

#

mostly cloudy

Type of Inspection:
baseline

1-25
26-50

silty?
0

GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
vLow
vLow
forest
shrubs/saplings vLow
Mod
exposed soil
Mod
Low
None
None
pavement
None
None
building
None
None
lawn
Mod
Hi
field
surface water None
None
Low
vLow
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
X
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Quercus rubra
Shrubs/Vines: Rosa multiflora
Herbs:

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.
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Painted Turtle
Snapping Turtle
Blue-spotted salamander
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Survey Date:
20160430 Investigator(s):
CAWS Pool # : RS_QN_VP03_2 Project/property name:

ZCW

Town:
Brooklyn
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
Mod
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160419

Survey Date:

Investigator(s): THE

CAWS Pool # : RS_QN_VP04_1 CAWS Project #:
Project/property name:

Town:

Brooklyn

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
terrico@verdaterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

Trace

Start time:
End time:

partly cloudy

4:20:00 AM
4:35:00 PM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:
X

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

X

Visual

Yes

X

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

No

X

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?

No

X

Yes

Outlet observed?

No

X

Yes

finfish observed?

No

X

Yes

Estimated water depth range?
16"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
0
Vegetation (within or overhanging pool):
Trees/Saplings:
Shrubs/Vines: Acer rubrum
Herbs:
75
Percent tree canopy closure?
Woody debris content? High
Med.
Low X
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

Water Quality:
conductivity(uS/cm)

Sulphidic odor?

#
300-400

Polarized sunglasses used?

post construction

Nitrate-N (mg/l)

#

If condition mixed,

during construction

ph

#

full cloud cover

Dipnetting

X

1-25
26-50

mostly cloudy

Type of Inspection:
baseline

condition

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

silty?

Approximate % cover by algal mat or duckweed?
GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings None
None
exposed soil
None
None
None
vLow
pavement
None
None
building
None
None
lawn
None
None
field
surface water None
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low: x
moderate:
high:
Cover Objects:
Logs
Rocks
X
none:
low:
moderate: X
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Pinus stroba
Shrubs/Vines:
Herbs:

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.

5

Painted Turtle
Snapping Turtle
Blue-spotted salamander

VERNAL POOL DATA SHEET, p. 2

Survey Date:
20160419 Investigator(s):
CAWS Pool # : RS_QN_VP04_1 Project/property name:

THE

Town:
Brooklyn
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160430

Survey Date:

Investigator(s): THE

CAWS Pool # : RS_QN_VP04_1 CAWS Project #:
Project/property name:

Town:

Brooklyn

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
terrico@verdaterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

0"

partly cloudy

X

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:
1-25
X
#
1
condition
26-50
#

mostly cloudy

If condition mixed,

50-75

full cloud cover

note"some","many"

75-100

Methods used:

intact:

100-150

400-500

150-200

500-750

breaking up:

200-250

750-1000

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

or "most"

Start time:
End time:

7:50:00 AM
8:00:00 PM

X

Visual
Dipnetting

Type of Inspection:
X

baseline

Yes

post construction

X

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

No

Inlet observed?

No

X

Yes

Outlet observed?

No

X

Yes

finfish observed?

No

X

Yes

X

Estimated water depth range?
0"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
0
Vegetation (within or overhanging pool):
Trees/Saplings:
Shrubs/Vines: Acer rubrum
Herbs:
75
Percent tree canopy closure?
Woody debris content? High
Med.
Low X
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

Water Quality:
conductivity(uS/cm)

Sulphidic odor?

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
intact:
breaking up:

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:

Nitrate-N (mg/l)

all

Polarized sunglasses used?

during construction

ph

#
300-400

silty?

Approximate % cover by algal mat or duckweed?
GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

hatching:

predation:
non-viable:

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings None
None
exposed soil
None
None
None
vLow
pavement
None
None
building
None
None
lawn
None
None
field
surface water None
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low: x
moderate:
high:
Cover Objects:
Logs
Rocks
X
none:
low:
moderate: X
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Pinus stroba
Shrubs/Vines:
Herbs:

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.

0

Painted Turtle
Snapping Turtle
Blue-spotted salamander

VERNAL POOL DATA SHEET, p. 2

Survey Date:
20160430 Investigator(s):
CAWS Pool # : RS_QN_VP04_1 Project/property name:

THE

Town:
Brooklyn
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160419

Survey Date:

Investigator(s): ZCW

CAWS Pool # : RS_QN_VP04_2 CAWS Project #:
Project/property name:

Town:

Brooklyn

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

Trace

Start time:
End time:

condition

X

partly cloudy

1:15:00 PM
1:30:00 PM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:

If condition mixed,

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

X

Visual

post construction

Spotted Salamanders:
Total:
Condition (approx.%) Comments:

X

Yes
No
Temporary flagging used to
mark egg masses?
Yes

Comments:

intact:
breaking up:

X

No

hatching:

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
No

Outlet observed?

No

finfish observed?

No

X

Yes
Yes

X

X

X

Yes

Estimated water depth range?
24"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
Vegetation (within or overhanging pool):
Trees/Saplings: Acer rubrum
Shrubs/Vines: Rosa multiflora
Typha angustifolia, Carex spp.
Herbs:
10
Percent tree canopy closure?
Woody debris content? High
Med. X Low
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

0

Water Quality:
ph

conductivity(uS/cm)

Nitrate-N (mg/l)
Sulphidic odor?

#
300-400

Polarized sunglasses used?

during construction

Inlet observed?

#

full cloud cover

Dipnetting

X

#

mostly cloudy

Type of Inspection:
baseline

1-25
26-50

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

Approximate % cover by algal mat or duckweed?

silty?
0

GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

predation:
non-viable:

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings Mod
vLow
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
None
field
surface water None
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
X
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Acer rubrum
Shrubs/Vines: Rosa multiflora, Berberis thunbergii
Herbs:
Symplocarpus foetidus

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.

0

Painted Turtle
Snapping Turtle
Blue-spotted salamander

VERNAL POOL DATA SHEET, p. 2

Survey Date:
20160419 Investigator(s):
CAWS Pool # : RS_QN_VP04_2 Project/property name:

ZCW

Town:
Brooklyn
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
High
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160430

Survey Date:

Investigator(s): ZCW

CAWS Pool # : RS_QN_VP04_2 CAWS Project #:
Project/property name:

Town:

Brooklyn

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Development:

Yes

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

0"

Start time:
End time:

condition

X

partly cloudy

8:50:00 AM
9:05:00 AM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:

If condition mixed,

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

X
X

Visual

Yes

X

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

No

No

Outlet observed?

No

finfish observed?

No

X

X

X

X

X

Yes

Estimated water depth range?
24"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
Vegetation (within or overhanging pool):
Trees/Saplings: Acer rubrum
Shrubs/Vines: Rosa multiflora
Typha angustifolia, Carex spp.
Herbs:
10
Percent tree canopy closure?
Woody debris content? High
Med. X Low
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

4

Water Quality:
ph

conductivity(uS/cm)

Nitrate-N (mg/l)
Sulphidic odor?

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

Approximate % cover by algal mat or duckweed?

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

hatching:

Yes
Yes

hatching:

intact:
breaking up:

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?

#
300-400

Wood frog tadpoles found during net sweeps
Spotted Salamanders:
Total:
Condition (approx.%) Comments:

Polarized sunglasses used?

during construction
post construction

#

full cloud cover

Dipnetting

X

#

mostly cloudy

Type of Inspection:
baseline

1-25
26-50

silty?
100

GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

predation:
non-viable:

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings Mod
vLow
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
None
field
surface water None
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
X
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Acer rubrum
Shrubs/Vines: Rosa multiflora, Berberis thunbergii
Herbs:
Symplocarpus foetidus

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.

0

Painted Turtle
Snapping Turtle
Blue-spotted salamander

VERNAL POOL DATA SHEET, p. 2

Survey Date:
20160430 Investigator(s):
CAWS Pool # : RS_QN_VP04_2 Project/property name:

ZCW

Town:
Brooklyn
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
High
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160419

Survey Date:

Investigator(s): THE

CAWS Pool # : RS_QN_VP05_1 CAWS Project #:
Project/property name:

Town:

Brooklyn

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
terrico@verdaterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

Trace

Start time:
End time:

partly cloudy

10:40:00 AM
11:05:00 AM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:
condition

X

If condition mixed,

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

X

Visual

Yes

post construction

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

X

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

No

X

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?

No

X

Yes

Outlet observed?

No

X

Yes

finfish observed?

No

X

Yes

Estimated water depth range?
18"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
Vegetation (within or overhanging pool):
Trees/Saplings:
Shrubs/Vines: Acer rubrum
Symplocarpus foetidus
Herbs:
65
Percent tree canopy closure?
Woody debris content? High
Med. X Low
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

0

Water Quality:
conductivity(uS/cm)

Nitrate-N (mg/l)
Sulphidic odor?

#
300-400

Polarized sunglasses used?

during construction

ph

#

full cloud cover

Dipnetting

X

#

mostly cloudy

Type of Inspection:
baseline

1-25
26-50

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

silty?

Approximate % cover by algal mat or duckweed?
GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Mod
Mod
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
Low
Mod
field
surface water None
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low: x
moderate:
high:
Cover Objects:
Logs
Rocks
none:
low:
X
moderate: X
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Pinus stroba
Shrubs/Vines:
Herbs:

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.
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Painted Turtle
Snapping Turtle
Blue-spotted salamander
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Survey Date:
20160419 Investigator(s):
CAWS Pool # : RS_QN_VP05_1 Project/property name:

THE

Town:
Brooklyn
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160430

Survey Date:

Investigator(s): THE

CAWS Pool # : RS_QN_VP05_1 CAWS Project #:
Project/property name:

Town:

Brooklyn

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
terrico@verdaterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

0"

Start time:
End time:

partly cloudy

8:10:00 AM
8:25:00 AM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:
condition

X

If condition mixed,

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

X
X

Visual

Yes

post construction

No

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

intact:
breaking up:

X

hatching:

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?

No

X

Yes

Outlet observed?

No

X

Yes

finfish observed?

No

X

Yes

Estimated water depth range?
18"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
Vegetation (within or overhanging pool):
Trees/Saplings:
Shrubs/Vines: Acer rubrum
Symplocarpus foetidus
Herbs:
65
Percent tree canopy closure?
Woody debris content? High
Med. X Low
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

4

Water Quality:
conductivity(uS/cm)

Sulphidic odor?

hatching:

Spotted Salamanders:
Total:
Condition (approx.%) Comments:

X

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

Nitrate-N (mg/l)

#
300-400

Polarized sunglasses used?

during construction

ph

#

full cloud cover

Dipnetting

X

#

mostly cloudy

Type of Inspection:
baseline

1-25
26-50

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

silty?

Approximate % cover by algal mat or duckweed?
GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

predation:
non-viable:

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Mod
Mod
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
Low
Mod
field
surface water None
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low: x
moderate:
high:
Cover Objects:
Logs
Rocks
none:
low:
X
moderate: X
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Pinus stroba
Shrubs/Vines:
Herbs:

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.

0

Painted Turtle
Snapping Turtle
Blue-spotted salamander

VERNAL POOL DATA SHEET, p. 2

Survey Date:
20160430 Investigator(s):
CAWS Pool # : RS_QN_VP05_1 Project/property name:

THE

Town:
Brooklyn
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160419

Survey Date:

Investigator(s): ZCW

CAWS Pool # : RS_QN_VP06_2 CAWS Project #:
Project/property name:

Town:

Canterbury

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

Trace

Start time:
End time:

X

partly cloudy

3:30:00 PM
3:45:00 PM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:
1-25
X
#
3
condition
26-50
#

mostly cloudy

If condition mixed,

50-75

full cloud cover

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

250-300

1000-1250

300-400

>1250

X

Visual
Dipnetting

hatching:

Type of Inspection:
X

baseline

Polarized sunglasses used?

during construction

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

X

Yes

post construction

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

X

No

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?
No
Yes X
X
Outlet observed?
No
Yes X
X
finfish observed?

No

X

Yes

Estimated water depth range?
6"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
Vegetation (within or overhanging pool):
Trees/Saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Herbs:
10
Percent tree canopy closure?
Woody debris content? High
Med. X Low
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

0

Water Quality:
ph

conductivity(uS/cm)

Nitrate-N (mg/l)
Sulphidic odor?

all

Describe estimation method
used for a large raft:

#
300-400

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

Approximate % cover by algal mat or duckweed?

silty?
0

GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
Low
field
surface water vLow
vLow
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
none:
low:
moderate: X
X
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Herbs:

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.
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Painted Turtle
Snapping Turtle
Blue-spotted salamander
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Survey Date:
20160419 Investigator(s):
CAWS Pool # : RS_QN_VP06_2 Project/property name:

ZCW

Town:
Canterbury
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160430

Survey Date:

Investigator(s): ZCW

CAWS Pool # : RS_QN_VP06_2 CAWS Project #:
Project/property name:

Town:

Canterbury

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
Current

24 hours

0"

0"

Start time:
End time:

condition

X

partly cloudy

9:24:00 AM
9:28:00 AM

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:

If condition mixed,

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

X
X

Visual

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

X

No

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?
No
Yes X
X
Outlet observed?
No
Yes X
X
No

X

Yes

Estimated water depth range?
6"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
Vegetation (within or overhanging pool):
Trees/Saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Herbs:
10
Percent tree canopy closure?
Woody debris content? High
Med. X Low
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

4

Water Quality:
conductivity(uS/cm)

Nitrate-N (mg/l)
Sulphidic odor?

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

X

Yes

post construction

ph

#
300-400

Polarized sunglasses used?

during construction

finfish observed?

#

full cloud cover

Dipnetting

X

#

mostly cloudy

Type of Inspection:
baseline

1-25
26-50

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

Approximate % cover by algal mat or duckweed?

silty?
0

GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
Low
field
surface water vLow
vLow
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
none:
low:
moderate: X
X
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Acer rubrum
Shrubs/Vines: Lindera benzoin
Herbs:

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.
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Painted Turtle
Snapping Turtle
Blue-spotted salamander
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Survey Date:
20160430 Investigator(s):
CAWS Pool # : RS_QN_VP06_2 Project/property name:

ZCW

Town:
Canterbury
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160420

Survey Date:

Investigator(s): THE/ZCW

CAWS Pool # : RS_QN_VP09_1 CAWS Project #:
Project/property name:

Town:

Canterbury

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
X
Current

24 hours

0"

0"

Start time:
End time:

condition

partly cloudy

9:31:00 AM
9:50:00 AM

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

X

Visual

X

Yes
No
Temporary flagging used to
mark egg masses?
Yes

Comments:

X

No

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?
No
Yes X
X
Outlet observed?
No
Yes X
X
No

X

Yes

Estimated water depth range?
10"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
0
Vegetation (within or overhanging pool):
Trees/Saplings: Acer rubrum
Shrubs/Vines:
Skunk cabbage
Herbs:
40
Percent tree canopy closure?
Woody debris content? High
Med.
Low X
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

Water Quality:
conductivity(uS/cm)

Nitrate-N (mg/l)
Sulphidic odor?

#
300-400

Polarized sunglasses used?

post construction

ph

#

If condition mixed,

during construction

finfish observed?

#

26-50

full cloud cover

Dipnetting

X

1-25

mostly cloudy

Type of Inspection:
baseline

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

Approximate % cover by algal mat or duckweed?

silty?
0

GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
None
field
surface water Low
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
X
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Pinus strobus, Acer rubrum
Shrubs/Vines: Berberis thunbergii
Herbs:

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.
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Painted Turtle
Snapping Turtle
Blue-spotted salamander
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Survey Date:
20160420 Investigator(s):
CAWS Pool # : RS_QN_VP09_1 Project/property name:

THE/ZCW

Town:
Canterbury
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160429

Survey Date:

Investigator(s): THE/ZCW

CAWS Pool # : RS_QN_VP09_1 CAWS Project #:
Project/property name:

Town:

Canterbury

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes X

Development:

No

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
X
Current

24 hours

0"

0"

Start time:
End time:

condition

partly cloudy

3:16:00 PM
3:29:00 PM

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

X
X

Visual

X

Yes
No
Temporary flagging used to
mark egg masses?
Yes

Comments:

X

No

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?
No
Yes X
X
Outlet observed?
No
Yes X
X
No

X

Yes

Estimated water depth range?
10"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes X
No
# dip net
marbled salmander larvae present?
sweeps
4
Vegetation (within or overhanging pool):
Trees/Saplings: Acer rubrum
Shrubs/Vines:
Skunk cabbage
Herbs:
40
Percent tree canopy closure?
Woody debris content? High
Med.
Low X
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

Water Quality:
conductivity(uS/cm)

Nitrate-N (mg/l)
Sulphidic odor?

#
300-400

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

Polarized sunglasses used?

post construction

ph

#

If condition mixed,

during construction

finfish observed?

#

26-50

full cloud cover

Dipnetting

X

1-25

mostly cloudy

Type of Inspection:
baseline

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

Approximate % cover by algal mat or duckweed?

silty?
0

GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
100
intact:
breaking up:
predation:
hatching:
non-viable:

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
None
field
surface water Low
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
X
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Pinus strobus, Acer rubrum
Shrubs/Vines: Berberis thunbergii
Herbs:

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.
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Painted Turtle
Snapping Turtle
Blue-spotted salamander

VERNAL POOL DATA SHEET, p. 2

Survey Date:
20160429 Investigator(s):
CAWS Pool # : RS_QN_VP09_1 Project/property name:

THE/ZCW

Town:
Canterbury
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160420

Survey Date:

Investigator(s): THE/ZCW

CAWS Pool # : RS_QN_VP10_1 CAWS Project #:
Project/property name:

Town:

Canterbury

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Yes

Development:

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
X
Current

24 hours

0"

0"

Start time:
End time:

condition

partly cloudy

10:09:00 AM
10:20:00 AM

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

hatching:

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

X

Visual

Yes

X

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

No

Inlet observed?

No

X

Yes

Outlet observed?

No

X

Yes

finfish observed?

No

X

Yes

X

Estimated water depth range?
18"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes
No X
# dip net
marbled salmander larvae present?
sweeps
0
Vegetation (within or overhanging pool):
Trees/Saplings:
Shrubs/Vines:
Herbs:
60
Percent tree canopy closure?
Woody debris content? High
Med.
Low X
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

Water Quality:
conductivity(uS/cm)

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

Spotted Salamanders:
Total:
Condition (approx.%) Comments:
intact:
breaking up:

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:

Sulphidic odor?

#
300-400

Polarized sunglasses used?

post construction

Nitrate-N (mg/l)

#

If condition mixed,

during construction

ph

#

26-50

full cloud cover

Dipnetting

X

1-25

mostly cloudy

Type of Inspection:
baseline

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:

silty?

Approximate % cover by algal mat or duckweed?
GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

hatching:

predation:
non-viable:

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
None
field
surface water None
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
X
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Pinus steobis, Quercus rubra
Shrubs/Vines: Pinus strobis
Herbs:

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.

0

Painted Turtle
Snapping Turtle
Blue-spotted salamander

VERNAL POOL DATA SHEET, p. 2

Survey Date:
20160420 Investigator(s):
CAWS Pool # : RS_QN_VP10_1 Project/property name:

THE/ZCW

Town:
Canterbury
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
Low
Mod
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

VERNAL POOL DATA SHEET

20160429

Survey Date:

Investigator(s): THE/ZCW

CAWS Pool # : RS_QN_VP10_1 CAWS Project #:
Project/property name:

Town:

Canterbury

Town Staff Contacted?

Pool Type:

Ranger Solar Quinebaug

Development:

Yes

No

X

Reference X

Address/location (or include annotated map ):
Investigator's Contact information:
305 S. Paterson St., Madison, WI 53703; zwrensch@verdanterra.com
SEARCH CONDITIONS AND METHODS (required)
WEATHER:
Cloud Cover:
Precipitation:
Within last
clear
X
Current

24 hours

0"

0"

Start time:
End time:

condition

partly cloudy

3:33:00 PM
3:45:00 PM

50-75

note"some","many"

75-100

or "most"

100-150

400-500

Methods used:

intact:

150-200

500-750

breaking up:

200-250

750-1000

X
X

Visual

Polarized sunglasses used?
Yes

X

No
Temporary flagging used to
mark egg masses?
Yes

Comments:

No

X

No

X

Yes

Outlet observed?

No

X

Yes

finfish observed?

No

X

Yes

Estimated water depth range?
18"
Optional Data (see also back of sheet)
Other Vernal Pool Species:
fairy shrimp present?Yes X
No
# dip net
marbled salmander larvae present?
sweeps
4
Vegetation (within or overhanging pool):
Trees/Saplings:
Shrubs/Vines:
Herbs:
60
Percent tree canopy closure?
Woody debris content? High
Med.
Low X
Pool Substrate: (top three)

Peat

Mud/muck X

Sand/Silt

Bedrock

Leaf Litter X

Silt/clay

Gravel/cobbles

Water Quality:
ph

conductivity(uS/cm)

Nitrate-N (mg/l)
Sulphidic odor?

temperature (°C)

Total P (ug/l)

DO(mg/l)

Tannic acid?

silty?

Approximate % cover by algal mat or duckweed?
GPS coordinates:

WILDLIFE OBSERVATIONS: (optional)
Checklist of Facultative Herptile Fauna (Pool & Fringe)

250-300

1000-1250

Describe estimation method
used for a large raft:

300-400

>1250

Tadpoles found using nets. Approximalty 200
Spotted Salamanders:
Total:
Condition (approx.%) Comments:

hatching:

0

predation:
non-viable:

CONDITIONS IN ENVELOPE AROUND POOL
(required data) Estimate %cover:Hi,Mod,Low,vLow,None
Landuses
Within 100 feet
100-300' from edge
Hi
Hi
forest
shrubs/saplings None
None
exposed soil
None
None
None
None
pavement
None
None
building
None
None
lawn
None
None
field
surface water None
None
None
None
Traffic level?
Leaf Litter:
Within 100 feet of pool, in wooded areas
none/low:
moderate: x
high:
Cover Objects:
Logs
Rocks
X
none:
low: X
moderate:
high:
Dominant vegetation within 100' (optional)
Trees/saplings: Pinus steobis, Quercus rubra
Shrubs/Vines: Pinus strobis
Herbs:

Green Frog

Spring Peeper

Eastern Toad

Pickerel Frog

Gray Tree Frog

Spotted Turtle

Bull Frog

Pickerel Frog

N. Water Snake

Note: Green shading indicates that data category is optional.

#
300-400

hatching:

intact:
breaking up:

CONDITIONS/OBSERVATIONS WITHIN POOL
Not
Flowing flowing
required data:
Inlet observed?

#

If condition mixed,

during construction
post construction

#

26-50

full cloud cover

Dipnetting

X

1-25

mostly cloudy

Type of Inspection:
baseline

AMPHIBIAN EGG MASS COUNTS (required)
Abundance categories
Wood frogs:

Painted Turtle
Snapping Turtle
Blue-spotted salamander

VERNAL POOL DATA SHEET, p. 2

Survey Date:
20160429 Investigator(s):
CAWS Pool # : RS_QN_VP10_1 Project/property name:

THE/ZCW

Town:
Canterbury
Ranger Solar Quinebaug

SKETCH OF POOL
Draw a rough,
quick sketch of the
pool showing
approximate
locations of egg
mass rafts &
clusters in relation
to pool features,
like logs, algal
mats, and islands.
Show inlet/outlet if
present. Include
north arrow and
approxImate scale.

SKETCH OF TERRESTRIAL ENVELOPE AROUND POOL
Draw a rough ,
sketch of the pool's
terrestrial
envelope, about
300' from pool in all
directions. Sketch
what is there &
recent changes;
don't worry about
relative percent
cover of landuses,
available form
aerial photos.
Focus on 100 foot
wide zone at edge
of pool. Include
north arrow and
approxImate scale.

Circle any of the following factors that impaired your
ability to observe egg masses, and indicate
severity of impairment.
Severity
Factor
(Low/Mod./High)
1. Surface algae
2. Surface pollen
Low
Mod
3. Dark, tannin-colored water
4. Deep water
5. Turbidity
6. Dense shrubs
7. Other (specify)

Appendix C. Verdanterra Observer Credential Forms

Vernal Pool Observer Credential/Project Contact Form: Addendum 1

This form must be completed and submitted to MDIFW (address below) at least once prior to submitting the Maine
State Vernal Pool Assessment Form.
1. Vernal Pool Observer/Project Contact Information

Project Contact for Verdanerra

a. Contact Information
Name: Gino Giumarro

Company: Verdanterra, LLC

Street Address: 47 Richards Lane

City: Freeport

Phone: 608-467-0750

Email: ggiumarro@verdanterra.com

State: ME

Zip: 04032

b. Observer Credentials (not required for non-observer project contacts)
Please check all that apply; clear photographs or digital images of a) the pool and b) the indicators are
required by nonprofessional observers and encouraged by all observers.
Professional Herpetologist (academic degree:

)

Professional Wetland Scientist (credentializing organization:

)

Professional Wildlife Biologist (academic degree:M.S. Natural Resources; Certified Wildlife Biologist)
Trained Citizen Scientist (Instructor Name:

)

Self-informed Naturalist
Other:
Please list your professional education, training (and dates), and/or certification that qualifies you to
conduct biological surveys of vernal pools:

Master of Science - University of Vermont - Natural Resources
Bachelor of Science - University of Massachusetts - Wildlife Biology
Certified Wildlife Biologist - The Wildlife Society

2. Vernal Pool Observer Signature
I hereby certify that the information that I submit using the Maine State Vernal Pool Assessment Form will
be true and complete to the best of my knowledge.
Signature:

Digitally signed by Gino Giumarro
DN: cn=Gino Giumarro, o=Verdanterra
LLC, ou,
email=ggiumarro@verdanterra.com, c=US
Date: 2016.05.12 11:59:03 -04'00'

Date:

Send this form to: MDIFW
Attn: Vernal Pools
650 State Street
Bangor ME 04401
Jason.Czapiga@maine.gov
DEPLW0897-82008-A 3/16/11

Print Form

Quinebaug Solar, LLC

Environmental Site Conditions Report

APPENDIX D – DATABASE REVIEWS AND AGENCY
CORRESPONDENCE
• United States Fish and Wildlife Service – Information for Planning
and Consultation (IPaC) 2017 and 2019 Database Reports for
Quinebaug Solar.
• Preliminary Assessment for Installation of Utility Scale Solar PV
Project for Quinebaug Solar, LLC on Wauregan Road in Canterbury
and Brooklyn, Connecticut. NDDB Preliminary Assessment No.:
201610447. October 7, 2016.

April 2019

Quinebaug Solar, LLC

Environmental Site Conditions Report

April 2019

Quinebaug Solar, LLC

Environmental Site Conditions Report

United States Fish and Wildlife Service – Information for
Planning and Consultation (IPaC) 2017 and 2019 Database
Reports for Quinebaug Solar

April 2019

Quinebaug Solar, LLC

Environmental Site Conditions Report

April 2019

IPaC: Resources

IPaC

Page 1 of 9

U.S. Fish & Wildlife Service

IPaC resource list
This report is an automatically generated list of species and other resources such as
critical habitat (collectively referred to as trust resources) under the U.S. Fish and
Wildlife Service's (USFWS) jurisdiction that are known or expected to be on or near the
project area referenced below. The list may also include trust resources that occur
outside of the project area, but that could potentially be directly or indirectly affected
by activities in the project area. However, determining the likelihood and extent of
effects a project may have on trust resources typically requires gathering additional
site-specific (e.g., vegetation/species surveys) and project-specific (e.g., magnitude and
timing of proposed activities) information.
Below is a summary of the project information you provided and contact information
for the USFWS office(s) with jurisdiction in the defined project area. Please read the
introduction to each section that follows (Endangered Species, Migratory Birds,
USFWS Facilities, and NWI Wetlands) for additional information applicable to the trust
resources addressed in that section.

NAME

LOCATION

https://ecos.fws.gov/ipac/project/IPZWU46JD5ADLMCAA4CSIKBX5A/resources

4/12/2017

IPaC: Resources
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Local office
New England Ecological Services Field Office
 (603) 223-2541
 (603) 223-0104
70 Commercial Street, Suite 300
Concord, NH 03301-5094
http://www.fws.gov/newengland

Endangered species
This resource list is for informational purposes only and does not constitute an
analysis of project level impacts.
The primary information used to generate this list is the known or expected range of
each species. Additional areas of influence (AOI) for species are also considered. An
AOI includes areas outside of the species range if the species could be indirectly
affected by activities in that area (e.g., placing a dam upstream of a fish population,

For project evaluations that require USFWS concurrence/review, please return to the
IPaC website and request an official species list by doing the following:
1. Log in to IPaC.
2. Go to your My Projects list.
3. Click PROJECT HOME for this project.

https://ecos.fws.gov/ipac/project/IPZWU46JD5ADLMCAA4CSIKBX5A/resources

4/12/2017

IPaC: Resources
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4. Click REQUEST SPECIES LIST.
Listed species
are managed by the Endangered Species Program of the U.S. Fish and Wildlife
Service.
1

1. Species listed under the Endangered Species Act are threatened or endangered;
IPaC also shows species that are candidates, or proposed, for listing. See the listing
status page for more information.
The following species are potentially affected by activities in this location:

Mammals
NAME

STATUS

Northern Long-eared Bat Myotis septentrionalis

Threatened

No critical habitat has been designated for this species.
https://ecos.fws.gov/ecp/species/9045

Critical habitats

1

trap, capture, or collect, or to attempt to engage in any such conduct) of migratory
birds or eagles is prohibited unless authorized by the U.S. Fish and Wildlife Service
. There are no provisions for allowing the take of migratory birds that are
unintentionally killed or injured.
3

https://ecos.fws.gov/ipac/project/IPZWU46JD5ADLMCAA4CSIKBX5A/resources

4/12/2017
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Any person or organization who plans or conducts activities that may result in the
take of migratory birds is responsible for complying with the appropriate regulations
and implementing appropriate conservation measures.
1. The Migratory Birds Treaty Act of 1918.
2. The Bald and Golden Eagle Protection Act of 1940.
3. 50 C.F.R. Sec. 10.12 and 16 U.S.C. Sec. 668(a)
Additional information can be found using the following links:
• Birds of Conservation Concern http://www.fws.gov/birds/management/managedspecies/
birds-of-conservation-concern.php
• Conservation measures for birds http://www.fws.gov/birds/management/projectassessment-tools-and-guidance/
conservation-measures.php
• Year-round bird occurrence data
http://www.birdscanada.org/birdmon/default/datasummaries.jsp
The migratory birds species listed below are species of particular conservation
concern (e.g. Birds of Conservation Concern) that may be potentially affected by
activities in this location. It is not a list of every bird species you may find in this

. To

NAME

https://ecos.fws.gov/ecp/species/8935

Bald Eagle Haliaeetus leucocephalus

Year-round

https://ecos.fws.gov/ecp/species/1626

https://ecos.fws.gov/ipac/project/IPZWU46JD5ADLMCAA4CSIKBX5A/resources

4/12/2017
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Black-billed Cuckoo Coccyzus erythropthalmus
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Breeding

https://ecos.fws.gov/ecp/species/9399

Blue-winged Warbler Vermivora pinus

Breeding

Canada Warbler Wilsonia canadensis

Breeding

Fox Sparrow Passerella iliaca

Wintering

Least Bittern Ixobrychus exilis

Breeding

https://ecos.fws.gov/ecp/species/6175

Peregrine Falcon Falco peregrinus

Wintering

https://ecos.fws.gov/ecp/species/8831

Pied-billed Grebe Podilymbus podiceps

Year-round

Prairie Warbler Dendroica discolor

Breeding

Willow Flycatcher Empidonax traillii

Breeding

https://ecos.fws.gov/ecp/species/3482

Wood Thrush Hylocichla mustelina

Breeding

https://ecos.fws.gov/ipac/project/IPZWU46JD5ADLMCAA4CSIKBX5A/resources

4/12/2017
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Breeding

What does IPaC use to generate the list of migratory bird species potentially occurring in my
specified location?
Landbirds:
Migratory birds that are displayed on the IPaC species list are based on ranges in the latest edition
of the National Geographic Guide, Birds of North America (6th Edition, 2011 by Jon L. Dunn, and
Jonathan Alderfer). Although these ranges are coarse in nature, a number of U.S. Fish and Wildlife
Service migratory bird biologists agree that these maps are some of the best range maps to date.
These ranges were clipped to a specific Bird Conservation Region (BCR) or USFWS Region/Regions,
if it was indicated in the 2008 list of Birds of Conservation Concern (BCC) that a species was a BCC
species only in a particular Region/Regions. Additional modifications have been made to some
ranges based on more local or refined range information and/or information provided by U.S. Fish
and Wildlife Service biologists with species expertise. All migratory birds that show in areas on land
in IPaC are those that appear in the 2008 Birds of Conservation Concern report.
Atlantic Seabirds:
Ranges in IPaC for birds off the Atlantic coast are derived from species distribution models
developed by the National Oceanic and Atmospheric Association (NOAA) National Centers for
Coastal Ocean Science (NCCOS) using the best available seabird survey data for the offshore
Atlantic Coastal region to date. NOAANCCOS assisted USFWS in developing seasonal species

All migratory bird range maps within IPaC are continuously being updated as new and better
information becomes available.
Can I get additional information about the levels of occurrence in my project area of specific
birds or groups of birds listed in IPaC?
Landbirds:

https://ecos.fws.gov/ipac/project/IPZWU46JD5ADLMCAA4CSIKBX5A/resources

4/12/2017
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The Avian Knowledge Network (AKN) provides a tool currently called the "Histogram Tool", which
draws from the data within the AKN (latest,survey, point count, citizen science datasets) to create a
view of relative abundance of species within a particular location over the course of the year. The
results of the tool depict the frequency of detection of a species in survey events, averaged
between multiple datasets within AKN in a particular week of the year. You may access the
histogram tools through the Migratory Bird Programs AKN Histogram Tools webpage.
The tool is currently available for 4 regions (California, Northeast U.S., Southeast U.S. and Midwest),
which encompasses the following 32 states: Alabama, Arkansas, California, Connecticut, Delaware,
Florida, Georgia, Illinois, Indiana, Iowa, Kentucky, Louisiana, Maine, Maryland, Massachusetts,
Michigan, Minnesota, Mississippi, Missouri, New Hampshire, New Jersey, New York, North,
Carolina, Ohio, Pennsylvania, Rhode Island, South Carolina, Tennessee, Vermont, Virginia, West
Virginia, and Wisconsin.
In the near future, there are plans to expand this tool nationwide within the AKN, and allow the
graphs produced to appear with the list of trust resources generated by IPaC, providing you with
an additional level of detail about the level of occurrence of the species of particular concern
potentially occurring in your project area throughout the course of the year.
Atlantic Seabirds:
For additional details about the relative occurrence and abundance of both individual bird species
and groups of bird species within your project area off the Atlantic Coast, please visit the Northeast
Ocean Data Portal. The Portal also offers data and information about other taxa besides birds that
may be helpful to you in your project review. Alternately, you may download the bird model results
and
Shelf project

THERE ARE NO REFUGES AT THIS LOCATION.

https://ecos.fws.gov/ipac/project/IPZWU46JD5ADLMCAA4CSIKBX5A/resources

4/12/2017
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Fish hatcheries
THERE ARE NO FISH HATCHERIES AT THIS LOCATION.

Wetlands in the National Wetlands
Inventory
Impacts to NWI wetlands and other aquatic habitats may be subject to regulation
under Section 404 of the Clean Water Act, or other State/Federal statutes.
For more information please contact the Regulatory Program of the local U.S. Army
Corps of Engineers District.
This location overlaps the following wetlands:
FRESHWATER FORESTED/SHRUB WETLAND

PFO1E
PSS1E
PUBHh
PUBHx
PABHh

the-ground inspection of any particular site may result in revision of the wetland boundaries or
classification established through image analysis.
The accuracy of image interpretation depends on the quality of the imagery, the experience of the
image analysts, the amount and quality of the collateral data and the amount of ground truth
verification work conducted. Metadata should be consulted to determine the date of the source
imagery used and any mapping problems.

https://ecos.fws.gov/ipac/project/IPZWU46JD5ADLMCAA4CSIKBX5A/resources

4/12/2017
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Wetlands or other mapped features may have changed since the date of the imagery or field work.
There may be occasional differences in polygon boundaries or classifications between the
information depicted on the map and the actual conditions on site.
Data exclusions
Certain wetland habitats are excluded from the National mapping program because of the
limitations of aerial imagery as the primary data source used to detect wetlands. These habitats
include seagrasses or submerged aquatic vegetation that are found in the intertidal and subtidal
zones of estuaries and nearshore coastal waters. Some deepwater reef communities (coral or
tuberficid worm reefs) have also been excluded from the inventory. These habitats, because of
their depth, go undetected by aerial imagery.
Data precautions
Federal, state, and local regulatory agencies with jurisdiction over wetlands may define and
describe wetlands in a different manner than that used in this inventory. There is no attempt, in
either the design or products of this inventory, to define the limits of proprietary jurisdiction of any
Federal, state, or local government or to establish the geographical scope of the regulatory
programs of government agencies. Persons intending to engage in activities involving
modifications within or adjacent to wetland areas should seek the advice of appropriate federal,
state, or local agencies concerning specified agency regulatory programs and proprietary
jurisdictions that may affect such activities.

https://ecos.fws.gov/ipac/project/IPZWU46JD5ADLMCAA4CSIKBX5A/resources

4/12/2017
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U.S. Fish & Wildlife Service

IPaC resource list
This report is an automatically generated list of species and other resources such as critical habitat
(collectively referred to as trust resources) under the U.S. Fish and Wildlife Service's (USFWS)
jurisdiction that are known or expected to be on or near the project area referenced below. The list
may also include trust resources that occur outside of the project area, but that could potentially be
directly or indirectly affected by activities in the project area. However, determining the likelihood and

Local office
New England Ecological Services Field Office
 (603) 223-2541
Ɠ (603) 223-0104
70 Commercial Street, Suite 300
Concord, NH 03301-5094
http://www.fws.gov/newengland

https://ecos.fws.gov/ipac/location/MK4OWQRGHZHOXLSG7HS63HX4UY/resources

3/21/2019
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Endangered species
This resource list is for informational purposes only and does not constitute an analysis of project
level impacts.
The primary information used to generate this list is the known or expected range of each species.
Additional areas of influence (AOI) for species are also considered. An AOI includes areas outside of the
species range if the species could be indirectly affected by activities in that area (e.g., placing a dam
upstream of a fish population, even if that fish does not occur at the dam site, may indirectly impact
the species by reducing or eliminating water flow downstream). Because species can move, and site
conditions can change, the species on this list are not guaranteed to be found on or near the project

.
1. Species listed under the Endangered Species Act are threatened or endangered; IPaC also shows
species that are candidates, or proposed, for listing. See the listing status page for more
information.
2. NOAA Fisheries, also known as the National Marine Fisheries Service (NMFS), is an office of the
National Oceanic and Atmospheric Administration within the Department of Commerce.
The following species are potentially affected by activities in this location:
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Mammals
NAME

STATUS

Northern Long-eared Bat Myotis septentrionalis

Threatened

No critical habitat has been designated for this species.
https://ecos.fws.gov/ecp/species/9045

Critical habitats
Potential effects to critical habitat(s) in this location must be analyzed along with the endangered
species themselves.

• Nationwide conservation measures for birds
http://www.fws.gov/migratorybirds/pdf/management/nationwidestandardconservationmeasures.pdf
The birds listed below are birds of particular concern either because they occur on the USFWS Birds of
Conservation Concern (BCC) list or warrant special attention in your project location. To learn more
about the levels of concern for birds on your list and how this list is generated, see the FAQ below. This
is not a list of every bird you may find in this location, nor a guarantee that every bird on this list will be
found in your project area. To see exact locations of where birders and the general public have sighted
birds in and around your project area, visit the E-bird data mapping tool (Tip: enter your location,
desired date range and a species on your list). For projects that occur off the Atlantic Coast, additional
maps and models detailing the relative occurrence and abundance of bird species on your list are

https://ecos.fws.gov/ipac/location/MK4OWQRGHZHOXLSG7HS63HX4UY/resources
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available. Links to additional information about Atlantic Coast birds, and other important information
about your migratory bird list, including how to properly interpret and use your migratory bird report,
can be found below.
For guidance on when to schedule activities or implement avoidance and minimization measures to
reduce impacts to migratory birds on your list, click on the PROBABILITY OF PRESENCE SUMMARY at
the top of your list to see when these birds are most likely to be present and breeding in your project
area.
NAME

BREEDING SEASON (IF A BREEDING
SEASON IS INDICATED FOR A BIRD
ON YOUR LIST, THE BIRD MAY
BREED IN YOUR PROJECT AREA

continental USA and Alaska.

Eastern Whip-poor-will Antrostomus vociferus

Breeds May 1 to Aug 20

This is a Bird of Conservation Concern (BCC) throughout its range in the
continental USA and Alaska.

Prairie Warbler Dendroica discolor

Breeds May 1 to Jul 31

This is a Bird of Conservation Concern (BCC) throughout its range in the
continental USA and Alaska.

https://ecos.fws.gov/ipac/location/MK4OWQRGHZHOXLSG7HS63HX4UY/resources
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Breeds elsewhere

This is a Bird of Conservation Concern (BCC) throughout its range in the
continental USA and Alaska.

Wood Thrush Hylocichla mustelina

Breeds May 10 to Aug 31

This is a Bird of Conservation Concern (BCC) throughout its range in the
continental USA and Alaska.

Probability of Presence Summary
The graphs below provide our best understanding of when birds of concern are most likely to be

3. The relative probability of presence calculated in the previous step undergoes a statistical
conversion so that all possible values fall between 0 and 10, inclusive. This is the probability of
presence score.
To see a bar's probability of presence score, simply hover your mouse cursor over the bar.
Breeding Season ( )
Yellow bars denote a very liberal estimate of the time-frame inside which the bird breeds across its
entire range. If there are no yellow bars shown for a bird, it does not breed in your project area.
Survey Effort ( )
Vertical black lines superimposed on probability of presence bars indicate the number of surveys
performed for that species in the 10km grid cell(s) your project area overlaps. The number of surveys is
expressed as a range, for example, 33 to 64 surveys.
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To see a bar's survey effort range, simply hover your mouse cursor over the bar.
No Data ( )
A week is marked as having no data if there were no survey events for that week.
Survey Timeframe
Surveys from only the last 10 years are used in order to ensure delivery of currently relevant
information. The exception to this is areas off the Atlantic coast, where bird returns are based on all
years of available data, since data in these areas is currently much more sparse.
probability of presence
SPECIES

JAN

FEB

MAR

APR

MAY

JUN

JUL

breeding season
AUG

SEP

survey effort

no data

OCT

DEC

NOV

Conservation Concern
(BCC) throughout its
range in the
continental USA and
Alaska.)

Prairie Warbler
BCC Rangewide (CON)
(This is a Bird of
Conservation Concern
(BCC) throughout its
range in the
continental USA and
Alaska.)
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Rusty Blackbird
BCC Rangewide (CON)
(This is a Bird of
Conservation Concern
(BCC) throughout its
range in the
continental USA and
Alaska.)

Wood Thrush
BCC Rangewide (CON)
(This is a Bird of
Conservation Concern
(BCC) throughout its
range in the
continental USA and
Alaska.)

What does IPaC use to generate the probability of presence graphs for the migratory birds potentially occurring in
my specified location?
The probability of presence graphs associated with your migratory bird list are based on data provided by the Avian
Knowledge Network (AKN). This data is derived from a growing collection of survey, banding, and citizen science
datasets .
Probability of presence data is continuously being updated as new and better information becomes available. To learn
more about how the probability of presence graphs are produced and how to interpret them, go the Probability of
Presence Summary and then click on the "Tell me about these graphs" link.
How do I know if a bird is breeding, wintering, migrating or present year-round in my project area?

https://ecos.fws.gov/ipac/location/MK4OWQRGHZHOXLSG7HS63HX4UY/resources
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To see what part of a particular bird's range your project area falls within (i.e. breeding, wintering, migrating or yearround), you may refer to the following resources: The Cornell Lab of Ornithology All About Birds Bird Guide, or (if you
are unsuccessful in locating the bird of interest there), the Cornell Lab of Ornithology Neotropical Birds guide. If a bird
on your migratory bird species list has a breeding season associated with it, if that bird does occur in your project area,
there may be nests present at some point within the timeframe specified. If "Breeds elsewhere" is indicated, then the
bird likely does not breed in your project area.
What are the levels of concern for migratory birds?
Migratory birds delivered through IPaC fall into the following distinct categories of concern:
1. "BCC Rangewide" birds are Birds of Conservation Concern (BCC) that are of concern throughout their range
anywhere within the USA (including Hawaii, the Pacific Islands, Puerto Rico, and the Virgin Islands);
2. "BCC - BCR" birds are BCCs that are of concern only in particular Bird Conservation Regions (BCRs) in the

Proper Interpretation and Use of Your Migratory Bird Report
The migratory bird list generated is not a list of all birds in your project area, only a subset of birds of priority concern.
To learn more about how your list is generated, and see options for identifying what other birds may be in your project
area, please see the FAQ “What does IPaC use to generate the migratory birds potentially occurring in my specified
location”. Please be aware this report provides the “probability of presence” of birds within the 10 km grid cell(s) that
overlap your project; not your exact project footprint. On the graphs provided, please also look carefully at the survey
effort (indicated by the black vertical bar) and for the existence of the “no data” indicator (a red horizontal bar). A high
survey effort is the key component. If the survey effort is high, then the probability of presence score can be viewed as
more dependable. In contrast, a low survey effort bar or no data bar means a lack of data and, therefore, a lack of
certainty about presence of the species. This list is not perfect; it is simply a starting point for identifying what birds of
concern have the potential to be in your project area, when they might be there, and if they might be breeding (which
means nests might be present). The list helps you know what to look for to confirm presence, and helps guide you in

https://ecos.fws.gov/ipac/location/MK4OWQRGHZHOXLSG7HS63HX4UY/resources
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knowing when to implement conservation measures to avoid or minimize potential impacts from your project
activities, should presence be confirmed. To learn more about conservation measures, visit the FAQ “Tell me about
conservation measures I can implement to avoid or minimize impacts to migratory birds” at the bottom of your
migratory bird trust resources page.

Facilities
National Wildlife Refuge lands

wetlands on site.
This location overlaps the following wetlands:
FRESHWATER FORESTED/SHRUB WETLAND

PFO1E
PSS1E
FRESHWATER POND

PUBHh
PUBHx
PABHh
RIVERINE

https://ecos.fws.gov/ipac/location/MK4OWQRGHZHOXLSG7HS63HX4UY/resources
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R5UBH
R4SBC
A full description for each wetland code can be found at the National Wetlands Inventory website
Data limitations
The Service's objective of mapping wetlands and deepwater habitats is to produce reconnaissance level information
on the location, type and size of these resources. The maps are prepared from the analysis of high altitude imagery.
Wetlands are identified based on vegetation, visible hydrology and geography. A margin of error is inherent in the use
of imagery; thus, detailed on-the-ground inspection of any particular site may result in revision of the wetland
boundaries or classification established through image analysis.
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Connecticut Department of

ENERGY &
ENVIRONMENTAL

PROTECTION
Mr. Aaron Svedlow
Ranger Solar, LLC
60 Forest Falls Drive, Suite 7
Yarmouth ME 04096
aaron@rangersolar.com

October 7, 2016

Project: Preliminary Assessment for Installation of Utility Scale Solar PV Project
for Quinebaug Solar, LLC on Wauregan Road in Canterbury and Brooklyn,
Connecticut
NDDB Preliminary Assessment No.: 201610447
Dear Aarron,
I have reviewed Natural Diversity Data Base maps and files regarding the area
delineated on the map provided for the Preliminary Assessment for Installation of
Utility Scale Solar PV Project for Quinebaug Solar, LLC on Wauregan Road in
Canterbury and Brooklyn, Connecticut.
According to our records there are known extant populations of State Listed
Species known that occur within or close to the boundaries of this property. I have
attached a list of these species to this letter. Please be advised that this is a
preliminary review and not a final determination. A more detailed review will be
necessary to move forward with any subsequent environmental permit applications
submitted to DEEP for the proposed project. This preliminary assessment letter
cannot be used or submitted with your permit applications at DEEP. This
letter is valid for one year.
To prevent impacts to State-listed species, field surveys of the site should be
performed by a qualified biologist when these target species are identifiable. A
report summarizing the results of such surveys should include:
1. Survey date(s) and duration
2. Site descriptions and photographs
3. List of component vascular plant and animal species within the survey area
(including scientific binomials)
79 Elm Street, Hartford, CT 06106-5127
www.ct.gov/deep
Affirmative Action/Equal Opportunity Employer

4. Data regarding population numbers and/or area occupied by State-listed species
5. Detailed maps of the area surveyed including the survey route and locations of
State-listed species
6. Statement/résumé indicating the biologist’s qualifications
The site surveys report should be sent to our CT DEEP-NDDB Program
(deep.nddbrequest@ct.gov) for further review by our program biologists along
with an updated request for another NDDB review. Incomplete reports may not be
accepted.
If you do not intend to do site surveys to determine the presence or absence of
state-listed species, please let us know how you will protect the state-listed species
from being impacted by this project. You may submit these best management
practices or protection plans with your new request for an NDDB review.
Natural Diversity Data Base information includes all information regarding critical
biological resources available to us at the time of the request. This information is a
compilation of data collected over the years by the Department of Energy and
Environmental Protection’s Natural History Survey and cooperating units of
DEEP, private conservation groups and the scientific community. This
information is not necessarily the result of comprehensive or site-specific field
investigations. Consultations with the Data Base should not be substitutes for onsite surveys required for environmental assessments. Current research projects and
new contributors continue to identify additional populations of species and
locations of habitats of concern, as well as, enhance existing data. Such new
information is incorporated into the Data Base as it becomes available. The result
of this review does not preclude the possibility that listed species may be
encountered on site and that additional action may be necessary to remain in
compliance with certain state permits.
Please contact me if you have further questions at (860) 424-3592, or
dawn.mckay@ct.gov . Thank you for consulting the Natural Diversity Data Base.
Sincerely,

Dawn M. McKay
Environmental Analyst 3

Species List for NDDB Request
Scientific Name

Common Name

State Status

Freshwater Community - Other Classification

Acidic atlantic white cedar basin
swamp
Poor fen
Invertebrate Animal

Margaritifera margaritifera

Eastern pearlshell

SC

Crocanthemum propinquum

Low frostweed

SC

Prunus alleghaniensis

Alleghany plum

SC*

Ambystoma laterale

Blue-spotted salamander

E

Enneacanthus obesus

Banded sunfish

SC

Heterodon platirhinos

Eastern hognose snake

SC

Lasiurus borealis

Red bat

SC

Lasiurus cinereus

Hoary bat

SC

Progne subis

Purple martin

SC

Thamnophis sauritus

Eastern ribbon snake

SC

Toxostoma rufum

Brown thrasher

SC

Scaphiopus holbrokii

Eastern Spadefoot

E

Terrestrial Community - Other Classification

Floodplain forest
Vascular Plant

Vertebrate Animal

E = Endangered, T = Threatened, SC = Special Concern, * Extirpated
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1. Introduction
FB Environmental Associates (FBE) with the support of Tetra Tech, Inc. (Tetra Tech) has
developed the following Avoidance and Mitigation Plan (Plan) for reptiles and amphibians,
collectively referred to as herpetofauna, present at the site of the Quinebaug Solar Project in
Brooklyn and Canterbury, Connecticut (Project). To proactively avoid and prevent impacts to both
resident and transient wildlife that could be present on site, including species listed as endangered,
threatened, or special concern by the State of Connecticut, this Plan will be implemented
throughout the Project’s construction and post-construction periods. This Plan proposes setbacks
and clearing restrictions regarding natural resources that will protect herpetofauna and other
species of wildlife inhabiting the site. These measures also will serve to maintain the physical
characteristics, including water quality, of wetlands and watercourses occurring at the site.
The use of construction mitigation Best Management Practices (BMPs) is the key to effective
implementation of this Plan. Training of construction personnel and general oversight by a
qualified biologist (hereafter environmental monitor) will ensure the success of this Plan. The
environmental monitor will be employed to work alongside construction personnel during
construction to ensure effective implementation of the Plan, as well as make real-time changes and
adjustments (i.e., adaptive management 1) to accommodate changing site conditions and
observations made in the field. Table A1 (Appendix A) summarizes the general approach to
avoiding and minimizing impacts to herpetofauna during Project construction.

2. Herpetological Surveys
Natural resource surveys were conducted within an area (Study Area) which contains the proposed
Project’s footprint/limit of work (Development Area) (Figure 1). Tetra Tech conducted wetland
and watercourse delineations during the 2016 and 2018 growing seasons. Spring vernal pool
breeding amphibian surveys were conducted in 2016 by Verdanterra, LLC and in 2018 by FBE.
In 2018, FBE conducted a general herpetological inventory with emphasis on detection of the purediploid blue-spotted salamander (Ambystoma laterale). Additionally, FBE lead nocturnal surveys
to determine if the eastern spadefoot toad (Scaphiopus holbrookii) is present within the Study Area.
The detailed results of these surveys are described in their respective technical reports provided
under separate covers.
The general herpetological inventory resulted in the detection of 14 amphibian and 5 reptile species
at the site. Table 1 provides a list of species observed in the Study Area and their status according
to the Connecticut Wildlife Action Plan. Eastern spadefoot toad presence was confirmed within
the Study Area, with the capture of three individuals at the site. The pure-diploid blue spotted
salamander was not detected within the Study Area.

Adaptive management is a structured, iterative process of robust decision making in the face of uncertainty, with an
aim to reducing uncertainty over time via system monitoring.

1
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Figure 1. Wetlands, watercourses, vernal pools, and potential eastern spadefoot toad breeding
pools at the Quinebaug Solar Site, Brooklyn and Canterbury, Connecticut.
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Table 1. Amphibian and reptile species observed at the Quinebaug Solar site, Brooklyn and
Canterbury, Connecticut and listing under the Connecticut Wildlife Action Plan (WAP).
Scientific Name

Common Name

State Listing

WAP
Listing

Salamanders

Age class

Ambystoma maculatum

Spotted salamander

-

Important

Desmognathus fuscus

Northern dusky salamander
Northern two-lined
salamander

-

-

Egg, juvenile,
adult
Larva, adult

-

-

Adult

Hemidactylium
scutatum
Plethodon cinereus
Notophthalmus v.
viridescens

Four-toed salamander

-

-

Juvenile, adult

Redback salamander

-

-

Adult

Eastern newt

-

-

Juvenile

Anaxyrus americanus
Anaxyrus fowleri
Hyla versicolor
Lithobates clamitans
melanota
Lithobates palustris
Lithobates sylvaticus
Pseudacris crucifer

American toad
Fowler’s toad
Gray treefrog

-

Important
-

Juvenile, adult
Adult
Adult

Green frog

-

-

Juvenile, adult

Pickerel frog
Wood frog
Spring peeper

-

Juvenile, adult
Larva, adult
Adult

Scaphiopus holbrookii

Eastern spadefoot

Important
Most
Important

Chelydra serpentina

Snapping turtle

Chrysemys p. picta

Eastern painted turtle

-

-

Clemmys guttata

Spotted turtle

Special
Concern

Very
important

Coluber c. constrictor
Thamnophis sirtalis

Snakes
Northern black racer
Common garter snake

Eurycea bislineata

Frogs and Toads

Endangered
Turtles

-

-

-

Important
-

Adult
Eggs
Hatchling,
adult
Adult
Adult
Adult
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2.1 Species’ Legal Status and Wildlife Action Plan Listing
The eastern spadefoot toad is a Connecticut endangered species and categorized as Most
Important 2 according to the state’s Wildlife Action Plan (Connecticut Department of Energy and
Environmental Protection [DEEP] 2015). The spotted turtle (Clemmys guttata) is a Connecticut
species of special concern and Very Important according to the Wildlife Action Plan. The spotted
salamander (Ambystoma maculatum), Fowler’s toad (Anaxyrus fowleri), wood frog (Lithobates
sylvaticus), and northern black racer (Coluber c. constrictor) are all listed as Important in the
Connecticut Wildlife Action Plan.

3. General Avoidance and Mitigation Measures
The measures described below taken during Project construction and post-construction will help
avoid take of individual amphibians and reptiles that may be present on site, regardless of the
conservation concern of an individual species. The following measures are recommended for the
Project, and would be applied to all disturbance areas, including the area proposed for temporary
laydown:
•

Limit of work restrictions;

•

Construction timing;

•

Construction and operations personnel training;

•

Exclusion fencing;

•

Regular inspections and monitoring;

•

Documentation and reporting of observations; and

•

Operational avoidance practices.

These measures are described in detail below and summarized in Table A1 (Appendix A).
3.1 Limit of Work Restrictions
The proposed Project will have no direct impacts on wetlands or watercourses within the Study
Area and setbacks have been applied to all said resources. No impacts will occur within the
100-foot envelopes surrounding the eight vernal pools within the Study Area. A 100-foot setback
has been applied to all mapped natural resources, with a few exceptions where warranted. In areas
where wetlands and watercourses occur in a forested setting, a 100-foot buffer has been applied.
In limited areas where development is planned within areas that are already cleared (e.g.,
agricultural fields), smaller buffers have been applied. Table A2 (Appendix A) summarizes these
exceptions to the standard 100-foot buffer. Figure B1 (Appendix B) shows the proposed
Development Area, resource setbacks, and exclusion areas. Figures C1–C8 (Appendix C) contain
GCN Most Important, Very Important, Important = Greatest Conservation Need species in Connecticut classified by
the urgency of needed conservation actions.
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post-construction analyses of the critical terrestrial habitats surrounding the eight vernal pools that
occur within the Study Area.
Limit of work restrictions (i.e., no disturbance areas) planned for the Project also include an
approximately 40-acre area that has been excluded from the Development Area, identified as the
Herpetofauna Protection Area on Figure B1. This area contains two Tier 1 vernal pools (pools 4
and 5) as well as a series of wetlands and intermittent stream channels. Furthermore, this area is
connected to the active Blackwell Brook and Cold Spring Brook floodplains located along the
western boundary of the site. Thus, when completed, the Project will not interrupt the existing
connection between these productive vernal pools and the larger landscape.
3.2 Construction Timing
Avoiding seasonally sensitive time periods by timing construction to coincide with low
herpetological activity (e.g., tree clearing in winter) will help avoid or minimize direct impacts to
reptile and amphibian species that occupy the site. Due to the observed presence of vernal pool
breeding amphibians, it is recommended to avoid clearing, grading, and heavy earthwork within
vernal pool critical terrestrial habitats (CTHs) during the spring amphibian breeding season
(March–June). Tree clearing will be restricted to winter (November–March), which will serve to
minimize adverse impacts to reptile and amphibian species and reduce ground disturbance by
working under frozen/winter conditions. If earthwork activities within CTHs must take place
during the spring amphibian breeding season, an increased level of monitoring will be
implemented to ensure exclusion fencing is intact and to conduct frequent sweeps of the work
areas with particular attention to areas adjacent to vernal pools.
3.3 Construction Personnel Training
The environmental monitor designated by Quinebaug Solar will be responsible for creating a
training curriculum prior to the commencement of construction activities. During the initial site
safety orientation and contractor on-boarding, new personnel will undergo training on the
identification and habits of reptile and amphibians known to occur within the Study Area (e.g.,
eastern spadefoot toad, northern black racer, spotted turtle). The training will inform construction
personnel that avoiding impacts to amphibians and reptiles is of utmost importance to the Project.
Flyers will be posted in the general areas (e.g., construction trailers) to aid staff in reptile and
amphibian species identification, describe their known habitats and refugia, and identify the
necessary procedures to follow if one is observed. The environmental monitor will be the point of
contact for personnel to report sightings and determine what action(s) should be taken. Additional
training sessions will be provided if personnel change, or changes in site conditions warrant the
need.
Construction personnel responsible for site clearing will be required to follow the DEEP
Stormwater Management at Solar Farm Construction Projects guidance issued on September 8,
2017 (DEEP 2017), and the Connecticut Guidelines for Soil Erosion and Sediment Control (DEEP
2001).
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3.4 Exclusion Fencing
Exclusionary practices are commonly accepted measures that are used widely for construction
Projects in various regions across the U.S., including the Northeast. Exclusion fencing practices
are recommended by the United States Fish and Wildlife Service for protecting the desert tortoise
(Gopherus agassizii) in the Southwestern U.S. (USFWS 2005) and have been used for box turtles
in New York and bog turtle (Glyptemys muhlenbergii) in Pennsylvania (Anon. 2016). In addition
to being used as a reptile and amphibian exclusion BMP, exclusion fencing (i.e., silt fence) also is
recommended by the Connecticut Department of Transportation as a BMP for water pollution
control (Section 1.10, Article 1.10.03).
Exclusion fencing for the Project will be coordinated with the prescribed stormwater phasing and
installed to enclose the work areas at the limit of work, preventing reptiles and amphibians from
entering active construction zones. Fencing will consist of Department of Transportation-grade silt
fence, typically a minimum of two feet above grade with greater than four inches buried into the
soil. Silt fencing will be installed prior to any ground-disturbing activities (e.g., stump removal or
grading).
Following initial installation of silt fencing, searches (via cover object searches and visual
encounter surveys) will be completed within the enclosed areas to detect and remove any enclosed
reptiles and amphibians. Searches will be conducted on at least three separate occasions by the
environmental monitor. Once Project construction is underway, the environmental monitor, or
his/her qualified designee, will conduct daily sweeps of the exclusion fencing to ensure it is
functioning properly, make repairs if necessary, and identify any reptiles and amphibians that are
near the fencing (it is common to find reptiles and amphibians along the fence who are likely trying
to move past it). Any reptiles or amphibians that are found within the work area will be carefully
collected and relocated to appropriate habitat nearby and safely outside the active construction site.
Exclusion fencing will be maintained while construction is underway during the active season for
amphibians and reptiles (generally March through November).
3.5 Inspections and Monitoring
As mentioned above, the designated on-site environmental monitor will be employed throughout
the Project construction period. In addition to stormwater management inspectors who are
responsible for maintaining the erosion and sedimentation controls (e.g. detention basins and
traps), the environmental monitor, or his/her qualified designee, will be responsible for conducting
inspections of the exclusion fencing and other avoidance and mitigation tactics that may be
employed during the construction process. Regular communication with the construction
personnel on site will be essential to a successful avoidance and mitigation outcome. The
environmental monitor will be the point of contact between construction personnel and other
Project inspectors, as well as state agencies. The monitor will be responsible for regular reporting
of site conditions and contacting the appropriate state agencies if state endangered, threatened, or
special concern species are observed within the work areas.
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3.6 Documentation and Reporting
If endangered, threatened, or special concern species are found within the fenced construction area,
they will be translocated out of the work area to appropriate habitat and the event will be reported
to the appropriate person(s) at DEEP. Regular reports from the environmental monitor will be used
to evaluate the effectiveness of the Plan and determine whether adjustments need to be made
during the construction process to protect certain species. Monitoring reports will be submitted by
the environmental monitor to the Project team and will be available to DEEP upon request.
Changes to avoidance and mitigation and stormwater plans will be made in consultation with
DEEP and third-party inspectors. Formal communication (i.e., reports and memorandums) will be
used to help inform the Project team to ensure that the necessary changes are made to the Plan. To
this end, a regular schedule for reporting and monitoring efforts will be established prior to the
commencement of construction at pre-construction meeting(s).
3.7 Operational Avoidance Practices
Operations personnel will be trained in the identification of development-sensitive species that
may be encountered during Project operations. An operations plan will be in place facilitating the
appropriate response if particular species are encountered and need to be relocated for their safety
or for operational safety purposes. A six-inch wildlife gap along the base of the Project perimeter
fence will be included 3, allowing passage of smaller mammals and herpetofauna through and
around the site.

4. Species-Specific Avoidance Measures
In addition to the general practices described in Section 3 of this Plan, recommended speciesspecific measures are detailed below for the following species:
•

Eastern spadefoot toad;

•

Spotted turtle;

•

Northern black racer;

•

Fowler’s toad;

•

Spotted salamander; and

•

Wood frog.

These measures are described in detail below and summarized in Table A3 (Appendix A).

A six-inch gap will be maintained around the perimeter of most of the Project, except in select areas where enhanced
security measures are required (for example around access points).
3
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4.1 Eastern Spadefoot Toad
Background:
Protecting the eastern spadefoot toad is complicated due to its poorly understood life history and
the difficulties inherent in studying a burrow-dwelling, irregularly breeding species. The species
burrows in areas of sandy, bare soil, but also requires dense vegetation to hide in during its sporadic
nighttime non-breeding (feeding) emergences.
The eastern spadefoot toad can forgo breeding for numerous, consecutive years (Ball, 1936;
Klemens, 1993). The known breeding sites in eastern Connecticut are temporary pools with an
open canopy that are created by heavy rainfall; some likely do not meet the regulatory definition
to be considered wetlands (personal observations; D. Quinn pers. comm.). In years when breeding
does occur, the activity is explosive, typically lasting only one or two nights, and can occur anytime
from late March through October in southern New England (Klemens, 1993).
During the 2018 field season the survey team captured three individuals on site, only one of which
was found in what is considered “classic” (i.e., patches of dense vegetation in bare soil) eastern
spadefoot habitat near the edge of the former gravel pit in the center of the Study Area. The other
two individuals were captured along the gravel road near the Wauregan Road entrance in an area
of mixed forest and residential development. While it is possible that these two spadefoots were
utilizing suboptimal “edge” habitat located within the road corridor, the observation that both
individuals left the area after a relatively short period of time may suggest that they were captured
while making long-distance movements in search of more suitable habitat.
FBE identified two potential breeding pools in addition to the wetlands and vernal pools identified
and/or delineated by Verdanterra and Tetra Tech (Figure 1). Both pools have very short
hydroperiods and do not meet the criteria to be considered wetlands per U.S. Army Corps of
Engineers or State of Connecticut definitions, but they nonetheless have the potential to provide
breeding habitat for spadefoot toads.
The first pool (Pool A) (Figure 1) lies northeast of the gravel extraction area at the center of the
site. An access road that leads to an adjacent hayfield traverses the pool. On April 19 the pool was
observed to be approximately 50 to 75 feet in diameter with 2+ feet of standing water at its deepest
point. Examination of 1991 aerial imagery (prior to gravel extraction within the Study Area, which
appears to have begun circa 2008) shows this pool to be situated at the edge of an agricultural field,
which can be considered “classic” spadefoot breeding habitat in Connecticut. No amphibian eggs
or tadpoles were observed in Pool A at any point during the course of the field investigation.
The second pool (Pool B) is in an active corn field near the intersection of Rukstela Road and
Allen Hill Road. On April 19 the pool was observed to be approximately 50 feet in diameter with
up to 1 foot of standing water. During this time American toad tadpoles were observed in this pool,
but the pool dried up prior to their metamorphosis.
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The results of the spadefoot surveys suggest that eastern spadefoot toads did not utilize either of
the above potential breeding pools for breeding in 2018. With only a single year of data, however,
it cannot be ruled out that these pools may contain breeding congresses in some years. To illustrate
this point, eastern spadefoot toads were confirmed breeding at three sites in eastern Connecticut in
2017, but as of October 2018 there were no observations of eastern spadefoot toads breeding at
any of the three sites in 2018.
The inactive gravel extraction areas within the Study Area appear to provide the most suitable
habitat for eastern spadefoot toads, presumably due to the lack of a forest canopy and the presence
of bare soil and clumps of dense vegetation. Despite its location within an area mapped as predicted
habitat by DEEP (Moran and Button, 2011), no eastern spadefoot toads were observed in the
western gravel extraction area. The gravel extraction area on the south side of Wauregan Road (in
the general area north and west of wetland W04) is mapped as suitable habitat but is currently an
active mine. Further details on the background, survey methods and results, and site photographs
of the vernal pool, herpetofauna, and eastern spadefoot toad surveys are outlined in the technical
reports developed by FBE for the Project (see Appendix C of Environmental Site Conditions
Report).
Mitigation Action 1: Construction phasing to avoid take of eastern spadefoots
As mentioned previously, survey efforts in 2018 yielded three individual eastern spadefoot toads
within the Study Area. This low number of individuals observed, despite extensive field efforts,
could mean that the eastern spadefoot exists at a low population density in the Study Area.
Alternately, the low numbers could indicate that overall eastern spadefoot activity was low during
2018, as was seen when comparing 2018 monitoring data to 2017 data from other sites in eastern
Connecticut. If 2019 data show that the population density of eastern spadefoots in the Study Area
is higher than originally estimated and/or presence of a breeding pool is confirmed, an eastern
spadefoot toad “refuge area” will be established during the construction period. The refuge area
will consist of a portion of the gravel extraction area deemed suitable eastern spadefoot toad
habitat, which will be enclosed in silt fence. Prior to construction, the survey team will conduct
nocturnal surveys to capture spadefoots in areas slated for construction and relocate them to the
refuge area. If deemed beneficial, pitfall trap arrays 4 will be installed in areas with high spadefoot
activity to increase capture of individuals to be placed in the refuge area. Pitfall traps can also be
placed on the outside of refuge areas. If installed, pitfall traps will be monitored daily. The silt
fence surrounding the refuge area will be removed once construction is complete.

Pitfall trap arrays will consist of black silt fencing installed in pre-dug trenches roughly 15-25 cm deep. Pitfall traps
(5-gallon plastic buckets) will be buried flush to the fence and ground surface directly opposite one another at both
sides of the fence at 10m intervals. Each bucket will have holes drilled in the bottom to facilitate drainage after a rain
event. Buckets will be drilled from the inside-out to avoid injury to captured animals scraping against plastic burrs
resulting from drilling. When necessary, a damp sponge or Sphagnum moss can be placed in each bucket to prevent
desiccation of trapped animals during periods of hot or dry weather. A small stick also will be placed inside each
bucket angled from the bottom of the bucket to the lip which facilitates escape of various non-target species, small
mammals in particular.
4
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Mitigation Action 2: Post-construction population monitoring
If an eastern spadefoot toad breeding event is observed within the Study Area in 2019, a five-year
post-construction monitoring program will be employed. The intention of the monitoring effort
will be to evaluate the overall success of the toad conservation measures implemented for the
Project. If initiated, active population monitoring within this five-year period will take place
immediately following completion of construction. The proposed monitoring scheme is based on
that developed for the Pawcatuck Solar Center (Quinn, 2017).
A total of ten visual encounter surveys per activity season will be conducted during the first, third
and fifth years following the completion of construction. As part of the monitoring effort,
nighttime visual encounter surveys will be conducted in combination with monitoring of potential
breeding pools. Visual encounter survey and monitoring for breeding activity will take place
during optimal breeding conditions (i.e., during heavy rains) and daytime dip-net surveys
following periods where breeding may have occurred. If a breeding event is documented,
hydrological monitoring of the breeding pool, concurrent with larval development, will be
conducted to determine if the breeding event was successful (i.e., produced metamorph eastern
spadefoots).
Specific reporting requirements are to be decided, including the determination of the appropriate
agency contact to review reports, and any further mitigation actions that may be required based on
the monitoring results.
Mitigation Action 3: Monitor and protect potential breeding pools
Following necessary Project approvals by DEEP and the Connecticut Siting Council, site clearing
and construction is planned to begin in late 2020. Although no breeding activity was observed in
2018, the two potential breeding pools will be monitored during the 2019 active season to ascertain
whether eastern spadefoots are using them for breeding. This can be accomplished via nocturnal
surveys or by checking pools for the presence of eggs and/or tadpoles following rain events.
Frogloggers (electronic recording devices) also can be placed at each pool to capture audio of
breeding events.
The proposed Development Area leaves Pool A intact. If eastern spadefoot toads are observed
breeding in Pool B in 2019, development plans may be modified to avoid and mitigate impacts to
the pool.
4.2 Spotted Turtle
Background:
Spotted turtles may be locally common in some areas of New England and appear to be so in
eastern Connecticut, though they have become rare in urbanized areas. Over-collection of these
turtles for pets poses a threat to populations in close proximity to humans. As with other species
of turtles that make extensive overland movements, habitat loss and fragmentation are the primary
conservation problem negatively affecting this species’ survival (Klemens, 1993).
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A single spotted turtle was observed during the 2018 field investigations, in pool 6 (Figure 1). Due
to the spotted turtle’s pattern of extensive overland travel, the largest threat to this species within
the Study Area is direct mortality during construction and maintenance activities.
Mitigation Actions:
•

All personnel working on site, including maintenance personnel that will conduct longterm maintenance of the solar panels and/or the vegetation underneath the panels, will be
trained in the identification and habits of spotted turtles to avoid take of individuals;

•

If a turtle is encountered and has the potential to be in danger, individuals will be
transported to the nearest suitable habitat on the site. Such areas will be identified
beforehand and shown on maps to be distributed during training, so that construction and
maintenance staff know where nearest areas of suitable habitat are located;

•

Particular attention will be focused on turtle nesting during the month of June. Any
observed spotted turtle nests will be subsequently marked and avoided; and

•

No Project construction will occur within 100 feet of pool 6, or any other vernal pool
identified.

4.3 Northern Black Racer
Background:
Racers are often killed by vehicles or during mowing operations. Similar to the spotted turtle, the
largest threat to this species in the Study Area is direct mortality from construction and
maintenance activities.
Mitigation Actions:
•

Individuals performing maintenance on installed solar panels and/or the vegetation
underneath will be trained in the identification and habits of black racers to avoid take of
individuals during maintenance operations;

•

As some individual racers may have an aggressive disposition (particularly when
cornered), capture of individuals is not recommended. Rather, individual snakes will be
carefully shooed away if encountered during construction or maintenance activities.
However, if a racer is discovered inside a construction enclosure, it will be captured and
placed outside of the enclosure; and

•

Racers bear no resemblance with venomous snakes in the region and are thus less
frequently killed than blotched or banded snakes, which bear a cursory resemblance to
venomous species. Nonetheless, staff training will make it clear that killing or otherwise
harming a black racer (or any other snakes) during site construction or maintenance
activities is unacceptable.
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4.4 Fowler’s Toad
Background
Fowler’s toads were observed throughout the Study Area, including the gravel extraction areas,
and it is likely that the toad breeds in wetlands or other pools on the site (although no breeding
activity was observed during surveys). Fowler’s toads typically emerge from hibernation later in
the season and breed in shallow pools including marshes, borrow pits and ditches with semipermanent water (Gibbs et. al. 2007).
Mitigation Actions
No potential breeding pools are being filled in or otherwise altered and existing wetlands will be
protected during construction. No additional mitigation measures are recommended for this
species.
4.5 Spotted Salamander and Wood Frog
Background:
Pool-breeding amphibians were documented breeding in all vernal pools in the Study Area, except
pool 7, which is a permanently inundated old farm pond. The most productive and herpetologically
diverse portion of the Study Area was observed to be the block of forest that contains pools 1
through 5. This area consists of the Blackwell Brook floodplain and associated pools, and the
wetlands associated with the relict channel and surrounding terrestrial habitat. This entire block
will remain unaltered as part of the proposed Herpetofauna Protection Area.
Mitigation Actions:
•

To avoid deleterious effects to the population(s) of pool-breeding amphibians present
within the Study Area, the site development will be based on the standards set forth in
Calhoun and Klemens (2002) Best Development Practices Conserving Pool-Breeding
Amphibians in Residential and Commercial Developments in the Northeastern United
States;

•

Silt fence will be installed surrounding the area to prevent fine materials from being
deposited into wetlands. The majority of amphibians using the pools in this block likely
reside in the forested terrestrial areas adjacent to the breeding wetlands. Some may traverse
the agricultural fields to the north and south of this area as part of their breeding migration.
Silt fence installed around this forested block will allow for the passage of animals by using
wood chips or erosion control mix to construct exit ramps at appropriate locations; and

•

An increased level of monitoring will be conducted during the amphibian breeding season.
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5. Conclusion
It is FBE and Tetra Tech’s opinion that the conservation measures proposed herein are sufficient
to adequately avoid and minimize adverse impacts to reptiles, amphibians, and other wildlife
species utilizing the Quinebaug Solar site.
These avoidance and mitigation measures are based on three years of accumulated natural resource
and wildlife surveys. The results of these surveys and the actions described in this document have
been used to inform a minimally impactful Project design with the goal of protecting sensitive
species throughout the construction and operation of the Project. Updates to previous versions of
the Project design include increased wetland buffers and the creation of the approximately 40-acre
Herpetofauna Protection Area providing habitat connectivity to Blackwell Brook and Cold Spring
Brook (see Appendix B). These measures represent the careful consideration that has gone into
this Plan. Quinebaug Solar will continue to work with DEEP and other agencies to be transparent
on issues concerning protected species throughout all phases of Project development.
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Appendix A. Avoidance and Mitigation Summary Tables
Table A1. Summary of general avoidance and mitigation measures.
•

•

•

Pre-Construction
Field Surveys
(Completed)
o Vernal pool
surveys (2016
and 2018)
o Blue-spotted
salamander
surveys (2018)
o Eastern
spadefoot toad
surveys (2018)
o General
herpetological
inventory (2018)
Field Surveys (Proposed)
o Continued
eastern spadefoot
surveys (2019)
Contractor Training:
Herpetofauna field
identification/reporting

Site Prep (Tree Clearing & Earthwork)
• No direct impacts to wetlands,
watercourses, or 100-foot vernal pool
envelopes
• Setbacks maintained to all wetlands and
watercourses
• Tree clearing restricted to winter
(November–March)
• Minimize earthwork within vernal
pool critical terrestrial habitats during
spring season (March–June)

•

•
•

•
•

Construction
Construction team awareness
and impact minimization
training
Exclusion fencing (March–
October)
Regular monitoring, with
increased frequency during
the amphibian breeding
season
Real-time adjustments
during construction
Documentation/reporting

•

•
•

•

Post Construction
Operations team
awareness and impact
minimization training
Vegetation/meadow
habitat maintenance
Perimeter fence 5 with
wildlife 6-inch access
gap at bottom
Post-construction
wildlife monitoring (if
appropriate)

A six-inch gap will be maintained around the perimeter of most of the Project, except in select areas where enhanced security measures are required (for example
around access points).

5
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Table A2. Summary of wetland and watercourse setbacks for wetlands or portions of wetlands having less than the Project-standard
100-foot buffer. Setback measurements are approximate.
Resource ID

Setback

Explanation

•

This wetland occurs entirely within an active agricultural field; it is not a vernal
pool. The Project will result in cessation of disturbing agricultural activities in
and around this wetland (e.g., plowing), therefore, facilitating growth of natural
wetland plant species.

•

The area to the west of this wetland is in active agricultural use. No tree clearing
will occur within 100 feet of this wetland.

•

Substation access road will occur adjacent to or within the existing transmission
line right-of-way (ROW) between W04 and W26.

•

Existing skidder trail (i.e., used for timber harvest) will be used for Project access
road.

W01

50 feet

W02

100 feet in forested area
and 50 feet in cleared area
in agricultural field

W04

75 feet

W06

90 feet

•

W07

70 feet along existing
woods road and 10 feet to
existing roadway

Existing woods road (i.e. used for timber harvest) on the east side of the wetland
will be used as a Project site road; the existing roadway to the south of the wetland
also will be used as a Project site road.

W10

10 feet to existing roadway

•

Existing road will be used as a Project site road.

W16

10 feet to existing roadway
(Rukstela Road)

•

The existing road is approximately 20 feet from vernal pool VP6 that occurs
within this wetland.

W18

100 feet in forested area
and 50 feet in cleared area
in agricultural field

•

The areas north and south of this wetland are in active agricultural use. No tree
clearing will occur within 100 feet of this wetland.

Page 16

Quinebaug Solar Herpetofauna Avoidance & Mitigation Plan
Resource ID

Setback

W20

100 feet in forested area
and 50 feet in cleared area
in agricultural field

W21

Explanation

•

The area to the southeast of this wetland is in active agricultural use. No tree
clearing will occur within 100 feet of this wetland.

10 feet to existing roadway

•

Existing road will be used as a Project site road.

W26

48 feet on opposite side of
existing transmission ROW

•

The substation access road will occur adjacent to or within the existing
transmission line ROW between W04 and W26.

S01

10 feet to existing roadway

•

The existing road to the south of this watercourse will be used as a Project site
road. No tree clearing will occur within 100 feet of this wetland.

S05

35 feet to existing roadway

•

The existing road to the south of this watercourse will be used as a Project site
road. No tree clearing will occur within 100 feet of this wetland.

S06

30 feet to existing roadway

•

Existing road will be used as a Project site road.
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Table A3. Summary of species-specific avoidance and mitigation measures.
Species

Eastern spadefoot toad

Spotted turtle

Northern black racer

Fowler’s toad

Spotted salamander and
wood frog

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Avoidance & Mitigation Measures
Monitor potential breeding pools
Protect eastern spadefoot habitat
Construction phasing to avoid take
Silt fence/exclusion fencing
Construction monitoring
Post-construction population monitoring (if necessary)
Contractor training
Silt fence/exclusion fencing
Construction monitoring
Short-distance relocation
Contractor training
Silt fence/exclusion fencing
Construction monitoring
Short-distance relocation
Avoid alteration of terrestrial and aquatic habitat
Silt fence/exclusion fencing
Construction monitoring
Base development on Calhoun and Klemens (2002) best
development practices
Construction timing
Silt fence/exclusion fencing
Construction monitoring
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Appendix B. Development Footprint and Wetland Buffers

Figure B1. Resource buffers and limit of work for the Quinebaug Solar Project, Brooklyn and Canterbury, Connecticut.
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Appendix C. Post-construction Vernal Pool Analysis Maps

Figure C1. Post-construction vernal pool analysis map for pool 1 at the Quinebaug Solar Site, Brooklyn and Canterbury, Connecticut.
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Figure C2. Post-construction vernal pool analysis map for pool 2 at the Quinebaug Solar Site, Brooklyn and Canterbury, Connecticut.
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Figure C3. Post-construction vernal pool analysis map for pool 3 at the Quinebaug Solar Site, Brooklyn and Canterbury, Connecticut.
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Figure C4. Post-construction vernal pool analysis map for pool 4 at the Quinebaug Solar Site, Brooklyn and Canterbury, Connecticut.
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Figure C5. Post-construction vernal pool analysis map for pool 5 at the Quinebaug Solar Site, Brooklyn and Canterbury, Connecticut.
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Figure C6. Post-construction vernal pool analysis map for pool 6 at the Quinebaug Solar Site, Brooklyn and Canterbury, Connecticut.
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Figure C7. Post-construction vernal pool analysis map for pool 7 at the Quinebaug Solar Site, Brooklyn and Canterbury, Connecticut.
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Figure C8. Post-construction vernal pool analysis map for pool 8 at the Quinebaug Solar Site, Brooklyn and Canterbury, Connecticut.
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Brad Agius, Project Manager/Senior Wetland Scientist, GISP, PWS
PROFESSIONAL SUMMARY

SELECTED PROJECT EXPERIENCE

Mr. Agius is a Project Manager and Senior Wetland
Scientist with 19 years of experience in natural
resource project design, implementation and
management. He is a certified Geographic Information
Systems Professional (GISP) and Professional Wetland
Scientist (PWS). He had delineated more than 46,000
acres of wetlands in New England, mapped tens of
miles of streams and waterbodies, conducted wetland
functional and coastal assessments leading to state and
federal permit approval. He has conducted vernal pool
surveys on hundreds of vernal pools across New
England, and has served on the Maine Association of
Wetland Scientists (MAWS) – Vernal Pool Technical
Committee since its inception in 2008. Mr. Agius is the
past the President of MAWS (2015-2017). He has
mapped wetlands, waterbodies, vegetation
communities and threatened and endangered species
on millions of acres across the country, and beyond. He
provides senior advisement and QA/QC review on
wetland and waterbody delineation projects across the
country.

Technical Project Manager, Confidential Client,
Solar Portfolio, CT, ME, and NH
Responsible for a full suite of permitting activities
(local, federal and state) for a portfolio of 10 solar
projects in CT, ME, and NH, including critical issues
analysis, environmental due diligence studies, agency
outreach and development and submittal of CT Siting
Board and MDEP/SLODA/USACE permit applications.
Supported response to the Tri-State and Massachusetts
Clean Energy solicitation in 2017. Lead field teams for
wetland delineations and vernal pool mapping.
Managed the geospatial analysis and mapping for all
phase of the projects. Provided senior review and
QA/QC of project deliverables.

His experience extends over a broad range of scientific
disciplines around the world including: geographic
information system (GIS) analysis and mapping (with
ESRI ArcGIS-Spatial/3D Analyst, ENVI); rare,
threatened and endangered (RTE) species assessment;
flora and fauna surveys; coastal habitat assessments
using SCUBA; biodiversity studies in marine and
estuarine ecosystems; invasive species surveys; fire
ecology and mapping; climate change analysis; fish
surveys; wetland delineations and functional
assessments; vernal pool assessments; soil surveys;
site suitability assessments; dredge spoils permitting;
stream restoration; iPad/Garmin/Trimble GPS and
real-time online mapping; photo-interpretation (PI);
aerial surveys; air and water quality assessments; and
turbidity monitoring.
He has designed and managed large databases,
including field data and equipment, data deliverables,
as well as worked on projects from the preliminary
siting stage through post construction monitoring
ensuring QA/QC consistency and implementation
across projects. He has extensive experience leading
and managing field teams, as well as reporting and
review, and permitting with local, state, and federal
agencies.

EDUCATION
 MS, Biology, Northeastern University, 2003
 BS, Marine & Freshwater Biology, University of
New Hampshire, 1998
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Technical Project Manager, Statoil North America,
Inc., Hywind Maine Project, ME
Responsible for natural resource surveys on several
proposed transmission routes in Boothbay Harbor, ME.
Conducted vernal pool surveys, wetland delineation,
and stream inventorying. Delineated wetlands using
the 1987 Corps of Engineers Wetlands Delineation
Manual and Northcentral/Northeast Regional
Supplement methods to assess the hydrology, soil type,
and vegetation. Vernal pools were surveyed for the
presence of vernal pool faunal species to determine if
the pools met the criteria of significant habitat based
on Chapter 335 Significant Wildlife Habitat of the State
of Maine’s Natural Resources Protection Act and the
USACE State Programmatic General Permit. Additional
geospatial oversight and QA/QC for the work plans
with state and federal agencies, authored proposals,
designed and lead field studies, and prepared reports
and memos. Additional project responsibilities include
geospatial support of the offshore avian and bat
studies, including Trimble GPS data dictionary
creation, GPS data processing, geospatial analysis and
mapping.
Technical Project Manager, Eolian Renewable
Energy LLC, Regulatory Compliance for Orland
Wind Project, Vernal Pool Amphibian Breeding
Season Surveys, Orland, ME
Responsible for leading vernal pool surveys for a
proposed wind farm. Vernal pools were surveyed for
the presence of vernal pool faunal species to determine
if the pools met the criteria of significant habitat based
on Chapter 335 Significant Wildlife Habitat of the State
of Maine’s Natural Resources Protection Act and the
USACE State Programmatic General Permit. Provided
the QA/QC of GIS data creation, from GPS, mapping and
GIS deliverables.
Task Manager, U.S. Navy, NAVFAC Midlant, Wetland
Delineation, Cutler and Great Pond, ME

Brad Agius, Project Manager/Senior Wetland Scientist, GISP, PWS
Responsible for 3,400 acres of wetland delineation for
jurisdictional determination by the US Army Corps of
Engineers. Oversight of wetland delineation, habitat
and stream mapping by multiple crews (including
multiple subcontractors) to determine the presence
and extent of wetlands and waterbodies in accordance
with the guidelines set forth in the Corps of Engineers
Wetlands Delineation Manual (USACE 1987) and
Regional Supplement to the Corps of Engineers
Wetland Delineation Manual: Northcentral and
Northeast Region (USACE 2012), criteria of significant
habitat based on Chapter 335 Significant Wildlife
Habitat of the State of Maine’s Natural Resources
Protection Act, and Wetlands of Special Significance in
Chapter 310 of the State of Maine’s Wetlands and
Waterbodies protection rules. Tasks included
coordinating with NAVFAC and Navy personnel and
USACE New England District regulatory division,
subcontractor oversight, field survey logistics, field
survey completion, post survey Trimble GPS data
processing, GIS mapping and reporting.
Wetland Scientist, US Army Corps of Engineers –
New York District, Mamaroneck and Sheldrake
Rivers Flood Risk Management Project, NY
Responsible for conducting wetland and water
resource delineations for the Project in order to meet
NEPA requirements. Wetland delineation, habitat and
stream assessment to determine the presence and
extent of freshwater and coastal wetlands and
waterbodies in accordance with the guidelines set
forth in the Interim Regional Supplement to the Corps
of Engineers Wetland Delineation Manual:
Northcentral and Northeast Region (USACE 2009), and
the New York State Freshwater Wetlands Delineation
Manual (NYSDEC 1995) in Village of Mamaroneck and
Town of Harrison, Westchester County, New York.
Task Order Manager, State of Maine, Department of
Transportation, Statewide Natural Resource
Identification and Assessments, ME
Responsible for leading teams to identify and locate
wetland boundaries using the Routine Onsite
Determination method as described in the 1987 Corps
of Engineers Wetlands Delineation Manual (1987
Manual) statewide. Used the Regional Supplement to
the Corps of Engineers Wetland Delineation Manual:
Northcentral and Northeast Region (Regional
Supplement) to supplement the field delineation.
Identified wetlands were classified by wetland type in
accordance with Classification of Wetlands and
Deepwater Habitats of the United States (Cowardin et
al. 1979). GPS points were spaced to ensure accurate
representation of the wetland boundary and to permit
relocation by MaineDOT staff or other regulatory
agency personnel. MaineDOT information sheets that
include Functional assessment and data required by
USACE, with a narrative of the functions of the
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wetlands within the delineated area to allow an
assessment of functions lost.
Technical Project Manager, Plum Creek Land
Company, Moosehead Lake Concept Plan, ME
Responsible for natural resource surveys on 25,000
acres proposed for development. Conducted vernal
pool surveys, wetland delineation, and stream
inventorying. Delineated wetlands using the 1987
Corps of Engineers Wetlands Delineation Manual
methods to assess the hydrology, soil type, and
vegetation. Vernal pools were surveyed for the
presence of vernal pool faunal species to determine if
the pools met the criteria of significant habitat based
on Chapter 335 Significant Wildlife Habitat of the State
of Maine’s Natural Resources Protection Act and the
USACE State Programmatic General Permit.
Project Manager, Plum Creek Land Company,
Photo-Interpretation of Vernal Pool Habitat,
Moosehead Lake Region, ME
Responsible for inventory of a 400,000 acres
conservation easement with photo-interpretation and
GIS image analysis using 3D DAT/EM Systems Summit
Evolution software to delineate potential vernal pool
habitat. Assisted in database design and schema
classification. Provided QA/QC of GIS data, photointerpretation and ground truthing of vernal pool
habitat.
GIS Manager, Patriot Renewables LLC, Wind Energy
Project Portfolio, ME
Responsible for conducting spatial analysis and
mapping in support of a spring and fall avian radar
survey, bat acoustic survey, raptor migration survey,
migrant stopover survey, RTE species survey,
Bicknell’s thrush survey, and breeding bird survey as
part of the permitting process for a suite of wind
projects. Additional geospatial support for the work
plans with state and federal agencies, authored
proposals, designed field studies, and prepared reports
and memos.
Director of GIS, Burns and McDonnell Engineering,
Central Maine Power – Maine Power Reliability
Program, ME
Responsible for GIS analysis of flooding potential for
the Maine Power Reliability Project using FEMA flood
maps and GPS field data points. Flooding potentials
were incorporated into resistivity models for a 440
mile transmission line.

Katelin Craven, Wildlife Biologist
PROFESSIONAL SUMMARY
Ms. Craven has over four years of experience as a
wildlife biologist conducting projects from Colorado to
Maine. She has a broad background in environmental
science and wildlife biology. Her responsibilities have
been distributed over a wide variety of wildlife species
including endangered species and invasive species. She
has particular emphasis in mammals and more
specifically in bat biology. She has been especially
involved with bat acoustic data monitoring and data
analysis. Ms. Craven has conducted over 35 northern
long-eared bat presence absence studies in Maine,
Massachusetts, North Carolina, and Virginia. She has
provided data analysis, according to U.S. Fish and
Wildlife Service policy and protocols, for Navy facilities
across the East and commercial energy facilities in the
Midwest, Northeast, and Canada and incorporated the data
into summary reports.

EDUCATION
 MS, Biology, University of Northern Colorado, 2013
 BS, Environmental Science, The Colorado College,
2007

SELECTED PROJECT EXPERIENCE
Wildlife Biologist, MassDOT, NLEB
Presence/Absence Habitat Assessment and
Detector Deployment, Various Road and Bridge
Improvement Projects, Massachusetts
Deployed 40 detectors in 2016 and 67 detectors in
2017 and conducted habitat assessments at each
location according to USFWS 2016 and 2017 Indiana
Bat Summer Survey Guidelines. Analyzed bat acoustic
data with Kaleidoscope Pro and manually vetted calls
with Sonobat software. Summarized data for report.
Wildlife Biologist, NextEra, NLEB
Presence/Absence Habitat Assessment and
Detector Deployment, Various Solar Projects,
Maine
Deployed 22 detectors in 2016 and 46 detectors in
2017 and conducted habitat assessments at each
location according to USFWS 2016 and 2017 Indiana
Bat Summer Survey Guidelines. Analyzed bat acoustic
data and manually vetted Myotis spp. Summarized data
for report.
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Wildlife Biologist, United States Navy Facilities, Bat
Acoustic Detector Deployment, Data Survey
Analysis and Reporting, Various Installations,
Eastern U.S.
Deployed Wildlife Acoustic SM3 acoustic detectors and
acoustically surveyed Installations according to USFWS
2016 Indiana Bat Summer Survey Analysis Guidelines.
Analyzed data for both baseline surveys and presence
absence surveys for the federally threatened northern
long-eared bat. Analyzed bat calls using Kaleidoscope
Pro and manually vetted species of interest and spot
checked for accuracy. Summarized mist-netting survey
data, emergence counts, and interpreted northern
long-eared bat radio-tracking results. Compiled data
into summary reports.
Wildlife Biologist, United States Navy Facilities, Bat
Mist-netting, Radio Tracking, and Roost Emergence
Surveys, Various Installations, Virginia
Mist-netted, radio tracked, and conducted roost
emergence counts according to USFWS 2016 Indiana
Bat Summer Survey Analysis Guidelines. Experience
handling the federally threatened northern long-eared
bat and various northeastern bat species.
Data Analyst and Reviewer, United States Fish and
Wildlife Service, Wildlife Refuge System, Bat
Acoustic Monitoring Analysis, Various refuges,
Eastern U.S.
Was one of two biologists responsible for managing
and processing up to 32 National Wildlife Refuges
(NWR) on the east coast from 2013 and 2014. File
formats and level of organization have varied
depending on refuge, and were arranged in
standardized directories prior to processing using full
spectrum (Sonobat) classification software. Automated
classifications were then summarized and qualitatively
vetted (i.e., manually reviewed on a spectrogram) to
determine accuracy of automated classification.
Wildlife Biologist, United States Navy Facilities,
Fatality Surveys, Searcher Efficiency Trials, Bat
Detector Deployment, and Mist-netting, Cutler,
Maine
Conducted fatality survey sweeps of plots preparing
for fatality surveys. Conducted five searcher efficiency
trials during fatality surveys. Conducted fatality
surveys for three weeks. Deployed five Wildlife
Acoustic SM3 bat acoustic detectors, checked detectors
bi-weekly, downloaded and managed data, and
repaired any detector system issues. Conducted mistnet surveys to assess bat assemblage and aimed to
attach transmitters to track the federally threatened
northern long-eared bat to roost sites with the
subcontractor Biodiversity Research Institute.

Katelin Craven, Wildlife Biologist
Wildlife Biologist, NextEra and Capital Power, Bat
Detector Deployment, Acoustic Analysis, and
Reporting, Various Commercial Wind Energy
Projects, North Dakota
Deployed Wildlife Acoustics SM3 detectors at three
commercial wind energy projects. Conducted acoustic
analysis and incorporated results into summary
reports.
Wildlife Biologist, TtEBA, Bat Data Analysis,
Various Projects, Alberta, Canada
Analyzed bat acoustic data with Kaleidoscope Pro and
manually vetted species in both zero-crossing and fullspectrum formats for seven projects.

small mammal report. Co-wrote report on avian
surveys including point counts, raptor migration, and
nocturnal predator surveys.
Wildlife Biologist, Bat Acoustic Data Analysis, Na
Pua Makani Wind Project, Hawaii
Analyzed data using Kaleidoscope Pro and manually
vetted unclassified calls in Sonobat 4.0.6 for presence
of the federally endangered species, Hawaiian hoary
bat. Summarized results and created figures for report.
Wildlife Biologist, NextEra, Northern Long-eared
Bat Habitat Assessment Reporting, Crowned Ridge,
South Dakota

Wildlife Biologist, Infinity, Bat Acoustic Analysis
and Reporting, Armadillo Flats Commercial Wind
Energy Project, Oklahoma

Wrote report assessing the likelihood of northern longeared bat presence in the area chosen for a pipeline
and the suitability of habitat to be removed for the
federally threatened northern long-eared bat.

Conducted acoustic analysis and incorporated results
into summary reports.

Wildlife Biologist, NextEra, Pre-construction Nest
Clearance Surveys, Dickinson, North Dakota

Wildlife Biologist, NextEra, Bat Acoustic Analysis
and Reporting, Kingman Commercial Wind Energy
Project, Kansas

Conducted grid searches using the iPad Collector App
and Trimble for ground nesting birds. Identified nests
with eggs or chicks to species, estimated age of chicks,
and marked nest for construction avoidance.

Conducted acoustic analysis and incorporated results
into summary reports.
Wildlife Biologist, Ranger Solar, Bat Acoustic P/A
Survey and Reporting, Various Solar Projects,
Maine
Deployed SM3 detectors for northern long-eared bat
presence absence survey, conducted acoustic analysis,
and incorporated results into summary reports.
Wildlife Biologist, Sempra, Bat Data Analysis and
Interim Reports, Broken Bow II, Nebraska
Analyzed bat acoustic data with Kaleidoscope Pro and
manually vetted Myotis spp. calls. Summarized data for
report. Determined species from photos of bat
fatalities.
Wildlife Biologist, U.S. Navy Facilities, Lynx Camera
Traps and Track Survey, SERE School and Cutler,
Maine
Deployed camera traps and conducted track survey
transects throughout the winter. Deployed and
checked camera traps.
Wildlife Biologist, Kinder Morgan, Ecological
Assessment of Bats, Birds, and Small Mammals,
Bearfort Mountain Natural Area, New Jersey
Analyzed bat calls from four detectors recording from
May – Oct using Kaleidoscope Pro and manually vetting
species of interest and spot checking for accuracy with
Sonobat 3.3.2. Wrote report on findings. Conducted fall
small mammal surveys with Sherman traps and edited
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RELEVANT PREVIOUS EXPERIENCE
Master’s Student, University of Northern Colorado,
Research and Thesis, Colorado
Designed and implemented research over three field
seasons on habitat use by bats in forested, edge, and
masticated Ponderosa pine forest in Boulder County,
Colorado. Used mist nets to capture bats for
determination of species, weight, sex, age, and
reproductive status. Used Pettersson D240x for
acoustic recording and determined call to species with
Sonobat 3.0 and manual vetting. Insect sampling with
black light traps and keying to order.
Contracted Wildlife Biologist, Maine Inland
Fisheries and Wildlife, Bangor Research Office, NA
Bat Project, ME
Provided planning assistance for NA Bat monitoring
program for the state of Maine. Planned driving
transects, assisted volunteers with stationary detector
placement, and acquiring land owner permission.
Processed, analyzed, and managed incoming data using
Kaleidoscope Pro software. Used Anabat, EM3+, and
SM2+ detectors.

Katelin Nickerson, Senior Wetland Scientist, PWS, CWS
PROFESSIONAL SUMMARY
Katelin has nine years of experience in environmental
consulting in Maine, the Northeast, and North America.
An experienced field biologist, conducting field wetland
delineations and natural resource surveys for permitting,
feasibility studies and natural resource damage
assessments. A Professional Wetland Scientist, Katelin is
responsible for creating and implementing study plans,
and collecting field data for permitting and natural
resource assessment. Katelin contributes to the
permitting process and works to balance client needs
with regulatory requirements for small and large scale
developments. She is experienced with construction
oversight, permit compliance, and best management
practices for sediment and erosion control.

EDUCATION
 BS, Environmental Studies Minor: Biology William
Smith College, 2007

SELECTED PROJECT EXPERIENCE
Wetland and Natural Resource Services, 2017,
Hinckley Solar Project, Fairfield, Maine
Conducted field surveys for vernal pools, and wetland
and waterbody delineation. Worked with the
developer and the project team to attend public
meetings and site visits with regulators. Katelin helped
lead the effort to submit a Maine Site Location of
Development Act (SLODA) permit application for the
proposed 20MW solar project. The application is
currently under review by the Maine Department of
Environmental Protection (MDEP).
Wetland and Natural Resource Services, 2017,
Winslow Solar Project, Clinton, Maine
Conducted field surveys for vernal pools, and wetland
and waterbody delineation. Worked with the
developer and the project team to attend public
meetings and site visits with regulators. Katelin helped
lead the effort to submit a joint Maine SLODA and
Natural Resources Protection Act permit application
for the proposed 20MW solar project. Additionally,
Katelin helped develop a Category II permit review
with the United States Army Corps of Engineers
(USACE). The application is currently under review by
the MDEP.
Wetland and Natural Resource Services, 2017,
National Grid, Granite State Power Link, multiple
locations Vermont and New Hampshire
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Conducted field reconnaissance for proposed
substation locations in western New Hampshire and
Vermont. Lead the field effort for wetland and
waterbody delineation at a proposed substation
location in Northeast Kingdom, Vermont. Developed a
brief report summarizing the survey results.
Wetland and Natural Resource Services, 2017,
Dawn Land Solar, Washington County, Maine
Lead field reconnaissance for a proposed solar
development in Downeast, Maine. Worked to develop
an in-depth review of the proposed project area and
the potential permitting needs and environmental
restrictions. This critical issues analysis was part of a
package submittal by NextEra as part of the New
England Clean Energy Request for Proposals.
Wetland and Natural Resource Services, 2017, U.S.
Department of the Navy, Great Pond Outdoor
Adventure Center, Great Pond, Maine
Lead the field effort for wetland delineations for a
jurisdictional determination (JD) at the Great Pond
Outdoor Adventure Center in Hancock County, Maine.
Katelin developed a report submitted to the USACE for
the JD. This report will be used by the Navy for future
developments and as an inventory for jurisdictional
resources within their property.
Previous Experience
Project Scientist, 2008–2017, Stantec Consulting,
Topsham, Maine
Katelin worked for Stantec as a natural resource
scientist leading field wetland delineations and natural
resource surveys for a variety of projects. She lead the
field effort for large and small scale projects,
contributed to technical reporting and permit
applications, and coordinated with project managers,
clients, and stakeholders on complex projects.
Contributed to natural community mapping and
analysis for energy and transportation projects, and
utility corridors throughout New England and various
locations in the U.S. and Canada. Contributed to a
number of fisheries and wildlife surveys including
habitat identification, species identification and stream
surveys.
Proposed Oil Pipeline Wetland and Stream
Delineation, 2012, Northern Minnesota
Conducted wetland delineations and Global Positioning
System surveys over 83 miles of proposed pipeline in
Northern Minnesota. Determined wetland boundaries
characterized wetland and waterbody resources and

Katelin Nickerson, Senior Wetland Scientist, PWS, CWS
contributed to the data organization and Quality
Assurance/Quality Control.
Gas Pipeline Wetland Delineation and Monitoring,
2011–2016, West Virginia, Pennsylvania, and Ohio
Conducted wetland delineation and monitoring work
along existing and proposed natural gas pipelines in
West Virginia, Ohio, and Pennsylvania. Wetland
monitoring work included invasive species surveys.
Stream Characterization and Baseline Survey,
2012, Placerville, Idaho
Worked to collect baseline stream data near
Placerville, Idaho to support an Environmental
Assessment for the development of a mine in the area.
Collected benthic macroinvertebrates and evaluated
fish habitat and water quality, and channel and
riparian conditions of four stream reaches.
Bingham Wind Project, 2010-2016, Central Maine
Conducted wetland delineations, vernal pool surveys
over an area totaling approximately 6,800 acres for a
56-turbine wind project in central Maine. Identified
streams and Wetlands of Special Significance
Conducted surveys to determine the presence of deer
wintering areas, a regulated natural resource.
Contributed to a Class D soil survey of a 17-mile
transmission line associated with the project.
Hancock Wind Project, 2014, Hancock County,
Maine
Project Scientist and field leader responsible for
organization, progress, and safety of field staff through
the field work phase of the 17-turbine wind project.
Conducted wetland delineations, vernal pool surveys,
and Global Positioning System surveys. Assisted with
field surveys for a Class L soil survey and contributed
to the report and mapping of soils identified within the
project boundaries. Responsible for data management
and associated reporting of findings to accompany
permit applications.
Northern Maine Interconnect Transmission Line
Project, 2015, Aroostook County, Maine
Project scientist and field lead responsible for
organization, progress, and safety of a 4-person field
crew for vernal pool surveys and wetland delineations
along 30 miles of proposed interconnect transmission
line project. Coordinated with the project manager to
complete field tasks and meet client needs. Contributed
the reporting and permit application.
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Bingham Wind Project, 2016, Central Maine
Working as an Environmental monitor on clearing, and
earthwork of a 56-turbine wind power project, Duties
include construction environmental monitoring,
permit compliance, communication with contractors,
third party inspectors and the client, and developing
daily reports on the conditions of the site.
Meadow Brook Pipeline Exposure, 2016, Casco,
Maine
Working as an environmental monitor on a pipeline
exposure project for the Portland Montreal Pipeline.
Assisted contractors with conducting best
management practices during dewatering, pipe repair
and construction of a riffle in a perennial stream in
Western Maine. While the work was exempt from a
permit, the client wanted to make sure that impacts to
resources were minimized during the project.

Mao Lin, Wildlife Biologist
PROFESSIONAL SUMMARY
Mr. Lin has over 12 years of experience as a wildlife
biologist, environmental planner, and outreach
specialist. He possesses a diverse skill set rooted in
environmental science and conservation biology, and is
capable of working with various taxa across all
northeastern ecosystems with special emphasis on
federally listed threatened and endangered species. Mr.
Lin also has training and experience developing
partnerships, assessing the impacts of climate change,
writing strategic plans, designing outreach products,
facilitating meetings, and communicating scientific and
political concepts to diverse audiences.

EDUCATION
 MS, Environmental Studies: Conservation Biology,
Antioch University New England (47 credits) (In
Progress)

 BA, Environmental Studies: Ecosystems
Concentration, Binghamton University 2002

SELECTED PROJECT EXPERIENCE
Northern Long-Eared Bat Habitat Assessment and
Presence/Absence Surveys, Multiple Road and
Bridge Improvement Projects, MA. State of
Massachusetts Department of Transportation
(MassDOT). Under a sole source Engineering and
Environmental Services Master Services Agreement
contract with MassDOT, Tetra Tech has performed a
variety of support services related to understanding
the potential impacts to the northern long-eared bat
(Myotis septentrionalis) following its listing under the
ESA. Wildlife biologist responsible for assessing
habitat for the northern long-eared bat and deploying
Wildlife Acoustics SM-3 bat acoustic detectors.
Deployed 40 detectors in 2016 and conducted habitat
assessments at each location according to USFWS 2016
Indiana Bat Summer Survey Guidelines. Summarized
data for report.
Rusty Patched Bumble Bee Technical
Memorandum to Evaluate Potential Impacts of
Multiple Road and Bridge Improvement Projects,
MA. MassDOT. Under a sole source Engineering and
Environmental Services Master Services Agreement
contract with MassDOT, Tetra Tech has performed a
variety of support services related to understanding
the potential impacts to the rusty patched bumble bee
(Bombus affinis) (RPBB) following its listing as
endangered by the USFWS, effective on March 21,
2017. Wildlife biologist who assisted with preparing a
Technical Memo outlining the implications of the
recent listing of the RPBB on MassDOT’s projects,
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suggested conservation measures to avoid or minimize
impacts and protect the species.
Pre- and Post-Construction Avian and Wildlife
Surveys, Multiple Wind Projects, ME. Patriot
Renewables. Wildlife biologist responsible for
completing eagle, raptor migration, natural
community, northern bog lemming, and hiker use
surveys. Wrote natural resource survey technical
reports. Revised conservation plans in accordance with
guidelines and correspondence with USFWS. Drafted a
Phase I environmental site assessment. Assessed,
mapped, delineated, and demarcated wetlands, vernal
pools, and riparian resources.
Natural Resource Surveys, Multiple Road and
Bridge Improvement Projects, ME. Maine
Department of Transportation. Completed a suite of
natural resource assessments in advance of road,
bridge, and culvert rehabilitation reconstruction, and
maintenance. Assessments included wetlands, coastal
wetlands, vernal pools, streams, fish habitat, bat
habitat, and bat acoustic deployment.
Natural Resource Surveys, CT and ME. NextEra
Energy Resources (formerly Ranger Solar, LLC.)
Deployed Wildlife Acoustics SM-3 bat acoustic
detectors and assessed northern long-eared bat habitat
at each deployment site according to USFWS policy and
protocols. Assessed, mapped, and delineated wetlands,
vernal pools, and riparian resources. Work was
performed in advance of grid-scale solar development.
Natural Resource Surveys, Cutler, ME. U.S. Navy,
NAVFAC Atlantic, Naval Computer and
Telecommunications Area Master Station Atlantic
Detachment. Completed surveys for bird and bat
mortality, eagle use, raptor migration, deer abundance,
winter tracking, and natural communities. Provided
technical review of natural resource survey reports for
multiple survey efforts.
Natural Resource Surveys, Great Pond, ME. U.S.
Navy, NAVFAC Atlantic, Great Pond Outdoor
Adventure Center. Completed surveys for habitat,
natural communities, invasive plants, and erosion and
sedimentation control. Provided technical review of
natural resource survey reports for multiple survey
efforts.
Northern Long-eared Bat Survey, ME. TANTARA
Corporation. Deployed Wildlife Acoustics SM-3 bat
acoustic detectors, conducted desktop and field-based
bat habitat assessments at each deployment site, and
conducted visual roost inspections for the northern
long-eared bat at Fort Gorges located on Hog Island
Ledge in Portland, Maine as part of a hazard mitigation

Mao Lin, Wildlife Biologist
study. Surveys were based on the USFWS 2016 Rangewide Indiana Bat Summer Survey Guidelines.
Mammal Surveys, northern NJ. Tennessee Gas
Pipeline Loop 325 Project, Kinder Morgan. Wildlife
biologist participating in mammal surveys at the
Bearfort Mountain Natural Area. Assessed current
populations of small mammals in cooperation with the
New Jersey Division of Fish and Wildlife, and with
special emphases on northern bog lemming
(Synaptomys borealis) and other species of concern.
Assisted with mist net surveys of bats, with particular
focus on northern long-eared bats and incidental
capture of other threatened and endangered species in
New Jersey.
Northern Long-eared Bat Presence/Absence
Surveys, MA. Multiple Projects, SunEdison.
Completed time-sensitive reporting requirements for
two solar power arrays in Massachusetts. Reports
were developed according to USFWS policy and
protocols.
Natural Resource Surveys, ME. Wintergreen Solar
Project, NextEra Energy Resources. Analyzed critical
issues in advance of a proposed grid-scale solar facility.
Performed surveys for species of concern including
upland sandpiper (Bartramia longicauda), northern
spring salamander (Gyrinophilus porphyriticus),
northern bog lemming, and roaring brook mayfly
(Epeorus frisoni); and natural communities and rare
plants.
Various Projects, Northeast US. USFWS Region 5.
During 9 years of employment as a wildlife biologist,
natural resource planner, and outreach specialist for
USFWS, Mr. Lin conducted seabird censuses, aerial
surveys, bird banding, monitoring for bird
productivity, and invasive species control. Provided
planning assistance to national wildlife refuges,
compiled refuge comprehensive conservation plans,
and managed outreach and communication.
Participated in meetings and webinars related to SHC
and the North Atlantic LCC. Provided strategic
technical support to USFWS conservation efforts
including New England cottontail and Atlantic salmon
recovery.
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Niccolas Johnson, GIS Analyst/Biologist
PROFESSIONAL SUMMARY
Mr. Johnson has more than six years of experience and
a strong educational background in applied
environmental science and geographic information
systems (GIS). Mr. Johnson has experience in managing
multiple aspects of small and large wetland
delineations, and incorporating GIS and global
positioning system (GPS) data into a wide range of
environmental consulting projects. His comprehensive
experiences include water quality analysis, wetland
habitat assessments, wetland delineations, and
vegetation surveys. Additionally, he has experience in
soil and groundwater investigation and remediation
activities, as well as conducting storm water pollution
prevention plan (SWPPP) surveys. His geospatial
experiences include field GPS data collection and
processing, spatial analysis with ESRI ArcGIS 9.3 - 10.2,
and map production for reporting. He has been
responsible for collecting and incorporating geographic
data from multiple sources and for data quality
management.

EDUCATION
 BS, Environmental Science and Management
Minor: Soil Science, University of Rhode Island,
2009

SELECTED PROJECT EXPERIENCE
Maine Department of Transportation, Biological
Assessments and Surveys, various projects, Maine –
Provided GIS and biological survey support for multiple
linear and bridge structure transportation projects
throughout Maine. Survey work includes completion of
wetland delineations in accordance with U.S. Army
Corps of Engineers manuals and supplements, vernal
pool assessments pursuant to Maine Department of
Environmental Protection protocols, and Maine
Department of Transportation guidance and
instruction. Assists as needed in completion of habitat
assessments for northern long-eared bat (Myotis
septentrionalis) (NLEB), a federally threatened species.
Biologist, Maine Department of Environmental
Protection,
National
Coastal
Conditions
Assessment, Maine – Tetra Tech performed the NCCA
survey for the State of Maine, as part of a nationwide U.S.
Environmental Protection Agency (EPA) biological and
water-quality sampling program to determine the
overall condition of coastal marine waters. Rigorous
sampling protocols included a full suite of water quality,
benthic characteristics, fish tissue contaminants, and
ecosystem health parameters. During 2015, we sampled
a total of 40 sites in coastal Maine waters from Wells to
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Eastport between June and August – completing the
sampling effort a full 30 days ahead of schedule.
Biologist, National Grid Transmission Line Wetland
Delineation, New York – Delineated and mapped
wetlands for over 20 miles of an existing and proposed
powerline corridor located in Duchess and Columbia
counties, New York, using Trimble GPS units and in
accordance with established U.S. Army Corps of
Engineers manuals and regional supplement
requirements and forms.
GIS Analyst, Marine Corps Base Camp Pendleton,
Rare Plant Survey for Thread-leaved Brodiaea,
California – Organized field data collected at Camp
Pendleton for the federally threatened thread-leaved
brodiaea into pre-approved formats. Recent plant
community survey data was analyzed using the 7-meter
mapping rule to determine true populations of plant
species on the base. Submitted all datasets to Camp
Pendleton with FGDC-Compliant Metadata.
Biologist and GIS Analyst, U.S. Department of the
Navy, Naval Station Newport Bat Survey, Middleton,
Rhode Island – Completed an active acoustic
monitoring project, including conducting bi-weekly
surveys to document abundance of bat species within
the project area. Performed a site-wide wetland
assessment to determine abundance and extent of
wetland habitat on the base. Created figures and site
plans for the survey report.
GIS Analyst, U.S. Department of the Navy, Naval
Facilities Engineering Command (NAVFAC) Pacific,
Marianas Operating Area Marine Resources
Assessment Update, and Japan and Okinawa
Complexes Operation Area Marine Resources
Assessment – GIS analyst responsible for locating data
sources and mapping in support of marine resources
assessment projects located in the Pacific. Located and
mapped data for sea turtles, marine invertebrates, and
essential fish habitat within the Pacific Ocean and the
Japan and Okinawa study areas. Submitted all GIS data,
including map documents, to NAVFAC Pacific, which
included organizing data into Navy-approved
geodatabases and writing corresponding metadata.
GIS Analyst, U.S. Department of the Navy, NAVFAC,
Marine Corps Air Station Miramar Non-Vernal Pool
Endangered Plan Species Census and/or Monitoring
Surveys, California – GIS analyst responsible for
importing and updating GPS data for a biological survey

Niccolas Johnson, GIS Analyst/Biologist
of willowy monardella (Monardella linoides ssp.
viminea), a federally threatened perennial herbaceous
species, conducted at the U.S. Department of the Navy’s
Marine Corps Air Station Miramar facility, located in San
Diego, California.
Biologist, U.S. Army Corps of Engineers New York
District, East Rockaway Borrow Area Benthic and
Fish Study, New York - Conducted benthic surveys at
50 sites located offshore of Long Island, New York using
a Smith-Macintyre grab sampler in support of a
proposed beach nourishment project. Benthic samples
were sieved and preserved on site and shipped to a
subcontracted laboratory for analysis to include benthic
infauna taxonomic identification, biomass, grain size,
and total organic carbon. Monthly fish trawl surveys
also were completed along 12 transects established
within the borrow area. Fishes were identified to
species, measured, and weighed prior to release.
Responsible for setting up and coordinating GPS needs,
and preparing all relevant report figures.
Previous Experience
Environmental Scientist, P.W. Grosser Consulting,
Various Projects, New York – Worked with clients,
subcontractors, and regulatory agencies to ensure
prompt and accurate field data collection/
dissemination. Primary tasks included field collection of
GPS data, and post-processing to create working GIS
databases for clients. Other areas of work included
freshwater and saltwater wetland delineations, Phase I
Environmental Site Assessments (ESAs), ecological
assessments, soil and groundwater investigations and
sampling, and supervision of field personnel.
Environmental Scientist, Brookhaven National
Laboratory (BNL), Groundwater Contamination
Delineation, New York – Environmental scientist
responsible for field oversight and groundwater
sampling as part of an on-site plume evaluation.
Responsibilities included the collection of groundwater
sampling and field parameters during sampling events.
Was also responsible for construction observation and
documentation of 8 monitoring well installations as
well as the development of the wells. All field activities
were documented and verified in accordance with
BNL’s Standard Operating Procedures and Project Work
Plans. Was also responsible for conducting daily tailgate
safety meetings, completing BNL’s daily field reports
and reporting to a BNL Project Manager and the
completion of each day.
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Environmental
Scientist,
Suffolk
County
Department
of
Economic
Planning
and
Development, New York – Responsible for performing
Phase I Environmental Site Assessments (ESA) on
assorted properties within Suffolk County, NY. All Phase
I’s were performed in accordance with ASTM E1527 –
05 Standard Practice for Environmental Site
Assessments: Phase I Environmental Site Assessment
Process.

Dale Knapp, Senior Environmental Consultant, MSc, CSS, LSE, CEP, PWS
PROFESSIONAL SUMMARY
Dale is a Senior Environmental Consultant based in the
Portland, ME office. Dale has more than 15 years of
professional experience in both natural sciences and
management. He is a certified soil and wetland
scientist and a licensed site evaluator. His
responsibilities include client management, business
development, project administration and management,
proposal response coordination and work scope
development, ecological field surveys, strategic
planning for permitting, and report preparation. In
addition to managing and implementing large-scale
permitting and restoration projects, he has led a
variety of field biological sampling efforts to determine
risk to ecological receptors and water quality
determinations. He has provided expert witness
testimony regarding the findings of numerous
ecological field surveys. He has regionally recognized
experience in soil mapping, morphology, and
subsurface wastewater design. Dale performs
oversight of wetland delineations, vernal pool surveys,
threatened and endangered species surveys, ecological
community characterizations, permitting, biological
assessments, environmental planning, fish and wildlife
surveys, wetland mitigation and compensation, project
management and document preparation in accordance
with the state and federal regulatory agencies.
Strategic project planning, creative problem solving,
and agency negotiation also are core components of
Dale’s skill set.

EDUCATION
 BA, Liberal Arts & Sciences (concentrations in
Soil Science and Geology), University of Maine,
2003
 MS, Organizational Leadership, Southern New
Hampshire University, 2012

SELECTED PROJECT EXPERIENCE
Chinook Solar Project, New Hampshire – Ranger
Solar
Senior Consultant and Client Liaison leading team
performing wildlife consulting services for
presence/absences surveys for federally listed bats.
Surveys involved the deployment of full spectrum
acoustic detectors and associated reporting and data
analysis for the 50-MW Chinook Solar Project in
Fitzwilliam, New Hampshire.
Chariot Solar Project, New Hampshire – Ranger
Solar
Senior Consultant and Client Liaison leading team
performing wildlife consulting services for
presence/absences surveys for federally listed bats.
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Surveys involved the deployment of full spectrum
acoustic detectors and associated reporting and data
analysis for the 50-MW Chariot Solar Project in
Hinsdale, New Hampshire.
Farmington Solar Project, Maine – Ranger Solar
Senior Consultant and Client Liaison leading team
performing wildlife consulting services for
presence/absences surveys for federally listed bats.
Surveys involved the deployment of full spectrum
acoustic detectors and associated reporting and data
analysis for the 80-MW Farmington Solar Project in
Farmington, Maine. In addition, providing strategic
guidance and support with agency negotiation and
permitting strategy.
Sanford Airport Solar, Maine – Ranger Solar
Senior Consultant and Client Liaison leading team
performing wildlife consulting services for
presence/absences surveys for federally listed bats.
Surveys involved the deployment of full spectrum
acoustic detectors and associated reporting and data
analysis for the 50-MW Sanford Airport Solar Project in
Sanford, Maine. In addition, also providing strategic
guidance and support with agency negotiation and
permitting strategy.
Quinebaug Solar, Connecticut – Ranger Solar
Senior Consultant and Client Liaison leading team
performing wetland delineation, environmental
permitting support, wildlife surveys, and soil
assessments for the 50-MW Quinebaug Solar Project in
Canterbury, Connecticut. In addition, Tetra Tech’s
senior environmental staff have been providing
strategic guidance and support with agency
negotiation and permitting strategy.
Wintergreen Solar Project, Maine – NextEra Energy
Resources
Senior Consultant managing the initial development
phase for State and Federal permitting. Providing
wetland delineation, environmental permitting
support, wildlife surveys, cultural surveys and soil
assessments for the 150-MW Wintergreen Solar
Project in Moscow, Maine. In addition Tetra Tech’s
senior environmental staff have been providing
strategic guidance and have been conducting agency
negotiation and developing permitting strategy. Dale
was a lead author of the project bid that was submitted
to the 2016 Tri-State Clean Energy RFP.
Evergreen Express Project, Maine – NextEra Energy
Resources
Senior Consultant managing the initial development
phase for State and Federal permitting. Providing
wetland delineation, environmental permitting
support, wildlife surveys, cultural surveys and soil
assessments for the New Hampshire Transmission’s
proposal to build over 100-mile, above ground electric

Dale Knapp, Senior Environmental Consultant, MSc, CSS, LSE, CEP, PWS
transmission line known as Evergreen Express. The
line will be capable of delivering more than 800
megawatts of power generated from clean and
renewable sources. The preferred route connects
power generation in western Maine and Quebec to the
ISO New England grid in Auburn, Maine. In addition,
also providing strategic guidance and support with
agency negotiation and permitting strategy. Dale was a
lead author of the project bid that was submitted to the
2016 Tri-State Clean Energy RFP.
Wind, Solar, Storage and Transmission Project, ME,
Confidential Client
Providing project leadership and routing study/design
support for ongoing strategic vision, agency
coordination support, land acquisition, and survey plan
development for a planned wind/solar/energy storage
and transmission project in Maine, bringing power into
New England power grid. Leading negotiations with
the agencies and stakeholders to develop a permittable
project. Evaluated preliminary impacts of the project
and completed detailed critical issues analyses. Also
providing strategic planning support, agency support,
and consultation advice.
Route 2 and Route 17 Project, ME
Senior Project Manager responsible for organization
and oversight of natural resource surveys and
assessments along two corridors in western Maine;
managed wetland delineations, function and value
assessments, and reporting along Route 2 and Route
17 in preparation for road upgrades and expansion.
Sara Mildred Long Memorial Bridge Project, NH
Senior Project Manager responsible for overseeing
natural resource surveys and assessments in
association with the replacement of the Sara Mildred
Long Memorial Bridge which runs between Kittery,
Maine and Portsmouth, New Hampshire; managed
wetland delineations, function and value assessments,
and reporting for the Maine Department of
Transportation along the New Hampshire side of the
bridge.
Route 302 Project, ME
Senior Project Manager responsible for oversight of
natural resource surveys and assessments in
preparation for road expansion and upgrades western
Maine; managed wetland delineations, function and
value assessments, and reporting for the Maine
Department of Transportation along three sections of
Route 302.
Bingham Wind Project, Somerset and Penobscot
Counties, ME
Senior Project Manager on a 62-turbine, 191-MW wind
project, responsible for managing, organizing, and
overseeing all natural resource evaluations, including,
wetland delineations, wildlife, vernal pool, soils, rare
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and threatened species, and archaeological surveys, as
well as shadow flicker analysis. Facilitated design
preparation minimizing environmental impacts,
federal, state, and local regulatory agency coordination
and meeting facilitations, and permit application
preparation for state and federal jurisdictions.

KEVIN RYAN | PROJECT MANAGER,
ECOLOGICAL SERVICES LEAD
Kevin joined FB Environmental in March 2013, shortly before finishing his Ph.D. in Wildlife Ecology at the University of
Maine. His research dealt with the ecology and conservation of New England's two rarest amphibians: the blue spotted
salamander (Ambystoma laterale) and the eastern spadefoot toad (Scaphiopus holbrookii). Kevin earned an Associate's
Degree in Fisheries and Wildlife Technology in 1999 and a Bachelor's Degree in Wildlife Management in 2001, both from
SUNY Cobleskill. His experience includes monitoring loggerhead sea turtle nesting for the Georgia DNR, and serving as
field herpetologist, budget manager, and general office manager for the Wildlife Conservation Society's Metropolitan
Conservation Alliance. At FB Environmental, Kevin leads the Ecological Services Division and conducts natural resources
inventories, wetland delineations, reptile and amphibian surveys, municipal build-out analyses, and permitting. He also
provides expert testimony regarding reptiles and amphibians and assists with water quality monitoring projects,
watershed/open space planning, technical writing, and GIS mapping.

TECHNICAL EXPERTISE












Biostatistical Analyses
Build-out Analyses
Expert Testimony
GIS Spatial Analyses
Habitat Characterization and
Assessment
Permitting
Reptile & Amphibian Surveys
Scientific/Technical Report Writing
Vernal Pool Surveys
Wetland Delineation & Functional
Assessment
Wildlife-Habitat Relationship
Analysis

EDUCATION

Ph.D. Wildlife Ecology, University of
Maine, Orono, ME (2014)
B.T. Wildlife Management, State
University of New York at Cobleskill,
Cobleskill, NY (2001)
A.A.S. Fisheries & Wildlife Technology,
State Univ. of New York at Cobleskill,
Cobleskill, NY (1999)

MEMBERSHIPS

Maine Association of Wetland Scientists
(2013-Present); Chair, Ethics Committee
(2015-Present)
Society for Conservation Biology,
Member (2013-Present)
Society for the Study of Reptiles and
Amphibians (2011-Present)

RELEVANT EXPERIENCE
DISSERTATION
Movement patterns, terrestrial habitat use, and conservation of New England’s rarest
amphibians: the eastern spadefoot toad (Scaphiopus holbrookii) and pure-diploid bluespotted salamander (Ambystoma laterale).
Kevin’s research focused on the ecology and conservation of two of New England’s rarest and
most poorly-understood vernal pool-breeding amphibians, the eastern spadefoot toad and the
pure-diploid blue-spotted salamander. The project utilized both observational and experimental
approaches to assess habitat selection, movement ecology, and behavior of both species.
Information was collected using mark-recapture techniques via extensive pitfall trap arrays,
radio telemetry, PIT tag telemetry using a backpack tag reader with a modified antenna, PIT tag
telemetry using a stationary device, and larval habitat mesocosms. The results of Kevin’s
research can be used to help determine best management practices for mitigation of land
development affecting habitat for these and other pool-breeding species in New England and
elsewhere.
FBE HERPETOLOGICAL CONSULTING
Topsham, ME Vernal Pool Survey (2018).
Conducted a vernal pool survey for residential development project in Topsham, Maine.
Freeport, ME Vernal Pool Surveys (2017).
Conducted vernal pool surveys for a residential development project in Freeport, Maine.
Number Nine Wind Farm, Aroostook Co., ME (2014)
Assisted Stantec Consulting with vernal pool surveys within proposed transmission line rightsof way.
Bingham, ME Wind Project (2013)
Conducted spring salamander (Gyrinophilus porphyriticus) surveys at selected streams within a
proposed transmission line right-of-way.
PREVIOUS POSITION
Field Herpetologist/Program Officer, Wildlife Conservation Society’s Metropolitan
Conservation Alliance (2003-2007).
Worked under the supervision of Dr. Michael W. Klemens, Senior Conservationist at the
Wildlife Conservation Society (WCS). Held the position of Program Officer at WCS’s
Metropolitan Conservation Alliance and was responsible for conducting herpetological surveys
in the New York metropolitan area and managing the associated data, while concurrently
serving as accountant, budget manager, and general office manager.

KEVIN RYAN | PROJECT MANAGER,
ECOLOGICAL SERVICES LEAD

RELEVANT EXPERIENCE CONTINUED
INDEPENDENT HERPETOLOGICAL CONSULTING
Maine Vernal Pool Mapping and Assessment Program (September 2011). Conducted assessments of several vernal pools in Cumberland, Maine.
Conducted assessments of several vernal pools in Cumberland, Maine.
Michael W. Klemens, LLC (March 2003 – August 2007). Conducted herpetological surveys at numerous development project sites in Connecticut,
Massachusetts, and New York.
Ridgefield, CT Conservation Commission (April 2007). Conducted ecological assessment of a vernal pool in Ridgefield, Connecticut.
Long Creek Water Quality Monitoring (2013, 2015).
Served as lead field technician and was responsible for maintenance, calibration, and deployment of field equipment including YSI Sondes and
Onset® Corporation HOBO® loggers. Also conducted grab sampling and biological monitoring (macroinvertebrate sampling using rock bags).
ADDITIONAL FBE PROJECTS
Forest Hills Farm Natural Resources Inventory (2017). Assisted the North Hampton, NH Conservation Commission with the development of a
natural resources inventory for Forest Hills Farm in the town of North Hampton. The inventory included desktop analysis and GIS mapping of
natural resource features, including wetlands, geology/soils, land use/land cover, and significant plant and animal habitat. Also conducted field
assessments to identify and document natural resource features, identify wetlands, classify natural community types, and assess potential wildlife
habitat.
Moultonborough, NH Town-Wide Natural Resources Inventory (2016). Updated the Town of Moultonborough’s 2007 Natural Resources
Inventory. Project tasks included mapping and describing newly-identified natural resource information and modeling the co-occurrence of important
natural resource features to identify resource-rich areas within the town.
Pleasant Hill Preserve Natural Resources Inventory, Scarborough, ME (2015). Assisted the Scarborough Land Trust with the development of a
natural resources inventory for the Pleasant Hill Preserve, a 135-acre property in the Town of Scarborough. The inventory included a review of
relevant historical information in addition to desktop analysis and GIS mapping of natural resource features, including wetlands, geology/soils, land
use/land cover, and significant plant and animal habitat. Also conducted field assessments to identify and document natural resource features,
delineate wetlands, classify natural community types, and assess potential wildlife habitat.
Brox Property Natural Resources Inventory, Milford, NH (2014). Conducted a natural resources inventory of a 270-acre property for the Town of
Milford, New Hampshire Conservation Commission. The property includes a rich mosaic of wetlands, including vernal pools, and is inhabited by
several state-listed endangered and threatened fish and reptile species. The site is slated for extensive sand and gravel mining, industrial development,
and construction of public facilities. Project tasks included meeting with project representatives, synthesizing existing information regarding the
property, conducting a de novo field assessment, and report development.
Payson Property Natural Resources Inventory, Cumberland, ME (2014). Assisted the Chebeague Cumberland Land Trust with the development
of a Natural Resources Inventory for a 104-acre property located on the shores of Casco Bay. Tasks included meeting with land trust representatives,
reviewing relevant historical information, map development, field classification of natural resources and vegetative communities, and report
development.

PUBLICATIONS
Ryan, K. J., D. P. Quinn, and A. J. K. Calhoun. In prep. Movement Patterns and Terrestrial Habitat Selection of Eastern Spadefoots (Scaphiopus
holbrookii) at the Northern Limit of Their Range.
Ryan, K. J., A. J. K. Calhoun, J. D. Zydlewski, and B. C. Timm. 2015. Monitoring Eastern Spadefoot (Scaphiopus holbrookii) response to weather
using a passive integrated transponder (PIT) system. Journal of Herpetology 49:257-263.
Ryan, K. J., A. J. K. Calhoun, and J. D. Zydlewski. 2014. Using Passive Integrated Transponder (PIT) Systems for Terrestrial Detection of BlueSpotted Salamanders (Ambystoma laterale) in situ. Herpetological Conservation and Biology 9:97-105.
Ryan, K. J., and A. J. K. Calhoun. 2014. Post-breeding Habitat Use of the Rare Pure-Diploid Blue-spotted Salamander (Ambystoma laterale). Journal
of Herpetology 48:556-566.
Ryan, K. J., 2010. Blue Spots and Spade Feet: DEP study is focused on two of New England’s rarest amphibians. Connecticut Wildlife Magazine
November/December 2010.
LaBruna, D. T., M. W. Klemens, J. D. Avery and K. J. Ryan. 2006. Pocantico Hills Biodiversity Plan, Rockefeller State Park Preserve and
Associated Private Lands: A public-Private Initiative. MCA Technical Paper No. 12, Metropolitan Conservation Alliance, Wildlife Conservation
Society, Bronx, NY.

40 Pine Street
Plantsville, CT 06479
Phone: (203) 430-7830
E-mail: ctherpconsultant@gmail.com
www.ctherpconsultant.com

Dennis P. Quinn
EDUCATION
University of Massachusetts, Amherst, MA.

New England Regional Soil Science Certificate Program. (2014)

Central Connecticut State University (CCSU), New Britain, CT.

Masters in Ecology and Environmental Science. Thesis research: Radio-telemetry of eastern box turtles to determine
home-range, habitat use and hibernacula selection in CT. (2008)

Bachelors in Biology with a concentration in Ecology, Biodiversity and Evolutionary Biology. (2002)
Recognized Qualified Bog Turtle Surveyor - Housatonic/Hudson Recovery Unit - United States Fish & Wildlife Service
PADI Certified Scuba Diver. (1999)
EMPLOYMENT
Owner – CTHerpConsultant, LLC.

Plantsville, CT. (2007 – present)

CTHerpConsultant, LLC was founded in 2007 to facilitate the pursuit and passion I have for amphibian and reptile research,
conservation and preservation. A wide variety of ecological services are offered by my company, ranging from general wildlife
and habitat characterization surveys, to detailed environmental impact assessments complete with land use planning, mitigation
design and monitoring. I have worked directly with a variety of State and Federally threatened and endangered species, ranging
from the diploid blue-spotted salamander and spadefoot toad, to the bog turtle. I currently serve as the consulting herpetologist
for the Connecticut Department of Energy and Environmental Protection where I coordinate state and northeast regional
amphibian and reptile research and conservation projects associated with both the Regional Conservation Needs and State
Wildlife Grant programs.
Clients:
CT Department of Energy and Environmental Protection
CT Department of Transportation
Farmington River Watershed Association
Fitzgerald & Halliday, Inc.
Michael W. Klemens, LLC
O & G Industries, Inc.

Regional Water Authority
Simsbury Land Trust
Wildlife Management Institute
Steep Rock Association
MA Division of Fisheries & Wildlife, NHESP
Parsons Corporation

Creator and maintainer of www.ctherpetolgy.com: A photographic atlas to the amphibians and reptiles of Connecticut.
Wildlife Photographer – photographs can be viewed at www.dennisquinnphotography.com
Associate Scientist, Parsons Corporation East Berlin, CT. (2005 - 2007)

Radio-telemetric study of eastern box turtles and eastern hog-nosed snakes for ConnDOT CT Route 7 Bypass.
Responsible for data collection, terrestrial mitigation design, assist with culvert design and placement, data analysis,
and report preparation.

Northern slimy salamander presence/absence survey for ConnDOT CT Route 7 Bypass. Responsibilities included field
surveys and assist in report preparation.
Environmental Scientist, Maguire Group Inc. New Britain, CT. (2005)

Field surveys for proposed Route 11 corridor and assisted in preparation of the environmental impact statement.

Impact Assessment for emergency by-pass pipeline, data analysis, technical writing and mitigation planning.
Herpetological Field Surveyor, Farmington River Watershed and Wildlife Conservation Society (2002)

Surveyed local reptile and amphibian populations throughout the Farmington River Valley. Identification, data
collection, photography.
EMPLOYMENT IN EDUCATION
Adjunct Instructor, Naugatuck Valley Community College Waterbury, CT. (2004 - present)
Courses Taught:
Bio 105 Introductory Biology - Lec/Lab
Bio 171 Field Biology - Lec/Lab

Bio 145 General Zoology - Lec/Lab
Technical Advisor, CCSU New Britain, CT. (2011 - present)

Serve as a technical research advisor to undergraduate and graduate students working on research in the field of
herpetology.

Graduate Thesis Committee – serve as an expert external committee member for herpetological theses.
Environmental Science Instructor, Post University Waterbury, CT. (2006)
Courses Taught:
Bio 134 General Biology - Lab
Env 200 Sustainable Development - Lec
Bio 200 Ecology - Lec
Env 230 Environmental Policy - Lec
Received honors for outstanding service to students in environmental science instruction.
Graduate Teaching Assistant, CCSU New Britain, CT. (2003)
Courses Taught:
Bio 121 General Biology I - Lab

Bio 202 Principles of Ecology and Evolution - Lab

PUBLICATIONS

Daniel Licitra, Dennis P. Quinn, Jani E. Reeder, Tyler Gavitt, Jenny Dickson, Brian Hess, Barbara J. Mangold, Allison
D. Tuttle, Arely Rosas-Rosas, Salvatore Frasca Jr.,Steven M. Szczepanek (2019) Snake Fungal Disease in Colubridae
Snakes in Connecticut, USA in 2015 and 2017. Journal of Wildlife Diseases In-Press.

Schlesinger MD, Feinberg JA, Nazdrowicz NH, Kleopfer J, Beane JC, Bunnell JF, et al. (2018) Follow-up ecological
studies for cryptic species discoveries: Decrypting the leopard frogs of the eastern U.S. PLoS ONE 13(11): e0205805.
https://doi.org/10.1371/journal.pone.0205805

Schlesinger, M.D., J.A. Feinberg, N.H. Nazdrowicz, J.D. Kleopfer, J. Beane, J.F. Bunnell, J. Burger, E. Corey, K.
Gipe, J.W. Jaycox, E. Kiviat, J. Kubel, D. Quinn, C. Raithel, S. Wenner, E.L. White, B. Zarate, and H.B. Shaffer. 2017.
Distribution, identification, landscape setting, and conservation of Rana kauffeldi in the northeastern U.S. Report to the
Wildlife Management Institute for Regional Conservation Needs grant RCN 2013-03. Available from New York
Natural Heritage Program, Albany, NY.

Quinn, D., H. Gruner, and S. Cronkite. 2017. Eastern box turtle and eastern hog-nosed snake final monitoring report
2011. Parsons Transportation Group. Project 18-113/129. U.S. Route 7 Bypass, Brookfield, Connecticut. Connecticut
Department of Transportation

Quinn, D. 2016. Macrophotography: Capture Larger-Than-Life Photographs of Nature's Smallest Subjects. Amherst
Media, Inc. Buffalo, NY.

Gruner, H. and Quinn, D. 2012. Project 18-113/129 U.S. Route 7 Bypass Brookfield, Connecticut, Slimy Salamander
(Plethodon glutinosus) Ridge-wide Habitat Study, Kent to Bethel, Connecticut. Connecticut Department of
Transportation, Newington, CT.

Quinn, D. 2011. The Timber Rattlesnake: A Modern Day Legend. Connecticut Wildlife. Volume 31, No. 1, Jan/Feb
2011.

Quinn, D., H. Gruner, and S. Cronkite. 2010. Eastern box turtle and eastern hog-nosed snake final monitoring report
2011. Parsons Transportation Group. Project 18-113/129. U.S. Route 7 Bypass, Brookfield, Connecticut. Connecticut
Department of Transportation

Quinn, D. 2009. Project 131-190 Removal of Bridge No. 00518 and Intersection Improvements Route 10 and Route
322 Southington, Connecticut: Eastern Box Turtle and Wood Turtle Presence/Absence Surveys and Report.
Connecticut Department of Transportation, Newington, CT.

Quinn, D. 2008. A radio-telemetric study of the Eastern Box Turtle (Terrapene carolina carolina) home range, habitat
use, and hibernacula selection in Connecticut. M. Sc Thesis. Central Connecticut State University, New Britain, CT. 84
pp.
PRESENTATIONS, RADIO and VOLUNTEER WORK
Seminars:

Mystic Aquarium. CT Amphibians and Reptiles and their Conservation Challenges. (2015)

WNPR Where We Live hosted by John Dankosky Everything You Want to Know About Turtles. (2014)

WNPR An Atlas to Track Connecticut Critters that Slither, Hop and Crawl. (2014)

UCONN Department of Pathobiology and Veterinary Science Seminar Series. CT Amphibians and Reptiles and their
Conservation Challenges. (2014)

CT Department of Energy and Environmental Protection. CT Salamanders and their Conservation Challenges. (2014)

CT Department of Energy and Environmental Protection. Natural History of the Northern Copperhead. (2013)





CT Department of Energy and Environmental Protection. Natural History of the Hog-nosed Snake. (2013)
Simsbury Land Trust 25th Anniversary Celebration. Connecticut Reptiles and Amphibians. (2006)
Biological Sciences Seminar Series. CCSU. Land Management and Conservation Strategies for the Reptiles and
Amphibians of the Farmington River Valley (2002)

Volunteer:
Nutmeg Big Brothers Big Sisters. Big Brother Mentor. (2007 – 2010)
Regional Water Authority. A Walk with Connecticut’s Reptiles and Amphibians. Pine Hill Recreational Area. (2010)
Connecticut Bio Blitz.

Keney Park and Goodwin College. Hartford, CT. (2009)

Wilbert Snow School. Middletown, CT. (2007)

Two Rivers Magnet School. East Hartford, CT. (2005)
Wethersfield Nature Center. Reptile Day. Gave interactive talk with school children on reptiles and amphibians. (2005)
Simsbury Land Trust. Educational walk on vernal pools and the fauna that depend on them for survival. (2003, 2004 & 2005)

COMPUTER EXPERIENCE
Microsoft Office: Word, Excel, Access, Power Point; PC-ORD, ArcGIS, Graphical Analysis, Sigma Plot, Adobe Photoshop.
AWARDS and HONORS
Leeds M. Carluccio Award: For outstanding student service and leadership in Biological Sciences (2002)
Member Tri-beta National Honor Society (2002)
REFERENCES
Dr. Michael Klemens. Research Associate in Herpetology. American Museum of Natural History. fenbois@aol.com.
(203) 448-8068.
Mr. Hank Gruner, Vice President of Programs (Retired). Connecticut Science Center, Hartford, CT. grunerhank@gmail.com
(860) 712-1308.
Ms. Jenny Dickson, Supervising Wildlife Biologist. Connecticut Department of Energy and Environmental Protection
Burlington, CT. jenny.dickson@ct.gov (860) 424-3114
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EXECUTIVE SUMMARY
As part of a comprehensive natural resource assessment, Tetra Tech, Inc. (Tetra Tech) conducted wetland
and watercourse delineations in July and August 2016 at the site of the proposed Quinebaug Solar Project
(Project). Additional surveys were completed in 2018 and 2019. On April 23, 2019, Tetra Tech submitted
an Environmental Site Conditions Report (Site Conditions Report) to Connecticut Department of Energy &
Environmental Protection, Natural Diversity Database (NDDB) Program that included a technical report
describing the wetlands and watercourses observed at the Project site. Subsequent to this submission,
field verification work conducted by Tetra Tech resulted in revisions that are reflected in this updated
report.
The field check was conducted by a Tetra Tech Certified Professional Soil Scientist and Professional
Wetland Scientist in April and May 2019. During this time revisions were made to the original wetland
delineation lines included in the Site Conditions Report. These changes are significant enough to
necessitate an updated wetland and watercourse report and accompanying figures (enclosed herein). The
resource lines and setbacks included in this report will be used to inform an updated Project design. Tetra
Tech has endeavored to accurately map these natural resources to allow for adequate protection of the
function and quality of the Project’s water resources throughout the Project development process. This
report is intended to present the updated natural resource delineation lines, characterize the wetlands
and watercourses within the Project Study Area, and assign the appropriate setbacks to these resources.
Aside from this updated wetland and watercourse report and figure, no other changes have been made
to the Environmental Site Conditions Report submitted to the NDDB on April 23, 2019. This includes the
protections described in the Herpetofauna Avoidance and Mitigation Plan and measures outlined to
protect other listed species that may or are known to occur at the site. To address the changes reflected
in this updated report, a revised buffer encroachment table is provided in Appendix A.
The following table provides a list of resources that have been modified from their previous delineation
or added to the natural resources at the site of the Project since the submittal of the Site Conditions
Report.
Table ES1. Natural Resource Summary of Changes
Modification of
Wetland Boundary
W02
W07
W08
W09
W18
W20
W27

Additional Wetlands
W28
W29
W30

ii

Additional
Watercourses

Additional Vernal
Pools

S09
S10

VP9
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INTRODUCTION

This updated wetland and watercourse report outlines the results of accumulated natural resource
surveys for the Quinebaug Solar Project (Project) located in the towns of Brooklyn and Canterbury,
Windham County, Connecticut. Wetland and watercourse surveys have been ongoing since the summer
of 2016. Included in this report is an overview of the history of surveys conducted for the Project, general
descriptions of the Project Study Area, methods employed during field investigations, and details of the
nature and condition of the resources identified. An additional vernal pool (VP9) was identified during the
spring 2019 field surveys and is described in this report. The updated wetland and watercourse boundaries
are presented in Figure 1. The conclusion of this report provides discussion on avoidance practices
including buffers and setbacks that will be applied to these resources during project construction and
operation. Figure 2 illustrates the buffers and avoidance areas associated with each resource. A table that
details the morphology, soils, hydrology and vegetation occurring in each wetland and watercourse is
provided in Appendix A along with a summary table of exceptions to the 100-foot standard buffer applied
to water resources. Appendix B includes representative photos of wetlands and watercourses observed
in the Study Area, and Appendix C includes the vernal pool data sheet completed for vernal pool VP9.

1.1

Project Understanding

Quinebaug Solar, LLC (Quinebaug Solar), an affiliate of NextEra Energy Resources, is proposing the
development of the approximately 50-megawatt solar photovoltaic project. The Project area consists of
approximately 516 acres of land (Study Area, Figure 1) and is comprised of multiple parcels located west
of Interstate 395, between Routes 169 and 205. The results outlined in this document are intended to
inform the design and layout of the Project in consideration of avoiding impacts to wetlands and
watercourses.

1.2

Natural Resource Survey History

The first wetland and watercourse delineations were completed for the Project in July and August 2016.
Surveys continued in the fall of 2018 and through the winter and spring of 2019. Over the course of four
years the Study Area has changed slightly; most notably, the western boundary of the site has been
evaluated and mapped to adequately assign buffers and setbacks to the floodplain wetlands associated
with Cold Spring Brook and Blackwell Brook. Additionally, subsequent site visits have resulted in modified
natural resource lines, and identification of additional resources that are reflected in this updated report.

1.3

Site Description

The Study Area is generally gently sloping and is comprised of forested areas, agricultural fields, developed
land (open space and low intensity), and wetlands and open water habitats. There is evidence of historical
as well as ongoing gravel extraction activities in distinct areas of the site. Steeper slopes were found to
occur in these gravel pits, and around relict and existing watercourses. The Project is bordered by Cold
Spring Brook to the north, a tributary of Blackwell Brook that borders the western side of the site. Both
brooks generally flow south and eventually into the Quinebaug River, south of the Study Area.

1
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Portions of the site that are currently forested show evidence of past use as both farmland and pasture.
Areas observed during site visits had crop production of corn and soybeans. Other cleared areas appear
to be currently out of crop production or used for hay. An athletic field is located in the southwest corner
of the Study Area, adjacent to Blackwell Brook.
Wetlands and watercourses identified in the Study Area generally occur in forested areas. However, there
are several wetlands and watercourses present that have been altered due to past or ongoing agricultural
practices. These resources are described in Sections 3 and 4 and summarized in Appendix A. The site
occurs in a mixed rural and suburban part of the towns of Brooklyn and Canterbury, Connecticut, with
residential homes generally occurring east and south of the Study Area. The Study Area is bisected by
Wauregan Road and Rukstela Road, an existing access road cuts through the center of the site. Historic
use of this land for homesteading, agriculture and, more recently, gravel mining have altered the
landscape, vegetation, and hydrology of the site.

2

SURVEY METHODS

Prior to conducting field surveys, a desktop analysis was completed using publicly available data,
including, but not limited to, the U.S. Fish and Wildlife Service’s National Wetlands Inventory, U.S.
Department of Agriculture Natural Resources Conservation Service hydric soils data, and U.S. Geological
Survey topographic maps. This desktop review was completed to identify areas where wetlands and hydric
soils are likely to occur and inform field staff about the site prior to the field delineation effort. The entire
Study Area was field surveyed to accurately map the boundaries of wetlands and watercourses and to
document the condition of each resource.
Surveys were conducted in accordance with the technical criteria and Routine On-Site Determination
Methods described in the U.S. Army Corps of Engineers (USACE) 1987 Wetland Delineation Manual1, the
Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Northcentral and Northeast
Regional Supplement version 2.02, and Section 22a-38 of Connecticut General Statues. Additionally,
wetland and watercourses surveys were completed in accordance with the definitions provided by the
Inland Wetland and Watercourses Regulations of the Town of Brooklyn3 and the Inland Wetland and
Watercourses Regulations of the Town of Canterbury4, where applicable. Wetland and watercourse
1

United States Army Corps of Engineers (USACE). 1987. Corps of Engineers Wetlands Delineation Manual. Published
by the Environmental Laboratory. January 1987 – Final Report. 143 pp. Available online at:
http://www.cpe.rutgers.edu/Wetlands/1987-Army-Corps-Wetlands-Delineation-Manual.pdf.
Accessed
October 17, 2018.
2
USACE 2012. Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Northcentral and
Northeast Region (Version 2.0), ed. J. S. Wakeley, R. W. Lichvar, C. V. Noble, and J. F. Berkowitz. ERDC/EL
TR-12-1. Vicksburg, MS: U.S. Army Engineer Research and Development Center.
3
Town of Brooklyn. 2013. Inland Wetland and Watercourses Regulations. Published by the Town of Brooklyn,
Connecticut. October 2013. 77 pp. Available online at:
https://www.brooklynct.org/sites/brooklynct/files/file/file/brooklyn_iwwc_october_2013_0.pdf.
Accessed October 17, 2018.
4
Town of Canterbury. No date. Inland Wetland and Watercourses Regulations. Published by the Town of Canterbury,
Connecticut. 21 pp. Available online at: http://www.canterburyct.org/documents/IWWA%20Regs.pdf.
Accessed October 17, 2018.
3
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boundaries were marked in the field with pink and blue alpha-numeric coded flagging and located using
iPads equipped with Collector for Arc GIS connected via Bluetooth to EOS Positioning Systems, Arrow 100
Sub-meter Global Navigation Satellite System. Delineations were overseen by a Certified Professional Soil
Scientist and member of the Soil Science Society of Southern New England.
The initial vernal pool surveys were completed for the Project in 2016 and in 2018. The results of the
vernal pool surveys are shown on Figure 1. A summary report outlining the vernal pool survey methods
and results are provided in the Site Conditions Report . One additional vernal pool was located during the
spring 2019 wetland and watercourse survey. Similar to previous studies, this pool was evaluated
following the procedures set forth in Calhoun and Klemens 20025. Additional survey criteria were taken
from the Connecticut Association of Wetland Scientists Vernal Pool Monitoring Program Protocol and the
Maine Association of Wetland Scientists Vernal Pool Technical Committee, Vernal Pool Survey. Vernal pool
VP9 is shown on Figure 1, and a description of the pool is provided in Section 4, Watercourse Delineation
Results.

3

WETLAND DELINEATION RESULTS

The following sections provide a summary of the wetland and watercourse resources identified for the
Project. In total, 30 wetland resources were identified6 totaling approximately 68.64 acres that are
regulated by the USACE, the Connecticut Department of Energy & Environmental Protection, and the
towns of Brooklyn and Canterbury. The following resource descriptions provide an account of the general
conditions found at the Project site. Appendix A, Table 1 lists each wetland resource identified on Figure
1 and includes a brief description of the characteristics of each resource.

3.1

Forested Wetlands

Palustrine forested (PFO)7 wetlands are the most common wetland type occurring throughout the Study
Area (Appendix A, Table 1). These wetlands fall under the riverine and depressional hydrogeomorphic
classification8. Several forested floodplain wetlands occur along the western border of the Study Area and
are associated with Blackwell Brook and Cold Spring Brook, both tributaries to the Quinebaug River. The
depressional forested wetlands are more centrally located in the Study Area and are either isolated
resources or connected to other wetlands via intermittent and human-made watercourses.

5

Calhoun, A. J. K. and M. W. Klemens. 2002. Best development practices: conserving pool-breeding amphibians in
residential and commercial developments in the northeastern United States. MCA Technical Paper No. 5,
Metropolitan Conservation Alliance, Wildlife Conservation Society, Bronx, New York.
6
Wetland 26 was delineated as part of larger area of interest and is not located within the current Study Area. This
wetland, as well as the expanded area for wetland W03 that falls outside the Study Area boundary, were surveyed
and are shown on Figure 1 and discussed in this report to ensure proper buffering is applied during the Project design
process.
7
Cowardin, L. M., V. Carter, F. C. Golet, and E. T. LaRoe. 1979. Classification of wetlands and deepwater habitats of
the United States. U.S. Department of the Interior, Fish and Wildlife Service. FWS/OBS-79/31. Washington,
DC. Available online at: https://www.fws.gov/wetlands/documents/classwet/index.html.
8
U.S. Department of Agriculture, Natural Resources Conservation Service. 2008. Hydrogeomorphic Wetland
Classification System: an overview and modification to better meet the needs of the Natural Resource
Conservation Service. Technical Note 190-8-76.
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Forested wetlands within the Study Area are typically dominated by red maple (Acer rubrum), American
elm (Ulmus americana), yellow birch (Betula alleghaniensis), American hornbeam (Carpinus caroliniana),
and eastern white pine (Pinus strobus). The shrub layer is dominated by rambler rose (Rosa multiflora),
and Japanese barberry (Berberis thunbergii), both listed as invasive species in Connecticut9. Species
commonly present in the herbaceous layer of this wetland type includes cinnamon fern (Osmundastrum
cinnamomeum), jewelweed (Impatiens capensis), and skunk cabbage (Symplocarpus foetidus).
Soils within these forested wetland communities are generally characterized by an organic surface layer
underlain by a loam or sandy loam with a depleted matrix. Certain areas also are very stony at the soil
surface. The floodplain wetlands associated with Cold Spring Brook and Blackwell Brook have evidence of
flooding such as alluvial deposits and terraced landforms. At the time of the surveys, commonly observed
hydrologic indicators included areas of surface water, soil saturation within the upper 12 inches of soil,
drainage patterns, and geomorphic position.

3.2

Scrub-Shrub Wetlands

Two wetlands within the Study Area contain the palustrine scrub-shrub (PSS) classification as a component
of a larger wetland and fall under the depressional hydrogeomorphic classification10These resources are
typically dominated by common buttonbush (Cephalanthus occidentalis), swamp white oak (Quercus
bicolor), willow (Salix spp.), and red-osier dogwood (Swida sericea).
Many of the forested wetlands within the Study Area have a small shrub component or patches with a
shrubby understory. The shrubs observed in these areas include rambler rose, Japanese barberry, and
northern spicebush (Lindera benzoin).
Soils in these wetlands can vary with some areas consisting of a deep (greater than 18 inches) organic
layer classified as histosol and others containing a thick, mucky A horizon underlain by a depleted sandy
loam with redoximorphic concentrations. Hydrology indicators include open water and saturation to the
soil surface.

3.3

Emergent Wetlands

Several palustrine emergent (PEM) wetlands occur within the Study Area, many of which are a component
of a larger wetland with more than one cover type and generally fall under the depressional
hydrogeomorphic classification11. The majority of PEM wetland areas are located within active agricultural
fields planted with corn (Zea mays) (Appendix B, Photograph 11), or used for hay and contain blue joint
(Calamagrotis canadensis), reed canary grass (Phalaris arundinacea) common fox sedge (Carex
vulpinoidea) and sweet vernalgrass (Anthoxanthum odoratum). These are depressional wetlands, with a
high level of disturbance from ongoing agricultural activities. Soils observed within these disturbed
wetlands include a plowed topsoil underlain by a depleted matrix containing redoximorphic

9

Connecticut Invasive Plants Council. 2018. Connecticut Invasive Plant List. University of Connecticut. October
2018. Available online at: https://cipwg.uconn.edu/wp-content/uploads/sites/244/2018/12/CT-InvasivePlant-List-2018Scientific-Name.pdf.
10
U.S. Department of Agriculture, 2008.
11
U.S. Department of Agriculture, 2008.
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concentrations or a dark surface horizon with redoximorphic concentrations beginning in the upper six
inches. Several of these wetlands show signs of the possible presence of tile drains.
A few natural, emergent wetlands occur in the Study Area as well, these wetlands are dominated by
porcupine sedge (Carex hystericina), spotted lady’s thumb (Persicaria maculosa), cottongrass bulrush
(Scirpus cyperinus), rice cut grass (Leersia oryzoides), smartweed (Persicaria spp.), sensitive fern (Onoclea
sensibilis) nodding burr-marigold (Bidens cernua), reed canary grass (Phalaris arundinacea), stinging nettle
(Urtica dioica), and spotted-touch-me-not (Impatiens capensis). Wetland W10 contains a ponded area
that is flooded in the spring, and mostly overgrown with emergent vegetation later in the summer
(Appendix B, Photograph 2). Soils in these wetlands are either classified as histosols with a deep organic
surface layer or contain a very dark surface horizon with underlain by a depleted sandy loam with
redoximorphic features visible in the upper 6-inches of the soil surface.

4

WATERCOURSE DELINEATION RESULTS

Ten watercourses were identified during field surveys for the Project. Three of the watercourses are
classified as perennial and the remainder are classified as having intermittent and ephemeral watercourse
flow. Cold Spring Brook flows generally west along the northwestern border of the Study Area and empties
into Blackwell Brook, which flows south along the western border of the Study Area. These two perennial
watercourses are tributaries to the Quinebaug River. The watercourse identified as S03 begins as an
intermittent drainage that flows out of wetland W18 before entering into wetland W17 where the flow
becomes perennial. The remainder of the watercourses identified within the Study Area are generally
small, shallow watercourses flowing on a gently sloping gradient. Substrate typically consists of sand,
cobble, and gravel. Table 2 in Appendix A provides further details on each watercourse delineated within
the Study Area.
Several watercourses identified in the Study Area are the result of anthropogenic activities. Watercourses
S01 and S06 are human-made ditches likely created to divert water away from certain areas (gravel and
agricultural areas). Watercourse S06 (Appendix B, Photograph 5) is a ditch that conveys water from a
culvert outlet in the site access road and ends as a surface drainage in wetland W21. Watercourse S01 is
a natural, intermittent watercourse that flows west out of wetland W07, and flows into a human-made
ditch when it takes an abrupt turn and flows south into a culvert in the access road and eventually into
wetland W10. Watercourse S05 is an ephemeral drainage that flows off of a low spot in an existing access
road, and only flows after storm events and likely for a brief period of time in the spring. Watercourse S09
likely formed from failed tile drains in wetland W08. This ephemeral watercourse connects wetland W08
and wetland W29 before flowing underground.
The new vernal pool was surveyed during the spring 2019 field effort. VP9 (Appendix B, Photograph 8) is
a Tier 1 vernal pool occurring adjacent to Wauregan Road in the southern end of the Study Area. This pool
likely formed following construction of the road. In this area, Wauregan Road passes through a long
narrow depression in the landscape. There are no culverts visible that would allow water to flow from this
pool under the road, however they may be older and buried if they exist.
VP9 was observed to have 38 wood frog (Lithobates sylvaticus) egg masses during the first visit on April
17, 2019. The pool is approximately 30-feet by 50-feet and 10–20 inches deep. Hydrology is ephemeral,
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with the pool likely drying out completely in the summer. A wetland evaluation form for this pool is
provided in Appendix C. The Critical Terrestrial Habitat analysis completed for this vernal pool indicates
the 100–750-foot envelope of the pool is approximately 75 percent forested, 23 percent developed, and
2 percent gravel pit. Within the 100-foot envelope of this pool, approximately 92 percent is forested and
8 percent is developed. Based on these observations and analyses, the pool would meet the criteria for a
Tier I pool according to Calhoun and Klemens 200212.

5

CONCLUSION

The intention of this revised natural resource survey report is to provide updated wetland and
watercourse delineation lines and to fully characterize the natural resources that exist within the Study
Area. This section offers more detailed information regarding the avoidance measures that will be taken
into account for the updated design, as well as the construction and operation of the Project.

5.1

Natural Resource Protection

At this time avoidance is proposed for the protection of wetlands and watercourses within the Study Area.
No impacts are proposed to clear, dredge or fill any wetland or watercourse known to occur in the Study
Area. A herpetofauna protection area has been created to protect a cluster of high functioning vernal
pools and associated higher quality complex of upland and wetland forested habitats occurring on the
western side of the Project site (VP4 and VP5). This area maintains a forested connection between these
pools, their associated wetlands, and the floodplain area associated with Blackwell Brook. Additionally, a
directional buffer has been applied to VP8 to provide a forested connection between wetlands W05, W06
and W07.
A Herpetofauna Avoidance and Mitigation Plan has been developed for the project and will be employed
during Project construction and operation. The updated water resources areas identified in this report
will not affect the implementation of this plan. However, an updated summary table of wetland and
watercourse buffers is provided in Appendix A, which replaces the existing buffer table included in the
Herpetofauna Avoidance and Mitigation Plan provided to NDDB in the Site Conditions Report. The recently
identified vernal pool, VP9 also will be protected and no development is proposed within the 100-foot
envelope or within the 750-foot Critical Terrestrial Habitat of the pool.

5.2

Buffers

A standard 100-foot buffer will be maintained around all wetlands, watercourses, and vernal pools
mapped within the Study Area with a few exceptions (Appendix A, Table 3). There are a few areas around
wetlands and watercourses where smaller buffers (less than 100 feet) will be used. These are areas where
wetlands occur in or adjacent to active agricultural fields, or where existing roadways occur within 100
feet of a wetland or watercourse. Figure 2 provides details regarding the buffers, setbacks and restricted
areas that have been identified as sensitive and will be avoided during project construction and operation.
Due to the lack of clearing that will be required within active agricultural areas and existing roadways, and
the disturbed nature of the resources or the area immediately surrounding them, smaller buffers will be

12

Calhoun, A. J. K. and M. W. Klemens. 2002
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applied in these locations. Appendix A, Table 3 provides a summary of wetland and watercourse setback
exceptions to the Project-standard 100-foot buffer.
A 50-foot buffer will be applied to wetlands and watercourses that do not contain a vernal pool and are
located entirely within or adjacent to active agricultural areas. Wetlands and watercourses located
adjacent to existing roadways occur at varying distances, setback minimum measurements are noted in
Appendix A, Table 3.
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Wetland and Watercourse Buffers for the Quinebaug Solar Project, Brooklyn and Canterbury, Connecticut.
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Wetland Delineation Survey Results, Quinebaug Solar Project, Brooklyn and Canterbury, Connecticut.

Wetland
Identification

Cowardin
Classification1

Area
delineated
(Acres)

Area
delineated
(Square Feet)

W01

PEM

0.14

6,098

W02

PFO

0.95

41,382

W03

PFO

3.70

161,172

W04

PEM

0.02

871

W05

PFO

1.32

57,499

Resource Summary
This wetland is a depression in an active agricultural field with 50/50
redoximorphic depletions and concentrations in the sub soil layer starting at 18
inches. Vegetation present is corn (Zea mays).
This wetland occurs in a forested depression located along the northeast
boundary of the Study Area, adjacent to Rukstela Road. The soil is classified as a
histosol with approximately 18 inches of organic surface layer. The vegetation
consists predominantly of red maple (Acer rubrum), skunk cabbage
(Symplocarpus foetidus), poison ivy (Toxicodendron radicans), cinnamon fern
(Osmundastrum cinnamomeum), rambler rose (Rosa multiflora), and swamp
white oak (Quercus bicolor). The boundary for this wetland was modified during
field work completed in spring 2019.
This wetland is hydrologically connected to wetland W02 through an off-site
drainage. Two human-made ponds are present in this wetland just outside of
the Study Area. Only a small portion of this wetland occurs within the Study
Area. The soil is a histosol with a thick organic layer of approximately 18 inches
over a depleted subsoil layer. The vegetation predominantly consists of red
maple, skunk cabbage, poison ivy, cinnamon fern, rambler rose, and swamp
white oak.
This isolated emergent wetland occurs in a previously forested area that was
recently cleared. Soils are a depleted sandy loam with redoximorphic
concentrations observed. Vegetation is dominated by porcupine sedge (Carex
hystericina), cottongrass bulrush (Scirpus cyperinus), and spotted lady’s thumb
(Persicaria maculosa).
This is a forested wetland that contains a vernal pool (VP8). The soils consist of
a think organic layer over a depleted subsoil with saturation at the surface. The
vegetation predominantly observed consists of red maple, cinnamon fern,
rambler rose, and swamp white oak.
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Cowardin
Classification1

Area
delineated
(Acres)

Area
delineated
(Square Feet)

W06

PFO

1.65

71,874

W07

PFO

15.11

658,192

W08

PEM

0.78

33,977

Resource Summary
This forested wetland is located in a low spot within the landscape. Soil was
observed to have 18 inches of dark organic material over a depleted subsoil
layer. The vegetation predominantly consists of red maple, eastern white pine
(Pinus strobus), skunk cabbage, cinnamon fern, rambler rose, swamp white oak,
American elm (Ulmus americana), and evergreen wood fern (Dryopteris
intermedia).
This forested wetland is centrally located in the Study Area. An intermittent
watercourse (S01) flows into the wetland from the west. Soils was observed to
have 20 inches of dark surface horizon over a depleted subsoil layer with
redoximorphic features visible in the upper 6 inches. The vegetation
predominantly consists of cinnamon fern, white ash (Fraxinus americana),
oriental bittersweet (Celastrus orbiculatus), sensitive fern (Onoclea sensibilis),
highbush blueberry (Vaccinium corymbosum), American elm, jack-in-the-pulpit
(Arisaema triphyllum), and stinging nettle (Urtica dioica). The boundary for this
wetland was modified during field work completed in spring 2019.
This is an emergent wetland that is located in an area that has been used
historically for agriculture and likely formed as a resulted of a failed tile drain.
The predominant vegetation observed consisted of bluejoint, common fox
sedge, northern sweet vernal grass (Anthoxanthum hirtum), and reed canary
grass (Phalaris arundinacea). The soils observed were dark down to refusal at 12
inches with mottling observed at 4 inches. The boundary for this wetland was
modified during field work completed in spring 2019.
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Cowardin
Classification1

Area
delineated
(Acres)

Area
delineated
(Square Feet)

W09

PFO/PEM

2.37

103,237

W10

PEM/PFO/PSS/PUB

9.80

426,888

W11

PFO

0.69

30,056

W12

PFO

0.24

10,454

Resource Summary
This is mainly a forested wetland with an emergent component on the north
end of the wetland. The soils consist of a dark surface horizon underlain by a
depleted sandy loam with redoximorphic concentrations. The vegetation
predominantly observed consisted of red maple, eastern white pine, cinnamon
fern, rambler rose swamp white oak, stinging nettle, and northern spicebush
(Lindera benzoin), poison ivy, and cinnamon fern in the forested areas, with
bluejoint, sweet vernal grass, and bedstraw (Gallium spp.) observed in the
emergent portion. The emergent area has likely been tile drained in the past
and is currently used as a hayfield. The boundary for this wetland was modified
during field work completed in spring 2019.
This is a forested wetland on the west and scrub/shrub and emergent wetland
complex on the eastern side. There are two open water areas on the southern
boundary of the wetland complex that fill in with emergent vegetation late in
the season. The soils consist of a histosol with a thick organic layer, saturated to
the surface, with areas of surface water ranging from 3 to 10 inches deep. Red
maple and eastern white pine are the dominant trees with common buttonbush
(Cephalanthus occidentalis) occurring in a shrub-dominated area of the wetland,
and rice cutgrass (Leersia oryzoides) covering most of the emergent marsh
around the open water area of this wetland.
This forested wetland contains a vernal pool (VP4) and is located in a relict
channel in a deep valley. This wetland is hydrologically connected to three other
wetlands (W12, W13, and W14) through intermittent surface flow. Periodic
surface flow also is received through ephemeral watercourse S05. The soils
consist of a thick organic layer over a depleted subsoil layer. Dominant
vegetation includes red maple, highbush blueberry, skunk cabbage, sensitive
fern, rambler rose, and swamp white oak.
This is a forested wetland that drains into an intermittent tributary (S02) of
Blackwell Brook. The vegetation predominantly consists of red maple, highbush
blueberry, poison ivy, sensitive fern, rambler rose, and eastern white pine. Soils
are characterized by a dark surface horizon underlain by a depleted sandy loam.
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Cowardin
Classification1

Area
delineated
(Acres)

Area
delineated
(Square Feet)

W13

PFO

0.05

2,178

W14

PFO

0.35

15,246

W15

PFO

2.19

95,396

W16

PFO

0.08

3,485

W17

PFO

1.64

71,438

Resource Summary
This small forested wetland occurs in the relict watercourse channel on the
western side of the Study Area. Soils are characterized by a dark surface horizon
underlain by a depleted sandy loam. The vegetation includes red maple,
sensitive fern, and common winterberry (Ilex verticillata).
This forested wetland contains a vernal pool (VP5). There is a cornfield to the
north and to the south of this wetland, and an inactive gravel pit is located to
the east. The vegetation includes common winterberry, highbush blueberry, red
maple, sensitive fern, and rambler rose.
This wetland is a narrow, forested floodplain of Cold Spring Brook (S04), located
along the western boundary of the Study Area. The dominant vegetation
includes American elm, red maple, yellow birch (Betula alleghaniensis),
American hornbeam (Carpinus caroliniana), evergreen wood fern, jewelweed
(Impatiens capensis), skunk cabbage, cinnamon fern, and stinging nettle. There
is a natural spring flowing out of the ground at the western edge of this wetland
that flows to the west into Cold Spring Brook. The soils are alluvial with
stratified layers of recent deposits from intermittent flooding.
This wetland occurs in north end of the Study Area and contains a vernal pool
(VP6). The soils consist of a histosol with 18 inches of organic muck over sand.
The dominant vegetation includes American elm, red maple, evergreen wood
fern, and jewelweed. This wetland is human-altered and was likely a farm pond
in the past.
This wetland is a forested floodplain wetland of watercourse S03 and Cold
Spring Brook (S04). The terrain has distinct microtopographic relief with trees
predominantly growing on the mounded areas. There are signs of water staining
and drainage patterns with seeps observed throughout. The dominant
vegetation observed includes American elm, red maple, yellow birch, American
hornbeam, evergreen wood fern, jewelweed, skunk cabbage, cinnamon fern,
stinging nettle, and purple avens (Geum rivale). Soils are generally alluvial with
thick layers of organic material.
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Identification
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Cowardin
Classification1

Area
delineated
(Acres)

Area
delineated
(Square Feet)

W18

PFO

2.48

108,029

W19

PFO

2.12

92,347

W20

PFO

0.75

32,670

W21

PFO

1.08

47,045

W22

PFO

0.51

22,216

Resource Summary
This wetland drains to the west into watercourse S03. Signs of water staining
and drainage patterns are the hydrologic indicators in this wetland. The
dominant vegetation observed includes red maple, skunk cabbage, poison ivy,
cinnamon fern, rambler rose, and swamp white oak. Soils are characterized by a
dark fine sandy loam with 10% redoximorphic features. The boundary for this
wetland was modified during field work completed in spring 2019.
This wetland is located along the northern boundary of the Study Area, and a
vernal pool (VP7) located in an old farm pond occurs in this wetland. The soil is
a histosol with approximately 20 inches of organic surface later. Vegetation
includes red maple, jewelweed, skunk cabbage, Japanese barberry (Berberis
thunbergii), rambler rose, oriental bittersweet, burning bush (Euonymus alatus),
poison ivy, and cinnamon fern. This wetland is human-altered and was likely a
farm pond in the past.
This wetland is located adjacent to a cornfield. The soil contains a thick mucky
surface horizon underlain by a depleted fine sandy loam with 20%
redoximorphic concentrations. The dominant vegetation observed includes red
maple, jewelweed, skunk cabbage, Japanese barberry, rambler rose, oriental
bittersweet, burning bush, poison ivy, sugar maple (Acer saccharum), and
cinnamon fern.
This forested wetland is located in the southern portion of the Study Area and
receives water from the human-made watercourse, S06. Additionally, this
wetland is connected to wetland W07 via a culvert in the gravel access road.
Characteristics of this wetland are similar to that of wetland W07. Soils are
characterized by a dark surface horizon underlain by depleted sandy loam with
redoximorphic concentrations.
This forested wetland is located along the southern boundary of the Study Area,
adjacent to Wauregan Road. Red maple, American hornbeam and Morrow’s
honeysuckle (Lonicera morrowii) are the dominant vegetation in this wetland.
Soils are characterized by a thick surface horizon underlain by depleted sandy
loam.
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Cowardin
Classification1

Area
delineated
(Acres)

Area
delineated
(Square Feet)

W23

PFO

4.44

193,406

W24

PFO

1.39

60,548

W25

PFO

1.55

67,518

W26

PFO

8.98

391,169

W27

PEM/PFO/PSS

3.78

164,657

W28

PFO

0.22

9,583

W29

PEM

0.09

3,920

Resource Summary
This forested wetland is located along the western boundary of the Study Area
within the floodplain of Blackwell Brook (S07). Three vernal pools (VP1, VP2,
and VP3) are located within this wetland. Soils are alluvial with stratified layers
deposited from intermittent flooding.
This forested wetland is located along the western boundary of the Study Area
within the floodplain of Blackwell Brook (S07). A vernal pool (VP3) is associated
with this wetland that provides a hydrologic connection to wetland W23. Soils
are alluvial with stratified layers deposited from intermittent flooding.
This forested wetland is located along the western boundary of the Study Area
within the floodplain of Blackwell Brook (S07). This wetland also is associated
with watercourse S02. Soils are alluvial with stratified layers deposited from
intermittent flooding.
This forested wetland is located outside the southern end of the current Study
Area and is connected to the Quinebaug River, offsite.
This emergent, forested, and scrub-shrub wetland is located along the southern
boundary of the Study Area. Red osier dogwood (Swida sericea), and red maple
are dominant vegetation. Soils are characterized by a dark, mucky surface
horizon underlain by depleted sandy loam with 15% redoximorphic
concentrations.
This forested wetland is associated with watercourse S01. Dominant vegetation
includes red maple, rambler rose and sensitive fern. Soils are characterized by
dark, mucky surface horizon with redoximorphic concentrations beginning at 16
inches. This wetland was delineated within the Study Area during field work
completed in spring 2019.
This emergent wetland is located in a previously forested area that has been
cleared and is now regenerating. The vegetation predominantly consists of reed
canary grass, stinging nettle, and spotted-touch-me-not (Impatiens capensis).
The soils observed were dark loam and sandy loam with mottling observed at 4
inches. This wetland was delineated within the Study Area during field work
completed in spring 2019.
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Identification

W30
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Cowardin
Classification1

PFO

Area
delineated
(Acres)

0.18

Area
delineated
(Square Feet)

7,841

Resource Summary
This wetland is a forested floodplain of Cold Spring Brook. Alluvial soils are
present, and the dominant vegetation consisted of skunk cabbage and red
maple. This wetland was delineated within the Study Area during field work
completed in spring 2019.

1 – PFO = palustrine forested; PEM = palustrine emergent; PSS = palustrine scrub-shrub; PUB = palustrine unconsolidated bottom; Source: Cowardin, L. M., V. Carter, F. C. Golet, and E. T. LaRoe.
1979. Classification of wetlands and deepwater habitats of the United States. U.S. Department of the Interior, Fish and Wildlife Service. FWS/OBS-79/31. Washington, DC. Available online at:
https://www.fws.gov/wetlands/documents/classwet/index.html. Accessed March 6, 2019.
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Watercourse Delineation Results, Quinebaug Solar Project, Brooklyn and Canterbury, Connecticut.

Watercourse
Identification

Watercourse Type

S01

Intermittent

S02

Intermittent

S03

Intermittent/Perennial

S04
(Cold Spring
Brook)

Perennial

S05

Ephemeral

S06

Intermittent

S07
(Blackwell
Brook)

Perennial

S08

Intermittent

S09

Ephemeral

S10

Intermittent

Summary
This watercourse is a drainage that flows west from wetland W07 as a natural intermittent channel. Historic
anthropogenic activity has changed its course to abruptly turn south and flow south through a culvert into
wetland W10.
This watercourse is a small channel flowing through wetland W12. Water flows west towards Blackwell Brook
(S07) and disperses as surface flow into wetland W25 before reaching Blackwell Brook.
This watercourse has an intermittent flow out of wetland W18. As it flows through wetland W17 it receives
more groundwater inputs and becomes a perennial watercourse, eventually discharging into Cold Spring Brook
(S04). The substrate consists mostly of sand and muck, with cobble more common in the upper, intermittent
section of the watercourse. Small fish were observed in downstream pools.
This watercourse flows southwest along the northwestern boundary of the Study Area and is a tributary to
Blackwell Brook (S07). This low-gradient watercourse is sinuous with a substrate of sand and muck with areas
of cobble. A ground-water seep in wetland W15 flows into this watercourse.
This small watercourse segment flows north into wetland W11 and vernal pool VP4 receiving runoff from the
gravel access road to the south.
This watercourse is a human-made ditch that flows west from a culvert in the access road and ends as surface
flow into wetland W21.
This watercourse flows south along the western boundary of the Study Area and contains several floodplain
wetlands (W15, W23, W24, and W25), and vernal pools (VP1, VP2, and VP3). This watercourse is characterized
by steep banks with areas of undercutting and erosion common. Blackwell Brook is a tributary to the
Quinebaug River.
This intermittent watercourse is located south of the Study Area in wetland W26 and is a tributary to the
Quinebaug River.
This drainage flows west from an agricultural field beginning in wetland W08 and diffusing in wetland W29
where it continues as surface flow until eventually going underground. This watercourse is likely the result of
failing tile drains in wetland W08. Historic anthropogenic activity has impacted this watercourse. This
watercourse was delineated within the Study Area during field work completed in spring 2019.
This intermittent watercourse starts from a groundwater seep within wetland W09 and flows west until
dispersing within the wetland. Substrate consists of cobble, gravel and mucky sand. Runoff from the
agricultural field upslope likely adds soils and other materials into this system. This watercourse was delineated
within the Study Area during field work completed in spring 2019.
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Table 3. Summary of Wetland and Watercourse Setback Exclusions for the Project-standard 100-foot buffer (measurements for setback minimum are
approximate), Quinebaug Solar Project, Brooklyn and Canterbury, Connecticut.
Resource ID

Setback Minimum

W01

50 feet

W02

100 feet in forested area and
50 feet in cleared area in
agricultural field

W04

75 feet

W06

90 feet

W07

70 feet along existing skidder
trail and 10 feet to existing
roadway

W08

30 feet

W09

21 feet

W10
W16
W18

10 feet to existing gravel
roadway
10 feet to existing gravel
roadway (Rukstela Road)
100 feet in forested area and
50 feet in cleared area in
agricultural field

Explanation
•

This wetland occurs entirely within an active agricultural field; no associated a vernal pool. The
Project will result in cessation of disturbance associated with agricultural activities in and around
this wetland (e.g., plowing), therefore, facilitating growth of natural wetland plant species.

•

The area to the west of this wetland is in active agricultural use. No tree clearing will occur within
100 feet of this wetland.

•

The substation access road will occur adjacent to or within the existing transmission line right-ofway (ROW) between wetlands W04 and W26.

•

Existing skidder trail (i.e., used for timber harvest) will be used for Project site road to the extent
practicable.

•

Existing skidder trail (i.e. used for timber harvest) on the east side of the wetland will be used as
a Project site road to the extent practicable; the existing roadway to the south of the wetland
also will be used as a Project site road.

•

Project site road will bisect the buffer between wetlands W08 and W09 along an existing farm
road in the hayfield.

•

Project site road will bisect the buffer between wetlands W08 and W09 along an existing farm
road in the hayfield.

•

Existing road will be used as a Project site road.

•

The existing road is approximately 20 feet from vernal pool VP6 that occurs within this wetland.

•

The areas north and south of this wetland are in active agricultural use. No tree clearing will occur
within 100 feet of this wetland.
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Resource ID

Setback Minimum

Explanation

W20

100 feet in forested area and
50 feet in cleared area in
agricultural field

•

The area to the southeast of this wetland is in active agricultural use. No tree clearing will occur
within 100 feet of this wetland.

W21

10 feet to existing roadway

•

Existing road will be used as a Project site road.

W26

48 feet on opposite side of
existing transmission ROW

•

The substation access road will occur adjacent to or within the existing transmission line ROW
between wetlands W04 and W26.

W29

40 feet to existing roadway

•

Existing road will be used as a Project site road.

W28

10 feet to existing roadway

•

Existing road will be used as a Project site road.

S01

10 feet to existing roadway

•

The existing road to the south of this watercourse will be used as a Project site road. No tree
clearing will occur within 100 feet of this wetland.

S05

35 feet to existing roadway

•

The existing road to the south of this watercourse will be used as a Project site road. No tree
clearing will occur within 100 feet of this wetland.

S06

30 feet to existing roadway

•

Existing road will be used as a Project site road.
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Appendix B – Photographic Log
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Photo: 1
Description: Typical forested
wetland (W07) with mucky
soils and indicators of surface
water.
Date: July 15, 2016
Source: Tetra Tech, Inc.

Photo: 2
Description: Emergent and
open water wetland (W10)
on the southern boundary of
the Study Area.
Date: September 24, 2018
Source: Tetra Tech, Inc.
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Photo: 3
Description: Typical forested
wetland with shrubby
understory dominated by
northern spicebush (Lindera
benzoin).
Date: July 15, 2016
Source: Tetra Tech, Inc.

Photo: 4
Description: Forested
floodplain wetland (W17) on
the western boundary of the
Study Area. Watercourse S03
is a tributary to Cold Spring
Brook.
Date: September 5, 2018
Source: Tetra Tech, Inc.
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Photo: 5
Description: Human-made
ditch S06 flows out of a
culvert in the access road and
empties into wetland W21.
Date: April 16, 2019
Source: Tetra Tech, Inc.

Photo: 6
Description: Wetland W30 is
a floodplain wetland of Cold
Spring Brook.
Date: May 17, 2019
Source: Tetra Tech, Inc.
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Photo: 7
Description: Cold Spring
Brook (S04) is a perennial
watercourse and tributary to
Blackwell Brook.
Date: May 16, 2019
Source: Tetra Tech, Inc.

Photo: 8
Description: Vernal pool VP9,
which is part of wetland
W22, is adjacent to
Wauregan Road.
Date: April 17, 2019
Source: Tetra Tech, Inc.
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Photo: 9
Description: Forested
portion of wetland W09.
Date: May 16, 2019
Source: Tetra Tech, Inc.

Photo: 10
Description: Emergent
portion of wetland W09.
Date: May 16, 2019
Source: Tetra Tech, Inc.
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Photo: 11
Description: Wetland W01
mapped within an active
agricultural field that was
recently used for growing
corn.
Date: April 16, 2019
Source: Tetra Tech, Inc.

Photo: 12
Description: Wetland W10
contains a shrubby edge
dominated by common
buttonbush (Cephalanthus
occidentalis).
Date: September 28, 2018
Source: Tetra Tech, Inc.
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Appendix C – Vernal Pool Data Sheet, VP9
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ADDITIONAL WILDLIFE &
RESOURCE EVALUATION
(AUGUST 28, 2019)

August 28, 2019
Ms. Robin Blum
Wildlife Division, Bureau of Natural Resources
Connecticut Department of Energy and Environmental Protection
79 Elm Street
Hartford, Connecticut 06106-5127

Subject: Quinebaug Solar Project, Additional Wildlife and Resource Evaluation – Request #201904603
Dear Ms. Blum,
On behalf of Quinebaug Solar, LLC (Quinebaug Solar), Tetra Tech, Inc. (Tetra Tech) submitted an
Environmental Site Conditions Report (Report) and request for final determination on April 23, 2019 to
the Department of the Energy & Environment’s (DEEP’s) Natural Diversity Data Base Program (NDDB) for
the Quinebaug Solar Project (Project). This letter serves to provide supplemental information requested
by NDDB on July 24, 20191.
These responses serve as a supplement to the information already provided in the original Report. Two
attachments are included with this letter (Attachment A: Figures and Attachment B: Resumes) to help
support this response and provide up to date Project information.
NDDB Comment:
The only additional species not included with the earlier preliminary assessment species list is American
kestrel. Survey work will not be required for this species; time-of-year restrictions will be appropriate
protection measures.
Tetra Tech Response:
Prior to filing the Report, NDDB had indicated that a revised species list was not necessary. American
kestrel (Falco sparverius) was not included in the initial species list provided by NDDB in 2016, and
therefore not covered in the original Report.
Avoidance measures will be employed during construction, including seasonal clearing restrictions (winter
tree clearing) to accommodate migratory bird species such as American kestrel as well as tree roosting
bat species (northern long-eared bat [Myotis septentrionalis]). Mitigation strategies to be employed
include construction-phase environmental monitoring, on-site environmental training for contractors,
and minimizing soil disturbance and establishing meadow habitat following construction. It is likely that,
if present, American kestrel will avoid the Project area during construction, and return to the site to hunt
or forage following the completion of construction activities.

1

Request received via email from Robin Blum (NDDB) to Katelin Nickerson (Tetra Tech) on July 24, 2019.
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NDDB Comment:
We have received and are currently reviewing Kevin Ryan’s report as it relates to herpetofauna
protection measures.
Tetra Tech Response:
The Vernal Pool Survey and General Herpetological Inventory of the Quinebaug Solar Project prepared by
FB Environmental Associates, included in Appendix C of the original Report, provides a technical summary
of the methods and results for these surveys conducted by Dr. Kevin Ryan. The Herpetofauna Avoidance
and Mitigation Plan also prepared by FB Environmental Associates, included in Appendix E of the original
Report, provides the measures to be employed by the Project to protect herpetofauna species that are
known or have the potential to occur at the Project Site. No comments have been received on either of
these reports to date.
NDDB Comment:
Impact assessments and avoidance measures for additional taxa, prepared by Tetra Tech, are included
in this report. Tetra Tech will furnish resume/CV for staff who provided the assessment. Particularly for
mussels, NDDB will want to see stormwater issues (quantitative and qualitative) addressed, and Tetra
Tech may need to retain the services of an invertebrate biologist to make this assessment.
Tetra Tech Response:
The 2016 preliminary assessment species list provided by NDDB2 indicates that eastern pearlshell mussel
(Margaritifera margaritifera) has the potential to occur in the Study Area. Upon further review, Tetra Tech
has determined this species does have the potential to occur in the Study Area3. Accordingly, Quinebaug
Solar will employ several avoidance and mitigation measures to protect freshwater mussels.
Apart from the herpetofauna surveys, all other surveys and reporting on wildlife and natural resources
was completed by Tetra Tech. Attachment B includes the resumes of the aquatic biologists who helped
develop this additional evaluation. Linda Rivard, at Tetra Tech, contributed to the development of the
Report and this supplementary evaluation. Ms. Rivard has been a member of the Project Team since 2016.
Additionally, Tetra Tech has obtained the services of Doug Locy of Aquatic Systems Incorporated, who has
relevant experience in aquatic biology as well as sediment and erosion control best management
practices. Both Ms. Rivard and Mr. Locy confirm that Quinebaug Solar is taking adequate measures to
protect water quality of adjacent watercourses, particularly Blackwell Brook and Cold Spring Brook.
The habitat of the eastern pearlshell mussel is generally found in streams that also contain trout and
salmon populations, and they are most commonly associated with high quality cold water fishery habitats.
The watercourses located adjacent to the proposed Project site, Cold Spring Brook and Blackwell Brook,
both located on the western side of the Study Area contain suitable habitat for freshwater mussels.
2

DEEP. 2016. Preliminary Site Assessment for installation of utility scale solar PV project for Quinebaug Solar, LLC on Wauregan
Road in Brooklyn and Canterbury Connecticut. NDDB preliminary assessment no. 201610447. 7 October 2016.

3

Live freshwater mussels were observed (unknown species) within the Study Area in the southern end of Blackwell
Brook during the spring 2018 vernal pool survey, as described in the Vernal Pool Survey and General
Herpetological Inventory of the Quinebaug Solar Project prepared by FB Environmental Associates.
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Freshwater mussels could be impacted by erosion and sedimentation to adjacent watercourses during
project construction. Heavy rainfall events could produce highly turbid surface water runoff from recently
exposed soils that can negatively impact the water quality of adjacent water resources. As discussed
below, preventing this scenario is a key tenet of Quinebaug Solar’s stormwater approach. The primary
strategy that will be employed to protect freshwater mussels will be to establish a no-disturbance buffer
around all wetlands and watercourses that will be fortified by using the best erosion control devices
available to maintain high water quality of the stormwater runoff during heavy rainfall events. Refer to
Attachment A for Figures of these Project areas.
Avoidance and Buffers
Generally, Quinebaug Solar plans to maintain buffers around all watercourses at a minimum of 100 feet,
except in limited circumstances in the vicinity of existing gravel roads (less than 100 feet) that will be used
for site access during construction (Attachment A, Figure 1). Redundant erosion control devices will be
installed along the gravel access roads to ensure a failsafe system to protect the resources. Regular road
maintenance will be employed during construction and will be maintained during the operation of the
Project. Similarly, much of the development proposed on the western side of the site will occur in areas
that have already been cleared for existing agricultural or recreational uses.
Additional avoidance and mitigation, as described in the original Report, will occur via establishment of a
herpetofauna avoidance area around the cluster of wetlands and vernal pools in a relic stream channel
immediately up slope from Cold Spring Brook and Blackwell Brook (Attachment A, Figure 1). Avoiding
clearing and development in this section of the Study Area will not only protect vernal pool species but
also will leave a forested buffer intact between the adjacent watercourses and potential sources of
erosion and sedimentation created during Project construction.
Attachment A, Figure 2 depicts the watercourse buffers and the nearest distances from potential ground
disturbance and clearing activities to suitable mussel habitat that is located along the western side of the
Study Area. The ground distance measurements account for the actual physical distance (horizontal and
vertical changes) on the ground. This demonstrates that in many cases the buffer zone for each
watercourse is actually farther than 100 feet when elevation is taken into account. The closest tree
clearing would occur approximately 285 feet (horizontal distance) from the top of bank of Blackwell Brook.
NDDB Comment:
Tetra Tech will submit project design plans as it relates to mussels. NDDB understands that, at this time,
plans may be more conceptual in nature and more detailed plans will be provided as available.
Tetra Tech Response:
A revised Project site plan is currently under development and will be provided to NDDB when available.
Attachment A, Figure 2 provides an analysis of areas within the proposed development footprint that will
be closest to watercourses that contain suitable mussel habitat and live freshwater mussels. As discussed
below, freshwater mussels will be protected by ensuring appropriate stormwater control and site
stabilization plans are employed during construction activities. Additionally, the construction sequence to
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be employed will ensure proper controls are in place to protect water quality during the approximately
one-year construction period.
Stormwater Control and Site Stabilization
A comprehensive erosion and sediment control plan is being developed for the Project. This plan will be
included as part of the Stormwater Management Report to be submitted to DEEP for the Stormwater
General Permit (General Permit). Best management practices will be followed to ensure proper erosion
and sediment control is maintained and that all water is treated before leaving the Project site to ensure
the water quality of adjacent watercourses is maintained.
In lieu of a final Stormwater Management Report, Quinebaug Solar has conducted an analysis of the
landscape on the western side of the Study Area. Using 2-foot contours combined with field-based
observations, the Project Team identified four areas that are susceptible to erosion and sedimentation,
based on field observations, landscape position, and surrounding topography. These areas are identified
as “Erosion Prone Areas” in Appendix A, Figure 2. These erosion prone areas, and others identified prior
to construction, will be closely monitored during construction to ensure the proper stormwater controls
are in place. Regular monitoring and redundant stormwater controls may be necessary in these areas.
Following installation of the solar array in the agricultural fields, the grasses established below the panels
will help stabilize soils that are currently exposed and subject to erosion. The application of no disturbance
buffers and establishing meadow habitat are two ways water quality will be protected throughout the life
of the Project. Compared to current site uses, this final site stabilization will result in a net improvement
in comparison to current conditions for several areas close to Blackwell Brook and Cold Spring Brook.
Stormwater Pollution Control Plan and Construction Sequence
The construction period stormwater design for the Project will be designed in accordance with the
Connecticut General Permit, the Soil Erosion and Sediment Control (SESC) Manual, and DEEP’s September
8, 2017 Guidance Document on “Stormwater Management for Solar Farm Construction Projects”. The
stormwater design will be developed with the intention of protecting natural resources and adjacent
watercourses from adverse impacts of construction period and post-construction stormwater runoff.
In accordance with the DEEP Stormwater General Permit, the Stormwater Pollution Control Plan cannot
be filed for approval until the Project has received a final determination from NDDB.
The SESC Manual indicates that construction phases should occur in 5-acre phases, with sediment traps
sized to hold an acceptable volume of water. Particulates then settle out of suspension, with a secondary
volume included in the design to retain runoff during larger storm events. The trap includes a spillway
through which water is allowed to flow onto undisturbed or stable ground. Accordant with Project Team
discussions with DEEP, larger development phases are allowed up to 10-acres; however, temporary
sediment basins will be required.
STEP 1: Perimeter stormwater controls will be established prior to the start of any earth-disturbing
activities. In addition, runoff from the construction area will be diverted through the use of earthen
diversion berms and swales equipped with check dams to reduce the velocity of stormwater flow. The

Quinebaug Solar, LLC

Page 5
swales direct stormwater to the sediment trap. Perimeter erosion control barriers will be installed along
the downgradient edges of the phase, with other phase demarcation to be determined by the
construction contractor and installed along the limit of work for each phase.
STEP 2: Sampling for turbidity monitoring shall be conducted in accordance with the requirements of the
General Permit at least once every month, when there is a discernable discharge of stormwater from the
site while construction activity is ongoing, and until final stabilization of the drainage area associated with
each outfall is achieved. Areas that are identified to be susceptible to increased levels of runoff will be
monitored regularly and, if required, additional controls will be implemented in these areas as needed to
control the volume and quality of water running off the site.
STEP 3: Once earth disturbing activities are complete the ground surface is considered stabilized once it
has reached 80% vegetative coverage per the SESC Manual. Seeded areas will be monitored daily and
augmented with additional seeding as needed. Temporary stormwater controls will only be removed once
the contributing area is considered stable.
STEP 4: Long-term stormwater controls will be designed to mitigate peak flow rates off-site. The panels
and concrete equipment pads will not be subject to vehicular access, and therefore do not produce any
pollutants to stormwater runoff. All other impervious surfaces, specifically gravel access roads, will not be
curbed in order to promote a “country drainage” scenario. The lack of curb and gutter will allow
stormwater runoff from the roadways to flow through adjacent grasses. This will remove any sediment
from the runoff prior to discharge off site or to a resource area.
Additional Control Measures
As described in the Report and the Herpetofauna Avoidance and Mitigation Plan, the Project will follow
best practices and endeavor to take all measures necessary to protect water quality of adjacent wetlands
and watercourses. This includes regular inspections of stormwater controls, biological monitoring,
training of construction and operations personnel, and documentation and reporting of observations.
In addition to the Stormwater Management Report, the Project is committing to the development and
implementation of an environmental monitoring plan. This plan will be prepared and/or reviewed by the
biologists and natural resource scientists who conducted field studies at the Project site. Consistent
monitoring throughout the construction process will allow for real-time adjustments to be made to
protect adjacent natural resources. Protecting water quality and wildlife is a priority for Quinebaug Solar
throughout the development, construction and operation phases of the Project.
NDDB Comment:
NDDB will continue to review the Environmental Site Conditions Report and the Wetland and
Watercourse Delineation Report in association with the request for final determination for Quinebaug
Solar.
Tetra Tech Response:
This letter serves as a supplement to the Report, submitted on April 23, 2019 and the revised Wetland
and Watercourse Delineation Report, submitted on June 3, 2019. No further comments have been
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received on these reports apart from those included in this letter. Quinebaug Solar anticipates filing with
the Connecticut Siting Council in October 2019. Accordingly, Quinebaug Solar respectfully requests that
DEEP issue a Final Determination as soon as possible, but no later than September 15, 2019.
Additional Information from Tetra Tech:
Attachment A, Figure 1 provides an update to the previously submitted figure depicting the wetland and
watercourse buffers and maximum potential limit of work. In this figure, additional area has been added
to the directional buffer for vernal pool VP8. This increased buffer area protects the forested upland
habitat between wetlands W05 and W06. No other changes have been made to natural resource buffers.
Additionally, the maximum potential limit of work has expanded in the parcel south of Wauregan Road,
and adjacent to the existing access road between S06 and W06. These changes reflect the efforts being
taken to develop the Project in a way that utilizes existing disturbed areas and protects local wildlife and
natural resources.
Please contact me if you have any further questions on the original report or on any of the information
provided in this letter.
Respectfully submitted,

Katelin Nickerson
Project Manager
Tetra Tech
katelin.nickerson@tetratech.com
cc: Hagen Lee (NextEra); Jon Gravel (NextEra)
Attachment A - Figures
Attachment B – Resumes
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Attachment A – Figures
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Figure 1: Wetland and Watercourse Buffers, Quinebaug Solar

Quinebaug Solar, LLC

Figure 2: Wetland and Watercourse Ground Distance and Identified Erosion Prone Areas
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Attachment B – Resumes
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LINDA RIVARD
Environmental Scientist and Planner
EXPERIENCE SUMMARY
Ms. Rivard is an aquatic biologist with over 18 years of experience in biological research, environmental
permitting, and preparing various environmental compliance documents. She is a National Environmental
Policy Act Team Leader, with over 15 years of experience preparing Environmental Assessments and
Environmental Impact Statements (EISs). She also has prepared numerous Integrated Natural Resources
Management Plans for Department of Defense installations located along the Atlantic coast and in Texas. She
is a veteran of the United States Air Force, with four years of military experience in the Pacific in support of
the 18th Fighter Wing in Okinawa, Japan, and serving during the Gulf War. She has experience working with
public and private clients, governmental agencies, and non-profit organizations. Her specialized training
includes implementation of surveys using different bioassessment protocols, including the U.S. Environmental
Protection Agency Rapid Bioassessment Protocols for freshwater streams, Maine Department of Inland
Fisheries and Wildlife (MDIFW) Mayfly Survey Protocol, and Maine Department of Environmental Protection
Conservation Methods for Biological Sampling and Analysis of Maine’s Rivers and Streams. She has been the
field team leader for several projects involving collection of water quality and benthic macroinvertebrate
samples, documentation of physical habitat data, and collection of terrestrial invertebrates. The application and
interpretation of data analysis methods for aquatic invertebrates, and comprehensive reporting have been part
of her responsibilities in support of biological projects. Ms. Rivard has strong writing and data analysis skills,
which allow her to participate in preparing many different types of biological, natural resources, and
environmental compliance reports and planning documentation. Ms. Rivard has managed a variety of projects,
from small-scale to large, multi-year projects.

EDUCATION
B.S., 2000 (Honors)

University of New Hampshire, Durham, NH; Major: Marine and Freshwater Biology

TRAINING AND CERTIFICATIONS
2016 Tetra Tech Sales Training, Boston, MA
2015 Stream Smart Workshop, Maine Audubon, Wells, ME
2015 Biological Assessment Training, Maine Department of Transportation, Fairfield, ME
2015 Fishing Vessel Safety Training Program, Certificate of Training, Portsmouth, NH
2013 Tetra Tech Project Manager 2 Training, Certificate of Completion, Salt Lake City, UT
2009 Tetra Tech Project Manager 1-2-3 Training, Certificate of Completion, Portland, ME
2009 Roaring Brook Mayfly Sampling Field Training, Carthage, ME
2007 Basic and Advanced Erosion Control Practices, Certificate of Completion, Maine Department of
Environmental Protection, Portland, ME
2007 Spider Identification, Maine Entomological Society, Maine Forest Service, Augusta, ME
2006 Biological and Habitat Assessment for Water Resource Professionals. Sustainable Land Stewardship
International Institute, Sacramento, CA
2005 Introduction to the California Environmental Quality Act, 1-day workshop, Sacramento, CA
2003 Erosion and Sediment Control Practices, Certificate of Completion, City of Rocklin, Rocklin, CA
REPRESENTATIVE TETRA TECH PROJECTS
Maine Department of Transportation, Biological Assessments and Surveys, various projects, Maine
(2014–present) — Project manager and assistant scientist for preparation of biological assessments and
completion of biological surveys for various Maine Department of Transportation projects, including bridge
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work and road improvement projects. Survey work includes habitat assessments for northern long-eared bat
and Atlantic salmon, and vernal pool, stream, and wetland surveys.
U.S. Department of the Navy (Navy) Maine Installations Biological Survey Work and Plans, Maine
(May 2015–present) — Project manager for overseeing various biological survey work and plan development
for three Navy installations located in Maine, including Naval Computer Telecommunications Area Master
Station Atlantic Detachment Cutler (NCTAMSLANT DET Cutler), Great Pond Outdoor Adventure Center,
and Survival, Evasion, Resistance and Escape School. Biological survey work and reporting includes completion
of fish surveys, forest inventories, invertebrate surveys, deer population and habitat surveys, invasive species
surveys, erosion control surveys, and high elevation bird surveys. This project also included establishment of a
long-term Monitoring Avian Productivity and Survivorship station at NCTAMSLANT DET Cutler, with
completion of 5 years of summer surveys initiated in 2015 scheduled to be completed in 2019. Development
of a fire management plan also was prepared for NCTAMSLANT DET Cutler. Responsible for coordinating
survey schedules and access requirements, project tracking and budgets, and assisting with the survey and
reporting work.
Confidential Client, Solar Projects, Connecticut and Maine (April 2017–present) — Assisting with
permitting support, reporting, and administrative tasks associated with four solar projects planned for
development in eastern and central Connecticut and two solar projects planned for development in central
Maine. Deputy Project Manager support is being provided to ensure the fast-paced schedule for securing the
federal, state and local permits is met, including oversight and management of subcontractors that are providing
civil engineering, cultural resources, acoustic study, visual impact assessment, stormwater planning, public
outreach, and transmission interconnection design services. Technical services being provided by Tetra Tech
include wetland delineation, vernal pool, and bat acoustic surveys, as well preparation of environmental reports.
Natural Resources Conservation Service (NRCS), Arm Brook Rehabilitation Project, Phase 1 Planning
Study, MA (January 2019–present) — Tetra Tech is a subconsultant to Pare Corporation to complete
hydrology, hydraulics, economics and environmental analyses in support of a Supplemental Watershed
Plan/Environmental Evaluation for the Natural Resources Conservation Service Massachusetts State Office.
Completed a field evaluation to collect baseline natural resources information and planning-level wetland data
for the area immediately surrounding the dam and reservoir. Compiled the collected field data and researched
additional information for completion of Physical Features and Environmental sections of the existing
conditions report. Also responsible for coordinating with the Massachusetts Department of Environmental
Protection Natural Heritage Endangered Species Program to obtain state-listed and state species of special
concern plant and wildlife information for the project area. Future work on the project work includes assisting
with evaluation for the suite of alternatives to be identified for the proposed project and assisting with
development of the cumulative impacts section of the Environmental Evaluation.
Invenergy, Hardin Wind Project Biological Surveys, Hardin County, Ohio (2016) — Deputy project
manager for overseeing completion of five biological surveys for the Hardin Wind Project located in Hardin
County, Ohio. Coordinated with field teams for completion of five surveys, including a wetland delineation,
rare plant survey, freshwater mussel survey, habitat assessment, and a raptor nest survey. Assisted project
manager with all elements of the project including subcontracting, coordination of field teams and schedules,
budget tracking, and reporting.
U.S. Army Corps of Engineers, Philadelphia District, Manasquan Inlet to Barnegat Inlet and Absecon
Island Beach Nourishment Projects, Benthic Assessment, Expansion of Borrow Area D and Proposed
Offshore Borrow Area G1, NJ (2014–2015) — Project manager responsible for field survey coordination,
subcontractor coordination, and reporting for an offshore borrow area study located off the coast of New
Jersey between Manasquan Inlet and Barnegat Inlet, and Absecon Island. Field surveys included collection of
benthic samples using a Young grab sampler, surf clam dredging, grain size sampling, and laboratory analysis
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of collected samples. Data collected and provided by the analytical laboratories were used to characterize the
existing benthic macrofauna and community structure and sediment characterization; identify potential
ecological impacts from dredging activities in these offshore borrow areas; determine the presence, viability
and recovery of commercially important benthic species, such as the surf clam; establish baseline data for
potential post-dredging benthic evaluations to identify community structural changes that may have occurred;
and provide a comparative analysis with previously collected benthic data from other sand source areas in the
vicinity to assess recovery potential. Comprehensive summary reports were prepared for both borrow areas.
United States Army Corps of Engineers, New York District, EIS for the Mamaroneck and Sheldrake
Rivers Flood Risk Management Project (2011–2014) — Responsible for preparing several sections of the
Mamaroneck and Sheldrake Flood Risk Management EIS, including assisting with development of the
Description of Proposed Action and Alternatives and administrative record, and writing the existing conditions
and analysis sections for water resources, fish and wildlife, and coastal zone management resources. The project,
located in the Village of Mamaroneck, Westchester County, New York, intended to implement various flood
damage reduction measures to improve flood and storm protection for the Village, and reduce the hazard
caused by repetitive flooding in this highly developed area. This EIS evaluated the potential environmental
impacts associated with the project in accordance with National Environmental Policy Act requirements.
U.S. Army Corps of Engineers, New York District, Port Jersey Water Quality and Post-Construction
Biological Monitoring Project (2007–2013) — Project manager for a 5-year construction and postconstruction monitoring project conducted for the Port Jersey Habitat Enhancement Project located in
Bayonne, New Jersey, New York-New Jersey Harbor. Lead the field teams and oversaw all reporting activities
for the project. Field activities during the construction phases of the project involved collection of several
hundred water samples during dredge disposal activities for turbidity analysis. Close coordination with dredging
operators, laboratory contacts, and field crews were necessary during the construction phases to complete the
time sensitive water quality sampling in accordance with the schedule. Post-construction biological monitoring
was conducted over a four-year period, and included collection of benthic sediment samples, benthic
invertebrates, ichthyoplankton, and fish to determine the change in physical characteristics of the habitat
enhancement area over time, and the use of the enhancement area by benthic invertebrates and fish, with a
focus on the presence of winter flounder (Pseudopleuronectes americanus). A sediment profile imagery component
also was included in the post-construction monitoring plan to assess changes in benthic structure over time. A
comprehensive summary report was prepared to analyze the data collected throughout the four-year postconstruction survey period.
Navy, Naval Facilities Atlantic, Marine Resources Assessment (MRA) Update (2008–2011) — Assisted
with redevelopment of the MRA creation and update process, to provide the Navy with an efficient and
streamlined method for producing MRAs or updating them periodically to reflect current trends and data
related to marine wildlife (marine mammals sea turtles, seabirds, fish, and invertebrates) that may be impacted
by their training operations at sea. Goal of the project was to develop a web-based system that will allow
simplified updates to sections of the living document, thereby reducing the effort and time necessary to
complete the update, and reduce the level of redundancy across MRAs. Components of the project included
complete redevelopment of the data acquisition, data management, and data output methods currently being
used by the Navy, to create a more systematic approach, and oversight for tracking and updating available
marine wildlife information.
U.S. Army Corps of Engineers, New York District, Peckman River Flood Control Project, Baseline
Benthic Macroinvertebrate and Habitat Characterization, Essex County, NJ (2010–2011) — Field team
biologist for a comprehensive stream survey that involved collection of benthic macroinvertebrates and physical
habitat information using the U.S. Environmental Protection Agency Rapid Bioassessment Protocol for
Streams and Wadeable Rivers. Two reaches of the Peckman River were surveyed, including one reference reach
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and a project reach. Collected data were analyzed in a summary report, which were used to establish baseline
information for proposed construction of flood-control measures within the study area.
Vernal Pool and Invertebrate Survey, Spruce Mountain and Saddleback Mountain Wind Projects,
Patriot Renewables, Inc., Maine (2009–2011) — Participated as part of the field team that conducted vernal
pool field surveys at two proposed wind farm sites. Potential vernal pools were surveyed for the presence of
vernal pool faunal species, including amphibian and reptiles, to determine if the pools met the criteria of
significant habitat based on Chapter 335 Significant Wildlife Habitat of the State of Maine’s Natural Resources
Protection Act. Focused stream surveys also were performed to identify the presence of the Roaring Brook
mayfly (Epeorus frisonii), a globally rare and Maine endangered species. Field surveys for the mayfly included site
reconnaissance to identify suitable habitat and sampling locations, field sampling to determine presence within
suitable habitat, data processing, and report generation. Training on the mayfly field sampling protocol was
provided by MDIFW, including hands-on field training and assistance provided by an expert mayfly
entomologist recommended by MDIFW.
Salt Marsh Restoration Projects, Scarborough Marsh, Scarborough, ME (2007–2011) — Participated in
field and reporting activities for the post-restoration portion of the Mill Brook, Cascade Brook, and Nonesuch
River Salt Marsh Restoration projects located within Scarborough Marsh, Scarborough, Maine. Field
requirements involved set up of water level transducers at established water monitoring stations located within
restored areas of the salt marsh, mosquito dip net sampling, nekton sampling, and photographic documentation.
Periodic downloads of water level data in the field was performed, along with collection of water quality data
at established water monitoring stations. Data and reporting requirements included creation of data tables for
presentation of collected field data, development of yearly or multi-year summary reports, and presentation of
data at a local water conference.
U.S. Army Corps of Engineers, New York District, Stream Habitat Assessment for the Mamaroneck
and Sheldrake Rivers Flood Risk Management Project, New York (2011) — Field team biologist for a
comprehensive stream survey conducted in support of a proposed U.S. Army Corps of Engineers, New York
District flood damage reduction measures project. Conducted benthic macro-invertebrate sampling, finfish
sampling, and habitat assessments along three sub-reaches of the Mamaroneck and Sheldrake rivers. Sampling
and assessment techniques followed the U.S. Environmental Protection Agency’s Rapid Bioassessment
Protocol for Streams and Wadeable Rivers.
U.S. Army Corps of Engineers, New York District, West of Shinnecock Inlet and Bypass Area Shore
Protection Project (2007–2008) — Involved with the analysis and synopsis of field data and report
preparation for a multi-year biological monitoring project funded by the U.S. Army Corps of Engineers. Three
years of data were collected in response to a dredging and beach enhancement project that included monthly
finfish trawls and water quality sampling, semi-annual offshore benthic macroinvertebrate and grain size
sampling, seasonal beach pitfall trap and grain size sampling, and piping plover (Charadrius melodus) and least
tern (Sternula antillarum) habitat assessments.

Douglas D. Locy, PG
Malacologist/Aquatic Biologist

EXPERIENCE SUMMARY
Mr. Locy is an aquatic biologist who specializes in freshwater
mussels and has 19 years of professional experience and technical
expertise. Mr. Locy has conducted 100+ native freshwater mussel
survey projects in streams to large rivers where qualitative and
quantitative sampling were performed in Pennsylvania’s Allegheny
River, Monongahela River, Ohio River, Deer Creek, Dunkard Creek,
French Creek, La Boeuf Creek, South Fork Ten-Mile Creek,
Conneaut Outlet, and Tionesta Creek. Additional mussel survey
experience includes: West Virginia’s New River (Rt. 41 WVDOH
Thomas Buford Pugh Memorial Bridge Replacement Project), Elk
River (WVDOH Camp Creek Truss Bridge Project), Ohio River
(RM46.0, Newell, Barge Loading Dock); Georgia’s Altamaha River
Basin tributaries (Creels Lake, Alex Creek, Penholoway Creek and
Clayhole Creek, near Jesup/Townsend); and Ohio River (Duke
Energy Spill, Cincinnati), Southeastern Ohio small streams (Beaver
Creek, Seneca Fork Willis Creek, South Fork Seneca Creek, West
Fork Duck Creek, Noble County, and Natural Gas Transmission
Line Crossings). He has logged over 2,500 scientific dives and over
400 hours underwater where mussels and habitat data were
collected and identified. He also has collected and observed federal
and state threatened and endangered mussel species in the field at
numerous project sites.
Mr. Locy is experienced at directing sensitive and highly visible
environmental projects. His professional experience includes field
collection of mussels using visual and tactile searches (wading,
snorkeling, glass bottom bucket, and SCUBA diving), freshwater
mussel taxonomy, measuring habitat variables, water quality
studies, permitting, biological sampling, and project management.
He is a skilled scientist specializing in freshwater mussel surveys,
habitat and substrate characterization and delineations, stream/river
substrate particle size analysis, underwater video of stream/river
substrate, report preparation, and technical review of government
reports for enforcement action projects. He held a United States
Fish and Wildlife Service (USFWS) Endangered Mussel Species
Permit (Region III), was recommended by the Pennsylvania
Department of Environmental Protection to conduct freshwater
mussel surveys and has been trained by the United States
Environmental Protection Agency (EPA) for sampling.

EMPLOYMENT HISTORY

EDUCATION
BS, Geology/Biology, Edinboro University,
Pennsylvania
Geological Field Studies: Lehigh
University, Bethlehem, Pennsylvania
AREAS OF EXPERTISE
•

Malacology

•

Fish Sampling

•

Benthic Trawling

•

Geology

•

Stream Ecology

•

Construction Management

•

Water Quality Sampling and
Monitoring

•

Project Management

TRAINING/CERTIFICATIONS
Certified Freshwater Mussel Surveyor –
OH, PA, NY, and WV
Professional Geologist – AK, IN, PA, and
TN
Certified Scientific Diver – American
Academy of Underwater Scientists
(AAUS)
SCUBA Certified
PROFESSIONAL AFFILIATIONS
Freshwater Mollusk Conservation Society
Member
Association of Mid-Atlantic Aquatic
Biologists
Volunteer, Mollusk Department, Carnegie
Museum of Natural History, Pittsburgh, PA
Certified Professional Geologist (CPG) –
American Institute of Professional
Geologists (AIPG)

Principal Scientist at Aquatic Systems, Inc.
Senior Project Manager at McLaren Hart Environmental
Engineering, Inc.

OFFICE LOCATION

VP of Business Development at Crouse Enterprises, Inc.
Senior Project Manager at Dames & Moore Environmental, Inc.

Pittsburgh, PA
YEARS OF EXPERIENCE

Project Manager at Foster Wheeler Corporation
20+
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RELEVANT EXPERIENCE
AQUATIC BIOLOGY – FISH AND FRESHWATER MUSSELS
United States Department of the Army, Fort Belvoir, Freshwater Mussel and Submerged Aquatic
Vegetation Survey of Dogue Creek, Accotink Creek, Potomac River, Alexandria, Virginia. Served as project
manager/aquatic biologist to conduct an inventory of select areas of freshwater mussels and submerged aquatic
vegetation areas, as well as prepared the final report of findings.
ExxonMobil, Allegheny River Petroleum Remediation, Federally Listed Endangered Rayed-bean
Freshwater Mussel Survey, Olean, New York. Served as malacologist, sampling for federally listed rayed-bean
mussel (Villosa fabalis) for river remediation of petroleum contaminated riverbed material. Worked with USFWS to
develop a Biological Assessment Report.
United States Army Corps of Engineers (USACE) and Pennsylvania Department of Environmental
Protection (PADEP), Joint Water Obstruction and Encroachment (Chapter 105/404) Permit for Commercial
Sand and Gravel Dredging, Threatened and Endangered Fish and Freshwater Mussel Surveys, Allegheny
(River Mile 0 to 60) and Ohio Rivers (River Mile 0 to 40), Pennsylvania. Southwest Pennsylvania Sand &
Gravel Industry Companies (Glacial Sand & Gravel, Hanson Aggregates, Tri-State River Products). Served as
project manager/aquatic biologist that provided technical support to prime consulting firms for river sampling.
Conducted threatened and endangered mussel dive surveys, fish (benthic trawling & night electrofishing) and
macroinvertebrate surveys, dissolved oxygen sampling and combination of other physiochemical water
measurements, habitat evaluation, river bottom underwater videography, substrate particle size characterizations
(Wentworth Scale). Performed bathymetric mapping and side-scan sonar surveys. Laid out planned lines (routes)
of survey area with associated geographical coordinates on computer and downloaded into single beam echo
sounder. Collected, “cleaned-up”, and post processed raw depth data into a xyz point file. Used HYPACK’s
hydrographic software “TIN MODEL” program to generate hard copies of the river contour map and
georeferenced GeoTIFF computer files for dredging operations.
PADEP Southwestern Region, River Aggregate Industry, Environmental Impact Statement. Teamed with
the Tetra Tech, Owings Mills, Maryland office to assist with development of a freshwater mussel sampling
protocol. As project manager provided technical support to prime consulting firm for river sampling of the Ohio
and Allegheny Rivers. Conducted mussel dive surveys, fish and macroinvertebrate surveys, dissolved oxygen
sampling and combination of other physiochemical water measurements, habitat evaluation, river bottom
underwater videography, substrate particle size characterizations, and threatened and endangered mussel
surveys
Allegheny Land Trust, Sycamore Island Management Plan, Freshwater Mussel Species Assessment and
Bathymetric Mapping, River Mile 9.8 to 10.4, Pool 1, Allegheny River, Allegheny County, Blawnox,
Pennsylvania. As project manager/malacologist prepared bathymetric maps for island area. Laid out planned
lines (routes) of survey area with associated geographical coordinates on computer and downloaded into single
beam echo sounder. Collected, “cleaned-up”, and post processed raw depth data into a xyz point file. Used
HYPACK’s hydrographic software “TIN MODEL” program to generate river depth contour maps, hard copies, and
georeferenced GeoTIFF computer files for island assessment. Performed reconnaissance survey of freshwater
mussel shell material by conducting a survey along 10 meters of the shorelines of the river’s left and right
descending bank, Nine Mile Island and Sycamore Island; and identified and documented mussels according to
species and prepared data sheets and tables.
Allegheny Energy Supply, Cooling Water River Intake Blockage, Mid-River Dredge Pit, Armstrong Power
Station Habitat Evaluation and Characterization, Threatened & Endangered Freshwater Mussel and Fish
Species Survey, Pool 8, Allegheny River, Templeton, Pennsylvania. Project was located at a power plant
water intake structure and a sand and gravel dredge pit where numerous shutdowns of the intake occurs. As
project manager/aquatic biologist conducted mussel dive surveys to evaluate transect that ranged from 200 to
700 feet in length near river mile point 55.3. Prepared sampling work plan and final report. The river depth ranged
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from 15–55 feet. Project included mussel dive survey, bathymetry of pit, electrofishing, fish collection utilizing
hoop and gill nets, underwater videography of river substrate, sampling work plan development, preparation of
final report and interaction with local, state and federal agencies, which included the PADEP Fish and Boat
Commission and USFWS.
Rosebud Mining Company, Barge Loading Facility, Freshwater Mussel Survey, Allegheny River, Ford City,
Pennsylvania. As project manager, was responsible for mussel collection according to the PADEP protocol.
Conducted mussel dive surveys and prepared final report.
RAM Terminal, Barge Loading Facility, Freshwater Mussel Survey, Allegheny River, New Kensington,
Pennsylvania. Completed a freshwater mussel survey in Pool 3 of the Allegheny River. As project manager,
conducted mussel dives, river substrate analysis (videography) and prepared final report.
Streambank Restoration Project/Freshwater Mussel Survey, Allegheny River, Ford City, Pennsylvania US Army Corps of Engineers. Served as project manager, and conducted mussel dive survey, river substrate
analysis and prepared final report.
WETLANDS/STREAMS
Nicolaus Construction, Inc., Proposed Salem Ridge Village, Wetland and Riparian Restoration,
Westmoreland County, Rostraver Township, West Newton, Pennsylvania . The purpose of the project was to
provide work plans for the removal/replacement of existing wetlands and to restore/enhance a disturbed riparian
zone of an unnamed tributary (UNT) to Pollock Run. The PADEP requires the disturbed riparian zone, due to
earthwork construction (clearing and grubbing), be restored/enhanced, and the delineated wetland areas
scheduled for unavoidable encroachment to be mitigated. The primary goals are to replant the stream corridor
with a native riparian vegetative cover and construct a replacement wetland to mitigate the loss of the wetland
resource. As project manager/biologist, prepared work plans, performed wetlands survey, and coordinated with
PADEP representatives.
Bella Rosa Townhouse Development, Wetland/Stream Determination/Delineation Survey, Rostraver
Township, Westmoreland County, Pennsylvania. As principal investigator responsible for wetland/stream
determination and delineation survey at the proposed 16-acre Bella Rosa Townhouse Development site. The
purpose of this investigation also was to determine the presence and extent (i.e., linear length) of drainage
features (i.e., channels maintaining defined stream bed and stream bank features) existing within the boundaries
of the site that also are potentially jurisdictional and regulated under Section 404 of the Clean Water Act.
Proposed SHEETZ Convenience Store, Stream Relocation Project, Joint Permit for Water Obstruction and
Encroachment and USACE Section 404/PADEP 105, Rostraver Township, Westmoreland County,
Pennsylvania. Served as project manager responsible for preparation of permit application, addressed PADEP
and USACE deficiency letters, and conducted macroinvertebrate study. Relocated the existing stream channel
and enhance the biologically impaired stream by fluvial geomorphology and riparian plantings as mitigation to
facilitate construction of a Sheetz, Inc. (Sheetz) food mart/automobile fuel dispensing facility. The creation of
pools developed additional habitat for macro and microorganisms that further improved heavier material bed load
during high flow events to further improve water quality and reduce downstream depositions. Provided
landscaping along the stream to enhance wildlife habitat, stream bank stability, and the aesthetics of the stream.

PUBLICATIONS
SELECTED PUBLICATIONS AND REPORTS
Bogan, A.E., and D.D. Locy. 2014. New Records for the Lilliput (Toxolasma parvum) and Pistolgrip (Quadrula
verrucosa) in the Ohio River, Allegheny County, Pennsylvania. Ellipsaria, 16(4):28-29.
Bogan, A.E., and D.D. Locy. 2009. Current distribution of the Salamander Mussel, Simpsonaias ambigua (Say,
1825), in Pennsylvania. Ellipsaria, 11(3):11-12.
Locy, D., T. Proch, and A. Bogan. 2002. Anodonta suborbiculata (Say, 1831) added to the freshwater bivalve
fauna of Pennsylvania. Ellipsaria, 4(3):10.
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MUSSEL SURVEY PROTOCOL EXPERIENCE
West Virginia Survey Protocols, March 2013, Prepared by: Janet Clayton (West Virginia Department of Natural
Resources), Barbara Douglas (USFWS), Patricia Morrison (USFWS), and Rita Villella (United States
Geological Survey, Retired).
Ohio Survey Protocols. May 2013, Ohio Department of Natural Resources, USFWS, Ohio Ecological Field
Services Field Office.
Smith et al. 2001, “Survey Protocol for Assessment of Endangered Freshwater Mussels in the Allegheny River,
Pennsylvania”. Allegheny River (Kinzua Dam to Warren, PA, FERC Hydroelectric Project) Conneaut
Outlet (Lake to below Sewage Treatment plant), Tionesta Creek (Elm Street Bridge Rehabilitation), and
Allegheny River, West Hickory to Tionesta, PA (United States Geological Survey Team Mussel Survey
Project David R. Smith/Rita F. Villella).
2007 Adaptive Management Group Protocol “A Mussel Sampling Protocol to Assess Potential Commercial
Dredging Sites in Pools 2, 3, 4, 5, 7, 8, and 9 in the Allegheny River & the Dashields, Montgomery, & New
Cumberland Pools in the Ohio River, PA”, USACE Pittsburgh District, Pittsburgh, PA . May 2007–2014.
“Protocol For Sampling & Relocating Live Salamander Mussels”, PAFBC/PADEP SW Region. July 2009–2011.
“Pennsylvania Protocol For Mussel Sampling Ohio & Allegheny Rivers, PADEP SW Region, June 2006.

PROFESSIONAL AFFILIATIONS, CERTIFICATIONS & TRAINING
Federal Fish and Wildlife Permit - Region III (No. TE133151-0)
Pennsylvania Scientific Collectors Permit No. 045: Type III R
Ohio Scientific Collectors Permit
Ohio Freshwater Mussel Identification Test (Passed), G. Thomas Watters, Test Administrator
Volunteer, Mollusk Department, Carnegie Museum of Natural History, Pittsburgh, PA
Diver Certification: SCUBA: YMCA Open Water, Master Diver, Nitrox, Mixed Gas Blending
Certified Scientific Diver - American Academy of Underwater Scientists (AAUS)
Freshwater Mollusk Conservation Society Member
Training: Freshwater Mussels of West Virginia: Life History and Identification (Janet L. Clayton), West Virginia
University Environmental Research Center, WV 2015
Training: Freshwater Mussels of Ohio Identification Workshop, (G. Thomas Watters) Museum of Biological
Diversity, Ohio State University 2014
Unionid Identification Workshop (Arthur E. Bogan), American Malacological Society Meeting, Carnegie Museum
of Natural History, Pittsburgh, PA 2011
Identification and Taxonomy of Mussels Workshop (Arthur E. Bogan) Association of Mid-Atlantic Aquatic
Biologists, Cacapon State Park, Berkley Springs, WV 2011
Freshwater Mussel Identification and Sampling, FMCS Workshop, Kirkwood, Missouri 2010
Habitats and Watershed Predictive Models for Freshwater Mussels - Presentation, AFS West Virginia Chapter
Spring Meeting, Oglebay Conference Center, Wheeling, WV 2008
Freshwater Mussels: Problems, Resources and Taxonomy (Arthur E. Bogan) Association of Mid-Atlantic Biologist
Workshop, Cacapon State Park, Berkley Springs, WV 2008
Freshwater Mussel Identification Workshop, Understanding Large Rivers, AFS Pennsylvania Chapter,
Morgantown, WV 2007
Freshwater Mussel Habitat Restoration Workshop, Molecules to Ecosystems - Mollusk Conservation, FMCS
Meeting Little Rock, AR 2007
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Freshwater Mussels of the Eastern United States Workshop (Janet L. Clayton), Mid-Atlantic Water Pollution
Biology Meeting, Cacapon State Park, Berkley Springs, WV 2004
Freshwater Bilvalves of Pennsylvania Workshop (Arthur E. Bogan & Thomas Proch), Kittaning, PA 2004
Conservation Genetics Workshop/Imperiled Mollusks and Fishes, NCTC, Shepardstown, West Virginia
Freshwater Mussels Propagation Workshop, NCTC, Shepardstown, West Virginia, FMCS Meeting 2002
Unionid Ecology, North America Benthological Society Annual Meeting, Pittsburgh, PA 2002
Freshwater Bivalves of the Mid-Atlantic (Workshop), Association of Mid-Atlantic Water Pollution Biology
Conference, Cacapon State Park, Berkley Springs, WV 2002
River Projects and Mollusks, FMCS Biological Assessment Symposium - Pittsburgh, PA 2001
Unionid Research Workshop, PENNDOT, PSU, University Park, PA 2000
PA Mussel Sampling Protocol Development Meeting (PADEP SW Regional Office Hosted), Double Tree Hotel,
Pittsburgh, PA 2000
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2019 SPADEFOOT SURVEYS MEMORANDUM
(OCTOBER 7, 2019)

MEMORANDUM
TO:

Katelin Nickerson, Tetra Tech

FROM:

Kevin Ryan, FB Environmental

SUBJECT:

Quinebaug Solar 2019 Spadefoot Surveys

DATE:

October 7, 2019

CC:

Linda Rivard, Tetra Tech; Forrest Bell, FB Environmental

Attachments: 1) Site map; 2) Site photographs.

This memo summarizes the field investigations to determine if the eastern spadefoot toad (Scaphiopus holbrookii)
breeds at the site of the proposed Quinebaug Solar Project (hereafter Study Area or Site). The surveys described
herein were carried out by FB Environmental (FBE) in the spring, summer, and fall of 2019. No evidence of
breeding by eastern spadefoots was detected in 2019. Further details are provided in the brief introduction,
methods, and results sections below. Maps and site photographs are included as attachments.

Introduction & Methods
At the request of Tetra Tech and to fulfill the requirements of the Avoidance and Mitigation Plan for the
Quinebaug Solar Project. FBE conducted surveys to assess eastern spadefoot toad breeding activity at the Site
located in Brooklyn and Canterbury, Connecticut. While presence of this species was confirmed in 2018, it was
not ascertained whether or not the species breeds within the Study Area. The purpose of the 2019 surveys was
to assess whether an eastern spadefoot breeding pool is present at the Site.
During the 2018 vernal pool survey and general herpetological inventory, FBE identified two potential eastern
spadefoot breeding pools1. The first pool (Pool A) lies northeast of the gravel extraction area at the center of the
Site. An access road to an adjacent hayfield traverses the pool. The second pool (Pool B) is in an active
agricultural field near the intersection of Rukstella Road and Allen Hill Road. Both pools evidently have very
short hydroperiods as they dried rapidly during 2018.
The results of the 2018 spadefoot surveys suggest that eastern spadefoot toads did not utilize either of the
above potential breeding pools for breeding that year. With only a single year of data, however, it could not be
ruled out that the pools may contain breeding congresses in some years. (No eastern spadefoot breeding events
were observed/reported in Connecticut in 2018.) Therefore, additional monitoring was necessary.
Optimal conditions for spadefoot breeding are heavy rain events from roughly April through mid-September
when the average air temperature is above 50° Fahrenheit. Surveys conducted in 2019 consisted of checking
potential breeding pools for eggs or tadpoles from one to several days following a heavy rain event. Surveys
were conducted by either Kevin Ryan (FBE) or Dennis Quinn (CTHerpConsultant), both individuals with
experience detecting eastern spadefoot toads. As in 2018, a known spadefoot breeding pool nearby in the town
of Plainfield was opportunistically monitored in 2019 as a check on suitability of conditions for spadefoot
emergence and breeding. The 2019 survey strategy differed from that of 2018 in that the focus was solely to
determine whether eastern spadefoots breed at the site, and not to capture individuals during non-breeding
nighttime emergences. (Some of the 2018 surveys occurred during conditions suitable for eastern spadefoot
emergence for feeding, but not necessarily breeding [i.e., precipitation events were not substantial enough to
initiate breeding]).

FBE (FB Environmental Associates). 2019. Herpetofauna Avoidance and Mitigation Plan, Quinebaug Solar Project. Prepared for
Quinebaug Solar, LLC. 27 pp.
1
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Results
All potential breeding pools at the Study Area were assessed for evidence of breeding by eastern spadefoots on
eight separate occasions during 2019: April 17, June 7 and 20, July 26, August 7 and 29, and September 7 and 26.
Survey efforts included a third potential breeding pool (Pool C) that was discovered in 2019. Pools C is a small,
short-hydroperiod pool in the agricultural field between the gravel extraction area at the center of the site and
the athletic field. All surveys took place during the day with the exception of 7 August, which occurred at
night during a heavy precipitation event. The majority of these assessments occurred after heavy rainfall events
within the previous 24 hours. Results for each pool are presented below.
Pool A
On 17 April pool A was observed to be inundated. No amphibian egg masses were observed in the pool. The
pool was found to be dry on all subsequent visits with the exception of during the August 7 visit, where the
interior of the pool had one inch of water due to preceding heavy rainfall. No amphibian egg masses or larvae
were observed in the pool during any of the site visits.
Pool B
Pool B was observed to contain three American toad (Anaxyrus americanus) egg masses on April 17. The pool
contained no water during subsequent site visits. Planted corn was growing from the pool area during July and
August. Corn was harvested before or during early September, at which time the pool contained no water.
Pool C
Pool C was discovered on June 20 when its basin contained no standing water but the substrate was visibly
damp. Visual encounter searches in and around the pool depression yielded the detection of American toad
metamorphs which likely originated from the pool. It was therefore reasonable to assume that if American
toads can breed in the pool then the eastern spadefoot could as well.
On July 26 the pool contained no standing water but soil within its basin was damp, indicating recent
inundation. Furthermore, no corn was observed in the basin due undoubtedly to the previous presence of a
sufficient amount of standing water to exclude it.
The pool contained no water at the start of the nocturnal survey event on August 7. During heavy rainfall that
night, the pool filled to a depth of one foot in approximately 30 minutes, mainly from run-off from the access
road to the athletic field. No breeding activity was detected, nor were any individual eastern spadefoots
detected in the vicinity of the pool or elsewhere on site during the survey.
On August 29 the pool contained 12-18 inches of water following heavy rainfall the previous evening. No
amphibian egg masses were observed in the pool. The pool was dry on September 7 and September 26.
Spadefoot Activity at Other Sites
Eastern spadefoot toads were observed active near a known breeding pool in the town of Plainfield on the
evenings of August 7 and August 28. The individual observed on August 28 was a very small juvenile toad
which might have metamorphosed earlier in the year, thus indicating a breeding event may have taken place
earlier in the year, possibly May (see below). The presence of an individual that metamorphosed in 2019 would
confirm that suitable breeding conditions had taken place in Plainfield during that year.
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Eastern spadefoot breeding events were confirmed to occur at two Connecticut sites in 2019. In May,
numerous metamorph eastern spadefoots were observed both at a known pool in North Stonington and at a
newly-discovered pool in New Milford2.

Conclusion
The results of the 2019 eastern spadefoot surveys suggest the species did not utilize any of the potential
breeding pools within the Survey Area for a second consecutive year. No breeding congresses were observed
nor were any egg masses observed in the pools. Furthermore, no eastern spadefoot toads of any age class were
observed in the vicinity of potential breeding pools. This is despite the confirmed occurrence of breeding events
at known sites in North Stonington and New Milford (Dennis Quinn, personal communication) and a possible
breeding event at the nearby known breeding pool in Plainfield.

The eastern spadefoot toad breeding pool in North Stonington is situated in an active agricultural field. The newly-discovered pool in
New Milford is a detention basin in an industrial park.
2
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ATTACHMENT 1. SITE MAP
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ATTACHMENT 2. SITE PHOTOGRAPHS

Photo 1. Pool A was inundated on April 17 but contained no
amphibian egg masses.

Photo 2. Pool A contained no standing water on June 7.

Photopoint 3. Pool A was densely vegetated on August 29.

Photo 4. Pool B was inundated on April 17.
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Photo 5. An American toad (Anaxyrus americanus) egg mass in
Pool B on April 17.

Photo 6. Pool B contained no standing water on June 7.

Photo 7. Pool B is covered with mature corn on August 29.

Photo 8. Pool B on September 26 following corn harvest.
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Photo 9. Pool C was inundated on August 29.

Photopoint 10. Pool C contained no water on September 7.

Photopoint 11. Pool C on September 26 following corn
harvest. No standing water is present in the pool but the
basin is clearly visible.
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FARMLAND SOIL MITIGATION PLAN
Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

October 2019

Prepared by:
Tetra Tech, Inc.
Prepared for:
Quinebaug Solar, LLC

1.0 Introduction
This Farmland Soil Mitigation Plan (Plan) has been prepared on behalf of Quinebaug Solar, LLC (Petitioner) for the
proposed installation of an approximately 50 megawatt alternating current, ground-mounted solar photovoltaic
system in the towns of Brooklyn and Canterbury, Windham County, Connecticut (Project).
The Project site contains soils classified by the United States Department of Agriculture (USDA) Natural Resources
Conservation Service (NRCS) as Prime Farmland, Farmland of Statewide Importance, or Locally Important
Farmland Soils. These soils series have been determined to have the potential to support agricultural practices by
federal, state, and local organizations. The Project was selected for the New England Clean Energy Request for
Proposals in 2016 and is considered exempt from Public Act No. 17-218; issued in July 1, 2017. Regardless of the
Project being exempt, the Petitioner has developed this Plan with consideration to the protection of NRCS-mapped
farmland soils.
To reduce the potential for impacts to these important soils and assure that their agricultural value is preserved
during the construction, operation, and decommissioning of the Project, the Petitioner has prepared the following
Plan as a measure to mitigate potential impacts to Prime Farmland Soils, Soils of Statewide Importance, and Locally
Important Farmland Soils as identified by NRCS, within portions of the Project that will be disturbed or altered
during the construction and operation of the Project (Development Area) (Figure 1). The Project Development
Area is approximately 227 acres.
This Plan identifies construction-period and post-construction measures to protect these soils, with the goal of
providing the Project construction and operations teams with training for onsite evaluation and management of
areas containing NRCS-classified farmland soils. The construction and operations teams can then ensure that these
soils are being managed in accordance with this Plan, which has been developed and will be implemented under
the oversight of a Soil Science Society of America Certified Professional Soil Scientist and/or a Professional
Member of the Society of Soil Scientists of Southern New England.

2.0 Existing Soil Conditions within the Project Development Area
NRCS soil data were obtained through the Web Soil Survey portal on the USDA NRCS website 1. The Development
Area was queried for soil types mapped and maintained by NRCS. In addition to the use of existing maps, field
efforts were undertaken to confirm the general accuracy of the NRCS mapping, which were verified during a site
visit on March 7, 2017 with Kip Kolesinskas and Jason Bowza, both representing the Connecticut Department of
Agriculture. This site visit identified some small differences in mapped soils versus observed ground conditions;
however, the NRCS data was determined to be a fair representation of farmland soil within the Development Area
(Figure 1).
Prime Farmland Soils are defined by the USDA NRCS as having the ideal combination of chemical and physical
characteristics to support crop production, such as for food, feed, forage, fiber and oil seed crops (USDA NRCS no
date 2). These soils also are considered important for pasture land, range land, and forest land. Six soil series
classified as Prime Farmland by NRCS are mapped in the Development Area. These soils cover approximately 30%
(69 acres) of the Development Area and include:

1
2

•

Sudbury sandy loam (0–5% slopes);

•

Agawam fine sandy loam (0–3% slopes);

•

Merrimac fine sandy loam (0–3% slopes);

•

Woodbridge fine sandy loam (0–3% slopes and 3–8% slopes);

USDA NRCS website: https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm
United States Department of Agriculture, Natural Resources Conservation Service (USDA NRCS). No date. NSSH
Part 622. Interpretative Groups. Available from:
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/ref/?cid=nrcs142p2_054226.
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Figure 1. Farmland Soils within Development Area, Quinebaug Solar Project, Brooklyn and Canterbury, Connecticut.
Quinebaug Solar Farmland Soil Mitigation Plan
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•

Paxton and Montauk fine sandy loam (3–8% slopes); and

•

Ninigret fine sandy loam (0-3% slopes and 3-8% slopes).

Statewide Important Farmland Soils are soils which do not meet the requirements to be considered Prime Farmland
Soils; however, they are equally as important in the production of food, feed, forage or fiber crops (USDA NRCS 2000 3).
Four soil series classified as Statewide Important Farmland Soils by NRCS are mapped in the Development Area. These
soils cover approximately 23% (51 acres) of the Development Area, and include:
•

Ridgebury fine sandy loam (0–3% slopes);

•

Walpole sandy loam (0–3% slopes);

•

Windsor loamy sand (0–3% slopes and 3–8% slopes); and

•

Hinckley loamy sand (0–3% slopes and 3–15% slopes).

Locally Important Farmland Soils are soils that are not Prime Farmland or Statewide Important Farmland Soils but are
used for the production of high value food, fiber or horticultural crops (USDA NRCS 2000). This soil may be important
to the local economy due to its productivity or value. Four soil series classified as Locally Important Farmland Soils by
NRCS are mapped in the Development Area. These soils cover approximately 31% (70 acres) of the Development Area,
and include:
•

Woodbridge fine sandy loam (0–8% slopes), very stony;

•

Canton and Charlton fine sandy loam (8–15% slopes), very stony;

•

Charlton–Chatfield complex (0–15% slopes), very rocky; and

•

Paxton and Montauk fine sandy loam (3–8% slopes), very stony.

The current active agricultural areas comprise approximately 109 acres of the Development Area, of which
approximately 106 acres are mapped as farmland soils, which represents 62% of mapped farmland soils within the
Development Area, excluding mapped farmland soils that have been previously disturbed. In addition to agricultural
activities, the ongoing gravel extraction within the Development Area also affects farmland soils. Areas that have
undergone gravel extraction or that are associated with existing roads are heavily disturbed and will not exhibit the
characteristics of farmland soils. Approximately 16.2 acres of mapped farmland soil within the Development Area has
been previously impacted by these activities and these areas have been excluded from the farmland soils calculations
provided above.

3.0 Proposed Impacts
Proposed impacts to mapped farmland soils are limited to construction of Project roads and inverter (equipment) pads,
and construction of the substation and switchyard. Approximately 3 acres of impacts are proposed to mapped
farmland soil types present within the Development Area that have not been previously disturbed.
Total proposed impacts from construction of roads and equipment pads include the following:
•
•
•

1.23 acres of Prime Farmland Soils;
0.41 acres of Statewide Important Farmland Soils; and
1.41 Locally Important Farmland Soils

Although there are mapped Statewide Important Farmland Soils (approximately 1.19 acres) within the area proposed
for the substation and switchyard, these are not included in the above calculations as they are considered to be
previously disturbed from gravel extraction operations and do not meet the criteria to be described as farmland soils.

3

United States Department of Agriculture, Natural Resources Conservation Service (USDA NRCS). 2000. Chapter VI, Part
657 – Prime and Unique Farmlands. Title 7 – Agriculture. Part 657 – Prime and Unique Farmlands. Available
from: https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/ref/?cid=nrcs142p2_054226
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4.0 Construction-Period Soils Management
During construction, mineral soils occurring within areas mapped as Prime Farmland Soils, Farmland of Statewide
Importance, and Locally Important Farmland soils shall be managed to avoid degradation through the following proper
management techniques and construction practices.

4.1

Topsoil Removal Requirements

Removal of topsoil is required in portions of the Development Area where excavation will occur within the footprint
of proposed Project roads, equipment pads, collector substation and utility trench construction activities. Removal of
topsoil within the NRCS-mapped boundaries of all farmland soils, to a depth greater than 8 inches, will be evaluated
based on the following criteria to be observed in the field:


Availability of 12-inches of mineral material soils; and



Absence of stones, cobble and boulders.

If the above criteria are met, including that the proposed disturbance will be in excess of 8 inches, and the area is
mapped as Prime Farmland Soil, Farmland or Statewide Importance or Locally Important Farmland Soils, topsoil shall
be redistributed as described in Section 3.1 below. As described in Section 2, areas that have undergone gravel
extraction are heavily disturbed (stripped topsoil); no management is proposed in these areas.

4.2

Topsoil Redistribution, Stabilization, and Baseline Testing

Prime Farmland Soils, Statewide Important Farmland Soils, or Locally Important Farmland Soils that meet the criteria
above will be redistributed in a broadcast manner on the Project site and stabilized within the Development Area. Prior
to construction, suitable areas will be identified and staked on site. These areas will be selected based on their
underlying soil types and existing topography. Areas suitable for redistribution will generally be level and will not be
subject to disturbance or compaction during Project operation. Any temporary stockpiles will be surrounded by
appropriate sediment controls (sediment fence, compost filter sock, etc.) during construction and prior to
redistribution. Temporary stabilization of farmland soils during construction shall be achieved through seeding and
mulching, or appropriate best management practices to limit erosion. Farmland soils that would be disturbed or
altered during the construction of temporary stormwater treatment and control structures will be temporarily
stockpiled and stabilized during Project construction. During removal of temporary stormwater structures, the
temporary soil stockpiles will be replaced and permanently stabilized under the oversight of qualified personnel.
Soils that would be removed and redistributed will be evaluated prior to excavation to establish baseline soil health
and quality criteria. Soil samples will be selected under the direction of a certified soil scientist and submitted to the
Connecticut Agricultural Experiment Station, State Laboratory, to gain a better understanding of pre-construction soil
health and physical properties. Soil samples would be subject to a thorough comprehensive fertility analysis, referred
to by the State Laboratory as the Morgan Soil Test. This test is an evaluation that includes texture, organic matter, pH,
nitrate nitrogen, ammonium nitrogen, phosphorus, potassium, calcium, and magnesium. Testing also could be
performed for salts, micronutrients and contaminants.
Once earth disturbing activities are complete, redistributed farmland soils will be permanently stabilized through use
of native seed mix. Following decommissioning of the Project these soils can be regraded for agricultural use.

4.3

Soil Compaction and Minimization

Compaction of designated areas of farmland soils will be limited during construction. Compaction of the subbase
materials will be required in areas of Project roads, equipment pads, collector substation and utility trenches to insure
proper construction. Long-term compaction outside of those areas identified is not anticipated.
Construction of the solar array will require regular delivery of Project components and infrastructure. Deliveries will
be made to a designated area within each sub-array. This area will be located outside of the limits of important soils
to the maximum extent practicable.

Quinebaug Solar Farmland Soil Mitigation Plan
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4.4

Restoration

Restoration of disturbed farmland soils will be initiated at the time of decommissioning. These farmland soils will be
restored back to pre-determined baseline conditions to the greatest extent practicable. This restoration will be
performed under the supervision and guidance of a Soil Science Society of America Certified Professional Soil Scientist
and/or a Professional Member of the Society of Soil Scientists of Southern New England.

Quinebaug Solar Farmland Soil Mitigation Plan
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EXHIBIT F:
Equipment Specifications

Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

Exhibit F
Equipment Specifications

The items listed below are included in Exhibit F.
1

JinKO Eagle HC 72M G2 390-415 Watt solar module specifications.

2

Gamechange Solar Maxspan™ Pile Driven solar racking specifications.

3

TMEIC Solar Ware Ninja Inverter specifications.

4

ABB Solar-ready Distribution Transformers specifications.

JinKO EAGLE HC 72M G2 390-415
WATT SOLAR MODULE
SPECIFICATIONS

jinkosolar.us

Eagle HC 72M G2
390-415 Watt
MONO PERC HALF CELL MODULE
Positive power tolerance of 0~10W

(Draft)

KEY FEATURES
Diamond Cell Technology
Uniquely designed high performance 5 busbar mono PERC half cell

High Voltage

1500V

UL and IEC 1500V certified; lowers BOS costs and yields better LCOE

PID Free
World’s 1st PID-free module

Low-Light Performance
Advanced glass technology improves light absorption and retention

Strength and Durability
Certified for high snow (5400Pa) and wind (2400Pa) loads

Weather Resistance
Certified for salt mist and ammonia resistance

ISO9001:2008 Quality Standards
ISO14001:2004 Environmental Standards
OHSAS18001 Occupational Health & Safety Standards

LINEAR PERFORMANCE WARRANTY

IEC61215IEC61730 certified products
UL1703 certified products

10 Year Product Warranty

25 Year Linear Power Warranty

Nomenclature:
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H
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SPECIFICATIONS
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CAUTION: READ SAFETY AND INSTALLATION INSTRUCTIONS BEFORE USING THE PRODUCT.
© Jinko Solar Co., Ltd. All rights reserved. Specifications inc luded in this datasheet are subject to change without notice.
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GAMECHANGE SOLAR MAXSPAN™
PILE DRIVEN SOLAR RACKING
SPECIFICATIONS

OVER 3.2 GW SOLD
Every System For Your Every Need

MAXSPAN™

PILE DRIVEN SYSTEMS
BEST QUALITY AND PRICED PILE DRIVEN
FIXED TILT SYSTEMS

FAST INSTALL & HANDLES
SLOPING GROUND
Supports all poly, glass and thin film modules
Rugged design enables 175 mph [78m/s] wind
and 90 psf [4kPa] snow loads
Turnkey install, pull test and geotech services available

Galvanized Z purlins have
integrated trays for easy
wire management
5° to 35° tilt with multiple
inter-row spacing options

TECHNICAL
DATASHEET

LESS PILES
UNMATCHED SPAN
UP TO 15%

TERRAIN SLOPES

OVER 3.2 GW SOLD
Every System For Your Every Need

Features
Three axes of adjustability demanded by installers for navigating real world site conditions
where significant adjustability in the field is required
The unmatched span capability of MaxSpan™ means there are fewer foundations than competing
systems, which means less piles and less pile installation cost. As few as 190 piles per MW
Up to 4 ft. [122cm] high ground clearance to allow for snow and vegetation
MaxSpan™ FastBuild’ s rugged beam and brace
rapidly attach to pile with just six bolts and nuts
- fewest parts in the industry

5° to 35° tilt with multiple inter-row spacing options
Full layout and engineering analysis for every project
Integrated grounding and wire management

MaxSpan™ FastBuild
StickyPile™: G235 galvanized steel (HDG available), purlins, beams & braces: G90 galvanized steel
20 men install 1.55MW per week
Standard system has 6” + 3.5” [15 + 9cm] vertical adjustability

MaxSpan™ Wide Flange
Industry’s most flexible racking system handles undulating ground conditions
MaxSpan™ WideFlange’ s telescoping post bracket
with up to 5 inches vertical adjustment for fast top of
pile leveling

Telescoping post bracket with over 5” [13cm] vertical adjustment for fast top of pile leveling
Multiple options available with Wide Flange

Test & Certiﬁcation
. Meet IBC and ASCE standards for structural loading
. ETL / UL 467 GameChange top mount clamps or star washers included
. ETL / UL 2703 tested
. Wind tunnel tested by industry leader CPP
. Independent assessment by Black & Veatch
. Warranty 20 years - Made in USA
Patent pending articulating purlin
connection to navigate sloping terrain

Calculations
. 100% code compliant designs for any locality
. Structural PE drawings & calculations for foundation & racking structure
. Available 2 up in portrait and 4 up in landscape poly as well as multiple glass on glass module
.

configurations incl. First Solar Series 4 & 6™
Design loads according to IBC 6 ASCE

Pull Test, Geotech & Installation Services
. Free pull test on orders over 5 MW
. Vertical and lateral capacity of the post is determined by pull test
. Test data is then analyzed by our in-house engineering team in parallel with
.
Articulating purlin connections to navigate
up to 15% terrain slopes

*Disclaimer: GameChange Solar provides this documentation without
warranty in any form either expressed or implied. GameChange Solar may
revise this document at any time without notice.

geotechnical report to give the most efficient embedment depths, spans and post type
Turnkey installation of piles, racks and modules available

Material
. Post: G235 galvanized steel (HDG ASTM A123 option also available)
. Galvanized Purlins, NS Beam, Brace: G90 galvanized steel
. Star washer or ETL / UL top mount teethed module clamp: stainless steel
GameChange Solar
152 W 57 Street 17FL New York, NY 10019
Email: info@gamechangesolar.com

Phone: 212-388-5160
Fax: 646-607-2223

Rev. 5 - 23 - 2018 | © 2018 GameChange Solar | 152 West 57th Street 17 Flr, New York, NY 10019 | +1 212-388-5160 | gamechangesolar.com

TMEIC SOLAR WARE NINJA
INVERTER SPECIFICATIONS

Solar Ware Ninja™
Multiple Configurations for
Maximum Flexibility
TMEIC’s Solar Ware Ninja is the latest evolution of the
highly successful Solar Ware family of inverters, joining over
14GW of TMEIC’s globally installed photovoltaic inverters.
Continuing the legacy of high efﬁciency, cutting-edge
features, and unmatched reliability, the new Ninja modular
inverter system is the culmination of input from utilities,
developers, and technicians.
The Ninja is a global product, performing the duties of
both generation and energy storage. The modular system
introduces multiple layers of ﬂexibility to allow designers
an almost unlimited number of options for every project.
The advanced controls system is packed with features to
meet not only today’s smart inverter requirements, but also
new requirements as they are introduced. Like the awardwinning Samurai series of inverters, the Ninja utilizes the
same highly reliable IGBT based power conversion system.
TMEIC is Bankable
• Stable, with multi billion $USD revenue
• Diversiﬁed, with decades of power electronics
experience in a variety of heavy industries,
including metals, oil & gas, mining, and container
cranes industries
• Manufacturing in the US and several other locations

Customizable Block
Up to 6 Ninja units on the same skid. Able to combine
PV and ESS inverters in the same lineup. A skid controller
will manage output of the Ninja power station.
• Fully Modular design means:
• Completely independent inverters for
increased availability
• Individual MPPT for greater energy yield
• Latest generation of Smart Inverter controls platform
• Multiple output options with various MPPT ranges
• DC Zone monitoring is standard
• UL or IEC certiﬁed global design
• PV or Energy Storage (bi-directional)
• Outdoor rated enclosure

TMEIC is Reliable
• Over 14GW of PV and ESS inverters globally
• Own exclusive use of Mitsubishi Electric’s 3 level
NPS technology
• Industry leading ﬂeet availability
TMEIC is Support
• Award winning service
• 24/7 US based hot line
• Over 30 years PV inverter manufacturing and
R&D experience
• Comprehensive customer training programs
• Authorized Service Provider program available

ABB SOLAR READY DISTRIBUTION
TRANSFORMER SPECIFICATIONS

Solar Ware Ninja™
PV-PCS

Type

PVU-L0800GR

PVU-L0840GR

PVU-L0880GR

PVU-L0920GR

Rated Power@25°C

800kW

840kW

880kW

920kW

Rated Power@50°C

730kW

765kW

800kW

840kW

600V +10%, -12%

630V +10%, -12%

660V +10%, -12%

690V +10%, -12%

Rated Voltage
Rated Frequency
Output
side (AC)

50Hz / 60Hz (+0.5Hz, -0.7Hz)

Rated Power Factor
Reactive Capability

>0.99
+/- 421 kVAR

Rated Current

Input side
(DC)

770 Arms @25 °C
98.9% *Tentative

CEC Efﬁciency

98.5% *Tentative

Maximum Voltage
MPPT Operation
Range

Maximum Altitude

1500 Vdc
875-1300VDC

915-1300VDC

960-1300VDC

1005–1300VDC

IP54 / NEMA3R
Outdoor
-25° to 50°C
>2000 m power derating (Max. 4000m)

Input (DC) Side

DC Protection: Fuses Ground Fault, DC Reverse Current, Over Voltage, Over Current

Grid (AC) Side

AC Protection: MCCB and Fuse Anti-islanding, Over/Under Voltage, Over/Under
Frequency, Over Current

Grid Assistance

Reactive/Active Power Control, Power Factor Control, Fault Ride Through (optional)

Harmonic Distortion of AC Current
Communication
Fault Analysis
Compliance
Cooling Method
Number of Inputs
Standard Control Power Supply
Weight
Dimensions (H x W x D)
Color

+/- 485 kVAR

702 Arms @50 °C

Maximum Efﬁciency

Installation
Environ.
Conditions Ambient Temperature
Range

Floor Space

+/- 464 kVAR

Maximum Current

Ingress Protection
Ratings

Protective
Functions

+/- 442 kVAR

≦ 3% THD (at rated power)
Modbus/TCP
Fault Event Log, Waveform Acquisition via memory card
UL1741, UL174SA / IEEE1547 / NEC2017 / IEC62109-1,2 / IEC61000-6-2,4 / IEC61727, IEC62116 /
IEC61400, BDEW / IEC61683 / IEC60068 *Tentative
Forced Air Cooling
Standard 6 inputs for PV (maximum 8 per inverter)
Control Power Supply from Inverter output and Capacitor backup circuit (3 sec.
compensation)
<1000kgs *Tentative
1100 X 1100 X 1900 mm (L x W x H)
1875.5 sq. in. (1.21 m²)
Cabinet: Sand White #Dic583

WWW.TMEIC.COM
All specifications in this document are subject to change without notice.
© 2019 TMEIC Corporation. All Rights Reserved
For specifications not mentioned here, contact TMEIC
TMdrive is a trademark of Toshiba Mitsubishi-Electric Industrial Systems Corporation.
D-6006, Revised March 2019
All other products mentioned are registered trademarks and/or trademarks of their respective companies.
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DISTRIBUTION TR ANSFORMERS

Solar-ready distribution transformers
Transformers designed to match solar inverters

—
ABB offers pre-designed
distribution transformers
to meet leading inverter
manufacturers’ requirements
resulting in significantly
reduced lead times and
extended transformer life.

An improved approach
With market constraints in mind, ABB has developed
distribution transformers for the solar industry that
pair with ABB’s PVS980 solar inverter sizes. These
‘fit for purpose’ transformers are designed to optimize the performance, reliability and return on investment of any solar installation. From residential
rooftops to commercial and industrial applications
and utility-grade power plants, ABB’s solar-ready
transformers decrease lead times and increase
reliability in all environmental conditions.
Solar-ready distribution transformers from ABB are
specifically matched to solar inverter sizes and their
application. Streamlined quotation and manufacturing processes meet the aggressive time lines for
your solar project. With 48 available options to
choose from, ABB solutions save weeks that are
t ypically required to design new transformers.
Energy efficient designs based on the ABB PVS980
power and voltage ratings meet all current regulations and standards. Liquid-filled transformers
can be manufactured and tested with mineral oil
or e ster fluids (natural or synthetic) based on
your requirements.

Situation analysis/background:
Today‘s solar developers, contractors, and EPCs
are facing long approval times for funding and
shorter timeframes to execute projects.
Industry challenges:
• Longer approval time for funding
• Solar market operates at faster pace than standard industrial markets
• Contractors have less time to purchase materials
for solar farms
• Pressure to reduce system/project costs
Pre-designed distribution solar transformers can
help reduce overall operating costs and offset the
continued cost pressure on solar generation, providing a faster solar farm implementation and a greater
return on investment.

Benefits of ABB‘s solar-ready transformers
• Fit for purpose
• Standard designs in your hands quickly
• Short lead times to provide quick planning
and execution of projects
• Faster return on investment (ROI)
• Quick pricing to reduce the project planning cycle
Product features
• Solar transformer matched to ABB PVS980
inverter
• HV (kV): 20, 22, 33, 34.5
• LV (V): 600, 630, 660
• Mineral oil or ester fluids (natural or synthetic)
available
• 48 design options with low loss/high loss
combinations for IEC and ANSI markets
• Expedited delivery

Questions for consideration:
• Do you have less time to plan your solar project?
• Are you experiencing performance issues with
distribution transformers in solar applications?
• Are you under a time crunch to get your farms
built and projects executed?
• Do you custom design the transformers
for each project?
• What type of inverters are you using?
• How could you benefit from deliveries in half
the time of traditional transformer solutions?

—

For more information contact:
ABB lnc.
Affolternstrasse, 44
P. O, Box 8131
8050 Zurich, Switzerland

new.abb.com/products/
transformers/distribution

—

We reserve the right to make technical
changes or modify the contents of this
document without prior notice. With regard to purchase orders, the agreed particulars shall prevail. ABB AG does not accept any responsibility whatsoever for
potential errors or possible lack of information in this document.

We reserve all rights in this document and
in the subject matter and illustrations contained therein. Any reproduction, disclosure to third parties or utilization of its
contents – in whole or in parts – is forbidden
without prior written consent of ABB AG.
Copyright© 2017 ABB
All rights reserved

3AUA0000080942 REV A 18.5.2010 #14995

ABB as your competitive edge
Pre-designed and optimized transformers from
ABB are available to match the solar industry’s
needs. Standardized designs provide a proven solution with lower risks. Each transformer is matched
for your inverter and the unique solar environment.
The time required from order to delivery of these
specialized units is significantly reduced using ABB’s
technology and extensive transformer experience.

EXHIBIT G:
Site Plans

Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

EXHIBIT H:
Operations and Maintenance Plan

Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

QUINEBAUG SOLAR PROJECT
SOLAR PV OPERATIONS & MAINTENANCE PLAN

Tighe&Bond

Operations & Maintenance Plan
The Operation & Maintenance (O&M) plan for the solar facility is explained below.
Quinebaug Solar, LLC (Quinebaug Solar) is responsible for maintaining and servicing the solar
electric system post construction. This work will be performed through a combination of
Quinebaug Solar personnel, approved subcontractors, or authorized vendor (manufacturer of
components used in the solar PV system) representatives. The area where the solar facility
is located and the immediate proximity of the electrical equipment shall be treated as a Secure
Facility, accessible only by authorized personnel. Local and State Emergency Response
Personnel (Fire and EMS) will have access to the site via their own security credentials in case
of emergency. Otherwise, access to these locations should be arranged by contacting the
Quinebaug Solar or the Operator.
Operations at the site will be minimal. The panels are static and are monitored remotely on
a continuous basis over the internet. On a daily basis, Quinebaug Solar will be responsible
for responding to alerts from system’s automated alert system regarding potential system
malfunction.
Additional maintenance at the site will typically consist of the following.

Equipment Maintenance
Quinebaug Solar and/or its authorized sub-contractors will conduct the following tasks as
required by manufacturers’ specifications to ensure maintenance and proper operation of the
solar PV system equipment and limit traffic to and from the site.


Perform a visual inspection of the equipment including subassemblies, wiring
harnesses, contacts and major components and record ambient operating
temperature.



Check inverter modules for the following:
-

IGBTs and inverter boards for discoloration

-

Power capacitors for signs of damage

-

Record all voltage and current readings via the front display panel

-

Check appearance/cleanliness of the cabinet, ventilation system and insulated
surfaces

-

Check for corrosion on terminals and cables

-

Torque terminals, connectors and bolts as needed

-

Check all fuses for open or signs of heating (Inverter & Combiner)

-

Check the condition of both the AC & DC Surge Suppressors

-

Check the operation of all safety devices (E-Stop, Door Switches, GFDI)

-

Correct all deficiencies detected



Inspect (clean or replace) air filter elements



Complete Maintenance Schedule Card and issue a written inspection report



Install and perform any recommended Engineering Field Modifications, including
software upgrades.

OPERATIONS & MAINTENANCE PLAN

Tighe&Bond

Site Maintenance
Quinebaug Solar and/or its authorized subcontractors will perform site maintenance activities
as follow, to ensure safety and to maintain site aesthetics.


Mowing the detention basins and grass between the rows of racks a minimum of twice
a year, possibly more if the growth of grass requires it. The height of the grass will
be maintained at a level to reduce the risk of grass fires.



Personnel in a pickup-type truck will visit the site monthly to inspect the inverters for
proper performance and perform maintenance as needed. The condition of signage
and proper functioning of access gates will be inspected as well.



Landscaping:
o

Initial Post-Construction Inspection: During the initial period of vegetation
establishment, plantings will be inspected twice during the first year by
Quinebaug Solar or contractor. Any dead vegetation/ plantings found after the
first year will be replaced. Proper mulching is mandatory and regular water
and fertilization may be required initially to ensure proper establishment of
vegetation.

o

Long-Term Maintenance: The planted areas will be inspected on a semi-annual
basis. Weeds and invasive plants will be removed by hand. Maintain planted
areas adjacent to pavement to prevent soil washout. Clean any soil deposits
on pavement. Leaf litter and other detritus will be removed twice per year.
Detention basins and the meadow area surrounding the solar panels will be
mowed twice per year to maximize vegetative cover and prevent woody
growth.

o

Pesticide/ Herbicide Usage: Pesticides and herbicides may be used as a
secondary means of control where necessary. All applications will be targeted
at specific species in discrete locations; broadcast aerial application of
herbicides is not proposed.

Dust Control
Quinebaug Solar and/or its authorized subcontractors will identify potential dust emission
sources and provide guidance to construction and field personnel on measures to control the
generation of dust during construction activities.
The following construction related activities have been identified as having the potential for
generating dust:


Vehicle and motorized equipment movement on unpaved access roads;



Clearing and grading;



Topsoil removal;



Cutting, filling, and backfilling;



Bulk material loading, hauling, and unloading;



Use of material storage piles; and



Use of parking, staging, and storage areas.

OPERATIONS & MAINTENANCE PLAN

Tighe&Bond

Quinebaug Solar and/or its authorized subcontractors will perform site construction and
maintenance activities as follow, to ensure that sources of dust generation are identified and
minimized.


The main vehicular access roads to the project site will be stabilized with gravel
sufficient to eliminate visible dust from vehicular travel and wind erosion;



Traffic speeds on unpaved roads will be limited to 10 miles per hour with the exception
that vehicles may travel up to 25 miles per hour on stabilized unpaved roads as long
as such speeds do not create visible dust emissions. Traffic speed signs shall be
displayed prominently at all site entrances and at entrances from temporary staging
and parking areas;



For non-road or parking area earthen surfaces, stabilize surfaces by compaction,
gravel or other means sufficient to prohibit visible dust from wind erosion;



When necessary, a water truck will be used to maintain moist disturbed surfaces and
actively spread water during visible dusting episodes to minimize dust emissions;



When wind speeds exceed 20 miles per hour (mph), construction contractors will
minimize new disturbance to the extent possible and/or mobilize water trucks to
minimize dust from exposed surfaces.

Array Cleaning Procedure
Quinebaug Solar and/or its authorized subcontractors will clean the PV panels if the system
is outputting a noticeably lower wattage AC or there is an accumulation of dirt on the modules.
Maintaining module cleanliness is crucial to maximizing system performance. No harmful
chemicals shall be used in the cleaning of the modules. Cleaning of the panels will be done
with water and a soft-bristled broom if needed. Note that the PV system does not need to be
turned off during cleaning.

Snow Maintenance
Following a snow event, Quinebaug Solar and/or its authorized subcontractors will plow the
access roads in order to maintain access to the electrical equipment pads. Snow will be plowed
in a manner such that access to the turnaround areas is not impeded. If necessary, excess
snow will be moved to a different location on site to ensure the access roads are clear.
Quinebaug Solar does not propose provisions for removal of snow from panels.

EXHIBIT I:
Photo Simulations

Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut
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Quinebaug Solar – Photo Renderings

EXISTING

1:

View of the Rukstella farm field, facing south on private drive off Allen Hill Road. (Photo 1)
Tighe&Bond

Quinebaug Solar – Photo Renderings

PROPOSED

2:

View of the Rukstella farm field, facing south on private drive off Allen Hill Road. (Photo 1)
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Quinebaug Solar – Photo Renderings

PROPOSED WITH MITIGATION

3:

View of the Rukstella farm field, facing south on private drive off Allen Hill Road. (Photo 1)
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EXISTING

4:

View of farm field across from house #250 on Rukstella Rd., facing south. (Photo 2).
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PROPOSED

5:

View of farm field across from house #250 on Rukstella Rd., facing south. (Photo 2).
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PROPOSED WITH MITIGATION

6:View

of farm field across from house #250 on Rukstella Rd., facing south. (Photo 2).
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EXISTING

7:

View of farm fields across from house #29 Liepis Rd., facing east.

(Photo 3).
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PROPOSED

8:

View of farm fields across from house #29 Liepis Rd., facing east. (Photo 3).
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PROPOSED WITH MITIGATION

9:

View of farm fields across from house #29 Liepis Rd., facing east. (Photo 3).
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EXISTING

10:

View of farm fields across from house #237 Wauregan Rd., facing northeast. (Photo 4).
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PROPOSED

11:

View of farm fields across from house #237 Wauregan Rd., facing northeast. (Photo 4).
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PROPOSED WITH MITIGATION

12:

View of farm fields across from house #237 Wauregan Rd., facing northeast(Photo 4).
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EXISTING

13:

View of farm fields across from house #265 Wauregan Rd., facing west. (Photo 5).
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PROPOSED

14:

View of farm fields across from house #265 Wauregan Rd., facing west. (Photo 5).
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PROPOSED WITH MITIGATION

15:

View of farm fields across from house #265 Wauregan Rd., facing west. (Photo 5).
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EXISTING

16:

View of farm field across from house #273 on Wauregan Rd., facing northwest. (Photo 6).
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PROPOSED

17:

View of farm field across from house #273 on Wauregan Rd., facing northwest. (Photo 6).
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PROPOSED WITH MITIGATION

18:

View of farm field across from house #273 on Wauregan Rd., facing northwest. (Photo 6).
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EXISTING

19:

From Route 169, south of Almada Drive, looking east. (Photo 7).
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Quinebaug Solar – Photo Renderings

PROPOSED

20:

From Route 169, south of Almada Drive, looking east. (Photo 7).
Tighe&Bond

EXHIBIT J:
Construction Schedule/Duration

Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

EXHIBIT J
Construction Schedule/Duration

Quinebaug Solar Schedule
Development / Construction Activity

Start Date

End Date

Obtain 100% site control for land comprising Project Site

Complete

Complete Interconnection Studies

Complete

Execute Interconnection Agreement

Complete

Obtain all Major Permits
Start of Construction
Collector Substation Construction (Quinebaug Solar)

October 2019

October 2020

November 2020
& March 2021
May 2021

July 2021

Switching Station Construction (Eversource)

January 2021

April 2021

Facility Start-up Testing

August 2021

September 2021

Begin Commercial Operation

September 2021

EXHIBIT K:
Decommissioning Plan

Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

SUMMARY OF WORK
Solar Photovoltaic Decommissioning
For Quinebaug Solar LLC’s
Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

This document (Report) has been prepared by NextEra Energy (NextEra). NextEra shall not be deemed to
make any representation regarding the accuracy, completeness, methodology, reliability or current status of
any material contained in this Report, nor does NextEra assume any liability with respect to any matter or
information referred to or contained in the Report. Any person relying on the Report (“Recipient”) does so at
their own risk, and neither the Recipient nor any party to whom the Recipient provides the Report or any
matter or information derived from it shall have any right or claim against NextEra or any of its affiliated
companies in respect thereof.

SUMMARY OF WORK
SOLAR PV DECOMMISSIONING

Section 1:

Background

The Petitioner has worked with the landowners on the Project since 2015 and has secured
the Project Site parcels through a combination of lease and option to purchase
agreements.
The property contains active gravel removal operations that will continue during the
construction and operation of the Solar Photovoltaic (PV) array. The decommissioning
detailed in this document applies only to the PV array and associated infrastructure.
Infrastructure used for the gravel removal operations are not included in this Plan and will
be addressed by the landowner through gravel removal permit requirements and industry
standards independent of the PV array. Eversource will be responsible for all information
related to its facilities, including its own decommissioning plan.
Solar Photovoltaic (“PV”) facility decommissioning is generally described as the removal of
all system components and the rehabilitation of the site to pre-construction conditions.
The typical goal of project decommissioning and reclamation is to remove the installed
power generation equipment and return the site to a condition as close to a preconstruction state as feasible.
Properly maintained solar panels have an expected life of thirty (30) years, with an
opportunity for a lifetime of fifty (50) years or more with equipment replacement and
repowering. The decommissioning process will initiate upon the completion of the
project’s useful life or the end of the property lease term.
Deconstruction procedures are designed to ensure public health and safety, environmental
protection, and compliance with applicable regulations. Typical activities during a solar
energy facility decommissioning and site reclamation phase include the following:


Facility de-energization



PV module removal



Dismantling and demolition of above grade structures



Dismantling and removal of all aboveground and belowground utilities as
necessary



Debris management including hauling



Temporary erosion control



Removal of access road materials that are not maintained for other uses



Removal of security fencing



Regrading and revegetation

Much of the solid material waste can be recycled or sold as scrap.

Section 2:

Facility Materials

PV facilities are constructed using the same basic materials and methods of installation
common to their application. Materials include:
Metals: Steel from pier foundations, racking, conduits, electrical enclosures, fencing,
equipment buildings, and storage containers; aluminum from racking, module frames,
electrical wire, and transformers; stainless steel from fasteners, electrical enclosures, and
racking; copper from electrical wire, transformers, and inverters.
Concrete: Equipment pads and footings.
QUINEBAUG SOLAR PROJECT – Solar Photovoltaic Decommissioning

SUMMARY OF WORK
SOLAR PV DECOMMISSIONING
PV Cells: PV Modules are typically constructed of glass front sheets (some use glass back
sheets as well), plastic back sheets and laminates, semiconductor rigid or thin film silicon
cells, internal electrical conductors (aluminum or copper), silver solder, plus a variety of
micro materials. The semiconductor PV cell materials represent a very small part of a PV
module’s weight, between 1 and 2%. As manufacturers pursue lower cost modules,
thinner layers of semiconductor materials are used which reduces this percentage. The
most commonly used semiconductor material for the construction of PV modules is silicon.
Please note however, that poly/mono crystaline silicate panels and thin films panels may
contain other metals and materials. Glass, aluminum, and copper are easily recyclable
materials, and silicon can be recycled by specialty electronics recyclers.
Glass: Most PV modules are approximately 80% glass by weight. There are certain
modules, which use plastic and/or metal sheets for their foundations, however these are
very specialized in their application and are generally not used for ground mounted
projects.
Plastics: A limited amount of plastic materials are used in PV systems due to a system’s
continuous exposure to the elements and long operational lifetime. Plastics typically are
found in PV facilities as wire insulation, electrical enclosures, control and monitoring
equipment, and inverter components. Additionally plastic laminate films are used in most
PV module assemblies.
It is generally agreed that the metals in PV Facilities will be highly valued as recycled
materials when these facilities are deconstructed. In the limited number of facility
deconstruction projects performed to date, the revenue from the recycling of these
materials was found to cover the removal and transportation costs of these materials. If a
facility is operational at the time of decommissioning and the PV modules are producing
within specifications, there is a likely outlet for the used PV modules into a secondary
market. It is generally accepted that the existing global market for used solar PV panels
will be even more robust in the future.

Section 3:

Project Decommissioning Plan

Quinebaug Solar shall:


Be responsible for all decommissioning costs;



Obtain any additional permits required for the decommissioning, removal and
legal disposal of Project components prior to commencement of decommissioning
activities;



Complete decommissioning, including component removal and disposal, grading
and re-vegetation in accordance with permits and in compliance with all
applicable rules and regulations then in effect governing the disposal thereof; and



Remove all hazardous materials and transport them to be disposed of by licensed
contractors at an appropriate facility in accordance with rules and regulations
governing the disposal of such materials.

The following sequence for the removal of the components will be used:
PV Site


Disconnect PV facility from the utility power grid



Disconnect all aboveground wirings, cables and electrical interconnections and
recycle offsite by an approved recycling facility

QUINEBAUG SOLAR PROJECT – Solar Photovoltaic Decommissioning
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Remove concrete foundations (if required). Electric rooms and their foundations
will be removed and recycled off‐site by a concrete recycler



Remove PV modules and ship to recycling facilities for recycling and material
reuse.



Remove all waste



Remove the perimeter fence and recycle off‐site by an approved metal recycler

Inverters/Transformer


Disconnect all electrical equipment



Remove all on site inverters, transformers, meters, fans, lighting fixture and
other electrical components and recycle off‐site by an approved recycler



Remove all waste

Access Roads


Portions of the site are an active gravel pit. Access roads will be used for both
the solar facility and gravel pits. This decommissioning plan pertains only to
portions of the site where the solar facility will be constructed. At the end of the
solar facility’s life, landowner may elect to retain some or all access roads. Gravel
extraction operations will continue during and after project construction.



Consult with landowners to determine if access roads should be left in place for
their continued use



If access roads are deemed unnecessary, remove access road surface materials
and restore access road locations as near as practical to their original condition.

Below‐Ground Structure Decommissioning


Remove all steel rack foundations.

Section 4:

Site Restoration

Once the on‐site equipment is removed, it is expected that the site will be returned to its
existing condition. Some minor site grading may be required. Site restoration activities
will be undertaken with the input of the landowners.
The access roads will be left at landowners’ requests or graded to restore terrain profiles
(as much as possible). If removed, filter fabric will need to be bundled and disposed of in
accordance with all applicable regulations. The former road areas may need to be
backfilled and restored to meet existing grade. This material may come from existing
long-term berm, stockpile, or nearby soils.
At the request of Project Site owners, landscaping/ visual screening will be removed at
the end of the project’s useful life or the end of the property lease term.
Please refer to the Farmland Soils Mitigation Plan (Exhibit E) which will be appended to
this Solar PV Decommissioning Summary of Work.

Section 5:

Decommissioning Conditions and Timeframe

The solar facility and all components described above shall be physically removed from the
site no later than 2 years following the discontinuation of operations.
This decommissioning plan for the solar facility is separate from any obligations the
landowner has regarding gravel pit closure.
QUINEBAUG SOLAR PROJECT – Solar Photovoltaic Decommissioning
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This decommissioning plan is based on current procedures and experience. These
procedures may be subject to revision based on new experiences and requirements over
time.

QUINEBAUG SOLAR PROJECT – Solar Photovoltaic Decommissioning

EXHIBIT L:
Greenhouse Gas Assessment

Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

Life Cycle Greenhouse Gas Assessment:
Quinebaug Solar Project
October 30, 2019
Prepared for: Tetra Tech
Prepared by: Lise Laurin, Valentina Prado, Juanita Barrera, Sam Boduch
EarthShift Global, LLC
37 Route 236, Suite 112
Kittery, ME 03904
207-608-6228
lise@earthshiftglobal.com

Project Summary

The primary objective of this analysis was to determine the potential change in greenhouse gas
(GHG) emissions to the atmosphere (in tonnes of CO2e) that could result from the proposed
Quinebaug Solar Project (Project) located in Quinebaug, Connecticut. The proposed site for the
solar installation is comprised of 112 acres of corn field, and 70 acres of forest that has been
previously cleared. The forested area is not projected to be managed as a working forest at the
time of the Project.
The Quinebaug Solar Project would add electricity generation capacity to the state’s electricity
grid from a renewable source, rather than adding generation capacity via conventional feedstocks
such as natural gas. As such, the primary focus of this analysis was to model these two-alternative
means of adding capacity to determine the relative life cycle GHG emissions of each option and
to quantify the potential GHG emission benefits of the Project.
To calculate the potential GHG benefits of the Project, we quantified the change in GHG emissions
over the study period associated with two scenarios: 1) leaving the existing agricultural land and
forest at the site and adding conventional natural gas-based electricity generation capacity (using
a combustion turbine) equivalent to the proposed Project (Baseline Scenario); and 2) converting
the agricultural land and forest to a solar panel installation to supply additional generation
capacity (Solar Installation Scenario). The difference between these two values is an estimate of
the GHG reduction that the Project can expect to achieve. The study period for this analysis was
30 years, which is the expected minimum service life of the Project.
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The life cycle GHG emissions calculations for both scenarios were modeled in SimaPro LCA
software (www.pre.nl), and the results were calculated using the 2013 IPCC 100 year Global
Warming Potential method (IPCC, 2013). Details of the life cycle inventory (LCI) are summarized
briefly in this report.

Solar Installation Scenario
Scenario Description

Under the Solar Installation Scenario, it was assumed that 112 acres of corn field and 70 acres
of forest is cleared from the project site in Quinebaug, CT and that a 49.36 megawatt (MW) solar
electricity generation array is installed for a 30-year period. It was estimated that the 49.36 MW
solar array could produce approximately 97,951 megawatt hours (MWh) in year 1 (Nickerson,
2019), with a reduction in energy output of 0.5% per year over the 30-year study period resulting
in a total of 2,826,472 MWh over the life of the Project.
A portion of the wood biomass harvested from the forested area was assumed to be chipped into
mulch (about 17%) and the remaining (about 83%) was assumed to be converted into firewood
and burned.
As a result of the change in land use, from corn field to a solar installation, it is believed that the
same volume of corn will be grown at an alternative site to meet the demand in Connecticut.
Since this corn is used for silage, which is susceptible to spoilage and is bulky to transport, it is
likely that an existing, nearby, unplanted farm will be used as the alternative site. The unplanted
fallow land is assumed to have a vegetation cover comprising mostly of grasses.

Scope of the GHG Emissions Assessment

The scope of the GHG emissions assessment for the Solar Installation Scenario included the life
cycle emissions associated with the solar technology, as well as the expected changes to carbon
stocks as a result of the land use change.
For the Solar Installation Scenario, we quantified the following over the study period:









Life cycle GHG emissions of manufacturing, transporting, installing, maintaining, and
decommissioning key solar installation components, including the solar panels, inverters,
and other infrastructure (e.g. mounting racks, wiring, equipment pads, etc.);
Carbon emissions from harvested crop and forest biomass
Carbon emissions from forest biomass as a result of converting the cleared trees into wood
chips and burning the harvested firewood;
Carbon no longer sequestered from the atmosphere due to loss of crops and forest;
Life cycle GHG emissions associated with mechanical harvesting activities during site
clearing;
Land use change due to displaced corn; and
Carbon sequestration by 594 shrubs to be planted at the site (Nickerson, 2019)
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Life Cycle Inventory

The stages and data sources for the LCI for the Solar Installation Scenario is summarized in Table
1. Detailed raw data and calculations are provided in Appendix A.
Table 1: Life cycle inventory data sources for modeling the Solar Installation Scenario.

Life Cycle Stage
Manufacturing of solar panels

Data Source
Ecoinvent 3.5 Database
(Wernet, 2016)

Manufacturing of inverters

Ecoinvent 3.5 Database
(Wernet, 2016)

Manufacturing of mounting
systems

Ecoinvent 3.5 Database
(Wernet, 2016)

Manufacturing of fuse box,
electric cables and electric meters

Ecoinvent 3.5 Database
(Wernet, 2016)

Installation of solar panels and
infrastructure at the site

Ecoinvent 3.5 Database
(Wernet, 2016)

Maintenance (replacement of
inverters once during service life)

Ecoinvent 3.5 Database
(Wernet, 2016)

Disposal of solar panels and
infrastructure at end of life

Ecoinvent 3.5 Database
(Wernet, 2016)

Sequestration of forest carbon at
the Project site
Below-ground forest carbon stock

(Vermont Agency of
Natural Resources,
2017)
(USFS, 2016)

Above-ground forest carbon stock

(USFS, 2016)

Harvesting of trees during site
clearing

Ecoinvent 3.5 Database
(Wernet, 2016)

Conversion of wood into firewood
and burning

(Crawford, 2008)

Average CO2 emissions from burning
firewood.

Woodchipper to transform cleared
trees into mulch

Ecoinvent 3.5 Database
(Wernet, 2016)

Wood chipping, chipper, mobile, diesel,
at forest road {GLO}| market for | Alloc
Rec, U
Annual carbon sequestration by shrubs
obtained from Gratani et al., 2012.

Carbon sequestration
shrubs at the site

by

594 (Gratani, 2013)

Notes
Scaled up the Ecoinvent values from an
open-ground solar installation with a
lower capacity.
Scaled up the Ecoinvent values from an
open-ground solar installation with a
lower capacity.
Scaled up the Ecoinvent values from an
open-ground solar installation with a
lower capacity.
Scaled up the Ecoinvent values from an
open-ground solar installation with a
lower capacity.
Scaled up the Ecoinvent values from an
open-ground solar installation with a
lower capacity.
Scaled up the Ecoinvent values from an
open-ground solar installation with a
lower capacity.
Scaled up the Ecoinvent values from an
open-ground solar installation with a
lower capacity.
Average carbon sequestration of
Connecticut forests (based on Vermont
sequestration rates) scaled to 70 acres.
Average of live below-ground carbon
content and soil organic carbon
content of Connecticut forests scaled
to 70 acres.
Average above-ground carbon content
of Connecticut forests scaled to 70
acres.
Modified USLCI process: Roundwood

{GLO}| harvest, primary forest | Alloc
Rec, U.
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Land use change impact from
growing corn on a nearby fallow
land, sequestration
Land use change impact from
growing corn on nearby fallow
land, above ground carbon

(A.J. Franzluebbers,
2001); (Jones, 2004)
(Immaculada Oliveras,
2013); (Bethany A.
Bradley, 2006)

Based on soil carbon sequestration rate
of Bermuda grass (following long term
cropping) and perennial grasslands.
Based on above-ground biomass for
grasslands.

Baseline Scenario
Scenario Description

Under the Baseline Scenario, it was assumed that additional electricity generation capacity is
added to the state grid by increasing natural gas generation over the 30-year study period by
2,826,472 MWh (equivalent to the total estimated output of the Solar Installation Scenario).
It was assumed that the forest and crops on the proposed Quinebaug Solar site were undisturbed,
and that there will be no forest or agricultural management plan for the site during the 30-year
study period. Carbon sequestered by the forest and crops in this scenario is modelled as emissions
in the Solar Installation Scenario.

Life Cycle Inventory

The LCI data for natural gas are obtained from the DataSmart library (LTS, 2016), which includes
the most up-to-date and detailed LCI data on natural gas production in the United States (US).
These data include all the production steps from natural gas extraction and processing to
combustion in power plant (simple-cycle-combustion turbine). GHG emissions for combustion in
a power plant are based on US Environmental Protection Agency’s (EPA) emission factors (EPA,
2016) and the upstream extraction and processing data is based on published sources, such as
Skone et al., 2011 and Clark et al., 2011. These data include a conventional and shale gas mix of
54% and 46%, respectively (EIA, 2015). Sensitivity of the results to this data source is tested by
considering harmonized median values provided by the National Renewable Energy Laboratory
(NREL) (O’Donoughue et al., 2014).

Results
Solar Installation Scenario Results

The results of the GHG emissions assessment for the Solar Installation Scenario are summarized
in Table 2 and Figure 1. These results show total GHG emissions across the full 30-year life of
the Project expressed in tonnes of CO2e.
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Table 2: Life cycle greenhouse gas emissions for the Solar Installation Scenario for generation of
2,826,472 MWh of electricity over 30 years, including contribution analysis for the key sources of GHG
emissions in the project life cycle.

GHG Emissions
(tonnes of CO2e)

Life Cycle Stage
Solar Panels and Infrastructure

137,543

Firewood

18,941

Lost Forest Carbon

4,340

Wood Chips
Land Use Change (Corn Displacement)

3,879
3,523

Land Clearing & Wood Chipping

101

Carbon Sequestration, Planted Shrubs

-121

Total Life Cycle Emissions

168,206

Solar Installation Scenario
100%
85%

82%

70%
55%
40%
25%

11%

10%

2.6%

2%

Lost Forest
Carbon

Wood Chips

2.1%

-5%
Solar Panels
and
Infrastructure

Firewood

0.1%

-0.1%
Land Use Land Clearing
Carbon
Change (Corn
& Wood Sequestration,
Displacement) Chipping
Planted
Shrubs

Figure 1: Life Cycle GHG Emissions for Solar Installation Scenario per 2,826,472 MWh

Total GHG emissions for generating 2,826,472 MWh of electricity from the Solar Installation
Scenario over the 30-year study period are approximately 168,206 of CO2e. The primary sources
of emissions are the manufacturing, installation, maintenance, and disposal of the solar panels
and the related infrastructure, accounting for about 82% of the life cycle GHG emissions. Among
these, manufacturing of the panels is the main contributor to the total GHG emissions. The
emissions associated with transformation of cleared trees into firewood and combusting that
firewood are the second largest contributor to total GHG emissions at about 11%.
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Baseline Scenario Results

The results of the GHG emissions assessment for the Baseline Scenario are outlined in Table 3. A
breakdown of the life cycle impacts by stage is provided in Appendix B.
Table 3: Life cycle greenhouse gas emissions for the Baseline Scenario for generation of 2,826,472
MWh of electricity over 30 years using average U.S. natural gas

GHG Emissions
(tonnes of CO2e)

Life Cycle Stage
Natural gas electricity (US/46% shale gas)

2,222,551

Total Life Cycle Emissions

2,222,551

Results of the GHG emissions assessment for adding natural gas electricity generation capacity
to the ISO-NE grid show that this would result in 2,222,551 tonnes of CO2e over 30 years.

Comparative Results
Solar Installation Scenario vs. Baseline Scenario

The primary objective of this analysis was to quantify the relative life cycle GHG emissions for
adding 2,826,472 MWh of electricity generation capacity by either the Solar Installation Scenario
or the Baseline Scenario using natural gas. Results of the screening analysis (Figure 2) indicate
that significant reductions of nearly 92% in GHG emissions could be achieved by pursuing the
Solar Installation Scenario.

Baseline Scenario (Natural Gas) vs. Solar Installation
Scenario
2,500,000

2,222,551

2,000,000
1,500,000
1,000,000
500,000

168,206

0
GHG Emissions (Tonne CO2e)
Electricity, natural gas, at power plant (with 46% shale)/US US-EI U
Solar Installation Scenario

Figure 2: Life Cycle GHG Emissions for Baseline Scenario (Natural Gas) vs. Solar Installation Scenario per
2,826,472 MWh
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Sensitivity to Natural Gas Data

The DataSmart process for natural gas electricity generation, using a 46% shale gas feedstock
mix, gives a result of 750 grams (g) CO2e/kilowatt hour (kWh). To test the sensitivity of the
results to this data source, we considered the NREL’s harmonized median life cycle GHG values
of 670 g CO2e/kWh for a combustion turbine and 450 g CO2e/kWh for a combined-cycle turbine
(O’Donoughue et al., 2014). The results with the median harmonized values for combustion
turbine show that per 2,826,472 MWh, life cycle GHG emissions are 1,893,736 tonnes of CO2e.
These values are about 15% lower than the DataSmart values for natural gas. When these
harmonized values are compared with the Solar Installation Scenario, we find that the solar
scenario still has about 91% lower GHG impacts.
With the harmonized median GHG value of 450 g CO2e/kWh for a combined-cycle turbine, we
find that per 2,826,472 MWh, the GHG emissions are 1,271,912 tonnes of CO 2e. These values
are about 43% lower than the DataSmart values for natural gas. When these harmonized values
are compared with the Solar Installation Scenario, we find that the solar scenario still has about
87% lower GHG impacts.

Conclusions

Results of the screening life cycle GHG assessment of the Quinebaug Solar Project indicate that
substantial GHG emissions reductions of 87-92% could be achieved over the 30-year study period
relative to adding natural gas generation capacity.
These significant reductions in GHG emissions can be achieved with the solar installation despite
the proposed land use change for the 112 acres of corn field, 70 acres of forest at the site, and
despite annual reductions of 0.5% in energy output over the study period beyond year 1. Results
of the assessment show that the potential GHG emissions associated with converting this
agricultural and forested land to solar electricity production are significantly smaller than the life
cycle GHG emissions associated with electricity from average U.S. natural gas generation. This is
a result of the high efficiency of the solar installation which requires minimal fossil energy in its
lifecycle.
Given the lost carbon dioxide sequestration over the life of the facility due to tree clearing and
the carbon dioxide emitted from manufacturing the solar equipment, the estimated payback
period is about two years.
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Appendix A: Life Cycle Emissions from Land Use Change
Forest Carbon Calculations
Above-Ground Carbon
Amount:
Above-ground carbon/acre Connecticut forest land:
Quinebaug Solar site acres to be cleared:

11430.45511 MT CO2e
163 MT CO2e/acre
70 acres

Source: USFS 2016
Source: TetraTech

1997.077186 MT CO2e
29 MT CO2e/acre
70 acres

Source: USFS 2016
Source: TetraTech

Below-Ground Carbon
Amount:
Below ground carbon and soil organic carbon / acre Connecticut forest land:
Quinebaug Solar site acres to be cleared:

Tree Harvesting for Site Clearing (Solar Installation Scenario)
Amount:
SimaPro Process:
Comment:
Total volume of above-ground biomass, live trees
Total area of Connecticut forest land
Average Connecticut volume of live trees
Quinebaug Solar site acres to be cleared:

4,360 m3
Softwood logs with bark, harvested at medium intensity site, at mill, US PNW
Process includes diesel consumption, use of lubricants for machinery, and transportation offsite
97,697,524
1,568,397
62.29
70

m3
acres
m3/acre
acres

Source: USFS 2016
Source: USFS 2016
Source: USFS 2016
Source: TetraTech

Lost Carbon Sequestration due to Site Clearing
Amount:

Annual carbon sequestration in Connecticut forest based on Vermont sequestration rates:
Total area of Connecticut forest land
Carbon sequestration/ acre Vermont applied to Connecticut forest land/ year
Quinebaug Solar site acres to be cleared:
Life of project

2,268 MT CO2e

1,693,869
1,568,397
1.08
70
30

MT CO2e
acres
tons/acre/year
acres
years

Source: USFS 2016
Source: Vermont Forest Carbon Assessment 2017*
Source: TetraTech
Source: TetraTech

Fallow Land Carbon Calculations
Above-Ground Carbon
Amount:
Above-ground carbon/acre grassland:
Quinebaug Solar site acres to be cleared:

766 MT CO2e
6.835 MT CO2e/acre
112 acres

Source: USFS 2016
Source: TetraTech

Lost Carbon Sequestration due to Site Clearing
Amount:
Carbon sequestration/ acre grassland/ year
Quinebaug Solar site acres to be cleared:
Life of project

2,757 MT CO2e
0.82 tons/acre/year
112 acres
30 years

Source: Franzluebbers, 2009; Jones et al. 2004
Source: TetraTech

Site Planting Carbon Calculations
Carbon Sequestration from Planted Shrubs at Solar Site
Amout:

Carbon sequestration/shrub/year
Quinebaug Solar number of shrubs to be planted
Life of project

121.176 MT CO2e

0.0068 tons/shrub/year
594 shrubs
30 years

Source: Gratani, L. V. (2013). Mediterranean shrublands carbon sequestration:
environmental and economic benefits. Mitigation and Adaptation Strategies for Global
Change.
Source: Tetra Tech

Appendix B: Life Cycle Emissions of Natural Gas Electricity Production, by stage
Life cycle emissions from producing 1 MWh via Natural Gas electricity generation
GHG Emissions
(tonnes of CO2e)

%

Natural gas, burned in power plant (US/46% shale gas)
Natural gas, supply (US/46% shale gas)

0.537
0.249

68%
32%

Total Life Cycle Emissions

0.786

100%

Life Cycle Stage:

Life cycle emissions from producing 2,826,472 MWh via Natural Gas electricity generation
GHG Emissions
(tonnes of CO2e)

%

Natural gas, burned in power plant (US/46% shale gas)
Natural gas, supply (US/46% shale gas)

1,511,335
711,216

68%
32%

Total Life Cycle Emissions

2,222,551

100%

Life Cycle Stage:
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EXHIBIT M:
Project Outreach Information

Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

Exhibit M
Project Outreach Information
The items listed below are included in Exhibit M.
1

Screen-grab of Public Information Session links – Town of Brooklyn
website.

2

Screen-grab of Public Notice for February 7, 2017 Information Session as
posted on the Town of Canterbury website.

3

Letter sent to project abutters prior to January 26, 2017 Public
Information Meeting held at the Brooklyn Middle School, 119 Gorman
Road, Brooklyn.

4

Letter sent to project abutters prior to February 7, 2017 Public
Information Meeting held at the Canterbury Town Hall, 1 Municipal Drive,
Canterbury.

5

August 25, 2016 CT DEEP Stakeholder Meeting attendance list.

6

April 2019 Quinebaug Landowner Letter.

7

April 16, 2019 Town Presentation meeting attendance list, Canterbury.

8

April 30, 2019 Town Presentation meeting attendance list, Brooklyn.

9

May 2019 Norwich Bulletin newspaper advertisement for May 30, 2019
Quinebaug Solar Open House.

10 May 30, 2019 Quinebaug Solar Open House sign-in sheet.
11 Quinebaug Solar Project Outreach Log

SCREEN-GRAB OF PUBLIC
INFORMATION SESSION LINKS TOWN OF BROOKLYN WEBSITE

SCREEN-GRAB OF PUBLIC NOTICE FOR
FEBRUARY 7, 2017 INFORMATION SESSION
AS POSTED ON THE
TOWN OF CANTERBURY WEBSITE

LETTER SENT TO PROJECT ABUTTERS
PRIOR TO JANUARY 26, 2017 PUBLIC INFORMATION
MEETING HELD AT THE BROOKLYN MIDDLE SCHOOL, 119
GORMAN ROAD, BROOKLYN

Quinebaug Solar, LLC
Via Certificate of Mailing
January 11, 2017
«Name_and_Address»
Re:

Proposed Solar Project in Brooklyn & Canterbury, Connecticut

Dear «Salutation»:
My name is CJ Walsh and I am a development manager with Ranger Solar. We are a solar development
company and will host a Public Information Meeting on January 26, 2017 at 6:30 PM in the auditorium at
the Brooklyn Middle School, 119 Gorman Rd, Brooklyn, CT. The purpose of the meeting is to discuss a
proposal for a fifty (50) megawatt/ac solar generating facility and associated equipment in the Towns of
Brooklyn and Canterbury, Connecticut.
This notice is being sent to you because you are listed as an owner of land that abuts the property on which the
project will be located. The proposed solar project is under the exclusive jurisdiction of the Connecticut Siting
Council (“Council”) pursuant to the provisions of the Public Utilities and Environmental Standards Act, Conn.
Gen. Stat. § 16-50g et seq.
The Public Information Meeting will be an opportunity for you to hear about the specifics of the project, its
important benefits to the Town of Brooklyn and State of Connecticut, and ask any questions you may have
prior to the filing of a petition with the Council.
We look forward to sharing more about the project on the 26th. If you have any questions before then, don’t
hesitate to reach out. I hope to see you there.
Sincerely,

CJ Walsh
Development Manager
cjwalsh@rangersolar.com
802-598-4240

LETTER SENT TO PROJECT ABUTTERS
PRIOR TO FEBRUARY 7, 2017
PUBLIC INFORMATION MEETING HELD AT
CANTERBURY TOWN HALL, 1 MUNICIPAL DRIVE,
CANTERBURY

Quinebaug Solar, LLC
Via Certificate of Mailing
January 11, 2017
«Name_and_Address»
Re:

Proposed Solar Project in Brooklyn & Canterbury, Connecticut

Dear «Salutation»:
My name is CJ Walsh and I am a development manager with Ranger Solar. We are a solar development
company and will host a Public Information Meeting on February 7th, 2017 at 7:00 PM at the Canterbury
Town Hall, 1 Municipal Drive, Canterbury CT 06331. The purpose of the meeting is to discuss a proposal for
a fifty (50) megawatt/ac solar generating facility and associated equipment in the Towns of Brooklyn and
Canterbury, Connecticut.
This notice is being sent to you because you are listed as an owner of land that abuts the property on which the
project will be located. The proposed solar project is under the exclusive jurisdiction of the Connecticut Siting
Council (“Council”) pursuant to the provisions of the Public Utilities and Environmental Standards Act, Conn.
Gen. Stat. § 16-50g et seq.
The Public Information Meeting will be an opportunity for you to hear about the specifics of the project, its
important benefits to the Town of Canterbury and State of Connecticut, and ask any questions you may have
prior to the filing of a petition with the Council.
We look forward to sharing more about the project on the 26th. If you have any questions before then, don’t
hesitate to reach out. I hope to see you there.
Sincerely,

CJ Walsh
Development Manager
cjwalsh@rangersolar.com
802-598-4240

AUGUST 25, 2016
CT DEEP STAKEHOLDER
MEETING ATTENDANCE LIST

April 2019
QUINEBAUG LANDOWNER LETTER

Hello [insert name],
My name is Matt Singer and I am an Associate Project Manager with NextEra Energy Resources, the
world’s largest generator of renewable energy from the wind and sun. As you may know, we are
currently developing an approximately 50-megawatt solar farm located north of Wauregan Road in the
Town of Canterbury and south of Rukstella Road and Allen Hill Road in the Town of Brooklyn. I am
writing to let you know that this summer we plan to seek state approval for the project from the
Connecticut Siting Council.
In 2016, the Connecticut Department of Energy and Environmental Protection selected Quinebaug Solar
to provide solar energy to the state’s residents and businesses, and help Connecticut meet its renewable
energy and carbon emission reduction goals. In addition to its environmental benefits, Quinebaug Solar
will generate millions of dollars in property tax revenue for the Towns of Brooklyn and Canterbury over
its thirty-year project life.
As the project has advanced in development, we have been working closely with town officials,
residents, and other stakeholders to share information, answer questions, and gather feedback about the
project. We welcome your input.
This spring we plan to host a public information session, which we hope you will be able to attend.
More details will be forthcoming. In the interim, please do not hesitate to reach out to us at
QuinebaugSolar@nexteraenergy.com.
Sincerely,

Matt Singer
Associate Project Manager, Renewable Development
NextEra Energy Resources on behalf of Quinebaug Solar

700 Universe Boulevard, Juno Beach, Florida 33408

April 16, 2019
TOWN PRESENTATION
MEETING ATTENDANCE LIST, CANTERBURY

April 30, 2019
TOWN PRESENTATION
MEETING ATTENDANCE LIST, BROOKLYN

MAY 2019 NORWICH BULLETIN
NEWSPAPER ADVERTISEMENT
FOR MAY 30, 2019 QUINEBAUG
SOLAR OPEN HOUSE
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NATION / WORLD

1 dead, 90 hurt as tornadoes
rip through Ohio, Indiana

Knife-wielding man attacks
schoolgirls in Japan, killing 2
By Mari Yamaguchi
and Jae Hong
The Associated Press

By Angie Wang
and John Minchillo
The Associated Press

BROOKVILLE, Ohio —
A swarm of tornadoes so
tightly packed that one
may have crossed the
path carved by another
tore across Indiana and
Ohio overnight, smashing
homes, blowing out windows and ending the school
year early for some students because of damage to
buildings. One person was
killed and about 90 were
injured.
The storms were among
53 twisters that forecasters said may have touched
down Monday across
eight states stretching
eastward from Idaho and
Colorado. The past couple
of weeks have seen unusually high tornado activity
in the U.S.
The winds peeled away
roofs — leaving homes
looking like giant dollhouses — knocked houses
off their foundations, toppled trees, brought down
power lines and churned
up so much debris that it
could be seen on radar.
Highway crews had to use
snowplows to clear an Ohio
interstate.
Some of the heaviest
damage was reported just
outside Dayton, Ohio.
“I just got down on all
fours and covered my
head with my hands,” said
Francis Dutmers, who with
his wife headed for the
basement of their home in
Vandalia, about 10 miles
outside Dayton, when the
storm hit with a “very loud
roar” Monday night. The
winds blew out windows
around his house, filled
rooms with debris and took
down most of his trees.
In Celina, Ohio, 81-yearold Melvin Dale Hannah
was killed when a parked
car was blown into his
house, authorities said.
“There’s areas that truly

Residents and visitors walk through debris at the River’s
Edge apartment complex Tuesday in Dayton, Ohio, the
day after a tornado struck the city. [JOHN MINCHILLO/THE
ASSOCIATED PRESS]

look like a war zone,”
Mayor Jeffrey Hazel said
Tuesday.
Storm reports posted
online by the National
Oceanic and Atmospheric
Administration’s Storm
Prediction Center showed
that 14 suspected tornadoes
touched down in Indiana,
11 in Colorado and nine in
Ohio. Six were reported
in Iowa, five in Nebraska,
four in Illinois and three
in Minnesota, with one in
Idaho.
Monday marked the
record-tying 11th straight
day with at least eight
tornadoes in the U.S.,
said Patrick Marsh, the
Storm Prediction Center’s
warning coordination
meteorologist. The last
such stretch was in 1980.
“We’re getting big counts
on a lot of these days, and
that is certainly unusual,”
Marsh said.
Thunderstorms that
spun off the Colorado
twisters dropped hail as
large as tennis balls, with
pea-size hail reported in
the Denver area. Nebraska
was hit with hail more than
2 inches in diameter, and
dozens of drivers pulled off
Interstate 80 with broken
windshields.
Forecasters warned of
the possibility of powerful
thunderstorms during the

Tuesday afternoon rush
hour in the Kansas City
area, as well as more bad
weather in Ohio.
A tornado with winds
up to 140 mph struck near
Trotwood, Ohio, eight
miles from Dayton, and
Mayor Mary McDonald
reported “catastrophic
damage” in the community of 24,500. Several
apartment buildings were
damaged or destroyed,
including one complex
where the entire roof was
torn away, and at least
three dozen people were
treated at emergency
rooms for cuts, bumps and
bruises.
“If I didn’t move quick
enough, what could have
happened?” said Erica
Bohannon of Trotwood,
who hid in a closet with
her son and their dog. She
emerged to find itself looking at the sky. The roof had
blown away.
Five busloads of displaced residents were taken
to a church that served as a
shelter, Trotwood’s mayor
said.
Just before midnight,
about 40 minutes after that
tornado cut through, the
weather service tweeted
that another one was
crossing its path, kicking
up enough debris to be visible on radar.

In Brookville, west of
Dayton, the storm peeled
roofs off schools, destroyed
a barn and heavily damaged
houses.
Only a few minor injuries were reported in
Dayton. Fire Chief Jeffrey
Payne called that “pretty
miraculous,” attributing it to people heeding
early warnings. Sirens
went off ahead of the
storm.
A boil-water advisory
was issued after the storms
knocked out power to the
city’s pumping stations,
and Dayton Power & Light
said 64,000 customers
were left without electricity. A high school gym in
Dayton was designated an
emergency shelter until
authorities realized it was
unusable.

KAWASAKI, Japan —
A man carrying a knife in
each hand and screaming
“I will kill you!” attacked
a group of schoolgirls
near a school bus parked
at a bus stop just outside
Tokyo on Tuesday, killing
two people and injuring at
least 17 before killing himself, officials said.
Most of the victims were
students at a Catholic elementary school who were
lined up at the bus stop
near Noborito Park in the
city of Kawasaki when the
man began slashing them
with knives.
Officials said police
captured the attacker but
he died at a hospital from
a self-inflicted cut in his
neck.
Witnesses described

a hellish scene: children
and adults falling to the
ground, some with their
shirts soaked with blood,
dozens of children running and screaming for
help, and school bags and
books scattered on the
ground.
“I heard a scream so
I stopped and turned
around to see what happened. It was not a normal
tone of voice,” said Yasuko
Atsukata. She said she
saw one person collapse,
and then another. “The
color of their white shirts
turned red after they collapsed, then I understood
they got stabbed.”
In a nearby parking
lot, a frightened-looking
boy was in shock with
scratches on his face,
hands and legs, apparently from falling to the
ground as he ran for his
life.

Flattery in Japan, snarls in DC
Trump returns
from visit with
battles new and old
By Darlene Superville,
Laurie Kellman
and Jill Colvin
The Associated Press

WASHINGTON — Four
days of fun and flattery in
Tokyo are over for President
Donald Trump.
The sumo wrestling,
golf and red carpet strolls
give way to the same
Washington stew of political, policy and legal snarls
that Trump never completely left behind during his
four days in Japan, judging
by his Twitter feed.
Trump returns home
Tuesday still in a running
feud with House Speaker
Nancy Pelosi, eager to
diminish 2020 Democratic
hopeful Joe Biden, weary of
Democratic investigations
into his administration and
business dealings and contending with a daunting list
of foreign policy challenges.
Members of Congress, for
their part, have largely
cleared out of the steamy
city for an extended
Memorial Day recess.
The past four days in
Japan’s capital, by contrast,
seemed tailor-made for
Trump, who relishes being
the center of attention.
Japanese Prime Minister
Shinzo Abe shrewdly
designed the visit as a series
of history-making firsts that
put Trump front and center.
Abe made clear that
Trump was the guest of
honor — there was only one
— at the long weekend’s
festivities.
News helicopters hovered as Trump’s motorcade
snaked around the city and
above Mobara Country Club
to videotape the leaders
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President Donald Trump and ﬁrst lady Melania Trump
participate in a welcome ceremony with Japanese Emperor
Naruhito and Japanese Empress Masako on Monday at the
Imperial Palace in Tokyo. [EVAN VUCCI/THE ASSOCIATED PRESS]

as they golfed. Throngs of
photographers gathered
outside Trump’s hotel and
on street corners to snap
photos as the president
passed by.
Abe timed the visit so that
Trump would be the first
head of state to meet Japan’s
new Emperor Naruhito.
At the Imperial Palace,
Trump walked along red
carpets during a pageantryfilled welcome ceremony.
Later, he was the honored guest for a six-course
French meal at the palace.
Trump also became the
first American president
to attend a major sumo
wrestling tournament and
— in another first — award
the champion a trophy he
created and brought with
him called the “President’s
Cup.” He said he hoped the
Japanese would continue to
bestow the Trump cup for
hundreds of years.
His reception in
Washington, by contrast,
will be animated by the bitterness with which he and
Congress left the capital city
last week.
On Friday, Rep. Chip
Roy of Texas blocked a

long-overdue $19 billion disaster aid bill that
also includes aid to farms
ravaged by storms and
flooding. Roy objected to
the bill’s lack of funding for
border security and blocked
it from passing the House.
Democrats said they might
try again to pass the measure this week.
Hefty foreign policy challenges loom for Trump.
North Korean leader Kim
Jong Un earlier this month
tested short-range missiles for the first time since
November 2017. The tests
alarmed U.S. allies in the
region — including Japan
— who have been hoping
for progress in stalled U.S.North Korea negotiations.
In Japan, Abe and Trump
national security adviser
John Bolton both said the
tests violated U.N. Security
Council resolutions. Trump
disagreed .
Instead, he said he wasn’t
bothered by the latest missile tests and had faith that
Kim would eventually give
up his nuclear ambitions in
exchange for the removal of
economic sanctions on his
country.
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QUINEBAUG SOLAR
Project Outreach Information

Date

Participants

Summary / Notes

Location

NEER/
Consultant Attendees
Ranger Solar

1/17/2016

Town citizens and selectboard

Introduction of project and tax discussion

Canterbury, CT

8/25/2016

Beatriz Milne, Sharon Yursaevecz, Bob Kaliszawski (CT
Department of Energy & Environmental Protection)

Introduction to Ranger Solar and Ranger Solar’s
Proposed Utility-Scale solar projects located in the
towns of Brooklyn, Canterbury, and Enfield

79 Elm Street Hartford, CJ Walsh, Aaron Svedlow, Paul
CT 06106
Harris, Patrick Kinney

9/16/2016

State Representative Mike Alberts (former)

9/29/2016

State Representative Doug Dubitsky

Introduction to Ranger Solar and Quinebaug project
Introduction to Ranger Solar and Quinebaug project
site tour

Legislative Office
Building, Hartford, CT
Quinebaug Solar
project area

CJ Walsh, Justin May
CJ Walsh, Paul Harris, Justin
May

Introduction to Ranger Solar and Ranger Solar’s
Proposed Connecticut Solar Projects

Connecticut State
office Building,
Hartford, CT

CJ Walsh, Aaron Svedlow, Paul
Harris, Dale Knapp, Justin May

Introduction to Ranger Solar and Quinebaug project

NECCOG office

CJ Walsh, Justin May

Northeastern Connecticut Chamber of Commerce (NCCC) Introduction to Ranger Solar and Quinebaug project
NCCC office
Introduction of project and tax discussion; met and
discussed project briefly with incoming State Rep. Pay
Boyd at this meeting and have conducted ongoing
Town citizens and selectboard
outreach to him
Brooklyn, CT
Selectboard, Planning and Zoning, Board of Finance,
Inlands Wetlands, and other interested Town board
Introduction of project/fielded questions from town
members
representatives on different boards
Canterbury, CT

CJ Walsh, Justin May

10/13/2016
11/9/2016
11/28/2016

12/29/2016

1/17/2017

1/26/2017

2/7/2017

2/8/2017

Department of Agriculture: Commissioner Reviczky and
staff
Northeastern Connecticut Council of Governments
(NECCOG)

Paul Harris, Justin May
CJ Walsh, Aaron Svedlow, Paul
Harris, Jonathan Willson, Justin
May

Town citizens and selectboard

Volunteer public meeting with the Town selectboard
to provide inofmration on the proposed project and
answer questions. CT Department of Agriculture
Commissioner attendend.

Full Ranger team, Justin May
Brooklyn Middle School and Andy Markowski

Town citizens and selectboard

Volunteer public meeting with the Town selectboard
to provide information on the proposed project and
answer questions. Rep. Dubitsky attended.

Canterbury Elementary Full Ranger team, Justin May
School
and Andy Markowski

Catherine Labadia SHPO/ David George

Introduction to Ranger Solar and Ranger Solar’s
Proposed Utility-Scale solar projects located in the
towns of Brooklyn, Canterbury, Plainfield and Enfield

1 Constitution Plaza,
Hartford, CT 06103

QUINEBAUG SOLAR
Project Outreach Information

Date

Participants

Summary / Notes
Follow up meeting between Department of
Agriculture and Ranger Solar regarding Quinebaug
Solar project
Passed tax resolution

Location

8/7/2018

Department of Agriculture: Commissioner Reviczky and
staff
Selectboard
Department of Agriculture: Commissioner Reviczky and
staff
Selectboard
Department of Energy and Environmental Protection:
Robin Blum, Neal Williams, Fred Riese, Linda Brunza, Ozzie
Inglese

8/8/2018

CT Department of Agriculture meeting with Chief of Staff
Jason Bowsza and Steve Anderson

Introduction to NEER team; discussion on CT projects

8/30/2018

Canterbury First Selectman Chris Lippke

Introduction to Neil and Matt; update on project
status and tax stabilzation agreement discussion

8/30/2018

Brooklyn First Selectman Rick Ives

Introduction to Neil and Matt; update on project
status and tax stabilzation agreement discussion

11/8/2018

Brooklyn First Selectman Rick Ives
Call with Northeastern Connecticut Chamber of
Commerce Executive Director Betti Kuszaj

Update on project status, tax stabilization agreement
discussion and stormwater management discussion
Brooklyn, CT
Introduction to the NEER team, projects overview and
membership discussion
Conference call

2/16/2017
2/21/2017
3/7/2017
4/13/2017

2/1/2019

NEER/
Consultant Attendees
CJ Walsh, Aaron Svedlow, Dale
Knapp, Justin May

Quinebaug solar site visit
Passed tax resolution

450 Columbus Blvd,
Hartford CT
Canterbury, CT
Quinebaug Solar
project area
Brooklyn, CT

Update on project status and pre-permitting
discussion (NDDB and Stormwater)

Hartford, CT
450 Columbus
Boulevard, Hartford

NEER team and consultants
Neil Watlington, Matt Singer,
Dale Knapp, Brian Huntley,
Justin May

Full Ranger/NEER team and
consultants

Neil Watlington, Matt Singer,
Justin May

Brooklyn, CT

Neil Watlington, Matt Singer,
Justin May
Neil Watlington, Matt Singer,
Des Estabrook, Brian Huntley,
Justin May
Matt Singer, Des Estabrook,
Justin May

3/28/2019

Department of Energy and Environmental Protection:
Robin Blum, Sharon Yurasevecz, Neal Williams, Fred Riese, Update on project status and pre-permitting
Nicole Lugli, Linda Brunza, Ozzie Inglese, Karen Allen
discussion (NDDB and Stormwater)
Update on project status and site layout, tax
Canterbury First Selectman Chris Lippke
stabilization agreement discussion

4/12/2019

Northeastern Connecticut Chamber of Commerce
legislative brekafast

NEER sponsored and delivered remarks on company
and area projects; connected with First Selectman
Lippke and State Reps. Doug Dubitsky and Pat Boyd

Hampton, CT

Matt Singer, Andy Markowski,
Justin May

4/16/2019

Town official presentation: Selectboard, Planning and
Zoning, Inland Wetlands, Economic Development

Project update

Canterbury, CT

Full NEER team and consultants

3/27/2019

Hartford, CT

Matt Singer, Jon Gravel and
consultants

Canterbury , CT

Matt Singer, Chelsey Garcia

QUINEBAUG SOLAR
Project Outreach Information

Date
4/30/2019

5/30/2019
5/30/2019
7/24/2019
7/25/2019

Participants

Summary / Notes

Town official presentation: Selectboard, Planning and
Zoning, Inland Wetlands, Economic Development
Project update
Canterbury First Selectman Chris Lippke; Zoning/Wetland
Enforcement Officer Melissa Gil; Public Works Director
Sidney Ames
Project update

9/17/2019
9/17/2019

Public open house
Canterbury Selectboard
Brooklyn First Selectman Rick Ives
Canterbury First Selectman Chris Lippke and
Zoning/Wetland Enforcement Officer Melissa Gil
Brooklyn First Selectman Rick Ives

10/7/2019
10/15/2019

Plainfield First Selectman Cathy Tendrich; Town Planner
Mary Annchinatti; Building Official Peter Zvingilas
Canterbury First Selectman Chris Lippke

Public open house to the community
Project update
Project update
Project/site layout update and tax agreement
discussion
Project update

Project update
Project update

Location
Brooklyn, CT

Canterbury, CT
Canterbury Elementary
School
Canterbury, CT
Brooklyn, CT

NEER/
Consultant Attendees
Full NEER team and consultants
Hagen Lee, Matt Singer, Justin
May
Full NEER team and consultants
Hagen Lee, Chelsey Garcia
Hagen Lee

Canterbury, CT
Brooklyn, CT

Hagen Lee, Justin May
Justin May

Plainfield, CT
Canterbury, CT

Justin May, Jon Gravel, Junior
Aguaze, Michael Lienhard,
Katelin Nickerson
Justin May

EXHIBIT N:
Legal Notice and Notice List

Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

Exhibit N
Legal Notice and Notice Lists
The items listed below are included in Exhibit N.
1

Abutting Property Owner Lists

2

Municipal Officials and Government Agencies List

3

Legal Notice, Attachment, and Certificate of Mailing

ABUTTING PROPERTY OWNER LISTS

List of Abutting Property Owners - Brooklyn, Connecticut
Owner (Last)
Moore
Grudzien
Levesque
Kettle
Ledis
Soucy
Zurowski
Girardin
Smith
Morin
Whiteley
Zuidema
Harrelle
Bissonnette
Bissonnette
Cloutier
Bissonnette
Tyler
Cloutier
Stuyniski Revocable Family Trust
Brown
Carito
Rizor
Bernier
Laraia
Rukstela
Stewart
Poe
Lahde
Tyler
Rukstela
Town of Brooklyn
Emigh
Bissonnette

Owner (First)
Lawrence W & Susan
Gerald S
Susan E & Spencer Strolsky
Donna M
Nancy A
Sherri & Clifford C
Micheal J & Teresa A
Gary Oliver Jr. & April Lynn
Dennis L & Janice M
Emile R & Brenda
Douglas G & Doreen
Keith & Maria S
Lawrence W & Frances K
Leonard G & Aida C
Leonard G & Aida C
Peter N
Aida C
Charles H & William F III
Peter N & Stacy A Valliere
N/A
Timothy D & Linda M Hyde
Scott C & Robin M
Brian G Jr.
Robert J & Lucille P
Christopher V
Peter A Jr.
Sarah L
Ashley & David
Mildred I
Charles H & William F III
Peter A Jr.
N/A
Nellie
Leonard G & Aida C

Location
82 Maynard Rd
80 Maynard Rd
90 Maynard Rd
273 Christian Hill Rd
263 Christian Hill Rd
251 Christian Hill Rd
275 Rukstela Rd
250 Rukstela Rd
239 Christian Hill Rd
229 Christian Hill Rd
Rukstela Rd
219 Christian Hill Rd
217 Christian Hill Rd
Allen Hill Rd
Allen Hill Rd
Allen Hill Rd
755 Allen Hill Rd
Canterbury Rd
777 Allen Hill Rd
Beecher Rd
305 Christian Hill Rd
211 Christian Hill Rd
772 Allen Hill Rd
203 Christian Hill Rd
766 Allen Hill Rd
283 Christian Hill Rd
279 Christian Hill Rd
271 Christian Hill Rd
104 Maynard Rd
Canterbury Rd
Christian Hill Rd
95 Rukstela Rd
Canterbury Rd
Allen Hill Rd

Location: City, State, Zip
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234

Owner Address
82 Maynard Rd
80 Maynard Rd
90 Maynard Rd
273 Christian Hill Rd
263 Christian Hill Rd
251 Christian Hill Rd
275 Rukstela Rd
250 Rukstela Rd
PO Box 135
299 Christian Hill Rd
1730 Pink Guara Ct
219 Christian Hill Rd
217 Christian Hill Rd
755 Allen Hill Rd
755 Allen Hill Rd
777 Allen Hill Rd
775 Allen Hill Rd
495 North Society Rd
777 Allen Hill Rd
114 Beecher Rd
305 Christian Hill Rd
211 Christian Hill Rd
772 Allen Hill Rd
PO Box 715
766 Allen Hill Rd
283 Christian Hill Rd
279 Christian Hill Rd
271 Christian Hill Rd
294 Wauregan Rd
495 North Society Rd
283 Christian Hill Rd
PO Box 356
32 Kerr Rd
755 Allen Hill Rd

Owner Address: City, State, Zip
Brooklyn, CT 06234
Brooklyn, CT 06234-2426
Brooklyn, CT 06234
Brooklyn, CT 06234-2513
Brooklyn, CT 06234-2513
Brooklyn, CT 06234-2509
Brooklyn, CT 06234-2527
Brooklyn, CT 06234
Wauregan, CT 06384
Brooklyn, CT 06234-2512
Trinity, FL 34655
Brooklyn, CT 06234-2419
Brooklyn, CT 06234-2512
Brooklyn, CT 06234-2506
Brooklyn, CT 06234-2506
Brooklyn, CT 06234
Brooklyn, CT 06234
Canterbury, CT 06331
Brooklyn, CT 06234
Brooklyn, CT 06234-2411
Brooklyn, CT 06234
Brooklyn, CT 06234-2512
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234
Brooklyn, CT 06234-0873
Brooklyn, CT 06234-2513
Brooklyn, CT 06234
Canterbury, CT 06331-1229
Canterbury, CT 06331-2514
Brooklyn, CT 06234
Brooklyn, CT 06234-0356
Canterbury, CT 06331
Brooklyn, CT 06234-2506

Parcel Number
29-4-1
29-4
29-4-2
30-13B
30-13A
30-14
30-14A
30-19B
30-19
30-19A
30-19B-1
30-20
30-20-1
30-31A-2
30-31A-1
30-31A-3
30-31A
21-1
30-31A-4
22-37
30-10
30-21
30-30
30-22
30-29
30-12B
30-13C
30-13
29-3
21-3-1
30-12-1
21-8
21-3
30-31A-1

List of Abutting Property Owners - Canterbury, Connecticut
Owner (Last)
Green
Hawkins
Laframboise Sand & Stone Inc.
G C Libson LLC
Plitsas
Meehan
Sherman
Sorel
Anderson
Taweh
Green
Green
Bergman
Dombkowski
Baron
Ravenelle
Bunning
Barron
Santos
Doyle
Fish
Tetreault
Tuttle
Sposato
Mlyniec
Gagnon
Eckard
McLaughlin
Laframboise Sand & Stone Inc
Maguder
Strategic Commercial Realty Inc.
Eckard
Greene
Brouillard
Gentry
Lahde
Emigh
Galasyn
State of Connecticut
State of Connecticut

Owner (First)
Frederick C & Linda D
Luke & Jennifer M
N/A
N/A
Konstantinos G
Micheal & Lisa
Micheal C
Jeffery D
Erick R & A Lee
George
Donna J
Keith & Mary Ellen
Christopher
Scott E & Jennifer A
Ronald W Jr.
Jesse P
David
Casey & Ignacio
Micheal V
James F & Kathryn M
Thomas L
Krystin & Joshua
Anna
Troy & Meghan
Edward & Phyllis
Wendy M
Tammy I
George A
N/A
Frederick G
N/A
Tammy I
Joan M
Ronald
John C & Tina L
Mildred I
Nellie
Valentine D & Aili H
N/A
N/A

Location
122 Wauregan Rd
179 Wauregan Rd
Wauregan Rd
153 Wauregan Rd
Wauregan Rd
265 Wauregan Rd
112 Wauregan Rd
237 Wauregan Rd
Wauregan Rd
215 Wauregan Rd
144 Wauregan Rd
140 Wauregan Rd
29 Liepis Rd
40 Kerr Rd
35 Liepis Rd
182 Wauregan Rd
110 Wauregan Rd
186 Wauregan Rd
198 Wauregan Rd
206 Wauregan Rd
210 Wauregan Rd
214 Wauregan Rd
216 Wauregan Rd
192 Wauregan Rd
267 Wauregan Rd
234 Wauregan Rd
Wauregan Rd
273 Wauregan Rd
189 Wauregan Rd
211 Wauregan Rd
Wauregan Rd
281 Wauregan Rd
68 Wauregan Rd
285 Wauregan Rd
289 Wauregan Rd
Wauregan Rd
32 Kerr Rd
Wauregan Rd
Wauregan Rd
295 Wauregan Rd

Location: City, State, Zip
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331

Owner Address
122 Wauregan Rd
179 Wauregan Rd
465 North Canterbury Rd
19 Gavin Way
PO Box 211
265 Wauregan Rd
112 Wauregan Rd
237 Wauregan Rd
67 May Brook Rd
PO Box 152
144 Wauregan Rd
140 Wauregan Rd
29 Liepis Rd
40 Kerr Rd
35 Liepis Rd
182 Wauregan Rd
PO Box 37
186 Wauregan Rd
198 Wauregan Rd
206 Wauregan Rd
210 Wauregan Rd
214 Wauregan Rd
216 Wauregan Rd
192 Wauregan Rd
267 Wauregan Rd
234 Wauregan Rd
281 Wauregan Rd
273 Wauregan Rd
189 Wauregan Rd
211 Wauregan Rd
6 Kennedy Dr
281 Wauregan Rd
41 Kerr Rd
285 Wauregan Rd
289 Wauregan Rd
294 Wauregan Rd
32 Kerr Rd
34 Buck Hill Rd
C/O Town Hall
Wauregan Rd

Owner Address: City, State, Zip
Canterbury, CT 06631-1227
Canterbury, CT 06631
Canterbury, CT 06631
Lisbon, CT 06351
Wauregan, CT 06387
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Woodstock, CT 06281
Plainville, CT 06062
Canterbury, CT 06331
Canterbury, CT 06631
Canterbury, CT 06331-1207
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331-1245
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06631
Canterbury, CT 06331
Putnam, CT 06260
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331
Canterbury, CT 06331

Parcel Number
66-8
66-1A
66-1
66-2D
66-2E
67-6
66-11
67-9
66-2F
67-11
66-9
66-9A
67-18
64-8
67-22
67-14B
66-7
67-14
67-15
67-15A
67-15B
67-15C
67-15D
67-14A
67-5
67-16
67-4B
67-4A
66-2
67-11A
67-13
67-4
64-9
67-3
67-3A
67-19
64-4A
64-18
67-10
67-2

MUNICIPAL OFFICIALS AND GOVERNMENT AGENCIES LIST

The Honorable William Tong
Attorney General
Office of the Attorney General
55 Elm Street
Hartford, CT 06106

Elizabeth Shapiro, Interim Director
State Historic Preservation Officer
450 Columbus Boulevard
Hartford, CT 06103

Jeffrey Arends, Chairman
Inland Wetlands and Watercourses
Commission
4 Wolf Den Road, PO Box 356
Brooklyn, CT 06234

James Rovella, Commissioner
Department of Emergency Services and
Public Protection
1111 Country Club Road
Middletown, CT 06457

Brian Hurlburt, Commissioner
Department of Agriculture
450 Columbus Boulevard, Suite 701
Hartford, CT 06106

Leona Mainville, Town Clerk
Town of Brooklyn
4 Wolf Den Road, PO Box 356
Brooklyn, CT 06234

Katie Dykes, Commissioner
Department of Energy and Environmental
Protection
79 Elm Street
Hartford, CT 06106

Michelle H. Seagull, Commissioner
Department of Consumer Protection
450 Columbus Boulevard
Hartford, CT 06103

Diane Wimmer, Chairman
Conservation Commission
4 Wolf Den Road, PO Box 356
Brooklyn, CT 06234

Renée Coleman-Mitchell, Commissioner
Department of Public Health
410 Capitol Avenue
P.O. Box 340308
Hartford, CT 06134-0308

Josh Geballe, Commissioner
Department of Administrative Services
450 Columbus Boulevard
Hartford, CT 06103

Representative Patrick S. Boyd
Legislative Office Building, Room 4005
300 Capitol Avenue
Hartford, CT 06106

Peter Hearn, Executive Director
Council on Environmental Quality
79 Elm Street
P.O. Box 5066
Hartford, CT 06106

Kurt Westby, Commissioner
Department of Labor
200 Folly Brook Boulevard
Wethersfield, CT 06109

Senator Mae Flexer
Legislative Office Building, Room 3300
300 Capitol Avenue
Hartford, CT 06106

Marissa Gillett, Chairman
Public Utilities Regulatory Authority
Ten Franklin Square
New Britain, CT 06051

Federal Energy Regulatory Commission
888 First Street, NE
Washington, DC 20426

Representative Doug Dubitsky
Legislative Office Building, Room 4200
300 Capitol Avenue
Hartford, CT 06106

Melissa McCaw, Secretary
Office of Policy and Management
450 Capitol Avenue
Hartford, CT 06106

Capitol Region Council of Governments
241 Main Street, 4th Floor
Hartford, Connecticut 06106-5310

Representative Anne Dauphinais
Legislative Office Building, Room 4200
300 Capitol Avenue
Hartford, CT 06106

David Lehman, Commissioner
Department of Economic and Community
Development
450 Columbus Boulevard, Suite 5
Hartford, CT 06103

Richard Ives, First Selectman
Town of Brooklyn
4 Wolf Den Road
PO Box 356
Brooklyn, CT 06234

Representative Brian Lanoue
Legislative Office Building, Room 4200
300 Capitol Avenue
Hartford, CT 06106

Joseph Giulietti, Commissioner
Department of Transportation
2800 Berlin Turnpike
P.O. Box 317546
Newington, CT 06131-7546

Michelle Sigfridson, Chair
Planning and Zoning Commission
4 Wolf Den Road
PO Box 356
Brooklyn, CT 06234

Senator Heather Somers
Legislative Office Building, Room 3400
300 Capitol Avenue
Hartford, CT 06106

81612611v.1

Natalie Ellston, Town Clerk
Town of Canterbury
P.O. Box 27
Canterbury, CT 06331

Christopher Lipke, First Selectman
Town of Canterbury
1 Municipal Drive
Canterbury, CT 06331

Cathy Tendrich, First Selectman
Town of Plainfield
8 Community Avenue
Plainfield, CT 06374

Louisa Trakas, Town Clerk
Town of Plainfield
8 Community Avenue
Plainfield, CT 06374

81612611v.1

Melissa Gil
Town Planner/Zoning Enforcement Officer/
Inland/Wetland Officer
Town of Canterbury
1 Municipal Drive
Canterbury, CT 06331
Mary Ann Chinatti
Planning & Zoning Supervisor
Town of Plainfield
8 Community Avenue
Plainfield, CT 06374
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EXHIBIT O:
Acoustic Analysis

Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

October 29, 2019

Ms. Briony Angus, AICP
Senior Project Manager/ Associate
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
Re: Quinebaug Solar Project – Revised Acoustic Analysis

Ref. 4161

Dear Ms. Angus:
This letter report presents the results of a revised acoustic study for the 49.36 MW AC Quinebaug Solar
Project in Brooklyn and Canterbury, CT. The project will cover an area of approximately 500 acres,
within which equipment pads will house 25 inverters 1 for converting Direct Current (DC) to Alternating
Current (AC), and one substation with a 34.5 kV transformer to step-up the voltage of power delivered
to the utility grid. These sound sources will only operate in the daytime when electricity is produced by
the solar panels.

The Decibel Scale for Sound and the Connecticut Sound Limit
All sounds originate with a source – a human voice, vehicles on a roadway, or an airplane overhead.
The sound energy moves from the source to a person’s ears as sound waves, which are minute variations
of air pressure. The loudness of a sound depends on the sound pressure level, which has units of decibel
(dB). The decibel scale is logarithmic to accommodate the wide range of sound intensities to which the
human ear is subjected. On this scale, the quietest sound we can hear is 0 dB, while the loudest is 120
dB. Every 10-dB increase is perceived as a doubling of loudness. Most sounds we hear in our daily
lives have sound pressure levels in the range of 30 dB to 90 dB.
Community noise studies and regulations use an A-weighting scale (dBA) when measuring sound
pressure levels as this approximates the response of the human ear to sounds we experience in everyday
life. Typical sound levels associated with various activities and environments are presented in Figure 1.
Here are examples of sound levels we all encounter. A quiet suburban area at night without any traffic
typically has an average sound level of 40 to 45 dBA. The freight train you hear in the distance may be
50 dBA, and crickets and tree frogs in the summer sing a sound level of 55 dBA. Two people having a
conversation in a normal tone of voice will hear each other speak at 65 dBA. Standing near a road, a
car passing by can produce 75 dBA, and a truck passing by is louder at 80 dBA. The Connecticut
Department of Energy & Environmental Protection (CTDEEP) daytime sound limit for residential areas

1

TMEIC Solar Ware Ninja Inverter PVU-L0920 GR 920 kW.

Address: 303 Wyman Street, Suite 295 | Waltham, MA 02451 | Phone: 781-890-2220 | Fax: 781-890-9451 | Website: www.techenv.com

Quinebaug Solar Project – Sound Study

October 29, 2019

of 55 dBA 2 is used in this study to assess the potential sound impacts from the project. There are no
local ordinances with sound level limits applicable to the Project.
Predicted Project Sound Levels
Future sound levels from the Quinebaug Solar Project, when it is producing maximum electrical power
of 49.36 MW AC, were calculated with the Cadna A acoustic model. Cadna A is a three-dimensional
model for sound propagation and attenuation based on International Standard ISO 9613 3. Atmospheric
absorption, the process by which sound energy is absorbed by the air, was calculated using ANSI S1.261995. 4 Ground surfaces were assumed to be semi-reflective (a ground factor of 0.5), approximating
worst-case, winter frozen ground conditions. Digital terrain data for the project areas were analyzed to
obtain terrain heights. The model assumes the most-favorable sound propagation conditions, as occur
under downwind conditions or during a ground-based temperature inversion on a clear night.
Sound power level for the inverters at Quinebaug Solar were calculated from manufacturers’
specifications for a larger 1.67-MW inverter. 5 The manufacturer provided a sound pressure level of 49.4
dBA at 25 meters for the inverters, which is equivalent to a sound power level of 88 dBA 6. An
additional 2-dBA safety factor was applied to increase the sound power level to 90 dBA. This sound
power level was used in Cadna/A for each inverter. The proposed transformer will be a 34.5 kV unit
with a projected National Electrical Manufacturers Association (NEMA) sound level rating of 75 dBA
TR1 unit. The sound power level of 92 dBA (including a 2-dBA safety), used in Cadna/A, was
calculated based on the NEMA sound level rating and dimension of the proposed transformer.
Sound levels were predicted at the 32 residential locations, listed in Table 1. Figure 2 shows the layout
plan for the Project’s solar panels and the nearby residences, and a decibel-level contour map of
maximum Project sound levels is presented in Figure 3. Predicted maximum sound levels for each
residence are listed in Table 1.
Maximum sound levels at nearby residences will range from 24.6 to 36.9 dBA, and all predicted sound
levels are far below the 55-dBA daytime sound limit set by CTDEEP. The highest predicted sound level
of 36.9 dBA is predicted for the residence at 29 Liepis Road, Canterbury. All predicted sound levels are
very low, and it is unlikely that sound from Quinebaug Solar Project will be noticeable on nearby
residential properties.

2

Connecticut General Statutes Section 22a-67 et seq. and Regulations of Connecticut State Agencies ("R.C.S.A.") Sections
22a-69-1 to 22a-69-7.4.
3
International Standard, ISO 9613-2, Acoustics – Attenuation of Sound During Propagation Outdoors, -- Part 2 General
Method of Calculation.
4
American National Standards Institute, ANSI S1.26-1995, “American National Standard Method for the Calculation of the
Absorption of Sound by the Atmosphere,” 1995.
5
Samurai PVL-L1833GRQ 1.67-MW Inverter.
6
The acoustic energy level of a source is known as its sound power level (Lw), which is also measured on a decibel scale.
The sound power level of a source is the same at any distance; therefore, Lw values do not have reference distances.
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Quinebaug Solar Project – Sound Study

October 29, 2019

Please call if you have any questions regarding this report.

Sincerely,
TECH ENVIRONMENTAL, INC.

Marc C. Wallace, QEP, INCE
Vice President
4161/Report October 2019
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Quinebaug Solar Project – Sound Study

October 29, 2019
TABLE 1

PREDICTED SOUND LEVELS AT NEARBY RESIDENCES
FROM THE QUINEBAUG SOLAR PROJECT AT MAXIMUM POWER

Receptor Address

Maximum Sound
Level (dBA)

755 Allen Hill Road
766 Allen Hill Road
777 Allen Hill Road
772 Allen Hill Road
251 Christian Hill Road
263 Christian Hill Road
273 Christian Hill Road
283 Christian Hill Road
40 Kerr Road
29 Liepis Road
35 Liepis Road
104 Maynard Road
95 Rukstela Road
250 Rukstela Road
271 Rukstela Road
275 Rukstela Road
279 Rukstela Road
110 Wauregan Road
122 Wauregan Road
140 Wauregan Road
144 Wauregan Road
144A Wauregan Road
182 Wauregan Road
186 Wauregan Road
192 Wauregan Road
216 Wauregan Road
234 Wauregan Road
237 Wauregan Road
265 Wauregan Road
267 Wauregan Road
273 Wauregan Road
281 Wauregan Road

29.5
29.4
28.6
31.3
32.1
33
33.7
27.8
26.7
36.9
32.9
31.7
26.9
36.4
33.3
34.3
30.5
24.9
26.9
25.4
27.7
27.1
24.6
26.2
24.7
28.6
29.4
30.1
31.2
31.6
31.5
32.4

Coordinates (UTM) (m)
X

Y

Z

256200
256275
255912
256277
256568
256629
256625
256794
254639
256350
256332
256859
255182
256348
256669
256512
256707
255069
255211
255281
255376
255484
255819
255880
255915
256244
256350
256424
256678
256671
256725
256784

4626708
4626677
4626620
4626629
4626329
4626245
4626116
4626056
4625594
4625324
4625241
4625501
4626553
4626412
4626180
4626349
4626135
4625301
4625374
4625354
4625366
4625351
4625073
4625066
4624991
4625111
4625072
4625015
4625193
4625218
4625251
4625331

86
85
79
87
81
81
83
78
54
90
82
71
63
84
84
83
81
51
50
49
53
52
74
81
81
73
72
72
68
71
70
73
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FIGURE 1.
Common Outdoor Sound Levels
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Figure 2
Layout Plan for Quinebaug Solar Project and nearby Resideneces
Brooklyn & Canterbury, CT
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Sound Levels from the Project at Maximum Power Output
Brooklyn & Canterbury, CT
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EXHIBIT P:
FAA Notice of Proposed Construction

Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

Exhibit P
FAA Correspondence
The items listed below are included in Exhibit P.
1

Project Extent Corner Locations figure, submitted to FAA in May 2018 as part
of the Notice of Proposed Construction or Alteration.

2

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #1.

3

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #2.

4

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #3.

5

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #4.

6

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #5.

7

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #6.

8

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #7.

9

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #8.

10

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #9.

11

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #10.

12

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #11.

13

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #12.

14

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #13.

15

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #14.

16

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #15.

17

Determination of No Hazard to Air Navigation, Solar Panel Nutmeg Solar
Project, Point #16.
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R-0317

DETERMINATION OF NO HAZARD TO AIR
NAVIGATION, SOLAR PANEL NUTMEG SOLAR
PROJECT, POINTS 1 - 16

Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4281-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #9
Canterbury, CT
41-44-10.24N NAD 83
71-55-30.30W
128 feet site elevation (SE)
8 feet above ground level (AGL)
136 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4281OE.

Signature Control No: 413800639-414784689
David Maddox
Specialist
Attachment(s)
Case Description
Map(s)
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Case Description for ASN 2019-ANE-4281-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.
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Sectional Map for ASN 2019-ANE-4281-OE
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Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4277-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #5
Canterbury, CT
41-44-45.37N NAD 83
71-55-33.18W
240 feet site elevation (SE)
8 feet above ground level (AGL)
248 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4277OE.

Signature Control No: 413800635-414784690
David Maddox
Specialist
Attachment(s)
Case Description
Map(s)
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Case Description for ASN 2019-ANE-4277-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.
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Sectional Map for ASN 2019-ANE-4277-OE
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Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4279-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #7
Canterbury, CT
41-44-22.92N NAD 83
71-55-24.84W
196 feet site elevation (SE)
8 feet above ground level (AGL)
204 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4279OE.

Signature Control No: 413800637-414784691
David Maddox
Specialist
Attachment(s)
Case Description
Map(s)
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Case Description for ASN 2019-ANE-4279-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.
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Sectional Map for ASN 2019-ANE-4279-OE
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Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4286-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #14
Canterbury, CT
41-44-59.14N NAD 83
71-56-41.96W
152 feet site elevation (SE)
8 feet above ground level (AGL)
160 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4286OE.

Signature Control No: 413800644-414784692
David Maddox
Specialist
Attachment(s)
Case Description
Map(s)
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Case Description for ASN 2019-ANE-4286-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.

Page 3 of 4

Sectional Map for ASN 2019-ANE-4286-OE
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Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4275-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #3
Canterbury, CT
41-45-05.66N NAD 83
71-55-47.04W
261 feet site elevation (SE)
8 feet above ground level (AGL)
269 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4275OE.

Signature Control No: 413800633-414784693
David Maddox
Specialist
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Case Description for ASN 2019-ANE-4275-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.
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Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4282-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #10
Canterbury, CT
41-44-20.99N NAD 83
71-56-05.17W
207 feet site elevation (SE)
8 feet above ground level (AGL)
215 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4282OE.

Signature Control No: 413800640-414784694
David Maddox
Specialist
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Case Description for ASN 2019-ANE-4282-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.
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Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4273-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #1
Canterbury, CT
41-45-13.88N NAD 83
71-55-57.43W
283 feet site elevation (SE)
8 feet above ground level (AGL)
291 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4273OE.

Signature Control No: 413800631-414784695
David Maddox
Specialist
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Case Description for ASN 2019-ANE-4273-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.

Page 3 of 4

Sectional Map for ASN 2019-ANE-4273-OE

Page 4 of 4

Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4274-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #2
Canterbury, CT
41-45-12.49N NAD 83
71-55-52.63W
278 feet site elevation (SE)
8 feet above ground level (AGL)
286 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4274OE.

Signature Control No: 413800632-414784696
David Maddox
Specialist
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Case Description for ASN 2019-ANE-4274-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.
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Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4285-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #13
Canterbury, CT
41-44-53.93N NAD 83
71-56-46.61W
159 feet site elevation (SE)
8 feet above ground level (AGL)
167 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4285OE.

Signature Control No: 413800643-414784697
David Maddox
Specialist
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Case Description for ASN 2019-ANE-4285-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.
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Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4288-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #16
Canterbury, CT
41-45-08.42N NAD 83
71-56-28.58W
161 feet site elevation (SE)
8 feet above ground level (AGL)
169 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4288OE.

Signature Control No: 413800646-414784699
David Maddox
Specialist
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Case Description for ASN 2019-ANE-4288-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.
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Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4284-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #12
Canterbury, CT
41-44-37.59N NAD 83
71-56-44.14W
163 feet site elevation (SE)
8 feet above ground level (AGL)
171 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4284OE.

Signature Control No: 413800642-414784700
David Maddox
Specialist
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Case Description
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Case Description for ASN 2019-ANE-4284-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.

Page 3 of 4

Sectional Map for ASN 2019-ANE-4284-OE

Page 4 of 4

Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4276-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #4
Canterbury, CT
41-44-48.73N NAD 83
71-55-34.97W
252 feet site elevation (SE)
8 feet above ground level (AGL)
260 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4276OE.

Signature Control No: 413800634-414784701
David Maddox
Specialist
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Case Description for ASN 2019-ANE-4276-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.
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Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4278-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #6
Canterbury, CT
41-44-34.09N NAD 83
71-55-30.05W
222 feet site elevation (SE)
8 feet above ground level (AGL)
230 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4278OE.
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Case Description for ASN 2019-ANE-4278-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.
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Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4283-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #11
Canterbury, CT
41-44-35.76N NAD 83
71-56-41.85W
155 feet site elevation (SE)
8 feet above ground level (AGL)
163 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4283OE.
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Case Description for ASN 2019-ANE-4283-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.
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Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4289-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #17
Canterbury, CT
41-45-12.80N NAD 83
71-56-04.94W
249 feet site elevation (SE)
8 feet above ground level (AGL)
257 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4289OE.
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The project proposes to construct a 50 megawatt (AC) solar energy generation facility.
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Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4280-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #8
Canterbury, CT
41-44-18.87N NAD 83
71-55-25.73W
188 feet site elevation (SE)
8 feet above ground level (AGL)
196 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4280OE.
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Case Description for ASN 2019-ANE-4280-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.
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Mail Processing Center
Federal Aviation Administration
Southwest Regional Office
Obstruction Evaluation Group
10101 Hillwood Parkway
Fort Worth, TX 76177

Aeronautical Study No.
2019-ANE-4287-OE

Issued Date: 08/19/2019
Jean Christy
Tighe & Bond, Inc.
53 Southampton Road
Westfield, MA 01085
** DETERMINATION OF NO HAZARD TO AIR NAVIGATION **
The Federal Aviation Administration has conducted an aeronautical study under the provisions of 49 U.S.C.,
Section 44718 and if applicable Title 14 of the Code of Federal Regulations, part 77, concerning:
Structure:
Location:
Latitude:
Longitude:
Heights:

Solar Panel Quinebaug Solar Project #15
Canterbury, CT
41-45-07.40N NAD 83
71-56-31.50W
164 feet site elevation (SE)
8 feet above ground level (AGL)
172 feet above mean sea level (AMSL)

This aeronautical study revealed that the structure does not exceed obstruction standards and would not be a
hazard to air navigation provided the following condition(s), if any, is(are) met:

Based on this evaluation, marking and lighting are not necessary for aviation safety. However, if marking/
lighting are accomplished on a voluntary basis, we recommend it be installed in accordance with FAA Advisory
circular 70/7460-1 L Change 2.
This determination expires on 02/19/2021 unless:
(a)
(b)
(c)

the construction is started (not necessarily completed) and FAA Form 7460-2, Notice of Actual
Construction or Alteration, is received by this office.
extended, revised, or terminated by the issuing office.
the construction is subject to the licensing authority of the Federal Communications Commission
(FCC) and an application for a construction permit has been filed, as required by the FCC, within
6 months of the date of this determination. In such case, the determination expires on the date
prescribed by the FCC for completion of construction, or the date the FCC denies the application.

NOTE: REQUEST FOR EXTENSION OF THE EFFECTIVE PERIOD OF THIS DETERMINATION MUST
BE E-FILED AT LEAST 15 DAYS PRIOR TO THE EXPIRATION DATE. AFTER RE-EVALUATION
OF CURRENT OPERATIONS IN THE AREA OF THE STRUCTURE TO DETERMINE THAT NO
SIGNIFICANT AERONAUTICAL CHANGES HAVE OCCURRED, YOUR DETERMINATION MAY BE
ELIGIBLE FOR ONE EXTENSION OF THE EFFECTIVE PERIOD.
Page 1 of 4

This determination is based, in part, on the foregoing description which includes specific coordinates, heights,
frequency(ies) and power. Any changes in coordinates, heights, and frequencies or use of greater power, except
those frequencies specified in the Colo Void Clause Coalition; Antenna System Co-Location; Voluntary Best
Practices, effective 21 Nov 2007, will void this determination. Any future construction or alteration, including
increase to heights, power, or the addition of other transmitters, requires separate notice to the FAA.This
determination includes all previously filed frequencies and power for this structure.
If construction or alteration is dismantled or destroyed, you must submit notice to the FAA within 5 days after
the construction or alteration is dismantled or destroyed.
This determination does include temporary construction equipment such as cranes, derricks, etc., which may be
used during actual construction of the structure. However, this equipment shall not exceed the overall heights as
indicated above. Equipment which has a height greater than the studied structure requires separate notice to the
FAA.
This determination concerns the effect of this structure on the safe and efficient use of navigable airspace
by aircraft and does not relieve the sponsor of compliance responsibilities relating to any law, ordinance, or
regulation of any Federal, State, or local government body.
If we can be of further assistance, please contact our office at (202) 267-4525, or david.maddox@faa.gov. On
any future correspondence concerning this matter, please refer to Aeronautical Study Number 2019-ANE-4287OE.
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Case Description for ASN 2019-ANE-4287-OE
The project proposes to construct a 50 megawatt (AC) solar energy generation facility.
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EXHIBIT Q:
SHPO Correspondence

Quinebaug Solar Project
Brooklyn and Canterbury, Connecticut

Exhibit Q
SHPO Correspondence

The items listed below are included in Exhibit Q.

1

Heritage Phase IA Cultural Resource Assessment Survey Report

2

Heritage Addendum - Phase IA Cultural Resource Assessment Survey
Report (Additional 16-acre Parcel)

3

SHPO Concurrence Letter for Phase IA Survey

4

Heritage Management Summary - Phase 1B Cultural Resource
Reconnaissance Survey

5

SHPO Concurrence Letter for Phase 1B Survey

6 Heritage Phase 1B Cultural Resources Reconnaissance Survey and Phase
II National Register of Historic Places Testing and Evaluation
(Provided as a Bulk Filing to the Council)

HERITAGE PHASE 1A
CULTURAL RESOURCE ASSESSMENT SURVEY REPORT

JANUARY 2017

PHASE IA CULTURAL RESOURCES ASSESSMENT SURVEY OF THE
PROPOSED QUINEBAUG SOLAR FACILITY IN BROOKLYN AND
CANTERBURY, CONNECTICUT

PREPARED FOR:

60 FOREST FALLS DRIVE
SUITE 7
YARMOUTH, ME 04096

PREPARED BY:

HERITAGE CONSULTANTS, LLC
P.O. BOX 310249
NEWINGTON, CONNECTICUT 06131
PREPARED BY:

ABSTRACT

This report presents the results of a Phase IA Cultural Resources Assessment Survey of a large project
parcel in Brooklyn and Canterbury, Connecticut. Ranger Solar has requested that Heritage Consultants,
LLC complete the assessment survey as part of the planning process for a proposed 55MW solar energy
facility that will occupy 544 ac of land straddling the Brooklyn/Canterbury town line. The review of historic
maps and aerial images of the proposed project parcel, files maintained by the Connecticut State Historic
Preservation Office, and pedestrian survey of the Area of Potential Effect resulted in the identification of
six areas that produced evidence of above-ground historic features, numerous stone walls, the locations of
six previously identified prehistoric archaeological sites, and two historic standing structures adjacent to
the parcel boundaries. The six locations with above ground historic signatures were labeled as the Former
Butts/Harris/Cady House location, Well House Foundation, Rukstella Farmstead, Mowrey Farmstead,
Bennett/Taylor/Gallagher Cemetery, and Stone Town Line Boundary Marker. The previously identified
archaeological sites included Sites 19-2, 19-8, 19-9, 19-11, 19-15, and 19-16. The two historic standing
structures are located at 29 Liepis Road and 215 Wauregan Road.
Of the above-ground historic resources, the Well House Foundation and the Rukstella Farmstead were
assessed as not significant applying the National Register of Historic Places criteria for evaluation (36 CFR
60.4 [a-d]) due to previous impacts and lack of research potential. No additional archaeological
investigation of these two resources is recommended prior to construction of the proposed solar facility.
The Former Butts/Harris/Cady House location and the Mowrey Farmstead, in contrast, were determined to
possibly contain archaeological data relevant to Late Colonial/Early American occupation and use of the
area. Phase IB cultural resources reconnaissance survey of these two areas, including subsurface testing, is
recommended. The Stone Town Line Boundary Marker and the Bennett/Taylor/Gallagher Cemetery were
identified as important landscape features within the Area of Potential Effect. It is recommended that neither
one of these cultural resources be impacted in any way by the proposed construction. A construction buffer
of 5 m (16.4 ft) is recommended around the stone town line boundary marker, and a buffer of 15 m (50 ft)
is recommended around the Bennett/Taylor/Gallagher Cemetery. No construction should be planned in the
buffered areas so that these two cultural resources may be protected in place. In addition to the items
discussed above, Heritage Consultants, LLC personnel revisited all prehistoric site locations within the
proposed project area in an effort to ascertain their current state of preservation and potential impacts to
them as a result of the proposed construction project. It was determined that Sites 19-2, 19-8, and 19-11 are
still situated within agricultural fields within the Area of Potential Effect, while Sites 19-9, 19-15, and 1916 were still located in wooded areas. It is recommended that an attempt to relocate and asses these sites
through a subsurface testing regime as part of a Phase I B cultural resources reconnaissance survey be made
prior to construction of the proposed solar facility.
Finally, Heritage Consultants, LLC stratified the proposed project area into zones of no/low and
moderate/high archaeological sensitivity. It was determined that of the 540 acres under consideration for
the proposed solar facility, 244 acres retain no/low archaeological potential, while 300 acres possess a
moderate/high sensitivity for producing archaeological resources. Since the no/low potential areas consist
of previous disturbed, paved, mucky, and/or wet conditions, no additional archaeological investigation of
these areas is recommended. In contrast, the acreage that has been assessed as possessing moderate/high
archaeological sensitivity should be examined using subsurface testing techniques as part of a
comprehensive Phase IB cultural resources reconnaissance survey prior to construction of the solar facility.
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proposed project area, facing northwest (note this area contains Site 19-11).

Photo 32.

Representative photo of a moderate/high sensitivity area in the central portion of the proposed
project area, facing west.

Photo 33.

Representative photo of a moderate/high sensitivity area in the southwestern portion of the
proposed project area, facing east (note this area overlooks Cold Spring Brook to the west).

Photo 34.

Representative photo of a moderate/high sensitivity area in the central portion of the proposed
project area, facing east.

CHAPTER I

INTRODUCTION
This report presents the results of a Phase IA cultural resources assessment survey for a solar energy
project in Brooklyn and Canterbury, Connecticut (Figure 1). Quinebaug Solar, LLC (Quinebaug Solar) an
affiliate of Ranger Solar, LLC (Ranger Solar) requested that Heritage Consultants, LLC (Heritage)
complete the assessment survey as part of the planning process for a proposed 50 MWac solar energy
facility, the Quinebaug Solar project. Heritage conducted an assessment survey of 544 acres of land
straddling the Brooklyn/Canterbury and referred to herein as the study area. The proposed Quinebaug
Solar project will be constructed within the study area, but will only occupy a portion of the 544 acres
surveyed. The study area is bordered to the south by Wauregan Road and private residences, to the west
by Blackwell Brook, to the north by Allen Hill Road and forested areas, and to the east by the Quinebaug
River (Figure 2). The sand and gravel pits within the central and western portion of the project area will
not be developed as part of the proposed solar project. Instead, these areas will continue to be used for
sand and gravel mining. In addition, the large parcel of land that extends to the south east from Wauregan
Road to the Quinebaug River also will not be impacted by the proposed project. Quinebaug Solar has no
immediate plans to develop the latter parcel of land.
Heritage completed this investigation on behalf of Quinebaug Solar in November and December of 2016.
All work associated with this project was performed in accordance with National Historic Preservation Act
of 1966, as amended; the National Environmental Policy Act of 1969, as amended, and; the Environmental
Review Primer for Connecticut’s Archaeological Resources (Poirier 1987) promulgated by the Connecticut
Historic Commission, State Historic Preservation Office.
Project Description and Methods Overview
As mentioned above, the proposed study area is located in Brooklyn and Canterbury, Connecticut. It will
be the site of a utility-scale solar power generating facility, consisting of: photovoltaic (PV) solar panels,
racking, access roads, DC/AC inverters, transformers, collector lines, and a project substation. The
proposed project will have at least two gated access points, likely one from Wauregan Road in the south
and one from Allen Hill Road in the north (Figure 2). The study area consists of a flat to steeply sloping
area that currently contains a combination of agricultural fields, forested areas, wetlands, a large pond,
and three large gravel pits (Figure 3). As seen in Figure 2, the pond, wetlands, and gravel pits will not be
affected during construction. The topography throughout the area ranges in elevation from approximately
42.7 to 85.3 m (130 to 280 ft) NGVD. In addition, soils situated throughout the study area can be
characterized primarily as sandy to gravelly loams with some areas of mucks intermixed, especially near
water courses and within upland wetlands. The nearest freshwater sources are Blackwell Brook, Cold
Spring Brook, and the Quinebaug River.
This Phase IA cultural resources assessment survey consisted of the completion of the following tasks: 1)
a contextual overview of the area’s prehistory, history, and natural setting (e.g., soils, ecology, hydrology,
etc.); 2) a literature search to identify and discuss previously completed cultural resources surveys and
previously recorded cultural resources in the area encompassing the study area; 3) a review of readily
available historic maps and aerial imagery depicting the study area in order to identify potential historic
resources and/or areas of past disturbance; 4) pedestrian survey and photo-documentation of the study
area in order to determine its archaeological sensitivity; and 5) preparation of the current archaeological
assessment report.
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Project Results and Management Recommendations Overview
The review of historic maps and aerial images of the study area, files maintained by the Connecticut State
Historic Preservation Office, and pedestrian survey resulted in the identification of six areas that produced
evidence of above-ground historic features, numerous stone walls, the locations of six previously
identified archaeological sites, and two historic standing structures adjacent to the area boundaries. The
six locations with above ground historic signatures were designated as the Butts/Harris/Cady House
location, Well House foundation, Rukstella Farmstead, Mowrey Farmstead, Bennett/Taylor/Gallagher
Cemetery, and Stone Town Line Boundary Marker. These resources, which likely date from between the
late eighteenth and early twentieth centuries, are discussed in detail in Chapter VII of this document. Of
these resources, the Butts/Harris/Cady House location and the Mowrey Farmstead may contain
archaeological data related to rural Late Colonial and Early American lifeways. These two resources are
situated in areas that were as moderate/high archaeologically sensitive zones, and if they are to be
developed as part of the planned project, then Phase 1B cultural resources survey would be
recommended. The Well House foundation and the Rukstella Farmstead either possess little
archaeological value or have been impacted/disturbed in the recent past. These resources are situated in
no/low sensitivity areas, and they are not eligible for listing on the National Register of Historic Places.
No additional archaeological investigation of them is required prior to construction of the proposed solar
facility. Finally, the Stone Town Line Boundary Marker and the Bennett/Taylor/Gallagher Cemetery are
important landscape features within the study area. Neither one of these cultural resources should be
impacted in any way by the proposed construction. A construction buffer of 5 m (16.4 ft) is recommended
around the Stone Town Line Boundary Marker, and a buffer of 15 m (50 ft) is recommended around the
Bennett/Taylor/Gallagher Cemetery. These areas should be cordoned off during construction to insure
these two cultural resources are protected in place.
Heritage also located and mapped stone walls within the study area. Observations made during the walk
over indicated that some loss and disturbance of previous stone walls has occurred; however, many walls
remain. Once construction plans are finalized for the proposed solar facility, it is recommended that
Quinebaug Solar consult with the Connecticut State Historic Preservation Office to determine suitable
avoidance measures that seek to preserve as many of the remaining stone walls in place given the
constraints of the planned development.
In addition to the items discussed above, Heritage personnel revisited all previously identified prehistoric
site locations within the study area to ascertain their current state of preservation and potential for impacts
as a result of the proposed project. It was determined that Sites 19-2, 19-8, and 19-11 are situated in
agricultural fields within the northern portion of the study area, while Sites 19-9, 19-15, and 19-16 are
located in wooded areas in the northwestern part of the study area. Since Sites 19-2, 19-8, and 19-11 are
located within habitually plowed fields, they likely have been impacted during the last 34 years since their
original identification; however, Sites 19-9, 19-15, and 19-16 remain in areas that have not been
disturbed.
Finally, Heritage combined data from the historic map and aerial image investigations, chain of title
research, and the pedestrian survey to stratify the proposed study area into zones of no/low and
moderate/high archaeological sensitivity. It was determined that of the 544 acres under consideration, 244
retain no/low archaeological potential, while 300 possess a moderate/high sensitivity for producing
archaeological resources.
Project Personnel
Key personnel for this project included Mr. David R. George, M.A., R.P.A, who supervised the field review
portion of the project and compiled this report. He was assisted by Mr. William Keegan, B.A., who
provided GIS support services and project mapping. Finally, Ms. Kristen Keegan completed this historic
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background research of the project and contributed to the final report. The key personnel were assisted by
Heritage support staff, both in the field and while compiling the report.
Organization of the Report
The natural setting of the region encompassing the study area is presented in Chapter II; it includes a brief
overview of the geology, hydrology, and soils, of the project region. The prehistory of the project region is
outlined briefly in Chapter III. The history of the region encompassing the project region and study area is
chronicled in Chapter IV, while a discussion of previous archaeological investigations in the vicinity of the
study area is presented in Chapter V. The methods used to complete this investigation are discussed in
Chapter VI. Finally, the results of this investigation are presented in Chapter VII, and management
recommendations are contained in Chapter VIII.
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CHAPTER II

NATURAL SETTING
Introduction
This chapter provides a brief overview of the natural setting of the region containing the study area.
Previous archaeological research has documented that a few specific environmental factors can be
associated with both prehistoric and historic period site selection. These include general ecological
conditions, as well as types of fresh water sources and soils present. The remainder of this section
provides a brief overview of the ecology, hydrological resources, and soils present within the study area
and the larger region in general.
Ecoregions of Connecticut
Throughout the Pleistocene and Holocene Periods, Connecticut has undergone numerous environmental
changes. Variations in climate, geology, and physiography have led to the “regionalization” of
Connecticut’s modern environment. It is clear, for example, that the northwestern portion of the state has
very different natural characteristics than the coastline. Recognizing this fact, Dowhan and Craig (1976),
as part of their study of the distribution of rare and endangered species in Connecticut, subdivided the
state into various ecoregions. Dowhan and Craig (1976:27) defined an ecoregion as:
“an area characterized by a distinctive pattern of landscapes and regional climate as expressed by the vegetation
composition and pattern, and the presence or absence of certain indicator species and species groups. Each
ecoregion has a similar interrelationship between landforms, local climate, soil profiles, and plant and animal
communities. Furthermore, the pattern of development of plant communities (chronosequences and
toposequences) and of soil profile is similar in similar physiographic sites. Ecoregions are thus natural divisions of
land, climate, and biota.”

Dowhan and Craig defined nine major ecoregions for the State of Connecticut. They are based on
regional diversity in plant and animal indicator species (Dowhan and Craig 1976). Only one of the
ecoregions is germane to the current investigation: Northeast Hills ecoregion. A brief summary of this
ecoregion is presented below. It is followed by a discussion of the hydrology and soils found in and
adjacent to the study area.
Northeast Hills Ecoregion
The Northeast Hills ecoregion region consists of a hilly upland terrain located between approximately
40.2 and 88.5 km (25 and 55 mi) to the north of Long Island Sound (Dowhan and Craig 1976). It is
characterized by streamlined hills bordered on either side by local ridge systems, as well as broad lowland
areas situated near large rivers and tributaries. Physiography in this region is composed of a series of
north-trending ridge systems, the western-most of which is referred to as the Bolton Range and the
eastern-most as the Mohegan Range (Bell 1985:45). Elevations in the Northeast Hills range from 60.9 to
243.8 m (200 to 800 ft) above sea level, reaching a maximum of nearly 304.8 m (1,000 ft) above sea level
near the Massachusetts border (Bell 1985). The bedrock of the region is composed of Schist and gneiss
created during the Paleozoic and well as gneiss and granite created during the Precambrian period (Bell
1985). Soils in upland areas have been deposited on top of glacial till. In the in the valleys they consist of
stratified deposits of sand, gravel, and silt (Dowhan and Craig 1976).
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Hydrology in the Vicinity of the Study Area
The proposed study area is situated within close proximity to several sources of freshwater, including
Blackwell Brook, Cold Springs Brook Moosup Pond, Tatnic Pond, Moosup River, and Quinebaug River, as
well as several unnamed wetlands. The brooks, ponds, rivers, and wetlands may have served as resource
extraction areas for Native American and historic populations. Previously completed archaeological
investigations in Connecticut have demonstrated that streams, rivers, and wetlands were focal points for
prehistoric occupations because they provided access to transportation routes, sources of freshwater, and
abundant faunal and floral resources.
Soils Comprising the Study Area
Soil formation is the direct result of the interaction of a number of variables, including climate,
vegetation, parent material, time, and organisms present (Gerrard 1981). Once archaeological deposits are
buried within the soil, they are subject to a number of diagenic processes. Different classes of artifacts
may be preferentially protected, or unaffected by these processes, whereas others may deteriorate rapidly.
Cyclical wetting and drying, freezing and thawing, and compression can accelerate chemically and
mechanically the decay processes for animal bones, shells, lithics, ceramics, and plant remains. Lithic and
ceramic artifacts are largely unaffected by soil pH, whereas animal bones and shells decay more quickly
in acidic soils such as those that are present in within the current study area. In contrast, acidic soils
enhance the preservation of charred plant remains.
A review of the soils within the study area is presented below. The study area is characterized by the
presence of approximately 25 soil types ranging from sandy loams to mucks. The most ubiquitous soil
types found within the study area, which cover approximate 40 percent of the property, include Hinckley,
Windsor, Woodbridge, Agawam, and Paxton-Montauk soils. These five soil types are well correlated with
both historic and prehistoric archaeological site locations. Descriptive profiles for each, which were
accessed via the National Resources Conservation Service, are presented below.
Hinckley Soils:
Oe-0 to 1 inch; moderately decomposed plant material derived from red pine needles and twigs.
Ap-1 to 8 inches; very dark grayish brown (10YR 3/2) loamy sand; weak fine and medium granular
structure; very friable; many fine and medium roots; 5 percent fine gravel; very strongly acid; abrupt
smooth boundary;
Bw1-8 to 11 inches; strong brown (7.5YR 5/6) gravelly loamy sand; weak fine and medium granular
structure; very friable; common fine and medium roots; 20 percent gravel; very strongly acid; clear
smooth boundary;
Bw2-11 to 16 inches; yellowish brown (10YR 5/4) gravelly loamy sand; weak fine and medium granular
structure; very friable; common fine and medium roots; 25 percent gravel; very strongly acid; clear
irregular boundary;
BC-16 to 19 inches; yellowish brown (10YR 5/4) very gravelly sand; single grain; loose; common fine
and medium roots; 40 percent gravel; strongly acid; clear smooth boundary;
C-19 to 65 inches; light olive brown (2.5Y 5/4) extremely gravelly sand consisting of stratified sand,
gravel and cobbles; single grain; loose; common fine and medium roots in the upper 8 inches and very
few below; 60 percent gravel and cobbles; moderately acid.
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Windsor Soils:
Oe-0 to 3 cm; black (10YR 2/1) moderately decomposed forest plant material; many very fine and fine
roots; very strongly acid; abrupt smooth boundary;
A-3 to 8 cm; very dark grayish brown (10YR 3/2) loamy sand; weak medium granular structure; very
friable; many very fine and fine roots; strongly acid; abrupt wavy boundary;
Bw1-8 to 23 cm; strong brown (7.5YR 5/6) loamy sand; very weak fine granular structure; very friable;
many fine and medium roots; strongly acid; gradual wavy boundary;
Bw2-23 to 53 cm; yellowish brown (10YR 5/6) loamy sand; very weak fine granular structure; very
friable; common fine and medium roots; strongly acid; gradual wavy boundary;
Bw3-53 to 64 cm; light yellowish brown (10YR 6/4) sand; single grain; loose; few coarse roots; strongly
acid; clear wavy boundary;
C-64 to 165 cm; pale brown (10YR 6/3) and light brownish gray (10YR 6/2) sand; single grain; loose;
few coarse roots; strongly acid.
Woodbridge Soils:
Ap-0 to 18 cm; very dark grayish brown (10YR 3/2) fine sandy loam, light brownish gray (10YR 6/2)
dry; moderate medium granular structure; friable; many fine and medium roots; few very dark brown
(10YR 2/2) earthworm casts; 5 percent gravel; moderately acid; abrupt wavy boundary;
Bw1-18 to 46 cm; dark yellowish brown (10YR 4/4) fine sandy loam; weak medium subangular blocky
structure; friable; common fine roots; few very dark brown (10YR 2/2) earthworm casts; 10 percent
gravel; moderately acid; gradual wavy boundary;
Bw2-46 to 66 cm; dark yellowish brown (10YR 4/4) fine sandy loam; weak medium subangular blocky
structure; friable; common fine roots; few very dark brown (10YR 2/2) earthworm casts; 10 percent
gravel; few medium prominent strong brown (7.5YR 5/6) masses of iron accumulation and light brownish
gray (10YR 6/2) areas of iron depletion; moderately acid; gradual wavy boundary;
Bw3-66 to 76 cm; light olive brown (2.5Y 5/4) fine sandy loam; weak medium subangular blocky
structure; friable; few fine roots; 10 percent gravel; common medium prominent strong brown (7.5YR
5/6) masses of iron accumulation and light brownish gray (10YR 6/2) areas of iron depletion; moderately
acid; clear wavy boundary;
Cd1-76 to 109 cm; light olive brown (2.5Y 5/4) gravelly fine sandy loam; weak thick plates of geogenic
origin; very firm, brittle; 20 percent gravel; many medium prominent strong brown (7.5YR 5/8) masses of
iron accumulation and light brownish gray (10YR 6/2) areas of iron depletion; moderately acid; gradual
wavy boundary;
Cd2-109 to 165 cm; light olive brown (2.5Y 5/4) gravelly fine sandy loam; weak thick plates of geogenic
origin; very firm, brittle; few fine prominent very dark brown (10YR 2/2) coatings on plates; 25 percent
gravel; common fine prominent strong brown (7.5YR 5/8) masses of iron accumulation; moderately acid.
Agawam Soils:
p-0 to 11 inches; dark grayish brown (10YR 4/2) fine sandy loam; light brownish gray (10YR 6/2) dry;
weak medium and coarse subangular blocky structure; very friable; common fine and medium roots;
strongly acid; abrupt smooth boundary;
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Bw1-11 to 16 inches; dark yellowish brown (10YR 4/4) fine sandy loam; weak medium and coarse
subangular blocky structure; very friable; common fine and medium roots; strongly acid; abrupt smooth
boundary;
Bw2-16 to 26 inches; light olive brown (2.5Y 5/4) fine sandy loam; weak medium subangular blocky
structure; very friable; common fine and medium roots; strongly acid; clear smooth boundary;
2C1-26 to 45 inches; olive (5Y 5/3) loamy fine sand; massive; very friable; few fine roots; strongly acid;
2C2-45 to 55 inches; olive brown (2.5Y 4/4) loamy fine sand; massive; very friable; strongly acid; abrupt
smooth boundary;
2C3-55 to 65 inches; olive (5Y 5/3) loamy sand; single grain; loose; strongly acid.
Paxton-Montauk Soils:
Ap-0 to 20 cm; dark brown (10YR 3/3) fine sandy loam, pale brown (10YR 6/3) dry; moderate medium
granular structure; friable; many fine roots; 5 percent gravel; strongly acid; abrupt smooth boundary;
Bw1-20 to 38 cm; dark yellowish brown (10YR 4/4) fine sandy loam; weak medium subangular blocky
structure; friable; common fine roots; 5 percent gravel; few earthworm casts; strongly acid; gradual wavy
boundary;
Bw2-38 to 66 cm; olive brown (2.5Y 4/4) fine sandy loam; weak medium subangular blocky structure;
friable; few fine roots; 10 percent gravel; strongly acid; clear wavy boundary;
Cd-66 to 165 cm; olive (5Y 5/3) gravelly fine sandy loam; medium plate-like divisions; massive; very
firm, brittle; 25 percent gravel; many dark coatings on plates; strongly acid.
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CHAPTER III

PREHISTORIC SETTING
Introduction
Prior to the late 1970s and early 1980s, very few systematic archaeological surveys of large portions of
the state of Connecticut had been undertaken. Rather, the prehistory of the region was studied at the site
level. Sites chosen for excavation were highly visible and they were located in such as areas as the coastal
zone, e.g., shell middens, and Connecticut River Valley. As a result, a skewed interpretation of the
prehistory of Connecticut was developed. It was suggested that the upland portions of the state, i.e., the
northeastern and northwestern hills ecoregions, were little used and rarely occupied by prehistoric Native
Americans, while the coastal zone, i.e., the eastern and western coastal and the southeastern and
southwestern hills ecoregions, were the focus of settlements and exploitation in the prehistoric era. This
interpretation remained unchallenged until the 1970s and 1980s when several town-wide and regional
archaeological studies were completed. These investigations led to the creation of several archaeological
phases that subsequently were applied to understand the prehistory of Connecticut. The remainder of this
chapter provides an overview of the prehistoric setting of the region encompassing the Area of Potential
Effect.
Paleo-Indian Period (12,000-10,000 B.P.)
The earliest inhabitants of the area encompassing the State of Connecticut, who have been referred to as
Paleo-Indians, arrived in the area by ca., 12,000 B.P. (Gramly and Funk 1990; Snow 1980). Due to the
presence of large Pleistocene mammals at that time and the ubiquity of large fluted projectile points in
archaeological deposits of this age, Paleo-Indians often have been described as big-game hunters (Ritchie
and Funk 1973; Snow 1980); however, as discussed below, it is more likely that they hunted a broad
spectrum of animals.
While there have been numerous surface finds of Paleo-Indian projectile points throughout the State of
Connecticut, only two sites, the Templeton Site (6-LF-21) in Washington, Connecticut and the Hidden
Creek Site (72-163) in Ledyard, Connecticut, have been studied in detail and dated using the radiocarbon
method (Jones 1997; Moeller 1980). The Templeton Site (6-LF-21) is located in Washington, Connecticut
and was occupied between 10,490 and 9,890 years ago (Moeller 1980). In addition to a single large and
two small fluted points, the Templeton Site produced a stone tool assemblage consisting of gravers, drills,
core fragments, scrapers, and channel flakes, which indicates that the full range of stone tool production
and maintenance took place at the site (Moeller 1980). Moreover, the use of both local and non-local raw
materials was documented in the recovered tool assemblage, suggesting that not only did the site’s
occupants spend some time in the area, but they also had access to distant stone sources, the use of which
likely occurred during movement from region to region.
The only other Paleo-Indian site studied in detail in Connecticut is the Hidden Creek Site (72-163) (Jones
1997). The Hidden Creek Site is situated on the southeastern margin of the Great Cedar Swamp on the
Mashantucket Pequot Reservation in Ledyard, Connecticut. While excavation of the Hidden Creek Site
produced evidence of Terminal Archaic and Woodland Period components (see below) in the upper soil
horizons, the lower levels of the site yielded artifacts dating from the Paleo-Indian era. Recovered PaleoIndian artifacts included broken bifaces, side-scrapers, a fluted preform, gravers, and end-scrapers. Based
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on the types and number of tools present, Jones (1997:77) has hypothesized that the Hidden Creek Site
represented a short-term occupation, and that separate stone tool reduction and rejuvenation areas were
present.
While archaeological evidence for Paleo-Indian occupation is scarce in Connecticut, it, combined with
data from the West Athens Road and King’s Road Site in the Hudson drainage and the Davis and Potts
Sites in northern New York, supports the hypothesis that there was human occupation of the area not long
after ca. 12,000 B.P. (Snow 1980). Further, site types currently known suggest that the Paleo-Indian
settlement pattern was characterized by a high degree of mobility, with groups moving from region to
region in search of seasonally abundant food resources, as well as for the procurement of high quality raw
materials from which to fashion stone tools.
Archaic Period (10,000 to 2,700 B.P.)
The Archaic Period, which succeeded the Paleo-Indian Period, began by ca., 10,000 B.P. (Ritchie and
Funk 1973; Snow 1980), and it has been divided into three subperiods: Early Archaic (10,000 to 8,000
B.P.), Middle Archaic (8,000 to 6,000 B.P.), and Late Archaic (6,000 to 3,400 B.P.). These periods were
devised to describe all non-farming, non-ceramic producing populations in the area. Regional
archeologists recently have recognized a final “transitional” Archaic Period, the Terminal Archaic Period
(3,400-2,700 B.P.), which was meant to describe those groups that existed just prior to the onset of the
Woodland Period and the widespread adoption of ceramics into the toolkit (Snow 1980; McBride 1984;
Pfeiffer 1984, 1990; Witthoft 1949, 1953).
Early Archaic Period (10,000 to 8,000 B.P.)
To date, very few Early Archaic sites have been identified in southern New England. As a result,
researchers such as Fitting (1968) and Ritchie (1969), have suggested a lack of these sites likely is tied to
cultural discontinuity between the Early Archaic and preceding Paleo-Indian Period, as well as a
population decrease from earlier times. However, with continued identification of Early Archaic sites in
the region, and the recognition of the problems of preservation, it is difficult to maintain the discontinuity
hypothesis (Curran and Dincauze 1977; Snow 1980).
Like their Paleo-Indian predecessors, Early Archaic sites tend to be very small and produce few artifacts,
most of which are not temporally diagnostic. While Early Archaic sites in other portions the United States
are represented by projectile points of the Kirk series (Ritchie and Funk 1973) and by Kanawha types
(Coe 1964), sites of this age in southern New England are identified recognized on the basis of a series of
ill-defined bifurcate-based projectile points. These projectile points are identified by the presence of their
characteristic bifurcated base, and they generally are made from high quality raw materials. Moreover,
finds of these projectile points have rarely been in stratified contexts. Rather, they occur commonly either
as surface expressions or intermixed with artifacts representative of later periods. Early Archaic
occupations, such as the Dill Farm Site and Sites 6LF64 and 6LF70 in Litchfield County, an are
represented by camps that were relocated periodically to take advantage of seasonally available resources
(McBride 1984; Pfeiffer 1986). In this sense, a foraging type of settlement pattern was employed during
the Early Archaic Period.
Middle Archaic Period (8,000 to 6,000 B.P.)
By the onset of the Middle Archaic Period, essentially modern deciduous forests had developed in the
region (Davis 1969). It is at this time that increased numbers and types of sites are noted in Connecticut
(McBride 1984). The most well-known Middle Archaic site in New England is the Neville Site, which is
located in Manchester, New Hampshire and studied by Dincauze (1976). Careful analysis of the Neville
Site indicated that the Middle Archaic occupation dated from between ca., 7,700 and 6,000 years ago. In
fact, Dincauze (1976) obtained several radiocarbon dates from the Middle Archaic component of the
Neville Site. The dates, associated with the then-newly named Neville type projectile point, ranged from
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7,740+280 and 7,015+160 B.P. (Dincauze 1976).
In addition to Neville points, Dincauze (1976) described two other projectile points styles that are
attributed to the Middle Archaic Period: Stark and Merrimac projectile points. While no absolute dates
were recovered from deposits that yielded Stark points, the Merrimac type dated from 5,910+180 B.P.
Dincauze argued that both the Neville and later Merrimac and Stark occupations were established to take
advantage of the excellent fishing that the falls situated adjacent to the site area would have afforded
Native American groups. Thus, based on the available archaeological evidence, the Middle Archaic
Period is characterized by continued increases in diversification of tool types and resources exploited, as
well as by sophisticated changes in the settlement pattern to include different site types, including both
base camps and task-specific sites (McBride 1984:96)
Late Archaic Period (6,000 to 3,700 B.P.)
The Late Archaic Period in southern New England is divided into two major cultural traditions that
appear to have coexisted. They include the Laurentian and Narrow-Stemmed Traditions (Funk 1976;
McBride 1984; Ritchie 1969a and b). Artifacts assigned to the Laurentian Tradition include ground stone
axes, adzes, gouges, ulus (semi-lunar knives), pestles, atlatl weights, and scrapers. The diagnostic
projectile point forms of this time period in southern New England include the Brewerton Eared-Notched,
Brewerton Eared and Brewerton Side-Notched varieties (McBride 1984; Ritchie 1969a; Thompson 1969).
In general, the stone tool assemblage of the Laurentian Tradition is characterized by flint, felsite, rhyolite
and quartzite, while quartz was largely avoided for stone tool production.
In terms of settlement and subsistence patterns, archaeological evidence in southern New England
suggests that Laurentian Tradition populations consisted of groups of mobile hunter-gatherers. While a
few large Laurentian Tradition occupations have been studied, sites of this age generally encompass less
than 500 m2 (5,383 ft2). These base camps reflect frequent movements by small groups of people in
search of seasonally abundant resources. The overall settlement pattern of the Laurentian Tradition was
dispersed in nature, with base camps located in a wide range of microenvironments, including riverine as
well as upland zones (McBride 1978, 1984:252). Finally, subsistence strategies of Laurentian Tradition
focused on hunting and gathering of wild plants and animals from multiple ecozones.
The second Late Archaic tradition, known as the Narrow-Stemmed Tradition, is unlike the Laurentian
Tradition, and it likely represents a different cultural adaptation. The Narrow-Stemmed tradition is
recognized by the presence of quartz and quartzite narrow stemmed projectile points, triangular quartz
Squibnocket projectile points, and a bipolar lithic reduction strategy (McBride 1984). Other tools found in
Narrow-Stemmed Tradition artifact assemblages include choppers, adzes, pestles, antler and bone
projectile points, harpoons, awls, and notched atlatl weights. Many of these tools, notably the projectile
points and pestles, indicate a subsistence pattern dominated by hunting and fishing, as well the collection
of a wide range of plant foods (McBride 1984; Snow 1980:228; Wiegand 1978, 1980).
The Terminal Archaic Period (3,700 to 2,700 B.P.)
The Terminal Archaic, which lasted from ca., 3,700 to 2,700 BP, is perhaps the most interesting, yet
confusing of the Archaic Periods in southern New England prehistory. Originally termed the “Transitional
Archaic” by Witthoft (1953) and recognized by the introduction of technological innovations, e.g.,
broadspear projectile points and soapstone bowls, the Terminal Archaic has long posed problems for
regional archeologists. While the Narrow-Stemmed Tradition persisted through the Terminal Archaic and
into the Early Woodland Period, the Terminal Archaic is coeval with what appears to be a different
technological adaptation, the Susquehanna Tradition (McBride 1984; Ritchie 1969b). The Susquehanna
Tradition is recognized in southern New England by the presence of a new stone tool industry that was
based on the use of high quality raw materials for stone tool production and a settlement pattern different
from the “coeval” Narrow-Stemmed Tradition.
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The Susquehanna Tradition is based on the classification of several Broadspear projectile point types and
associated artifacts. There are several local sequences within the tradition, and they are based on
projectile point type chronology. Temporally diagnostic projectile points of these sequences include the
Snook Kill, Susquehanna Broadspear, Mansion Inn, and Orient Fishtail types (Lavin 1984; McBride
1984; Pfeiffer 1984). The initial portion of the Terminal Archaic Period (ca., 3,700-3,200 BP) is
characterized by the presence of Snook Kill and Susquehanna Broadspear projectile points, while the
latter Terminal Archaic (3,200-2,700 BP) is distinguished by the use Orient Fishtail projectile points
(McBride 1984:119; Ritchie 1971).
In addition, it was during the late Terminal Archaic that interior cord marked, grit tempered, thick walled
ceramics with conoidal (pointed) bases made their initial appearance in the Native American toolkit.
These are the first ceramics in the region and they are named Vinette I (Ritchie 1969a; Snow 1980:242);
this type of ceramic vessel appears with much more frequency during the ensuing Early Woodland
Period. In addition, the adoption and widespread use of soapstone bowls, as well as the implementation
subterranean storage, suggests that Terminal Archaic groups were characterized by reduced mobility and
longer-term use of established occupation sites (Snow 1980:250).
Finally, while settlement patterns appeared to have changed, Terminal Archaic subsistence patterns were
analogous to earlier patterns. The subsistence pattern still was diffuse in nature, and it was scheduled
carefully. Typical food remains recovered from sites of this period consist of fragments of white-tailed
deer, beaver, turtle, fish and various small mammals. Botanical remains recovered from the site area
consisted of Chenopodium sp., hickory, butternut and walnut (Pagoulatos 1988:81). Such diversity in
food remains suggests at least minimal use of a wide range of microenvironments for subsistence
purposes.
Woodland Period (2,700 to 350 B.P.)
Traditionally, the advent of the Woodland Period in southern New England has been associated with the
introduction of pottery; however, as mentioned above, early dates associated with pottery now suggest the
presence of Vinette I ceramics appeared toward the end of the preceding Terminal Archaic Period
(Ritchie 1969a; McBride 1984). Like the Archaic Period, the Woodland Period has been divided into
three subperiods: Early, Middle, and Late Woodland. The various subperiods are discussed below.
Early Woodland Period (ca., 2,700 to 2,000 B.P.)
The Early Woodland Period of the northeastern United States dates from ca., 2,700 to 2,000 B.P., and it
has thought to have been characterized by the advent of farming, the initial use of ceramic vessels, and
increasingly complex burial ceremonialism (Griffin 1967; Ritchie 1969a and 1969b; Snow 1980). In the
Northeast, the earliest ceramics of the Early Woodland Period are thick walled, cord marked on both the
interior and exterior, and possess grit temper.
Careful archaeological investigations of Early Woodland sites in southern New England have resulted in
the recovery of narrow stemmed projectile points in association with ceramic sherds and subsistence
remains, including specimens of White-tailed deer, soft and hard shell clams, and oyster shells (Lavin and
Salwen: 1983; McBride 1984:296-297; Pope 1952). McBride (1984) has argued that the combination of
the subsistence remains and the recognition of multiple superimposed cultural features at various sites
indicates that Early Woodland Period settlement patterns were characterized by multiple re-use of the
same sites on a seasonal basis by small co-residential groups.
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Middle Woodland Period (2,000 to 1,200 B.P.)
The Middle Woodland Period is marked by an increase in the number of ceramic types and forms utilized
(Lizee 1994a), as well as an increase in the amount of exotic lithic raw material used in stone tool
manufacture (McBride 1984). The latter suggests that regional exchange networks were established, and
that they were used to supply local populations with necessary raw materials (McBride 1984; Snow
1980). The Middle Woodland Period is represented archaeologically by narrow stemmed and Jack’s Reef
projectile points; increased amounts of exotic raw materials in recovered lithic assemblages, including
chert, argillite, jasper, and hornfels; and conoidal ceramic vessels decorated with dentate stamping.
Ceramic types indicative of the Middle Woodland Period includes Linear Dentate, Rocker Dentate,
Windsor Cord Marked, Windsor Brushed, Windsor Plain, and Hollister Stamped (Lizee 1994a:200).
In terms of settlement patterns, the Middle Woodland Period is characterized by the occupation of village
sites by large co-residential groups that utilized native plant and animal species for food and raw materials
in tool making (George 1997). These sites were the principal place of occupation, and they were
positioned close to major river valleys, tidal marshes, estuaries, and the coastline, all of which would have
supplied an abundance of plant and animal resources (McBride 1984:309). In addition to villages,
numerous temporary and task-specific sites were utilized in the surrounding upland areas, as well as in
closer ecozones such as wetlands, estuaries, and floodplains. The use of temporary and task-specific sites
to support large village populations indicates that the Middle Woodland Period was characterized by a
resource acquisition strategy that can best be termed as logistical collection (McBride 1984:310).
Late Woodland Period (ca., 1,200 to 350 B.P.)
The Late Woodland Period in southern New England dates from ca., 1,200 to 350 B.P., and it is
characterized by the earliest evidence for the use of corn in the lower Connecticut River Valley
(Bendremer 1993; Bendremer and Dewar 1993; Bendremer et al. 1991; George 1997; McBride 1984); an
increase in the frequency of exchange of non-local lithics (Feder 1984; George and Tryon 1996; McBride
1984; Lavin 1984); increased variability in ceramic form, function, surface treatment, and decoration
(Lavin 1980, 1986, 1987; Lizee 1994a, 1994b); and a continuation of a trend towards larger, more
permanent settlements in riverine, estuarine, and coastal ecozones (Dincauze 1974; McBride 1984; Snow
1980; Wiegand 1983).
Stone tool assemblages associated with Late Woodland occupations, especially village-sized sites, are
functionally variable and they reflect plant and animal resource processing and consumption on a large
scale. Finished stone tools recovered from Late Woodland sites include Levanna and Madison projectile
points; drills; side-, end-, and thumbnail scrapers; mortars and pestles; nutting stones; netsinkers; and
celts, adzes, axes, and digging tools. These tools were used in activities ranging from hide preparation to
plant processing to the manufacture of canoes, bowls, and utensils, as well as other settlement and
subsistence-related items (McBride 1984; Snow 1980). Finally, ceramic assemblages recovered from Late
Woodland sites are as variable as the lithic assemblages. Ceramic types identified include Windsor Fabric
Impressed, Windsor Brushed, Windsor Cord Marked, Windsor Plain, Clearview Stamped, Sebonac
Stamped, Selden Island, Hollister Plain, Hollister Stamped, and Shantok Cove Incised (Lavin 1980,
1988a, 1988b; Lizee 1994a; Pope 1953; Rouse 1947; Salwen and Ottesen 1972; Smith 1947). These types
are more diverse stylistically than their predecessors, with incision, shell stamping, punctation, single
point, linear dentate, rocker dentate stamping, and stamp and drag impressions common (Lizee
1994a:216).
Summary of Connecticut Prehistory
In sum, the prehistory of Connecticut spans from ca., 12,000 to 350 B.P., and it is characterized by
numerous changes in tool types, subsistence patterns, and land use strategies. For the majority of the
prehistoric era, local Native American groups practiced a subsistence pattern based on a mixed economy
of hunting and gathering wild plant and animal resources. It is not until the Late Woodland Period that
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incontrovertible evidence for the use of domesticated species is available. Further, settlement patterns
throughout the prehistoric era shifted from seasonal occupations of small co-residential groups to large
aggregations of people in riverine, estuarine, and coastal ecozones. In terms of the region containing the
proposed study area, a variety of prehistoric site types may be expected. These range from seasonal camps
utilized by Archaic populations to temporary and task-specific sites of the Woodland era.
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CHAPTER IV

HISTORIC OVERVIEW
The study area straddles the town line between Brooklyn and Canterbury, Connecticut. Canterbury was
established in 1703 and Brooklyn was separated from it in 1786. Both towns are characterized by long
and rich histories, and both contributed greatly to the overall growth and development of northeastern
Connecticut. This chapter discusses the Native American history of the region, the general history of both
the towns, and the ownership history of the most historically active portions of the proposed study area.
Native American History
At the time of European contact, the portion of the State of Connecticut containing the study area was
inhabited by the Wabbaquassett tribe of Native Americans, which was part a of a confederation of tribes
that is often referred to as a single tribe known as the Nipmucks. These Native Americans occupied a
wide area, mainly in Massachusetts but also within parts of northeastern Connecticut. They occupied
numerous small villages and employed a subsistence strategy focused on hunting, fishing, and shifting
cultivation, which is a typical lifestyle of the Indians of this time period. Prior to the 1650s, the native
residents of this landlocked upland region were largely undisturbed by colonial incursions. During the
1660s and early 1670s, various sales of land were made to English colonists, but by 1675 it appears that
the Indians not only had grasped the fact that these sales were permanent transfers, but also that it was the
intention of the Massachusetts Bay and Connecticut Colony governments to dispossess them of their
territory entirely. As a result, many of the Nipmuck tribes’ members joined in King Philip’s War against
the English in 1675 (Connole 2001). After the end of King Philip’s War, in 1681, the General Court of
Massachusetts Bay appointed a committee to investigate land claims in the Nipmuck Country and buy up
any outstanding claims by Indians. The result was the opening the territory to settlement by the whites
(Bowen 1886).
In addition to this sequence of events, Connecticut historical tradition claims that the Wabbaquassetts, as
well as other neighboring groups, were “entirely under the domination of the Mohegans,” who sold away
all their lands to the English (DeForest 1852:376; Bowen 1886). The two traditions about the
Wabbaquassets’ actions in King Philip’s War are that they “deserted their homes and threw themselves at
the feet of Uncas at Mohegan” and also that while some of them fought against King Philip, others ran off
and joined with him (Bowen 1926:14-15). The Connecticut legislature recognized the claim of the
Mohegan sachem Uncas to the Wabbaquassett territory based on the argument that the Wabbaquassetts
were tributaries of the Pequots, whom the Mohegans had conquered nearly 40 years earlier during the
Pequot War. When Uncas died in the late seventeenth century, his will resulted in the division much of
the vast Mohegan territorial claims between his two sons, Joshua and Owaneco. The latter received all of
the Wabbaquassett territory (plus the eastern half of the older Mohegan lands). In 1680 and 1684,
however, Owaneco deeded all of this land to magistrate Captain James Fitch (Bushman 1967). As the
colonial authorities perceived that the Native Americans’ claim to this territory had been cleared by the
sale to Fitch, there appear to be no records regarding the identity of any of the natives established there,
although they may have continued living in the uncolonized portions for some time.
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Seventeenth and Eighteenth Century History of Brooklyn, Connecticut
As noted above, the whole of the Wabbaquassett territory came into the possession of Captain James
Fitch by 1684. After buying the rights to the land from Owaneco, Fitch became involved with Captain
John Blackwell, a former member of the British Parliament and an exile after the Restoration. In 1686, the
Connecticut legislature granted a township patent (that is, official permission to begin setting up a town)
to John Blackwell, Esq., Captain James Fitch, and several others. The patent included the present Town of
Pomfret and the northern part of the Town of Brooklyn (Public Records, Volume 3, Page 202 n. 2);
however, Blackwell also had purchased directly from Fitch a parcel of 5,075 acres to the south of
Mashomoquet Brook in what is now Pomfret and to the north of a line extending westward from the
junction of the Quinebaug River and the Five Mile River (where Danielson is located). In 1687,
Blackwell secured his own land patent from the Connecticut Colony, confirming his purchase as
approximately 5,000 acres to be called “Mortlake.” This area extended approximately seven miles to the
south from Mashomoquet Brook and six miles from east to west, and it was to become its own town
(Bayles 1889). However, the intrusion of the British government into New England affairs, in the form of
imposing Governor Edmund Andros upon them, interrupted Blackwell’s plans to establish a manor there.
And, after the Glorious Revolution of 1688, Blackwell was able to return to England, having never
established the new town. The tract remained unorganized until after 1713, when Blackwell’s son (John,
Jr.) sold Mortlake to Jonathan Belcher of Boston. Belcher hired Captain John Chandler to survey the tract,
during which Chandler found a single north-south path and the squatter family of Jabez Utter living on
the land. The division of the parcel reserved two large estates for Belcher; of the other parcels, the one
that contained the proposed study area appears to have been sold, or apparently only rented, to a man
named Saltonstall. All of the Mortlake area was in the peculiar legal position of being technically a manor
in the English style, rather than simply a town in the traditional New England sense (Larned 1874). This
was an unusual situation for Connecticut at this time.
In 1714, the legislature decreed that jurisdiction over the land between the original bounds of the Towns
of Pomfret and Canterbury, including Mortlake and some other properties, was to be divided between
Pomfret and Canterbury. The Town of Pomfret received all of Mortlake and some land situated to the
south of it; however, the area containing Mortlake remained a separate territory with no formal
government owned by Jonathan Belcher. In 1728, a committee reviewing the situation of the territory
between the original bounds of the Towns of Pomfret and Canterbury recommended that Mortlake’s
5,000 acres and seven inhabitants should be joined with the adjacent 8,000 acres and 32 inhabitants
should be made into a new town. The Upper House of the legislature rejected the idea as potentially
infringing on the powerful Belcher’s rights. In 1731, however, the residents of the area succeeded in
establishing as a separate ecclesiastical society for religious and church tax purposes. This society was
informally called Mortlake (although it only included the southern half of Mortlake). In 1739, the greater
part of the Mortlake lands was sold by Jonathan Belcher to Godfrey Malbone of Newport, Rhode Island
for £10,500.
Godfrey Malbone also purchased other land in the area, and it appears that, as he was a more accessible
person, the unchanged manorial status of the lands was less irritating to the Town of Pomfret.
Nonetheless, the existence of Mortlake and its effectively ungoverned – and untaxed – inhabitants
remained an issue. In 1751, even its inhabitants (all 20 of them – presumably 20 heads of families)
desired the benefits of being part of a town government and petitioned to be annexed to the Town of
Pomfret. In 1752, the legislature, claiming that its predecessors surely had never intended for this
anomalous situation to exist, merged the territory with the Town of Pomfret, and thus, settled the matter.
In addition, the ecclesiastical society was renamed Brooklyn (Larned 1874). In 1769, Godfrey Malbone
began work on establishing an Episcopal church there, which he succeeded in doing by 1770. In 1771, a
building was erected on land acquired from Azariah Adams, which was located to the south of Malbone’s
own land (Bayles 1889). During the Revolutionary War, attendance to the church fell off so much that it
was closed (Larned 1874).
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In 1754, an epidemic of dysentery killed 70 people in the Brooklyn Society, including the minister, who
also had some medical training (Larned 1874). The society had built a meetinghouse in 1734, and in 1771
it was replaced with a new and larger building a short distance away. The second meetinghouse boasted a
steeple with a clock and the second church bell in the county (Bayles 1889). In the years leading up to the
Revolutionary War, the citizens of Windham County generally were in accord with the region’s strong
sentiments against the British government’s policies. In 1774, Brooklyn Parish in particular sent 125
sheep to the relief of the blockaded city of Boston, the task of conveying them being carried out by Israel
Putnam, Joseph Holland, and Daniel Tyler Jr. At this time, Godfrey Malbone was still the owner of most
of the former Mortlake and other lands, and he was a neighbor of Israel Putnam and also a Tory, as was
the Reverend Samuel Peters of the Episcopal Church. Reverend Peters took a public stand against antiBritish actions and was run out of town, and by year’s end returned to England. Malbone, on the other
hand, was verbally outspoken against the rebellion but took no real action against it (rumors outside
Pomfret notwithstanding). No action was taken against him during the war (Larned 1874).
At the time of the Lexington Alarm, a large party of men from the county assembled and many went to
the Boston area. A rumor went around that the loyalist Malbone had armed his “negroes” and they were
marching on the Town of Killingly. As the preparations for war advanced, Windham County soldiers
were organized into the Third Regiment, under Colonel Israel Putnam, Lieutenant-Colonel Experience
Storrs, and Major John Durkee. The 10th company was from the Town of Brooklyn, and it was led by
Captain Israel Putnam Jr., First Lieutenant Samuel Robinson Jr., Second Lieutenant Amos Avery, and
Ensign Caleb Stanley. Throughout the war, soldiers from the county – including General Israel Putnam –
were active participants. After the war, Malbone was one of a few Tories allowed to stay in the region;
however, he did lose a portion of his property as a consequence of his political views (Larned 1874).
Once the Revolutionary War was over, matters such as the organization of towns returned to the fore, and
Brooklyn became a separate town. It held its first town meeting in 1786, with Colonel Israel Putnam
serving as moderator. Godfrey Malbone, though both a generous and sharp-tongued man, had financial
difficulties prior to the end of his life in 1785; one source attributes this in part to his investment in slaves,
which brought him little financial return for their support (Larned 1784).
Nineteenth and Twentieth Century History of Brooklyn, Connecticut
In 1816, the Congregational church building in Brooklyn was taken over by the newly Unitarian majority
in town, and the Congregationalists eventually had to construct a new chapel in 1821, as well as a larger
church in 1832. A Baptist church was organized in town in 1828. At the southeastern corner of the town,
where the Plainfield factory village of Wauregan spilled over into Brooklyn, a Roman Catholic Church
was built later in 1872. In 1819, in response to petitions to move the county courthouse to a more central
location within the county, the legislature agreed that if construction of a courthouse could be
independently funded, it would be moved to the Town of Brooklyn, and in 1820 it was. The village thus
gained more importance, and acquired a newspaper, bank (the Windham County Bank, chartered 1822),
and fire insurance company (Bayles 1889).
In addition, the presence of multiple turnpike roads passing through the town was also cause for early
optimism, as the improved transportation routes created by these private companies were expected to
increase business. The Norwich and Woodstock Turnpike was incorporated in 1801, and it extended
northward from Norwich to Woodstock, passing through the center of Brooklyn on the way. In 1846, the
corporation informed the legislature that it was unable to compete with the new Norwich and Worcester
Railroad, and the road was made free and the corporation disbanded. In 1825, the “Providence Turnpike”
was incorporated to connect a Rhode Island turnpike to Danielson, and in fact it was built from Brooklyn
center, through Danielson. It extended from Brooklyn to the Rhode Island border; it became a free road in
1866. Finally, in 1826 the Windham and Brooklyn Turnpike was built to connect the center of Windham
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with the county seat in Brooklyn. In 1845, the corporation took over the existing road from Brooklyn to
Danielson. Why it did this when railroads were taking over transportation is unknown, and so is the date
of the road’s abandonment, although in fact this route is still an important one between the two towns
(Wood 1919).
Despite these transportation advantages, the population figures reported in the chart depicted below are
those of an agricultural town, which did not pass 2,500 residents until 1850 and then lost population again
until 1920. In ca., 1812, the town’s complement of industrial facilities included one carding machine (for
preparing wool), two tanneries, three grist mills, and two saw mills. At that time, the central village of
Brooklyn contained approximately 20 houses and two shops. At one point a cotton mill was built on the
Quinebaug River, and a silversmith named Edwin C. Newbury established a shop in town that later
developed the manufacture of spectacles, pens, and watch cases. However, for the most part Brooklyn’s
population relied on agriculture for its livelihood (Bayles 1889).

According to the 1850 industrial census, there were exactly three manufacturing businesses in town:
Quinebaug Mills Company, which made 480,000 yards of cotton cloth with the labor of 20 males and 25
females; a maker of silver spectacles, Edwin Newbury, who employed eight males and one female in
making 40,000 pairs; and Colby Cleveland’s broom-making business, in which two men made 3,000
brooms (valued at $500, the minimum output value to be included in the census returns) (United States
Census 1850). Whatever the local proponents may have hoped for, the acquisition of the courthouse did
not yield much benefit to the town. Probably the most important reason for the town’s failure to thrive is
the fact that when railroads were constructed through the region, all of them bypassed the Town of
Brooklyn in favor of the more industrial towns that flanked it on the west and the north.
As of 1932, the town’s principal industries were reported as solely agriculture and cotton textile
manufacturing, although this source claims it could be reached by railroad as well – perhaps via
Danielson (Connecticut 1932). As the population figures in the chart above show, the town’s population
remained below 3,000 residents until 1950, did not double until after 1980, and was still under 8,000
residents as of 2010. In 2000, 2.1 percent of the workers were engaged in agriculture and 2.6 percent in
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manufacturing, while construction and mining occupied another 7.2 percent. As with the rest of the
country, the remainder was employed in one aspect or another of tertiary activities (services, trade,
government, finance, and so on). The largest landowners in 2006 were retirement homes and a convention
center; the largest employers consisted of a retirement home, the town itself, the Brooklyn Correctional
Institute (a juvenile offender facility), and a printing company (CERC 2008). The ongoing rise in
population in the Town of Brooklyn from the late twentieth into the twenty-first century is undoubtedly a
result of the expansion of suburban residence patterns into regions ever further from regional business
centers. Even so, the trend’s effects in the Town of Brooklyn are relatively minor when compared to the
rest of the State of Connecticut. This slow growth may also be due to the Town’s development priorities.
Its current Plan of Conservation and Development calls for attention to maintaining its rural, historic, and
agricultural character as much as possible, and limiting new commercial, residential, and industrial
development to designated areas (Brooklyn 2011).
Seventeenth and Eighteenth Century History of the Town of Canterbury
Much of Canterbury’s earliest history is the same as that of Brooklyn, as presented above, save that it was
not involved in the Mortlake affairs. Instead it was part of the general “Quinebaug Country” disputes, in
which arguments over the validity of Native American land transfers combined with competing claims of
the prominent Winthrop and Fitch families to cause years of uncertainty regarding ownership of the land
and delays in its colonization (Bushman 1967). The earliest documented colonist in the future Canterbury
was Major James Fitch, Jr., who moved to a riverside farm that he called Kent in 1697. By 1703, enough
colonists had already moved there that it was separated from its parent town, Plainfield – which itself had
only been incorporated in 1699. During the Revolutionary War, the town’s residents were highly
supportive of the cause, sending numerous soldiers and supplies from the time of the Lexington Alarm to
the conclusion of the war (Crofut 1937).
Nineteenth and Twentieth Century History of the Town of Canterbury
One of the earlier of the state’s turnpikes, the Windham Turnpike, was incorporated in 1799 and it passed
through the center of Canterbury, well to the south of the study area. It continued in operation until 1852
when the corporation was dissolved (Wood 1919). A short report on the town of Canterbury, compiled in
1801, indicates that the eastern part of the town near the Quinebaug River was level and excellent for
corn, grain, and hay cultivation, while the western part was hilly and forested, with good grazing and
numerous orchards. Canterbury’s farmers grew and prepared flax there. They were served by five taverns
kept in town, one distillery, and also many saw mills and grist mills. Most of the town’s trade was with
the Connecticut coastal cities of Norwich and New London, but also enough to mention was with the
major regional cities of New York, Boston, and Providence. Blackwells Brook (near the study area) was
notable for its trout population (Frost 1801). According to a gazetteer published in 1819, the flood plains
of the Quinebaug River helped the town produce numerous grain crops and also flax (used to make linen
cloth), while the Little River provided excellent water power for factories including three textile mills.
The town also had a wool-carding machine, two fulling mills, a pottery, two tanneries, and multiple grist
mills and saw mills, along with seven stores. The two Congregational Churches each centered a small
village with houses and stores (Pease and Niles 1819). By the 1830s the town still had two
Congregational churches and had added a Baptist one in the north; there was also a manufacturing village
called Packersville, which was partly in Plainfield, where two of the town’s three cotton mills were
located. It was also in the 1830s that Canterbury became a locus of racial animosity and violence in the
state, when Prudence Crandall’s decision to open her boarding school to African-American girls caused
the state legislature to pass a law against the education out-of-state African-Americans in Connecticut and
prosecuted Crandall under that law (Barber 1836). Older sources omit the fact that a white mob attacked
the school building and caused her to give up the effort (Walsh 1985). The former school building is now
a museum.
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As the nineteenth century progressed, Canterbury saw an overall decline in population, similar to that of
Brooklyn and for similar reasons (see chart below). From a high point of around 2,500 residents in 1782,
the number of residents dropped to below 1,000 in 1890, where it stayed for 50 years. By the time of the
writing an 1889 history of the county, it could still be reported that the main occupation of the town’s
residents was agriculture and its textile mills had vanished. The town’s water power was being used for
saw mills and a grist mill, and the other businesses were simply general stores, blacksmiths, and similar
necessities for a rural economy. “The importance of Canterbury,” the author opined, “seems to lie mainly
in the past and in the future, not in the present” (Bayles 1889:482).
The town’s main industry was still agriculture in 1932, and it did still have railroad access at that time
(State of Connecticut 1932). The population did not begin to rise significantly until after 1940, however,
in sync with the automobile-based suburbanization trends of the 1940s and forward – yet the population
did not pass 5,000 residents until the 2010 census. In fact, unlike many towns that saw more rapid
suburban growth, Canterbury’s population has continued to grow since 1990, albeit by only about 500
people. A recent economic profile of the town projected modest continuing growth through the present
decade. The document also reported no manufacturing activity in the town, and in fact only 81 business
units at all, employing a total of 543 people, 172 of them in government functions. The largest employees
were the town schools, its volunteer fire company, a recycling facility, and a supermarket. Of the labor
force of 2,862 people in 2014, a survey of commuting patterns indicated that 366 worked in Norwich, and
between 100 and 167 in the nearby towns of Plainfield, Killingly, Windham, Montville, and Ledyard
(CERC 2016). The town’s current plan of conservation and development emphasizes preservation of the
town’s rural character through farmland preservation and control of residential and commercial
development (Canterbury 2010).

Study area History – Town of Brooklyn
The objectives of the background research portion of the current Phase IA cultural resources assessment
survey were to isolate the archaeological sensitivity of the proposed study area and the documentable
history of resources located within the study area. In order to accomplish the latter objective, chain of title
research was conducted and it was focused on the portions of the proposed project parcels that contains
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historic house foundations. Thus, the following section of the report documents the parcels identified as
B, C, and D (herein after “B/C/D”), including the specific history of the transfer of ownership of the
parcels and salient details about the owners (see Figures 4 and 5).
The earliest known owner of the B/C/D parcels in Brooklyn was Deacon Samuel Butts (Larned
1880:250). He owned the property when he passed away in 1818. Although his probate record contains no
inventory, his detailed 1815 will described the farm where he lived as containing about 140 acres, which
he left to his daughter Eunice Butts (a one-third interest) and his grandson Samuel Cady (a two-thirds
interest), along with an 11-acre wood lot similarly divided. His will also divided another farm, containing
about 93 acres, into 10 shares among his children and grandchildren, and ordered payment of a very large
amount of cash to these various heirs – $7,095, to be spread out over 11 years. He had nine children still
living at the time of his death, and also named the children of one deceased daughter, and the children of
one of the living sons. One of the living daughters was named Mary Cady, and she was presumably the
mother of Samuel Cady. In addition, his wife Lodema survived him, but was, very unusually, provided
for by a prenuptial agreement, the terms of which were not given in the will (though he also willed her
another $40) (Plainfield Probate District, File #335).
In March 1820, Eunice Butts quit-claimed her one-third interest in the 140 acres (and the 11 acres) to her
nephew Samuel Cady, who paid her $1,200 and thereafter became the sole owner of the property
(Brooklyn Land Records, Vol. 5, Pg. 329). According to the 1850 U.S. Census, Samuel Cady was a 58year-old farmer who owned $10,000 in real estate; his wife, Alice, was 60 and had been born in
neighboring Canterbury. The household also included four apparently unrelated people: Augustus
Mowrey, age 21, a laborer whose birthplace was unknown; two other laborers who were Irish-born and
had no recorded surnames, Patrick, aged 47 and Peter, aged 22; and Ellen Wallace, aged 22, also Irishborn (U.S. Census 1850). When he passed away ca., 1852, Samuel Cady he would have been about 60
years old. He left an estate valued at $11,955.10, including both real and personal property. In addition to
the 140 acres of the “Home Farm,” he owned a second farm containing 225 acres, a third farm of unstated
acreage (identified as the one on which Henry Johnson lived), and six other lots in Brooklyn, Canterbury,
and Killingly – the latter including a “Stone House & land attached.” Going by their inventoried values,
the Home Farm was the second largest ($3,400) and Henry Johnson’s the smallest ($925) (Brooklyn
Probate District, File #97). The 1833 historic map shown in Figure 6 does not show very many cultural
features, but the Cady farmstead was located between Blackwell’s Brook on the west and the schoolhouse
on the east (the rectangle with the “1” written in it). This schoolhouse is featured in later descriptions of
the property.
Interestingly, the Butts/Cady Home Farm was being described as “encumbered by Widow Butts.” This
must have been Lodema Butts, whose interest must have derived from the prenuptial agreement
mentioned in the 1815 will of Samuel Butts. Certain entries in the administrator’s accounts for Samuel
Cady’s indicate that the farm was still being used to support Lodema with meat and cash some 30 years
after her husband’s death, some of it going directly to a man named William Safford (Brooklyn Probate
District, File #97). The 1850 census reported that the Canterbury household of the blacksmith William
Safford included 92-year-old Lodema Butts, confirming this relationship (U.S. Census 1850). The
inventory of Samuel Cady’s estate was extensive, including much clothing, maps, bibles and other books,
carpentry tools, general farm tools, items related to dairying, 10 cows, two horses, three oxen, and various
livestock (turkeys, pigs, geese, and hens). Samuel’s probate inventory specifically describes some of the
household goods: glass tumblers, a tea set, earthenware, black printed ware, blue edged plates, white
plates, numerous cups and saucers, and numerous silver spoons, as well as 50 tin milk pans. Also of
interest is that he owned small amounts of brick and boards located at the “Brickyard,” and also 75,000
bricks valued at $262 and located at the “H[enry]. Johnson Place.” He was still holding on to a bounty
land warrant, valued at $26, most likely from service in the War of 1812 (Brooklyn Probate District, File
#97).
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Samuel Cady’s large and complex estate was under administration for several years, but the actual
disposition of turned out to be straightforward. In November 1853, the two heirs agreed upon a division:
Lydia Minerva Johnson, wife of Henry Johnson, would receive the farm they lived on; Eliza Harris, wife
of George W. Harris, received all the other real estate with the exception being the stone house in
Killingly, which was to be sold and the money divided between them; and the personal property was to be
divided between them by the administrator. Both husbands signed the document (Brooklyn Probate
District, File #97). The names of the heirs were also found in the 1850 Census. Henry Johnson (aged 39)
and his wife Lydia M. (aged 36), resided in Brooklyn, and they were listed only four entries away from
Samuel Cady in the census. Henry’s occupation was given as “Brick Maker,” and he owned no real estate.
The couple had seven children, the oldest aged 13, and no servants. George Harris (aged 38) and his wife
Eliza (aged 29) lived in Millbury, Massachusetts, where he worked as a brick maker and owned $3,000 in
real estate. Both them were born in Connecticut, but their children had all been born in MA: Austin (7),
Caroline A. (6), Hannah A. (4), Ellen A. (1), and Samuel (2 months). The household also included five
male brick makers, two of them Canadian-born, and an Irish servant woman (US. Census 1850). The
occupations of the two sons-in-law make the mentions, in Samuel Cady’s probate inventory, of a
brickyard and numerous bricks, more comprehensible.
In addition, there were the dower rights of the widow, Alice Cady, which were decided to be 130 acres of
the home farm, and described in enough detail to be approximately mapped. This map is shown in Figure
5. The wording of the boundaries, as reported in the documents, matches the sketch map’s appearance
only imperfectly because of the changes in magnetic north since 1853 and the difference between
magnetic north and true north (the latter being what is used in modern mapping programs). The dower
distribution did not specify any particular part of the house for Alice’s use, but she did receive $104.21 in
household goods, including a blue pitcher, some of the black printed ware, furniture, and a cow (Brooklyn
Probate District, File #97). The mapped description can also be compared to the landowners named in the
historic map from 1856 (Figure 7). According to this map, Widow Cady’s house was on the south side of
what is now Rukstella Road, west of the modern Allen Hill Road. The 1856 map also includes additional
important landmarks: the schoolhouse to the east and the gristmill the west, the landowners Davison,
Parkhurst, Kendall, Chaffee, Dorrance, and Cheney, and the Wauregan Mills village in the next town to
the east.
According to the 1860 census, George W. Harris (aged 48) and Eliza (aged 40) were back in Brooklyn,
most likely living in the house on parcel B. Alice Cady (aged 70) was living with them. George gave his
occupation as farmer and reported owning $8,000 in real estate and $3,000 in personal estate. Their
children were Austin (17), Maria (14), Ellen (11), Samuel (9), Lyman W. (8), Andrew (5), Amanda (4),
and Harvey (9 months). The household also included Hannah O. Connell (25), an Irish domestic, as well
as Daniel Johnson (23) and Jerome Jackson (19), farm laborers. The neighborhood on the census pages
was mostly locally-born farmers and farm laborers, with a few Irish servants (U.S. Census 1860). In a
historic map published in 1869, the George W. Harris house was in the same location as the Widow Cady
house. Most of the nearby landowners had the same surnames, the schoolhouse (“S.H.”) was still there,
and the mill off in the west was being called “Old Mill” (Figure 8). The 1870 Census found the Harris
couple 10 years older, and with fewer children at home: Ellen A. (aged 21, who helped keep house);
Samuel C. (aged 20, who worked in a saw mill); Lyman W. (aged 18, who worked on the farm); Andrew
J. (aged 16, who worked on the farm and also attended school); Amanda (aged 14, schoolgirl); and
Harvey (aged 10, schoolboy). Alice Cady had either passed away or moved to her other daughter’s home,
as she is not named as part of the George Harris household as of 1870. The household also included
Charles Town (19), a farm laborer from Connecticut, and Alfred Arkin (18), a farm laborer from Canada
who was illiterate. By the time of the next census, 1880, George W. Harris (aged 68) was a widower and
his household was being kept by daughter Ellen C. (31) and son Harvey (20) who worked on the farm.
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They were assisted on the farm by Edward Webster (23), a Connecticut born African-American man and
Thomas Higgins (22), who was from Massachusetts.
Interestingly, in 1889 George W. Harris purchased a quit-claim to the property (along with three other
pieces) from the heirs of Eliza Harris, who had received it from her father Samuel Cady. The 140 acres
was “known as the Samuel Cady place” and formerly known as “the Butts Place” (Brooklyn Land
Records, Vol. 14, Page 365). It is interesting because Eliza received the property in 1853 and passed away
in about 1889, during which time the state’s Married Women’s Property Act was passed, which made it
theoretically possible for Eliza to own this property in her own name despite being married – except that
she’d received it over 20 years prior to the act’s passage. The potential ambiguity of the situation may
explain why their children gave him this quit-claim deed. There were seven heirs listed: Samuel Harris,
Harvey Harris, and Amanda Young (wife of Lewis Young) of Brooklyn; Austin Harris and Lyman Harris
of “Birmingham” Connecticut, a village in Derby; Andrew J. Harris of Millbury, Massachusetts; and
Ellen Boutwell (“abandoned by her husband”) of Worcester, Massachusetts. The following summary
from the Brooklyn Land Records (Vol. 14, Page 365) corrects an error in the original that stated what
should be the northern abutters as a second set of western abutters.
N
E
S
W

Charles Dorrance, George Kendall;
Amos Kendall, heirs of John Kendall;
Horace and George Kendall (occupied by the same), and formerly Daniel Bennett;
John W. Kendall, Amos Kendall

On August 31, 1891, George W. Harris quit-claimed his “home place” at “Christian Corners” in Brooklyn
to Lyman W. Harris, which consisted of 140 acres and buildings (plus another piece). The description on
this deed (Brooklyn Land Records, Vol. 14, Pg. 130) read:
Start at the northwest corner of the premises, near the highway from Spauldings Mills to Christian
Corner Schoolhouse; then
Southeasterly by land of George T. Kendall, Charles Dorrance, and Amos Kendall to a corner adjacent
to said Amos Kendall; then
Southwesterly by land of Amos Kendall and Edmond (or Edward) L. Warren to a corner of a wall at
land of said Warren and Horace Kendall; then
Northwesterly by land of Horace Kendall and the heirs of Daniel Bennett to a corner adjoining land
formerly of John W. Kendall; then
Easterly by land formerly of John W. Kendall to the starting point.

George W. Harris died in Brooklyn, Connecticut on September 11, 1897, and his daughter Amanda
Young signed the application for probate. His son Harvey Harris was the executor of the estate. His will,
dated 1892, led to the distribution of thousands of dollars among his children and grandchildren, though
according to the inventory he owned very little property (Brooklyn Probate District, File #611).
Lyman W. Harris, George’s son, died less than two years after his father, on April 10, 1899. His probate
record identified his widow as Jennie M. Harris, and the sole heir-at law as Clarence W. Harris of
Brooklyn, his son. The inventory of the estate (much less thorough than inventories from earlier in the
century) reported that he owned 28 cows and a bull, suggesting an interest in dairy farming, along with
various farming and haying equipment and four pieces of real estate, including the 140-acre home farm.
The latter was valued at $5,000, and the estate as a whole at $7,126.25. The estate applied for permission
to sell some or all of the real estate, and an administrator’s account was filed in 1900 (Brooklyn Probate
District, File #613). According to the 1900 Census, the widowed Jennie Harris (47) reported that she had
borne one child, who was still living, and that her occupation was farmer on her own farm. She was born
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in Connecticut but her parents were both from Rhode Island. Her household included her son, Clarence
W. (14), who was at school; Rebecca J. Lathrop (53), a widowed servant (2 children born, 1 living); and
Herbert Baker (41), a widowed laborer. They probably still lived on the farm as of 1900, because the
estate (by action of Jane M. Harris under the probate court order of 1899) did not sell it until 1905, when
William J. Pomroy of Killingly paid $3,250 for the land and buildings “in the southeasterly part of town
at Christian Corners so-called,” formerly owned by Samuel Cady (Brooklyn Land Records, Vol. 15, Pg.
398).
In 1907, William J. and Anna F. Pomroy sold the same land after owning for only two years (specifying
that it contained 140 acres) to Linda Alba de Costa. Anna Pomroy, signing with a mark, released all her
dower rights to the property. The deed’s description was very similar to the prior one, only omitting a few
details (Brooklyn Land Records, Vol. 17, Pg. 277). The 1910 census tells us that Frank A. DaCosto (aged
62) was a Spanish immigrant who had arrived in the U.S. in 1857 and was still an alien. Frank’s wife,
Linda T. (aged 35), was born in New York to a Portuguese father and a New York mother, and in 10 ten
years of marriage had borne four children who were all still living. The birthplaces of their children
reflect the couple’s peregrinations in the northeast region: Anita L. (aged 9, born in New York); Linda F.
(aged 7, born in Virginia); Francis (aged 5, born in New York); and Wgean(?) (aged 1, born in
Connecticut). The household also included three Connecticut-born boarders: a woman (43) who worked
as a servant, a man (22) who worked as a laborer on a general farm, and a youth (16) who worked as a
laborer on a general farm. Presumably they all worked for the family, but the form is unclear on that
point. This was the first time that the B/C/D property shown in Figure 5 was owned by an immigrant, but
it was certainly not the last.
The Alba de Costas probably did not stay in Brooklyn for very long. In 1911 they lost the farm in a
foreclosure action instituted by Minnie M. Warren of Killingly. The foreclosure was under court order
and the 140 acres of land were sold to Alexander Rukstella of Jamesport, New York for $4,500 (Brooklyn
Land Records, Vol. 18, Pg. 92). The Rukstella Family would continue to own the property until 1970, and
of course Rukstella Road is named after them. The Rukstellas (surname also spelled Ruxstella,
Raukestela, and Ruckstela in different census years) were Lithuanian immigrants who had arrived in the
United States in the 1890s and became naturalized citizens sometime during the next decade. The 1910
census found them living on the truck farm they owned in Riverhead, New York with five children and
three Lithuanian hired men (U.S. Census 1910). In 1920 they were living on their farm in Brooklyn,
Connecticut. Their household included 6 children: Sarah (19, born in New York); Catherine (15, born in
New York); John (11, born in New York); Alphonse (10, born in New York); Peter (6, born in
Connecticut); and Martha (4, born in Connecticut). In 1930, only three of the children were still living
with the Rukstella Family on their truck farm, but they had added Anna Curtis (aged 83), identified as
Alex Rukstella’s widowed, Lithuanian-born aunt-in-law. As of 1940, according to the census, Alexander
Rukstella who was 74 years old and wife Antonia aged 67 and shared their household with two of their
sons and their wives, but no children. They also provided living space for a 60-year-old Lithuanian man.
The 1934 aerial image of the study area clearly shows the farm complex flanking Allen Hill Road and the
mix of orchards and other fields, with some patches of woodland within the B/C/D parcels (Figure 9).
In 1948, having kept the land through the Depression and World War II, Alex Rukstella sold the farm to
Peter A. and Helen I. Rukstella, his son and daughter-in-law (which they immediately mortgaged back to
him for $5,950, mentioning an existing $6,500 mortgage to the Federal Land Bank of Springfield). The
deed reserved to the grantor and his wife “Antenina” a life use of a half-acre of the land for a garden, and
four rooms “on the main floor in the house on said premises” as well as joint use with the grantees of one
of the second-floor bedrooms. It was also subject to a right of way to Alban F. Rukstella (Brooklyn Land
Records, Vol. 29, Pgs. 405, 406). This right of way was specifically located in a hand drawn map filed on
the land records on the same day, which is reproduced in Figure 10. In addition to the right of way, it also
shows the arrangement of farm buildings in the northeast corner of the farm and the configuration of the
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farm fields (Brooklyn Land Records, Map Vol. 2, Pg. 72). The right of way was created by Alex and
Antenina Rukstella in a 1945 deed to their son Alban F. Rukstella, which stated that it was to run from
that land across “Birchwood Farm” to Rukstella Road and last as long as Alban owned the property. The
right of way it also included access to land to the south in Canterbury parcel near the “Mowry Farm”
(Brooklyn Land Records, Vol. 28, Pg. 345). This right of way can be clearly seen in the 1951 aerial
image, running along the edge of the cleared fields; the image also shows the continued farm use of the
B/C/D parcels and adjacent areas (Figure 11).
The second generation of the Rukstella Family sold the farm to Ruth Bedford of Westport, Connecticut in
1970, taking back a mortgage for $80,000 (Brooklyn Land Records, Vol. 49, Pgs. 480, 482). The 1970
aerial image shows that the property was still an active farm, although some reforestation had occurred
along its northern edge (Figure 12). By 1974, however, it appears that the farmstead had been torn down,
except for a pair of silos. The surrounding land remained in agricultural use at this time (Figure 13). In
1977, Ruth Bedford (still resident in Westport) sold the property to Robert J. Gluck of Plainfield
(Brooklyn Land Records, Vol. 66, Pg. 197). Robert held the property until 1998, when he quit-claimed it
to Dolores F. Gluck of Plainfield, who passed away only a few days later, making her executor the same
Robert J. Gluck (Brooklyn Land Records, Vol. 260, Pg. 261; Vol. 199, Pg. 50). In 2002, the estate sold
this property (together with the rest of the overall study area, which Robert had also transferred to her in
1998) to O&G Industries (headquartered in Torrington) (Brooklyn Land Records, Vol. 260, Pg. 261).
O&G Industries is construction materials supplier and it had purchased the land for sand and gravelling
rights. It is in the 2008 aerial image that graveling operations on the B/C/D parcels, notably near the
southwest corner, became clearly visible (Figure 14). In 2009, the whole group of properties (including
B/C/D) was sold to River Junction Estates LLC, headquartered in Putnam, Connecticut. O&G Industries,
however, reserved the right to continue sand and gravel extraction on much of the property for 20 years,
as long as the activity did not interfere with the grantee’s plan to build a proposed golf course (Brooklyn
Land Records, Vol. 451, Pg. 235). As no golf course exists there today, it is assumed that those
developments plans were abandoned by River Junction Estates LLC
Study area History – Town of Canterbury
As determined during the pedestrian survey portion of this investigation, Parcel J contains three historic
foundations, a stone lined well, and a historic cemetery. The title search of this area provides a sketch of
the parcel’s historic ownership. The earliest transaction found for Parcel J dates to 1819 and relates to 70
acres of the somewhat larger Parcel J, which was described as being located partly in Canterbury and
partly in Brooklyn – it may include Parcel G, but this has not been confirmed; it is also possible that the
owners were not quite sure where the town line was at that time. In 1819, Joseph Pike sold this land,
together with a smaller parcel of swamp land, to Caleb Cook for $2,000. According to Canterbury Land
Records, Vol. 19, Pg. 215, the description runs as:
Beginning at the southeast corner, at a corner of wall on land of John Kendal Jr.; then
Westerly to land of Comfort Hide; then
By land of Comfort Hide to Palmer’s land; then
Northerly about 3 rods (49.5 feet) to land of Asa Bacon; then
By land of Asa Bacon to land of William Putnam; then
Easterly by land of William Putnam to land of Samuel Cady, lately owned by Deacon Butts [i.e., Parcel C]; then
By land of Samuel Cady to “the aforesaid lot” [reference unclear]; then
Southerly by land of Samuel Cady to land of John Kendal Jr.; then
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By land of John Kendal Jr. to beginning

This transaction is enmeshed in a series of related transactions aimed at providing financial support to
Joseph and Hannah Pike, who were poor enough that an overseer had been appointed for them. The
upshot was that in exchange for a total of about 90 acres of land, Caleb Cook promised to feed and clothe
the couple and pay their debts; under the agreement, Hannah received the right to dispose of some of the
household furniture and her clothing. The Town of Canterbury was also involved, as a way of
guaranteeing that the couple’s support wouldn’t cost the town anything (Canterbury Land Records, Vol.
19, Pg. 225 and Vol. 18, Pg. 128). It is probable that the Pikes were elderly and unable to work enough to
support themselves, and had no relatives to assist them (though it is possible that Caleb Cook was a
relative – the documents simply do not say so).
At some point, the land came into the hands of one John Bennett, who sold it to Daniel Bennett in 1828
for $1,500. This was still two pieces, with the swamp piece described as containing 18 acres and 18 rods
(18.1125 acres in total) and the other containing 70 acres, a house and a barn, and located in both
Canterbury and Brooklyn. According to Canterbury Land Records, Vol. 20, Pg. 219, the description also
had changed somewhat:
Beginning at the northeast corner, a bound of land of Samuel Cady; then
Southerly on land of Samuel Cady and land of John Kendal; then
Westerly on land of John Kendal and land of Sally Hyde to land of Oren Palmer; then
Northerly on land improved by Oren Palmer and land improved by Fitch Adams to land of William Putnam; then
Easterly on land of William Putnam and land of Samuel Cady to the beginning

Daniel Bennett also paid another $804.66 to the Town of Canterbury for a release of the 1819 mortgage
on the two parcels. Why there was still money owed on the property is not clear from the documents, but
this release cites the 1819 deed from Pike to Cook (Canterbury Land Records, Vol. 20, Pg. 219). In 1835,
Daniel Bennett bought another 37 acres, located on the south and east boundaries of his own land (and
also abutting land of Comfort Hyde), from the estate of Albe Hyde for $296 (Canterbury Land Records,
Vol. 21, Pg. 302). In 1837, he added another 40 acres, which according to Canterbury Land Records, Vol.
22, Pg. 72, was abutted
N
E
S
W

William Putnam;
Daniel Bennett [the grantee];
Oren Palmer; Comfort S. Hyde; and
Blackwells Brook

This total of about 165 acres is larger than the later Parcel J descriptions, but pieces may have been sold
off or the number of acres deflated over time.
Although the historic cemetery identified during the pedestrian survey contains a headstone for Daniel
Bennett, his name does not appear in the 1850 census. His wife, Fanny is also buried in the cemetery on
the Brooklyn/Canterbury town line; she died on April 8, 1842 at age 31. Examination of the Canterbury
vital records revealed the marriage, in 1843, of Mary L. Bennett of Canterbury to Micah L. Taylor of
Pomfret, by Daniel Bennett, Justice of the Peace (Vital Records, Vol. 2, Pg. 79). This is significant for
two reasons. First, we can tentatively assume that Mary L. Bennett was Daniel Bennett’s relative and
inherited some or all of his property. Second, there are the gravestones in the cemetery, which include a
Micah Taylor and a Lewis G. Taylor, suggesting a close connection with the property. Seeking these
Taylor names in the census records has been productive. Examination of the 1850 census page that lists
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Comfort S. Hyde, John M. Kendall, and Orvin Palmer (names from the deed descriptions) reveals the
family of Lewis Taylor (aged 29 and born in Pomfret) and Louisa Taylor (aged 23 and born in
Canterbury), owning no real estate and living with their sons Daniel (age 6) and Lewis Jr. (age 4) (U.S.
Census 1850). The 1856 historic map is only somewhat helpful, as the Bennett farmstead’s distance from
the roads seems to have led to it being left off the map. It can be seen, however, the lands of C. S. Hyde
and J. Kendall to the west, as well as Widow Cady to the north (Figure 7).
In the 1860 Census, in roughly the same location as before, Micah L. Taylor (age 43) and Mary L. Taylor
(age 33) are shown living with their son Daniel B. (age 15). The family now reported owning $2,000 in
real estate and $1,400 in personal estate (U.S. Census 1860). The cemetery headstone of Lewis G. Taylor,
son of Micah L. Taylor, states that he died in 1859 at the age of 12 years and 9 months, so we can be
confident that this is the same family. The swapping of first and middle names is not unheard of in
nineteenth-century records, although the coincidence of both parties sometimes preferring a different
name is unusual. According to the headstone of Micah Taylor, he died in May of 1861, with an age that
might (based on the 1860 Census information) be the appropriate 44 (it is difficult to read). His probate
record has not been reviewed, but we can tentatively assume that his property went to his wife or children.
The next transaction provides the same basic description, in terms of acreage and abutters, of the land that
was used (with some changes) up to the present day. In 1865, John and Mary L. Gallagher of Canterbury
sold 110 acres of land with a dwelling house, barn, and other buildings, located partly in Canterbury and
partly in Brooklyn. Because Mary L. Gallagher is buried on the property, it is assumed that she is Mary L.
Bennett Taylor, remarried. The buyer was Maria Mowry (wife of Augustus) of Brooklyn, who paid
$2,200. According to Canterbury Land Records, Vol. 26, Pg. 225. the abutters were listed approximately
as follows:
N&E
S
W

John Kendall, George Harris;
John Kendall, John Sharp, Josiah Palmer, Comfort S. Hyde; and
Blackwells Brook

The similarities with the descriptions of Daniel Bennett’s purchases are the reason it is believed there is a
direct, if currently unknown, link between these transactions. A few months later, Augustus Mowry,
resident of Canterbury, died and his widow, Maria, was appointed administrator. For an unknown reason,
given the law of the time – which held that a wife’s property was her husband’s, even if she bought it
herself – the probate inventory listed only a small amount of personal property (clothing, livestock, and
farm tools), and no real estate (Canterbury Probate Vol. 3, Pgs. 447, 452). According to the 1860 census,
Augustus Morey (age 32) was a farmer who owned $1,000 in real estate and $1,000 in personal estate and
lived in Brooklyn, Connecticut, among other small farmers. He was born in Rhode Island. His wife,
Maria, was 26 and born in Connecticut, and they had a 2-year-old daughter, Jennie M. (who provides an
important link going forward) (U.S. Census 1860). Note that the various records use multiple spellings of
this surname – Mowrey, Mowry, and Morey, which is also not unusual in older records. The 1869 map,
like the earlier one, omits this farm, although it does show a J. Bennett to the east, along with H. Kendall;
to the west, again, were Hyde, Adams, and Kendall families (Figure 8).
In the 1870 census, there is no sign of anyone named Gallagher in the town or county. Nor is there any
trace of “Maria Mowry” during this census year. What is found, however, is a Benjamin J. Mowrey (aged
5), and a George A. Mowrey (aged 7), living in Plainfield, both of who are involved in later land
transactions. They were part of the household of Andrew Bennett (aged 35), and Martha Bennett (aged
34), who had just been married the previous May. Andrew was a farmer who owned $3,000 in real estate
and $3,000 in personal estate, and Martha reported owning $1,000 in personal estate. The household also
included Grafton Bennett (aged 19), probably Andrew’s brother, and Albert Bennett (aged 3), probably
Andrew’s son (U.S. Census 1870). It must be assumed here that Maria Mowrey had changed her name to
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Martha Bennett, and naturally had brought her children to her new marriage. The 1880 census clarifies
family relationships by stating them directly on the form. The Plainfield Bennetts, headed by Andrew
(age 45), a farmer, and Martha (age 44), had a household that included: his son Albert (aged 13),
identified as a farmer; his daughter Lulu M. (aged 7); his wife’s daughter Jennie M. Morey (aged 22)
(whom we saw in the 1860 census); his wife’s daughter S. Anna Morey (aged 19); his wife’s son George
A. Morey (aged 17), identified as a farmer; and his wife’s son Benjamin J. Morey (aged 15), identified as
a farmer. Moreover, a few doors away (on the same census page) was the widowed Mary L. Gallagher
(aged 50) and her daughter Emily (aged 12) (U.S. Census 1880). It is highly likely that there was some
relationship between Mary Louisa Bennett Taylor Gallagher and Maria/Martha Mowrey Bennett, or their
spouses.
These are crucial details because between 1886 and 1890, a record of a quarter-interest and half-interest is
found in the transactions among Mary L. Gallagher of Hampton, Benjamin Mowry of Plainfield, Jennie
M. Bennett of Putnam, George A. Mowrey of Hampton, and Susan A. and Robert J. Wilson Jr. of Putnam
(the “S. Anna” from the 1880 Census), with Jennie and George Mowrey both referring to the property as
formerly of their mother Maria Mowrey (Canterbury Land Records, Vol. 29, Pgs. 179, 252, 351, 368,
400, 696, 712). In the end, George A. Mowry of Hampton and Mary L. Gallagher of Canterbury each
owned a half-interest in 110 acres with a house, barn, and other buildings on it. According to the 1900
U.S. Census, George A. Mowrey lived in Canterbury, a single man aged 37, working as a farmer on his
own farm. His household consisted of a 17-year-old nephew, Winfield Mowrey, who worked on the farm,
and Mary L. Gallagher (aged 71), a widow whose role in the household was “Housekeeper” (not a
relative) and who reported that she had borne five children, of whom two were still living (U.S. Census,
1900). It seems likely that they were living on the farm and had been for some time, although it also
seems likely that for some part of the period 1865 to 1890 the place was rented out, and may not have had
anyone living on it at all.
Mary L. Gallagher passed away on June 12, 1906, aged 79 – her headstone is in the cemetery on the
subject property, with the heading “Mother.” In her estate, her heirs-at-law were identified as her son
Daniel B. Taylor, resident in St. Louis, Missouri, and her daughter Emily A. Gallagher, resident in
Canterbury. Her will directed that a trustee be appointed to manage her property, with all the income
going to support her daughter Emily A. Gallagher for life, with Daniel B. Taylor to receive it after
Emily’s death. Tragically, her mother’s death left Emily with no one available and willing to care for her,
and she was committed to Norwich State Hospital before the end of the year based on a mental state that
reportedly had persisted for 20 years at that point – when she was 58 years old. The inventory of Mary’s
estate valued her half-interest in the farm at only $300, and her belongings included only another $15.10
in household goods; and her estate owed George A. Mowrey $225.05 for care and doctors’ bills
(Canterbury Probate Vol. 5, Pgs. 547-551, 553-557, 559). According to Canterbury Land Records, Vol.
32, Pg. 251, the administrator sold Emily’s half-interest in the farm to George A. Mowrey for $300,
giving a new list of abutters:
N&E
S
W

Andrew Clark and wife, William J. Pomeroy; Joseph Brouther
Andrew Clark and wife; Eugene Shoales; Charles L. Hyde
Blackwell Brook

Thus, in 1906 George Mowrey became the sole owner of Parcel J.
Nonetheless, according to the 1910 census, there was no George A. Mowrey in Canterbury. There was,
however, a George Morey of the right age (47) living in Plainfield in the household of Frank H. Bennett
as a hired man; the form indicates that George was divorced (U.S. Census 1910). In 1920, however, he
was back in Canterbury (aged 57 and single), living and working on the farm with his widowed sister
Jennie M. Bennett (aged 60) (U.S. Census 1920). He passed away on May 5, 1930, and his heirs were
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identified as Benjamin Mowrey, his brother, who lived in New London, and his sister Anna Wilson and
her sons. His 1928 will, however, left his estate to Joseph and Elise Brodeur, as compensation for their
care while he lived with them. The inventory reported that the house was “Unnhabital no value,” the barn
was worth $50, the land worth $795, and that he had $1,995.01 in two bank accounts (Canterbury Probate
Records, Vol. 9, Pgs. 283-284, 288-289). After the string of elderly, non-resident owners, and very small
families that the house went through, it is not surprising that a lack of investment in it had made it
uninhabitable by this time. According to Canterbury Land Records, Vol. H-3, Pg. 196, the certificate of
devise filed on the land records in 1931 described the property as 110 acres and buildings, with a right of
way to the cemetery on it. The abutters were given approximately as:
N
E
S
W

A. T. J. Clarke and wife, Linda Alba De Costa;
Linda Alba De Costa, Joseph Brodeur;
A. T. J. Clarke and wife, Eugene Shoales, Charles S. Hyde; and
Blackwells Brook

It is likely that the later owners never lived on the property, given the reported state of the house in 1930.
The 1934 aerial image shows some structures on the parcel, but as a less well-organized and intensively
used space, it is not easy to interpret visually (Figure 9). The mix of cleared fields and forested areas is
likewise typical of the less-intensively used nature of this part of the greater study area.
The Brodeurs held on to Parcel J for only a few years before selling it to George Rukstella in 1936, again
as 110 acres with buildings and a right of way to the cemetery. The abutters description was slightly
different again:
N
E
S
W

A. T. J. Clarke and wife, Alex Rukstella;
Alex Rukstella, Frank Liepis;
A. T. J. Clarke and wife, Charles Phillips, W. F. Herr; and
Blackwells Brook.

Joseph Brodeur signed the deed with a mark, and the sellers reserved the right “to cut and draw birch
wood” on the property for two years “for domestic use only” (Canterbury Land Records, Vol. 39, Pg. 29).
This brought the property into direct connection with the owners of Parcel B/C/D in Brooklyn: George
Rukstella. George would have been about 33 years old when he bought this land. He might have been the
“George Rukstella” who, according to the 1930 Census, was 27 years old in that year and working in an
iron foundry in Boston (the form also stated that he had been married since age 25, but there is no sign of
a spouse) (U.S. Census 1930). Back in Connecticut a few years later, and giving his residence as
Brooklyn, he died intestate in 1939 (only about 36 years old) and his property fell to his parents as his
only heirs-at-law. The certificate of devise again called the property 110 acres with buildings and a right
of way to the cemetery (Canterbury Land Records, Vol. H-5, Pg. 273).
Alexander and Antenina Rukstella held on to the property until 1945, when they sold it to their son Alban
F. Rukstella, including the right of way across their own “Birchwood Farm” (Parcel B/C/D, mentioned
above) and the right of way to the cemetery (Canterbury Land Records, Vol. 44, Pg. 6). Alban would
have been about 34 when he received this property; as was discussed above, according to the 1940
census, he was actually living with his parents (and his wife) in Brooklyn. The right of way across the
Brooklyn farm would have been very convenient for accessing this farmland in Canterbury, and it should
be emphasized that its terms had it lasting only as long as he owned it. The 1951 aerial image indicates
that Alban had abandoned the easternmost end of the parcel, as it was clearly in the process of
reforestation (Figure 11); it also looks as though some of the buildings there were razed between 1934
and 1951 (Figure 11). The 1965 aerial seems to show all the structures have been destroyed, and also the
development of pond south of where the farm buildings had been previously (Figure 15).
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Alban Rukstella in fact continued to own Parcel J until his death in 1982, and in 1985 a certificate of
devise in the land records showed that the 110 acres (with right of way to the cemetery) belonged to
Kathryn Rukstella, presumably his daughter. The deed also mentioned the now-defunct right of way
across Birchwood Farm (Canterbury Land Records, Vol. 75, Pg. 152). The 1985 aerial image shows that
over the preceding 20 years, the area of cleared fields had remained consistent, except for a growth of
forest north of the pond that probably encompassed most or all of the old farm buildings (Figure 16). In
1993, Kathryn Rukstella filed an application to get the property into the state’s Preservation of
Agricultural Lands program (Canterbury Land Records, Vol. 165, Pg. 132). But instead, in 2005 she sold
it to River Junction Estates LLC, an entity that has also been discussed above (Canterbury Land Records,
Vol. 165, Pg. 132). The aerial images from 2010 forward show some encroachment of graveling
operations from the north and development of access roads, but little other change in the area (Figure 17).
Conclusions
The documentary evidence indicates that on Parcel B/C/D there was formerly a farmhouse (and
presumably associated barns and outbuildings) dating to at least the early nineteenth century, if not
earlier, located south of Rukstella Road. This property was removed in the late nineteenth century. In
addition, a second farmhouse and associated barns and outbuildings used to stand on the north side of
Rukstella Road, located mainly on the west side of Allen Hill Road. This was the Rukstella Farmstead
and it was probably built sometime between 1870 and 1900. Two silos once attached to the farmstead’s
barn are still standing. Parts of these parcels have been significantly impacted by commercial excavations,
while others appear to still be used for agricultural purposes. In general, modern development of the
vicinity has been restricted to the area north and east of this farm, probably a result of the town’s close
management of development over at least the last few decades.
The presence of a historic cemetery on Parcel J has been confirmed by field work, as have the ruins of the
farmhouse and two barns buildings formerly belonging to the Bennett/Taylor/Mowrey-Gallagher
Families. It is possible that the farmhouse dates to the early nineteenth century or before, and it was
abandoned no later than the 1930s. Parts of this parcel have been significantly impacted by commercial
excavations, while others appear to still be used for agricultural purposes. In general, modern
development of the vicinity appears to have been very limited, probably as a result of its slow population
growth and the remoteness of this area from the major roads.
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CHAPTER V

PREVIOUS INVESTIGATIONS
Introduction
This chapter presents an overview of previous archaeological research completed within the vicinity of
the study area in Brooklyn and Canterbury, Connecticut. This discussion provides the comparative data
necessary for assessing the results of the current Phase IA cultural resources assessment survey, and it
ensures that the potential impacts to all previously recorded cultural resources located within and adjacent
to the study area are taken into consideration. Specifically, this chapter reviews all previously completed
cultural resources surveys conducted within in the vicinity of the study area, as well as those
archaeological sites, National Register of Historic Places properties, and historic standing structures
situated in the project region
The discussions presented below are based on information currently on file at the Connecticut State
Historic Preservation Office in Hartford, Connecticut. In addition, the electronic site files maintained by
Heritage also were examined during the course of this investigation. Both the quantity and quality of the
information contained in the original cultural resources survey reports and State of Connecticut
archaeological site forms are reflected below.
Previously Conducted Cultural Resources Survey Located Within the Vicinity of the Study Area
A total of three cultural resources investigations (CHPC 399, CHPC 690/797, and CHPC 730) has been
completed previously within the vicinity of the study area (Figure 18). These surveys were conducted in
1982, 1996, and 1997, respectively, and they are discussed briefly below.
CHPC 399
CHPS 399 documents the results of Phase I, II, and III cultural resources investigations of the Relocation of
Route 6/I-84 Project sponsored by the Connecticut Department of Transportation in 1982. The field
investigations were completed by Public Archaeology Survey Team, Inc. (PAST) under Contract No.
11.12-01. The Phase I survey portion of the project included the survey of 28 miles of then-proposed
highway right-of-way that extended through Bolton, Coventry, Andover, Windham, Scotland, Hampton,
Canterbury, Brooklyn and Plainfield. The area was divided into two corridors: Eastern Corridor, which is
located to the east the Route 6 Willimantic Bypass, and the Western Corridor, which is located to the west
of the Route 6 Willimantic Bypass. The results of survey in the Eastern Corridor are discussed below. The
results of the Western Corridor survey are omitted here because it is situated well to the west of the current
study area, and the results offer no additional insights into the Brooklyn/Canterbury area.
A total of 46 prehistoric sites were identified during the Phase I survey of the Eastern Corridor. These sites
range in age from 10,000 to 450 B.P. A total of 26 of the 46 (57 percent) sites identified within the Eastern
Corridor fall within the general vicinity of the proposed study area, including Sites 19-2 through 19-16, 228, 22-8, 22-14, 109-1 through 109-6, 109-8 and 109-9. These sites represent prehistoric occupations dating
from the Early Archaic to Late Woodland periods, as well as a variety of occupation types ranging from
task specific sites to temporary camps to seasonal occupations. Of these 26 sites, PAST completed Phase II
National Register testing at 17 sites, including Sites 19-4 through 19-9, 19-14, 22-8, 109-1 through 109-4,
109-6, and 109-14. The results of the Phase I and Phase II examination of the archaeological sites in the
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vicinity of the proposed study area are outlined in the site summaries presented in the next section, as well
as in Table 1. Finally, none of the archaeological sites in the Eastern Corridor were subjected to Phase III
data recovery because the Connecticut Department of Transportation abandoned the Eastern Corridor in the
Fall of 1983 after the completion of the Phase II investigations.
CHPC 690/797
CHPC 690/797 represents a Phase IA cultural resources assessment survey and subsequent Phase IB
cultural resources reconnaissance survey of the proposed replacement of the Beecher Road bridge in
Brooklyn, Connecticut. This review was completed by Raber Associates in July of 1996 on behalf of the
Connecticut Department of Transportation under Project Number 19-104. The project consisted of a
review of available historic maps, previously identified cultural resources in the region, and a pedestrian
survey of the proposed bridge replacement area. Raber Associates concluded that the proposed bridge
replacement “may remove known or possible cultural resources with potential National Register
eligibility” (1996:4). As a result, Phase IB cultural resources reconnaissance survey of the proposed study
area was recommended, including hand excavated shovel tests at intervals of no greater than 10 m (32.8
ft) and development or a plan of action for any identified cultural resources. The Phase IB cultural
resources reconnaissance survey the proposed bridge replacement area failed to result in the identification
of any cultural resources, and no additional testing of the study area was recommended prior to
construction.
CHPC 730
CHPC documents the results of a Phase IB cultural resources reconnaissance survey that Raber
Associates completed in 1997 on behalf of the Connecticut Department of Transportation under Project
Number 22-100. The proposed undertaking consisted of the replacement of the Wauregan Road Bridge in
Canterbury, Connecticut. The survey was completed to insure no cultural resources, whether potentially
eligible or eligible for the National Register of Historic Places, would be impacted by the proposed
construction project. Raber Associates completed pedestrian survey of the Area of Potential Effect, as
well as the excavation of 15 shovel tests throughout the study area. No prehistoric or historic period
cultural material was identified during survey, and Raber Associates concluded that no additional
investigation of the proposed study area was recommended prior to construction of the new bridge.
Previously Recorded National Register of Historic Places Properties and Archaeological Sites
Located in the Vicinity of the Study area
A review of data currently on file at the Connecticut State Historic Preservation Office, as well as the
electronic site files maintained by Heritage resulted in the identification of a single National Register of
Historic Places property and 26 previously recorded archaeological sites located within the vicinity of the
study area (Figure 19 and 20; Table 1). All of the archaeological sites were identified by Public
Archaeology Survey Team, Inc., (PAST) during the completion of the above-referenced cultural resources
investigation associated with CHPC 399. Of the 26 identified sites, six are located wholly or partially within
the study area. These sites are of particular importance to this investigation and they are discussed in detail
below. The remainder of the sites (n=20) are described briefly in Table 1 at the end of this chapter.
Wauregan Historic District
Listed on the National Register of Historic Places in 1979, the Wauregan Historic District is situated in
the northwestern corner of the town of Plainfield (Figure 19). The historic district, which consists of a
historic a mill village, was established around a cotton mill that was powered by the Quinebaug River.
Today, a 90-acre portion of the original village area remains, and buildings in the Wauregan Historic
District include the Wauregan Mill, an H-shaped building built from local fieldstone, the James Atwood
house, two boarding houses, the Wauregan company store, and 86 workers’ houses. The boundaries of the
Wauregan Historic District are as follows. The western boundary is comprised of the west bank of the
Quinebaug River. The northern boundary was drawn at the former high water mark of the mill pond. The
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eastern boundary is the rear property line of the Atwood mansion on the eastern side of Route 12, and the
southern limit is at a series of houses on South Walnut and South Chestnut Streets. The Wauregan
Historic District is significant in three areas. First, the architecture of the late nineteenth-century homes of
the mill owners and the village church are important examples of individual styles (Stick style and High
Victorian Gothic), while the mill, the workers’ housing, and other buildings represent the Greek
Revival and Italianate styles. Second, the Wauregan Historic District illustrates an important time in
Connecticut’s industrial history that was underscored the development and subsequent decline of textile
manufacturing. Third, the physical organization of the village is an excellent example of early community
planning. In sum, the Wauregan Historic District is considered significant under Criteria A and C of 36
CFR 60.4 [a-d]), the National Register of Historic Places criteria for evaluation of cultural resources. Due
to its distance from the study area, the Wauregan Historic District will not be impacted directly by the
proposed solar facility. Further, the viewshed of the historic district also will not be impacted by the
proposed project because of the hilly and forest nature or the terrain between the study area and the
historic district.
Site 19-2
Site 19-2 was identified in 1982 during Phase I cultural resources reconnaissance survey of the Eastern
Corridor of the Route 6/I-84 Relocation Project, and it yielded a single bifurcate base projectile point and
1 flint flake (Figure 20). The projectile point is indicative of an Early Archaic use of the area between ca.
10,000 and 8,000 years ago. During survey, six judgmentally placed shovel tested were excavated around
the original find spot. Unfortunately, no additional cultural material was recovered and no cultural
features were identified. Site 19-2 was not assessed applying the National Register of Historic Places
criteria for evaluation (36 CFR 60.4 [a-d]), and no Phase II National Register testing of the site area was
performed.
Site 19-8
Site 19-8 also was identified in 1982 during Phase I cultural resources reconnaissance survey of the
Eastern Corridor of the Route 6/I-84 Relocation Project (Figure 20). During survey, six Phase I shovel
tests were excavated at the site and they produced 11 quartz, 11 quartzite, and 3 flint artifacts, as well as 1
“other” artifact made from an unidentified lithic material. The recovered artifacts included bifacial
reduction flakes, bifaces, chunks, a shell fragment, and a single untyped projectile point. Based on the
recovery of flint artifacts, PAST assigned the site to the Late Woodland period of Connecticut prehistory.
PAST indicated that Site 19-8 required additional investigation prior to construction of the roadway and
recommended Phase II National Register of Historic Places testing and evaluation of Site 19-8.
The Phase II investigation of Site 19-8 was completed in 1983 and included the excavation of 63
additional shovel tests throughout the site area. This resulted in the identification of two archaeological
components, one dating from the Late Archaic period of Connecticut prehistory and one dating from the
Late Woodland period of Connecticut prehistory. The Late Archaic component yielded 138 artifacts,
while the Late Woodland period component produced 59 artifacts. Late Archaic cultural material
recovered from the site area consisted of bifacial reduction flakes, chunks, bifaces, a hammerstone, a
worked cobble, and Brewerton projectile points. It was concluded that the Late Archaic period component
of Site 19-8 represented a seasonal camp. Phase II examination of the Late Woodland component resulted
in the collection of bifacial reduction flakes, chunks, bifaces, and a second untyped projectile point. In
addition, a radiocarbon sample was recovered from an untyped cultural feature; it yielded a date of 450
+/- 130 BP for the occupation. The Late Woodland component was classified as a temporary camp. PAST
did not formally assess Site 19-8 applying the National Register of Historic Places criteria for evaluation
(36 CFR 60.4 [a-d]) after the Phase II testing was completed because the roadway construction project
was cancelled; however, they did indicate that Phase II examination of the site area revealed that the site
contained intact archaeological deposits and “could yield information about prehistoric settlement and
subsistence systems.”
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Site 19-9
Site 19-9 also was identified in 1982 during Phase I cultural resources reconnaissance survey of the
Eastern Corridor of the Route 6/I-84 Relocation Project (Figure 20). During survey, only three shovel
tests were excavated at the site. These shovel tests yielded 7 quartzite artifacts. The artifacts included
bifacial reduction flakes, chunks, and a single Neville projectile point. The recovery of Neville projectile
point indicates that the site belongs to the Middle Archaic period of Connecticut prehistory, a rarely
identified prehistoric site type. PAST indicated that Site 19-9 required additional examination prior to
construction and recommended Phase II National Register of Historic Places testing and evaluation of
Site 19-9.
The Phase II investigation of Site 19-9 was completed in 1983 and included the excavation of 41
additional shovel tests spaced at 5 m (16.4 ft) intervals throughout the site area. This resulted in the
identification of additional artifacts dating from the Middle Archaic period, including bifacial reduction
flakes chunks, bifaces, a drill, and a second Neville projectile point. It was concluded that Site 19-9
period component represented a temporary camp. PAST did not formally assess Site 19-9 applying the
National Register of Historic Places criteria for evaluation (36 CFR 60.4 [a-d]) after the Phase II testing
was completed because the roadway construction project was cancelled; however, they did indicate that
Phase II examination of the site area revealed that the site contained intact archaeological deposits and
could yield additional “cultural information.”
Site 19-11
Site 19-11 also was identified by PAST in 1982 during Phase I cultural resources reconnaissance survey
of the Eastern Corridor of the Route 6/I-84 Relocation Project (Figure 20). This site it yielded a single
quartzite flake; however, only one shovel test was in the site area before the landowner asked the survey
crew to leave his property. Site 19-11 was not assessed applying the National Register of Historic Places
criteria for evaluation (36 CFR 60.4 [a-d]), and no Phase II testing of the site was performed because
landowner permission could not be obtained.
Site 19-15
PAST recorded Site 19-15 during Phase I cultural resources reconnaissance survey of the Eastern
Corridor of the Route 6/I-84 Relocation Project in 1982 (Figure 20). During the Phase I survey, nine
shovel tests were excavated throughout the site area. They produced 3 quartz and 5 quartzite artifacts,
which consisted of resharpening flakes, bifacial reduction flakes, a biface, and a quartz chunk. None of
the recovered artifacts were temporally diagnostic, and Site 19-15 could not be assigned to a specific
prehistoric period. Site 19-15 also was not assessed applying the National Register of Historic Places
criteria for evaluation (36 CFR 60.4 [a-d]), and no Phase II testing of the site was performed at the site.
Site 19-16
Finally, PAST also documented Site 19-16 during Phase I cultural resources reconnaissance survey of the
Eastern Corridor of the Route 6/I-84 Relocation Project in 1982 (Figure 20). A total of seven shovel tests
were excavated throughout the site area during survey. They produced two artifacts, a quartz chunk and a
flint biface. Neither of the recovered artifacts was temporally diagnostic. As a result, Site 19-16 could not
be assigned to a specific prehistoric period. No Phase II testing of the site area was performed at Site 1916, and this cultural resource was not assessed applying the National Register of Historic Places criteria
for evaluation (36 CFR 60.4 [a-d]).
Summary and Interpretations
The review of previously completed research in the vicinity of the proposed study area and the analysis of
archaeological sites recorded nearby, indicates that both the larger project region and the study area
contains a long and rich history of prehistoric Native American occupation and use of the area.
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Archaeological sites recorded within and adjacent to the study area date from between the Early Archaic
to Late Woodland periods (ca. 10,000 to 450 B.P.). Moreover, the data recovered to date indicates that the
area was used for a variety of tasks and for variable amounts of time. The recorded sites range from task
specific sites to temporary occupations to seasonal camps. All of this data has been collected from only a
very limited portion of the proposed study area and adjacent landforms. This suggests that additional
archaeological sites may be expected from the remainder of the proposed study area.
Table 1.

Previously identified archaeological sites in the project region.

Site #

Town

Period

Type

Reporter/Date

NRHP

19-3

Brooklyn

Unknown

Unknown

PAST/1982

Not Assessed

19-4

Brooklyn

Unknown

Temporary Camp

PAST/1982

Not Assessed

19-5

Brooklyn

Late Archaic/Late Woodland

Seasonal Camp

PAST/1982

Not Assessed

19-6

Brooklyn

PAST/1982

Not Assessed

19-7

Brooklyn

Late Woodland

Temporary Camp

PAST/1982

Not Assessed

19-10

Brooklyn

Unknown

Unknown

PAST/1982

Not Assessed

19-12

Brooklyn

Unknown

Unknown

PAST/1982

Not Assessed

19-13

Brooklyn

Unknown

Unknown

PAST/1982

Not Assessed

19-14

Brooklyn

Middle Archaic/Woodland

Temporary Camp

PAST/1982

Not Assessed

22-8

Canterbury

Middle Woodland

Seasonal Camp

PAST/1982

Not Assessed

22-14

Canterbury

Nineteenth Century

Industrial

PAST/1982

Not Assessed

69-40

Killingly

Nineteenth Century

Grist Mill

Milner/1989

Not Assessed

109-1

Plainfield

Unknown

Task Specific

PAST/1982

Not Assessed

109-2

Plainfield

Unknown

Task Specific

PAST/1982

Not Assessed

109-3

Plainfield

Unknown

Task Specific

PAST/1982

Not Assessed

109-4

Plainfield

Late Woodland

Seasonal Camp

PAST/1982

Not Assessed

109-5

Plainfield

Woodland Period

Seasonal Camp

PAST/1982

Not Assessed

109-6

Plainfield

Woodland Period

Temporary Camp

PAST/1982

Not Assessed

109-8

Plainfield

Woodland Period

Temporary Camp

PAST/1982

Not Assessed

109-16

Plainfield

Late Woodland

Task Specific

PAST/1982

Not Assessed

Late Archaic through Early Woodland Temporary Camp
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CHAPTER VI

METHODS
Introduction
This chapter describes the research design and field methodology used to complete the Phase IA cultural
resources assessment survey of the study area in Brooklyn and Canterbury, Connecticut. The following
tasks were completed during this investigation: 1) study of the region’s prehistory, history, and natural
setting, as presented in Chapters II through IV; 2) a literature search to identify and discuss previously
completed cultural resources surveys and all previously recorded cultural resources in the area
encompassing the study area; 3) a review of historic maps, topographic quadrangles, and aerial imagery
depicting the study area in order to identify potential historic resources and/or areas of past disturbance;
and 4) pedestrian survey and photo-documentation of the study area in order to determine its
archaeological sensitivity. These methods are in keeping with those required by the Connecticut State
Historic Preservation Office in the document entitled: Environmental Review Primer for Connecticut’s
Archaeological Resources (Poirier 1987)
Research Framework
The current Phase IA cultural resources assessment survey was designed to identify assess the
archaeological sensitivity of the proposed study area, as well as to visually examine the Area of Potential
Effect and record any historic resources visible during pedestrian survey. The undertaking was
comprehensive in nature, and project planning took into account the results of each previously completed
archaeological survey within the project vicinity, the distribution of previously recorded cultural
resources located and within the study area, and a visual assessment of the Area of Potential Effect. The
methods used to complete this investigation were designed to provide coverage of all portions of the
study area. The fieldwork portion of this undertaking entailed pedestrian survey, photo-documentation,
and study area mapping (see below).
Archival Research & Literature Review
Background research for this project included a review of a variety of historic maps depicting the
proposed study area; an examination of USGS 7.5’ series topographic quadrangles; an examination aerial
images dating from 1934 through 2016; and a review of all archaeological National Register of Historic
Places and archaeological site data on file with the Connecticut State Historic Preservation Office, as well
as electronic cultural resources data maintained by Heritage. The intent of this review was to identify all
previously recorded cultural resources situated within and immediately adjacent to the Area of Potential
Effect and to provide a natural and cultural context for the proposed study area. This information then was
used to develop the archaeological context of the study area, and to assess its sensitivity with respect to
producing intact cultural resources.
Background research materials, including historic maps, aerial imagery, and information related to
previous archaeological investigations, were gathered from the Brooklyn and Canterbury Public Libraries,
Brooklyn and Canterbury Town Halls, the Connecticut State Library, the Homer Babbidge Library on the
Storrs Campus of the University of Connecticut, and the Connecticut State Historic Preservation Office.
Finally, electronic databases and Geographic Information System files maintained by Heritage were
employed during the course of this project, and they provided valuable data related to the study area, as
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well as data concerning previously identified archaeological sites within the general vicinity of the Area
of Potential Effect.
Field Methodology and Data Synthesis
Heritage also performed fieldwork for the Phase IA cultural resources assessment survey of the study area
associated with the proposed solar project in Brooklyn and Canterbury, Connecticut. This included
pedestrian survey, photo-documentation, and mapping of the study area. During the completion of the
pedestrian survey, representatives from Heritage photo-documented the study area using digital media.
Heritage also obtained a PDF file depicting the proposed solar development from Quinebaug Solar, the
project sponsor (Figure 2). The digital file was imported into ESRI’s ArcGIS 10.2, the geographic
information system (GIS) employed by Heritage. The inclusion of the PDF file in the project GIS
streamlined the research process and it ensured that all portions of the study area that may be impacted by
the proposed solar project were examined during the investigation and mapped accurately. Finally, the
GIS files were employed to output the maps and drawings included in this report.
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CHAPTER VII

RESULTS OF THE INVESTIGATION

Introduction
This chapter presents the results of the Phase IA cultural resources assessment survey of the study area in
Brooklyn and Canterbury, Connecticut. The assessment survey resulted in the identification of six areas
that produced evidence of above-ground historic features, stone walls, the locations of six previously
identified archaeological sites, and two historic standing structures near to the study area’s boundaries.
The six locations with above ground historic signatures were designated as the Former Butts/Harris/Cady
House location, Well House Foundation, Rukstella Farmstead, Mowrey Farmstead,
Bennett/Taylor/Gallagher Cemetery, and Stone Town Line Boundary Marker. Each of these areas is
discussed briefly below, as are the identified stone walls, the re-visitation of the previously identified
archaeological sites, and the two historic standing structures identified near the study area (Figure 21).
Former Butts/Cady/Harris House Location
During a review of historic maps of the study area, a historic building labeled as the “W. Cady” (Widow
Cady) house was noted on an 1856 map of the region. This house was located just to the south of
Rukstella Road in the north-central portion of the study area (Figures 7 and 21). This provided a point of
departure for research into the ownership history of this home. As related in Chapter IV and summarized
here for context, the search of the Brooklyn town records revealed that the Widow Cady’s property was
previously owned by Deacon Samuel Butts at the turn of the nineteenth century, and upon his death was
divided between his daughter Eunice Butts and his grandson Samuel Cady. Samuel became the sole
owner of the property in 1820s. Samuel eventually married a woman named Alice, and it is she that is
listed in the 1856 map as “Widow Cady.” Upon reaching a point in her life where the Widow Cady could
not care for the farm, she quit-claimed the property to George Harris in 1889. She remained on the farm
and in the same house as George and his family, suggesting a familial relationship with the Harris Family.
George Harris sold the property to Lyman Harris in 1891 but remained on the farm until he died in 1897.
Lyman died two years later, after which the farm was transferred to his widow Jennie. She ultimately
disposed of the property in 1905 and sold it to the Pomroys, who transferred it to the DaCosta family in
1907. The property was then transferred to Alexander Rukstella 1911. The Rukstella family retained
ownership of the parcel on which the former Butts/Cady/Harris House was located. The exact date of the
demolition of the ancestral home is not certain; however, it is clearly visible in the 1934 through 1970
aerial images of the property (Figures 9, 11, and, 12). It is noticeably absent in the 1974 aerial image of
the subject parcel; thus, the house was razed sometime in the early 1970s (Figure 13).
Since the exact location of the Butts/Cady/Harris House was known from a historic map and aerial
images, Heritage visited the area and searched for any above ground remnants of the former home site.
Unfortunately, pedestrian survey did not reveal any surficial remains of the house in the form of a
foundation or wall segments; however, a large raised area was noted in the location of the former
residence (Photo 1). This suggests that the Butts/Cady/Harris House was destroyed and the foundation
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was simply filled in rather than totally removed. Thus, it is possible that this area may contain
archaeological data relevant to the Butts/Cady/Harris families and occupation of the site, as well as
general land use within the study area. Archaeological data remaining in the area could date from as early
as the late eighteenth and early nineteenth centuries, and may provide information related to rural late
Colonial and Early American lifeways. Thus, the Butts/Cady/Harris House location was assessed as
moderate/high archaeologically sensitive area. If, when development plans for the proposed solar facility
are finalized, it is determined that this area is to be impacted, it is recommended that subsurface testing as
part of a Phase IB cultural resources reconnaissance survey be conducted.
Well House Foundation
During pedestrian survey of northeastern portion of the study area, Heritage identified a rectangular
foundation measuring approximately 2 x 3 m (6.6 x 9.8 ft) in size (Figure 21). The foundation is located
at an elevation of approximately 70.1 m (230 ft) NGVD. Inspection of the foundation revealed that it is
constructed of fieldstones that have been capped with an approximate 10 cm (4 in) thick layer of concrete
(Photos 2 and 3). Inspection of the interior showed that the foundation measured approximately 1.8 m (6
ft) in depth and was filled with water. The exact origin of this feature is unknown; however, its relative
proximity to the Butts/Cady/Harris House suggests that it may be associated with that occupation. Due to
the water infilling and its presence on a slope where run-off occurs frequently, the foundation was
interpreted as the remains of a “well house” used to draw water for farm animals. A review of historic
maps failed to identify this structure; however, it may be visible on the aerial images discussed above
(Figures 9, 11, and, 12). Based on its construction materials (i.e. portions made of concrete) and overall
lack of significant historical sensitivity, the identified well house foundation does not possess the
characteristics that would make it either potentially eligible of eligible for listing on the National Register
of Historic Places. No additional recordation of this foundation is recommended.
Rukstella Farmstead
While completing a review of historic aerial images dating from 1934 through 1970 depicting the study
area, Heritage noted the presence of two silos in the northern portion of the Area of Potential Effect
(Figures 9, 11, 12, and 21). Subsequent deed research was able to associate these historic features as
belonging to the former Rukstella Family farm (hereafter referred to as the Rukstella Farmstead). The
background research of the farmstead area revealed a total of six structures on the landscape, including
two silos, the Rukstella house, and large barn and two small outbuildings.
The exact date of the establishment of the Rukstella Farmstead is difficult to determine. The chain of title
research revealed that the land on which the farmstead is located was owned in the nineteenth century by
Samuel Cady and his family, and then by George Harris and his family. However, the deed research
specifies that both families lived on the south side of Rukstella Road in the ancestral home, and not on the
north side of the road. An 1893 USGS topographic map, however, shows a structure in the location of the
Rukstella Farmstead, suggesting that it is possible that one of George Harris’ sons, either Samuel or
Lyman Harris, both of whom would have been in their 40s in the 1890s, built the house (Figure 22). The
land changed hands a couple of times in the late 1800s and very early 1900s before it was transferred to
the Rukstella Family. It remained in that family until 1970, after which the farmstead was abandoned and
the buildings were razed.
With the data from the aerial image review and the deed research in hand, Heritage visited the former
Rukstella Farmstead location to determine which former buildings and farm features may still be present,
and to assess their state of preservation. Visual reconnaissance within the farmstead area revealed the
presence of two concrete silos, a circular well feature, and the remnants of a concrete foundation where
the large barn was identified in the 1934 through 1970 aerial images. Examination of the silos revealed
that they were constructed of a series interlocking concrete vertical lengths that were held together with
metal bands that encircled the structures (Photo 4). The roof was missing on both silos and both structures
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appeared to be in a generally poor state of preservation. The above-referenced barn foundation was
identified just to the south of the silos and north of where the Rukstella house would have stood. The barn
foundation was made of concrete and was open to the west (Photo 5). Having been built into a small
hillside, it can be assumed that the opening represented a storage area beneath the original floor of the
barn. The barn foundation also was in a poor state of repair. Another feature associated with the former
farmstead that was identified by Heritage was a circular well that was located in a small area that would
have been to the south of the Rukstella house and to the north of Rukstella Road. The well measured
approximately 1 m (3.3 ft) in diameter; it was stone lined at the bottom and contained a metal sleeve near
the surface. The only other landscape features noted within the farmstead area was a series of stone walls
that ran along the southern and western edges of where the Rukstella buildings were located (Photo 6).
Unfortunately, the former Rukstella home and the two small out buildings shown in the 1934 through
1970 aerial images were not discernible during the pedestrian survey (Figures 9, 11, and 12). The
outbuildings would have been located in what are now cornfields, and it is probable that all vestiges of
them were removed so that there would be no impediment to the plowing of these areas for crops. The
location of the Rukstella House foundation was not obvious and it may lie buried in an overgrown area at
the intersection of Allen Hill Road and Rukstella Road. Finally, Heritage performed a general inspection
of the farmstead area in order to determine if any areas of intact soils remained where archaeological
deposits could be found. This inspection revealed that the core of the farmstead, including the areas
around the silos, barn, and Rukstella house have been mechanically manipulated in the past. Several
disturbances were noted indicating that the depositional integrity in this area has been compromised in the
past. As a result, the core of the farmstead areas was assessed as a no/low potential area for yielding intact
cultural deposits. This area is not eligible for listing on the National Register of Historic Places, and no
additional archaeological investigation of this area is recommended prior to construction of the proposed
solar facility.
Mowrey Farmstead
A review of historic aerial images dating from the early to mid-twentieth century also revealed the
presence of a group of buildings in the south-central portion of the study area (Figures, 9, 11, and 23).
This area is referred to as Parcel J in the historic interpretation of the study area presented in Chapter IV
of this report. The earliest ownership of this parcel was that of Joseph and Hannah Pike in 1819. How
they came to own the property could not be determined. The Pikes transferred the property to Caleb
Cooke that year because they could no longer afford to maintain the farm themselves. This deed suggests
that the farmstead, including its main house and outbuildings, was already in place and predated the 1819
land transfer.
The next property owner is John Bennett. John Bennet sold the property to Daniel Bennet in 1828; at that
time, the land was described as containing a house and barn (presumably any smaller outbuildings were
not mentioned in the deed). Daniel Bennett later sold the property to his daughter Mary Bennett and her
husband, Micah Taylor. Micah and Mary Taylor maintained ownership of the property for quite some
time. Micah ultimately passed away in 1861. The next deed transfer after Micah’s death takes place in
1865, during which John and Mary Gallagher sold the property to Mariah Mowrey. Because the land
description is the same and no other transactions can be found between Micah and Mariah Mowrey’s
ownership, it appears that the widow Mary Bennett Taylor probably was remarried to John Gallagher.
Mariah Mowrey and her subsequent descendants owned the land for the next 65 years, when George
Mowrey passed away in 1930 and willed the property to Joseph and Elise Brodeur. The deed
memorializing this transaction stated that the property retained a house that was in a very bad state of
repair, as well as a barn. The Brodeurs appear to have not lived on the parcel and they let the buildings
deteriorate further until selling the land to George Rukstella, the son of Alexander and Antenina
Rukstella. George died a few years later and the property went to his parents and remained in the
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possession of various family members until 2005. It ultimately came into the possession of River Junction
Estates, LLC.
The results of the aerial imagery review and the deed research indicate clearly that a series of buildings
including a house, barn, and outbuildings existed on the Mowrey farmstead since its inception at or just
before the turn of the nineteenth century. With this data in mind, Heritage completed a pedestrian survey
of the farmstead area to determine whether or not any buildings associated with the historical occupation
remained, and, if so, to assess their state of preservation. During pedestrian survey of the south-central
portion of the study area near where the existing access road leading into the study area from Wauregan
Road and extends to the east of an existing pond, Heritage noted three former building foundations
(Figure 21). These consisted of a single house foundation and two outbuilding foundations. All three
foundations were constructed of dry laid fieldstone. The house foundation is located on the east side of
the existing access road and contains approximately 15 courses of stacked fieldstone (Photo 7). The house
foundation measures approximately 8 x 14 m (28.9 by 45.9 ft) in size and contains a large center chimney
base, also made of dry laid fieldstone. The foundation style is in keeping with buildings built in the late
eighteenth century, especially the large central chimney. Based on the size and configuration of the
foundation, the house appears to have had two bays and may have been as tall as two stories. In addition,
a stone lined well was identified on the north side of the house. The well measures approximately 1 m
(3.3 ft) in diameter (Photo 8).
In addition to the house and well, Heritage identified two outbuilding foundations on the west side of the
access road leading from Wauregan Road (Figure 21; Photos 9 and 10). The first measures approximately
8 x 8 m (28.9 x 28.9 ft) in size and the second encompasses an approximate area of 5 x 6 m (16.4 x 19.7
ft). The larger of the two foundations is comprised of approximately 12 courses of fieldstone and is open
to the south. This building is built into a hillside on the north and appears to have been a two-story barn
with an entrance to the second story at grade level on the north side. The lower level would have been
entered from the south. The second structure, while smaller in size and constructed of approximately
seven courses of fieldstones, is of the same configuration. This smaller building also was interpreted as
the remains of a small barn or outbuilding. Both of these buildings appear to be associated with the stone
house foundation located to the east and on the opposite side of the existing access road. The barns first
appear on a 1934 aerial image amongst a small cluster of outbuildings. They can also be seen an on aerial
images dating as late as 1965 (Figure 15). Thus, it was sometime during the mid to late twentieth century
that these buildings were demolished.
Based on the research performed to date, as well as the results of the pedestrian survey, it was determined
that the Mowrey Farmstead area may contain archaeological data relevant to the Pike, Bennett, Taylor,
Gallagher, and Mowrey families, as well as general land use within the study area. Thus, archaeological
data remaining in the area could date from as early as the late eighteenth and early nineteenth centuries,
and may provide information related to rural Late Colonial and Early American lifeways. Phase IB
cultural resources reconnaissance survey of the Mowrey Farmstead area is recommended if it is scheduled
for impacts by the proposed solar project.
Bennett/Taylor/Gallagher Cemetery
Pedestrian survey of the central portion of the study area revealed the presence of an historic cemetery
situated along the Brooklyn/Canterbury town line (Figure 21) The cemetery is located at an elevation of
approximately 76.2 m (250 ft) NGVD. A review of all available cemetery records in the State of
Connecticut indicates that this historic burial ground has not been recorded in the past, and it does not
appear on historic maps of the area; nor is its location easily discerned or any aerial images of the study
area. Visual reconnaissance of the area demonstrated that the cemetery is fully enclosed by a stone wall
and covers an area measuring approximately 12 x 20 m (39.4 x 65.6 ft) in size. The cemetery is accessible
through a gap in the stone wall at the southwest corner. One of the stones in the gap contains an iron pin
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that indicates that a gate once closed off access to and from the cemetery. The marked burials noted in the
cemetery are situated on the top of a knoll forming the eastern portion of the burial ground. The cemetery
slopes down to the west, and the area is covered in vegetation ranging from trees to low brush. It is
apparent that the cemetery has not been maintained for decades.
Careful inspection of the area revealed the presence of seven graves marked with both headstones and
foot stones (Photos 11 through 17). The dates of the burials range from 1802 to 1906, and they contain
five adults and two children from the Bennett, Gallagher, and Taylor Families. The headstone inscriptions
were recorded as follows:
Burial 1:

[unreadable], Son of Daniel & [?], Died December 27, 1802, Aged 1 Month & [?] Days

Burial 2:

Daniel Bennett, Died September 19, 1853, Age 51

Burial 3:

Mrs. Fanny Bennett, Wife of Daniel Bennett, Died April 8, 1842, Age 31

Burial 4;

Mother, Mary L. Gallagher, Died June 12, 1906, Age 79

Burial 5:

Micah L. Taylor, Died May 4, 1861, Age 84

Burial 6:

Lewis G. Taylor, Son of Micah L. Taylor, Died June 11, 1859, Age 12 years, 9 months

Burial 7:

Rachel Taylor, Wife of Rufus G. Taylor, Died December 24, 1844, Age 68

In addition, the historic cemetery also contains two small upright fieldstones indicative of human burials
(Photos 18 and 19). These stones were unmarked. It is possible that the either predate the 1802 use of the
cemetery or represented burials for which inscribed markers were not obtained. It was not uncommon in
the nineteenth century, for example, to bury infants without a marked headstone.
It is clear based on the headstone inscriptions that the people buried in the cemetery are associated with
the former farmstead located in the south-central portion of the study area. Daniel Bennett, Micah Taylor,
and Mary Gallagher are specifically mentioned in the deeds to the farm that later became owned by the
Mowrey Family. Although three separate surnames are contained on the headstones, it is clear in land
transfer records that individuals buried in the cemetery are all related, either through birth or marriage.
These are some of the people that invested their life’s work and finances into maintaining the Parcel J
area.
Given the obvious sensitivity of the cemetery, it should not be impacted in any way during construction
of the proposed solar facility. To accomplish this goal, Heritage recommends leaving a 15 m (50 ft) buffer
of undisturbed area around all sides of the burial ground during construction. A buffer of this size is
recommended because it is not uncommon to find additional unmarked human burials outside of but
adjacent to cemetery grounds. This can occur for a couple of reasons: 1) the cemetery walls are
constructed after perishable grave makers have decayed and disappeared and 2); disenfranchised
populations (i.e., African American slaves or historic Native Americans) are often not included within the
formal bounds of a cemetery but are instead buried nearby. Heritage has requested an official historic
resource inventory number for this area, but the Connecticut State Historic Preservation Office has yet to
issue the number.
Stone Town Line Boundary Marker
During pedestrian survey of the southeastern portion of the study area, Heritage noted the presence of an
upright cut granite stone (Figure 21; Photos 20 through 22). The stone is located at an elevation of
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approximately 82.3 m (270 ft) NGVD and it does not appear on any historic maps or aerial images of the
region. The stone measures approximately 1 m (3.3 ft) in height and it is square in shape with chamfered
edges and stone chisel marks throughout its four faces. The northern side of the stone contains the letter
“B” and the southern side is inscribed with the letter “C.” The stone represents one of the early boundary
markers established between the Towns of Brooklyn and Canterbury. This stone was most likely set in
place in 1786 or after since this is when the town of Brooklyn was formed and it boundaries were
formally established by the town government. The identification of early town boundary markers in the
State of Connecticut is relatively rare, as many of these objects have been removed or destroyed in the
past. Given that this object has a legal purpose in that it demarcates the Brooklyn/Canterbury town line, it
should not be removed or impacted in any other way during construction of the proposed solar facility. To
accomplish this goal, Heritage Consultant recommends leaving a 5 m (16.4 ft) buffer of undisturbed area
around all sides of the marker during construction. Heritage has requested an official historic resource
inventory number for this area, but the Connecticut State Historic Preservation Office has yet to issue the
number.
Stone Walls in the Study area
During review of historic maps and aerials, as well as when in the field completing the current
investigation, Heritage made best efforts to identify stone walls and their locations throughout the study
area. Figure 24 is an extract from a map produced by the Connecticut Department of Transportation in
1965. It shows all of the stone walls that agency recorded that year, and it represents a starting point from
which field personnel could compare the current configuration and locations of stone walls to those of the
past. Field personnel were instructed to mark up a copy of the Department of Transportation map to show
those walls and wall segments that have been removed from the study area since 1965. Figure 25
represents the results of the field effort. This map shows that a large number of walls have been removed,
including some of those to the north of the Rukstella Farmstead, those that were formerly located in the
large agricultural field in the north-central portion of the study area, and wall segments in the central part
of the study area. It is likely that some of the stone walls have been removed because they were a barrier
to large scale mechanized farming of the area, while others may have been dismantled and sold for their
content. Once construction plans are finalized for the proposed solar facility, it is recommended that
Quinebaug Solar consult with the Connecticut State Historic Preservation Office to determine suitable
avoidance measures that seek to preserve as many of the remaining stone walls in place given the
constraints of the planned development.
Re-Visitation of Previously Identified Archaeological Sites
In addition to the identification of the above-referenced cultural resources, Heritage also revisited the
locations of all previously identified archaeological sites within the study area that were identified by
PAST in 1982. These included Sites 19-2, 19-8, 19-9, 19-11, 19-15, and 19-16 (see Figure 20). This was
done in an attempt to determine if the landforms these sites were originally identified on were still in
place and undisturbed. Pedestrian survey revealed that all six of these site locations remained as they were
described in the 1982 report submitted to the Connecticut Department of Transportation by PAST. Sites
19-2, 19-8, and 19-11 are still situated within agricultural fields, while the Site 19-9, 19-15, and 19-16
areas remain wooded. Since Sites 19-2, 19-8, and 19-11 are located within habitually plowed fields, they
may have suffered additional impacts over the last 34 years since their original identification; however,
Sites 19-9, 19-15, and 19-16 are situated in areas that have remained forested since 1982. It is likely that
their depositional integrity has remined unchanged. The true status of all six sites cannot be known for
sure unless an attempt is made to reidentify and examine them. It is recommended that an attempt to
relocate and assess these sites through a subsurface testing regime as part of a Phase IB cultural resources
reconnaissance survey be made if it is determined that they will be impacted by the proposed solar
project.
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Historic Standing Structures in the Vicinity of the Study area
During the pedestrian survey, Heritage also identified two historic standing structures in excess of 50
years in age in the vicinity of the study area (Figure 26). The first structure was located at 29 Liepis Road.
This structure was built in 1775 in the Colonial style (Photo 23). It is rectangular in shape and has a
gabled roof and a historic chimney on the southern end. The house has been modified and now includes
an asphalt roof, replacement windows, vinyl siding, and two cinder block chimneys on the northern end.
The surrounding property also contains a collapsed barn and silo to the north of the dwelling, as well as
an L-shaped garage to the south of the residence. The silo and barn are historic in age, whereas the garage
is a modern addition. According to the construction plans, the proposed solar arrays will be located to the
west, north, and east of the residence at 29 Liepis Road. Based on the condition of the house and
dilapidated nature of the barn and silo, the resources at 29 Liepis Road are considered not eligible for
listing to the National Register of Historic Places; however, they may be eligible for listing on the
Connecticut State Register of Historic Places. No additional architectural recordation of this building is
recommended prior to the proposed construction.
The second identified historic structure is located at 215 Wauregan Road (Photo 24). This Colonial style
residence was built in 1825 and it includes 2,548 sq. ft of living space on two floors. This house contains
a standing seam metal gabled roof, a small center chimney, wood clapboard exterior, six over six pane
windows, and a small for porch with a gabled roof. This structure is also associated with four
outbuildings, including a large barn to the east and three sheds to the southeast. The residence of 215
Wauregan Road is in overall good condition and may be eligible for listing on the National Register of
Historic Places. This property will not be impacted directly by the proposed construction, and thick
vegetation and tall trees screen its viewshed from the proposed solar facility. Thus, the viewshed of this
resource will not be impacted as a result of construction of the proposed solar facility. No additional
architectural recordation of this building is recommended prior to the proposed construction.
Overall Sensitivity of the Proposed Study area and Project Recommendations
In addition to the above referenced research into the historic maps, aerial images, and land transfers,
Heritage completed pedestrian survey of all parts of the study area, including the above-referenced
historic locations and previously identified prehistoric sites. The field data collected during the pedestrian
survey was used in conjunction with the analysis of topographic and soils mapping, to stratify the study
area into zones of no/low and moderate/high archaeological sensitivity. As previously described, historic
sites are generally easy to find on the landscape because the features associated with them tend to be
relatively permanent constructions. Prehistoric sites, on the other hand, are less often identified during
pedestrian survey, and predicting their locations relies more on environmental factors that would have
informed Native American site choices.
With respect to the potential for identifying prehistoric archaeological sites, the study area divided into
areas of no/low or moderate/high archaeological potential by analyzing landform types, slope, aspect,
soils, and distance to water. In general, areas located less than 300 m (1,000 ft) and no more than 600 m
(2,000 ft) from a freshwater source and that contain slopes of less than 8 percent and well-drained soils
possess a moderate/high potential for producing prehistoric archaeological deposits. This is in keeping
with broadly based interpretations of prehistoric settlement and subsistence models that are supported by
decades of previous archaeological research throughout the region. It is also expected that there may be
variability of prehistoric site types found in the moderate/high sensitivity zones. For example, large
Woodland period village sites and Archaic period seasonal camps may be expected along large river
floodplains and near stream/river confluences. Smaller temporary or task specific sites may be expected
on level areas with well-drained soils that are situated more than 300 m (1,000 ft) but less than 600 m
(2,000 ft) from a water source. Finally, steeply sloping areas, poorly drained soils, or areas of previous
disturbance are deemed to retain a no/low archaeological sensitivity.
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The combined review of historic maps, aerial images, land deeds, and pedestrian survey indicates that 244
acres of the study area retain little, if any, archaeological sensitivity (Figure 27). Photos 25 through 29
represent a sample of these areas. The attributes that support this designation is the presence of mucky
soils, wetlands, steep slopes, paved surfaces, and previous disturbances, including mechanical
manipulation of the soils and trash dumping. It should be pointed out that the sand and gravel pits within
the central and western portion of the study area will not be developed as part of the proposed solar
project. In addition, the large parcel of land that extends to the south east from Wauregan Road to the
Quinebaug River also will not be impacted by the proposed project. Quinebaug Solar has no immediate
plans to develop that parcel of land. In sum, no additional archaeological investigation of the areas that
have been assessed as possessing a no/low archaeological sensitivity is recommended.
Figure 27 shows that substantial portions of the study area have been assessed as retaining a
moderate/high archaeological sensitivity. Photos 30 through 34 represent a sample of these areas. Not
only do some of these areas contain archaeological sites, others retain the characteristics of the locations
where archaeological sites typically are found. The total land area assessed as retaining a moderate/high
archaeological sensitivity is 300 acres. These areas contain low slopes, well-drained soils, and are
generally found within 600 m (2,000 ft) of a water source (wetland or stream) and/or near a previously
identified prehistoric site or above ground historic feature identified during the current survey. Based on
the results of the background research for this project and the pedestrian survey, it is possible that
additional prehistoric sites dating from as early as the Early Archaic (ca., 10,000 to 8,000 B.P) and as
Late as the Late Woodland (ca. 1,500 to 450 B.P) may remain on the property. Thus, Phase IB cultural
resources reconnaissance survey, using subsurface testing techniques, is recommended in those portions
of the moderate/high sensitivity areas that will be impacted as a result of construction. In addition, if the
areas encompassing the Butts/Cady/Harris House and the Mowrey Farmstead are to be impacted during
construction, subsurface testing is recommended, as these areas may contain archaeological data relevant
to the late Colonial and Early American settlement and use of the area. The field methods for the
recommend Phase IB cultural resources reconnaissance survey should be developed in consultation with
the Connecticut State Historic Preservation Office.
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CHAPTER VIII

SUMMARY AND MANAGEMENT
RECOMMENDATIONS

The review of historic maps and aerial images of the study area, files maintained by the Connecticut State
Historic Preservation Office, and pedestrian survey of the Area of Potential Effect resulted in the
identification of six areas that produced evidence of above-ground historic features, numerous stone
walls, the locations of six previously identified archaeological sites, and two historic standing structures
adjacent to the area boundaries. Of these resources, the Butts/Harris/Cady House location and the
Mowrey Farmstead may contain archaeological data related to rural late Colonial and Early American
lifeways. These two locations were assessed as moderate/high archaeologically sensitive areas, and it is
recommended that they be subjected to subsurface testing as part of a Phase IB cultural resources
reconnaissance survey if they are to be impacted by the proposed construction. The Well House
Foundation and the Rukstella Farmstead either possess little archaeological value or have been
impacted/disturbed in the recent past. They are not eligible for listing on the National Register of Historic
Places, and no additional archaeological investigation of them is required prior to construction of the
proposed solar facility. The Stone Town Line Boundary Marker and the Bennett/Taylor/Gallagher
Cemetery are important landscape features within the study area. Neither one of these cultural resources
should be impacted in any way by the proposed construction. A construction buffer of 5 m (16.4 ft) is
recommended around the town line boundary marker, and a buffer of 15 m (50 ft) is recommended
around the Bennett/Taylor/Gallagher Cemetery. No construction should be planned in the buffered areas
so that these two cultural resources may be protected in place.
Heritage also made efforts to locate and map existing stonewalls within the study area. It is clear that
some loss of previous stone walls has occurred over the years. It is recommended that Quinebaug Solar
consult with the Connecticut State Historic Preservation Office once construction plans are finalized for
the proposed solar facility to determine suitable avoidance measures that seek to preserve as many of the
remaining stone walls in place.
In addition to the items discussed above, Heritage revisited all prehistoric site locations within the study
area in an effort to ascertain their current state of preservation. It was determined that Sites 19-2, 19-8,
and 19-11 are still situated within agricultural fields, while Sites 19-9, 19-15, and 19-16 remain in
wooded areas. Since Sites 19-2, 19-8, and 19-11 are located within habitually plowed fields, they may
have suffered additional impacts since their original identification; however, the Site 19-9, 19-15, and 1916 sites are situated in areas that have remained undisturbed. It is likely that the depositional integrity of
these sites has remined unchanged. The true status of all of these sites cannot be known for sure unless an
attempt is made to reidentify and examine them. Therefore, it is recommended that an attempt to relocate
and assess these sites through a subsurface testing regime be made if it is determined that they will be
impacted as a result of the proposed construction.

45

Finally, Heritage combined all of the data garnered from the historic map and aerial image investigations,
the chain of title research, and the pedestrian survey to stratify the study area into zone of no/low and
moderate/high archaeological sensitivity. It was determined that of the 544 acres under consideration for
the proposed solar facility, 244 acres retain no/low archaeological potential, while 300 acres possess a
moderate/high sensitivity for producing archaeological resources. Since the no/low potential areas consist
of previous disturbed, paved, mucky, and/or wet conditions, no additional archaeological investigation of
these areas is recommended. In contrast, those portions of the acreage that has been assessed as
possessing moderate/high archaeological sensitivity and will be impacted by the proposed solar project
should be examined using subsurface testing techniques as part of a comprehensive Phase IB cultural
resources reconnaissance survey. The field methods for the recommend Phase IB cultural resources
reconnaissance survey should be developed in consultation with the Connecticut State Historic
Preservation Office.
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Figure 1

Excerpt from a USGS 7.5’ series topographic quadrangle image showing the location of the study area in Brooklyn
and Canterbury, Connecticut.

Figure 2.

Current construction plan for the proposed solar facility in Brooklyn and Canterbury, Connecticut.

Figure 3.

Excerpt from a 2016 aerial image showing the location of the study area in Brooklyn and Canterbury, Connecticut
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Figure 6.

Excerpt from an 1833 map showing the location of the study area in Brooklyn and Canterbury, Connecticut.

Figure 7.

Excerpt from an 1856 map showing the location of the study area in Brooklyn and Canterbury, Connecticut.

Figure 8.

Excerpt from an 1869 map showing the location of the study area in Brooklyn and Canterbury, Connecticut.
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Figure 9.

Excerpt from a 1934 aerial image showing the location of the study area in Brooklyn and Canterbury, Connecticut.

Figure 10

Copy of a hand drawn map of land of Peter A. & Helen I. Rukstella, 1948 (obtained from
Brooklyn Land Records Map Vol. 2, Pg. 72.)
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Figure 11.

Excerpt from a 1951 aerial image showing the location of the study area in Brooklyn and Canterbury, Connecticut.
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Figure 12.

Excerpt from a 1970 aerial image showing the location of the study area in Brooklyn and Canterbury, Connecticut.
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Figure 13.

Excerpt from a 1974 aerial image showing the location of the study area in Brooklyn and Canterbury, Connecticut.
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Figure 14.

Excerpt from a 2008 aerial image showing the location of the study area in Brooklyn and Canterbury, Connecticut.
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Figure 15.

Excerpt from a 1965 aerial image showing the location of the study area in Brooklyn and Canterbury, Connecticut.
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Figure 16.

Excerpt from a 1985 aerial image showing the location of the study area in Brooklyn and Canterbury, Connecticut.

Butts/Cady/Harris House

Wellhouse Foundation

Rukstella Farmstead

Bennet/Taylor/Gallagher Cemetery

Mowrey Farmstead

Figure 17.

Excerpt from a 2010 aerial image showing the location of the study area in Brooklyn and Canterbury, Connecticut.

Figure 18.

Digital map showing the locations of previously completed archaeological surveys in the vicinity of the study area in
Brooklyn and Canterbury, Connecticut.

Figure 19.

Digital map showing the locations of previously recorded National Register of Historic Places properties in the vicinity of
the study area in Brooklyn and Canterbury, Connecticut.

Figure 20.

Digital map showing the locations of previously identified archaeological sites in the vicinity of the study area in Brooklyn
and Canterbury, Connecticut.
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Figure 21.

Excerpt from a 2016 aerial image depicting the locations of above ground historic cultural resource identified during
pedestrian survey of the study area in Brooklyn and Canterbury, Connecticut.

Figure 22.

Excerpt from an 1893 USGS topographic quadrangle depicting the study area in Brooklyn and Canterbury, Connecticut.
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Figure 23.

Excerpt from a 1941 aerial image of the study area in Brooklyn and Canterbury, Connecticut.

Figure 24.

Digital map of stone walls within the study area in 1965 (data adapted from a 1965 Connecticut Department of
Transportation survey of Brooklyn and Canterbury, Connecticut).

Figure 25.

Digital map of stone walls noted during pedestrian survey of the study area in Brooklyn and Canterbury, Connecticut.

Figure 26.

Digital map depicting the locations of historic standing structures over 50 years old within the vicinity of the study area in
Brooklyn and Canterbury, Connecticut.
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Figure 27.

Excerpt from a 2016 aerial image depicting the archaeological sensitivity of the study area in Brooklyn and Canterbury,
Connecticut.

Photo 1.

Overview photo of the former location of the Butts/Cady Harris House facing north.

Photo 2.

Overview photo of the former well house location facing northwest.

Photo 3.

Overview photo of the former well house location facing southwest.

Photo 4.

Overview photo of the silos associated with the Rukstella Farmstead facing north.

Photo 5.

Overview photo of the cement foundation associated with the Rukstella Farmstead facing
north.

Photo 6.

Overview photo of stone walls associated with the Rukstella Farmstead facing northeast.

Photo 7.

Overview photo of house foundation associated with the Mowrey Farmstead facing
south.

Photo 8.

Overview photo of stone lined well associated with the Mowrey Farmstead facing east.

Photo 9.

Overview photo of larger barn associated with the Mowrey Farmstead facing northwest.

Photo 10.

Overview photo of smaller barn associated with the Mowrey Farmstead facing northwest.

Photo 11.

Photo of Burial 1: ??, Son of Daniel & ??, Died December 21, 1802.

Photo 12.

Photo of Burial 2: Daniel
Bennett, Died September 19,
1853, Age 51.

Photo 13.

Burial 3: Fanny Bennett, Wife
of Daniel Bennett, Died April
8, 1842, Age 31.

Photo 14.

Burial 4; Mother, Mary L.
Gallagher, Died June 12,
1906, Age 79.

Photo 15.

Burial 5: Micah Taylor, Died
May 4, 1861, Age 84.

Photo 16.

Lewis G. Taylor, Son of Micah
L. Taylor, Died June 11, 1859,
Age 12 years, 9 months.

Photo 17.

Photo 18.

Burial 7:
Rachel
Taylor,
Wife of Rufus G. Taylor, Died
December 24, 1844, Age 68

Burial 8: Unmarked fieldstone facing west.

Photo 19.

Photo 20.

Burial 9: Unmarked fieldstone facing west.

Overview photo of historic Brooklyn/Canterbury town line marker facing south.

Photo 21.

Overview photo of historic Brooklyn/Canterbury
town line marker facing south (note letter “B”
indicating the Brooklyn side of the town line).

Photo 22.

Overview photo of historic Brooklyn/Canterbury
town line marker facing north (note letter “C”
indicating the Canterbury side of the town line).

Photo 23.

Overview photo of the historic standing structure at 29 Leipis Road, facing southwest.

Photo 24.

Overview photo of the historic standing structure at 215 Wauregan Road, facing south.

Photo 25.

Representative photo of a no/low sensitivity area in the central-west portion of the
proposed project area, facing south.

Photo 26.

Representative photo of a no/low sensitivity area in the northwestern portion of the
proposed project area, facing south.

Photo 27.

Representative photo of a no/low sensitivity area in the west central portion of the
proposed project area, facing south (note this area contains slopes and wetland soils).

Photo 28.

Representative photo of a gravel parking lot in a no/low sensitivity area in the
southwestern portion of the proposed project area, facing south.

Photo 29.

Representative photo of a wetland area in a no/low sensitivity area in the southwestern
portion of the proposed project area, facing south (note this area contains large zones of
wetland soils).

Photo 30.

Representative photo of a moderate/high sensitivity area in the northern portion of the
proposed project area, facing southwest (note this area contains Site 19-2).

Photo 31.

Representative photo of a moderate/high sensitivity area in the northern portion of the
proposed project area, facing northwest (note this area contains Site 19-11).

Photo 32.

Representative photo of a moderate/high sensitivity area in the central portion of the
proposed project area, facing west.

Photo 33.

Representative photo of a moderate/high sensitivity area in the southwestern portion of
the proposed project area, facing east (note this area overlooks Cold Spring Brook to the
west).

Photo 34.

Representative photo of a moderate/high sensitivity area in the central portion of the
proposed project area, facing east.

HERITAGE ADDENDUM PHASE 1A CULTURAL RESOURCE ASSESSMENT
SURVEY REPORT
(ADDITIONAL 16-ACRE PARCEL

INTEGRATED HISTORIC RESOURCES MANAGEMENT

May 16, 2017
Aaron Svedlow
Project Director, Solar Development
Nextera Energy Resources
677 Cousins Street
Yarmouth, Maine 04096
RE:

Addendum to the Previously Submitted Phase IA Cultural Resources Assessment Survey of
the Proposed Quinebaug Solar Project in Brooklyn and Canterbury, Connecticut

Mr. Svedlow:
This document represents an addendum to the previously submitted and reviewed report entitled Phase IA
Cultural Resources Assessment Survey of the Proposed Quinebaug Solar Facility in Brooklyn and
Canterbury, Connecticut (Heritage Consultants, LLC, 2017). Since the submittal of that report to the
Connecticut State Historic Preservation Office in February of 2017, Nextera Energy Resources has added
a 16-acre parcel to the previously proposed study area. This parcel fronts on Wauregan Road to the south,
the previously reviewed Quinebaug Solar facility study area to the north, and private property to the east
and west. This addendum letter presents the results of a Phase IA cultural resources assessment survey of
the newly added 16-acre parcel of land.
Heritage Consultants, LLC (Heritage) completed this investigation on behalf of Nextera Energy
Resources during April and May of 2017. The proposed solar project will be within the jurisdiction of the
Connecticut Siting Council, and as such will be reviewed under the Connecticut Environmental
Protection Act (CEPA). All fieldwork associated with this project was performed in accordance with the
Environmental Review Primer for Connecticut’s Archaeological Resources (Poirier 1987). A summary of
the research and field methods utilized to complete this investigation, as well as a description of the
results of this survey, are presented below. Information pertaining to the natural and prehistoric period
settings of the project region, as well as review of the previous archeological investigations completed in
this area, was presented in the previously submitted Phase IA cultural resources assessment survey report
and is only summarized here for project context.
Project Location, Description, and Field Methods
As mentioned above, the newly added project parcel is situated to the north of Wauregan Road and to the
south of the previously reviewed Quinebaug Solar Project study area (Figure 1). It is bounded on the east
and west by privately held property, and at the time of survey it was covered in secondary forest. The
subject parcel contains variable topography that ranges in elevations from 70 to 88 m (230 to 290 ft)
NGVD. It is characterized by eroded areas, previous disturbances, tree throws, boulders, and numerous
stumps from logging of the property over the years. The subject parcel is situated within the Northeast
Hills Ecoregion. This ecoregion consists of a hilly upland terrain located between approximately 40.2 and
88.5 km (25 and 55 mi) to the north of Long Island Sound (Dowhan and Craig 1976). It is characterized
by streamlined hills bordered on either side by local ridge systems, as well as broad lowland areas situated
near large rivers and tributaries. Physiography in this region is composed of a series of north-trending
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ridge systems, the western-most of which is referred to as the Bolton Range and the eastern-most as the
Mohegan Range (Bell 1985:45). The bedrock of the region is composed of Schist and gneiss created
during the Paleozoic and well as gneiss and granite created during the Precambrian period (Bell 1985).
Soils uplands areas have been deposited on top of glacial till and in the in the valley they consist of
stratified deposits of sand, gravel, and silt (Dowhan and Craig 1976).
In addition to a summary review of the natural characteristics of the proposed project parcel, Heritage
completed research into previously identified cultural resources in the vicinity of the project parcel,
historic map and aerial image research, chain-of-tile research on the 16-acre parcel in order to provide a
historical context of use for the subject parcel, and pedestrian survey of the Area of Potential Effect.
During the field review portion of the survey, field crew members visually reconnoitered the parcel for
signs of above-ground historic features, areas of potential prehistoric sensitivity, and past disturbances,
erosion, steep topography, or other characteristics that would have eliminated various parts of the parcel
from further archaeological consideration. During the pedestrian survey portion of the investigation, the
subject parcel also was photo-documented and the archaeological sensitivity of the area was recorded.
The results of the historic map and aerial image research, chain of title search, and fieldwork are
presented below.
Previously Identified Cultural Resources in the Project Region
As mentioned above, the current Phase IA cultural resources assessment survey of the 16-acre parcel
included a review of the Connecticut State Historic Preservation Office files as they relate to previously
recorded archaeological sites, National and State Register of Historic Places properties/districts, and
historic standing structures in excess of 50 years in age (Figures 2 through 5. As seen in Figures 2 through
5, no previously identified cultural resources are located within the limits of the proposed project parcel.
The nearest archaeological sites are those identified and discussed in the previously submitted Phase IA
survey, including Sites 19-2, 19-8, 19-9, 19-11, 19-15, and 19-16. These sites date from the Early Archaic
through Late Woodland periods of Connecticut prehistory, and they are located over 500 m (1,640 ft)
from the project parcel. In addition, there are no National or State Register of Historic Places
properties/districts within the immediate vicinity of the subject parcel. Finally, two historic standing
structures are located in the project region and to the east of the subject property, both of which are
located over 300 m (985 ft) away. These structures are situated at 29 Liepis Road and 215 Wauregan
Road, respectively and they have been discussed in the previously submitted Phase IA report. Neither of
these buildings will be impacted directly by development of the 16-acre project parcel, and the viewsheds
of both structures towards the subject parcel are blocked by thick vegetation and trees. Therefore,
development of the project parcel will cause no indirect effects to the two historic standing structures.
Result of Historic Map and Aerial Image Research
Heritage also reviewed historic maps and aerial images dating from the early nineteenth century to 2016
as part of this project. The maps and images were carefully reviewed for signs of above-ground historic
cultural resources (e.g., foundations, stonewalls, etc.), evidence of previous landscape use, and obvious
signs of previous disturbances to the subject parcel. The earliest map showing the proposed project parcel
dates from 1833 (Figure 6). This map shows that the track of Wauregan Road was different in the early
nineteenth century from today, and that it extended northward through the eastern portion of the proposed
project parcel; it likely reached the Mowrey Farmstead that was documented the previously submitted
Phase IA report. While there is no sign of the road itself on the project parcel today, there is a stonewall
forming the eastern border of the project parcel; it may have been associated with the roadway in the past,
but this cannot be said for certain. There are no indications of any residence or outbuildings recorded on
Figure 6, suggesting the lot was an outlying parcel of land that was likely used for logging or farming.
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Due to a lack of precision in the historic mapping, Figure 7, a map dating from 1856, shows the project
parcel as extending across Wauregan Road south. This an artifact of imprecise historical cartography;
there is no evidence to indicate that Wauregan Road has moved over time. This image also shows that the
16-acre project parcel consisted of an outlying parcel of land, and that it did not contain any structures or
residences. Finally, Figure 8, a map dating from 1869, shows the same pattern as the map made a decade
or so earlier. The historic maps show that the subject parcel remained undeveloped during the nineteenth
century, and likely was an outlying parcel that was used for logging, agriculture, or pasturage.
The earliest aerial image of the subject parcel dates from 1934, and it supports the interpretation of the
historic maps (Figure 9). This image shows that while the northern portion of the parcel remained
forested, the southern area had been partially cleared of trees. This suggests that the parcel was either
being cleared for crops or was being used as for logging. The next aerial image in the sequence dates from
1951 and it shows that the previously cleared area had been allowed to revert to secondary forest,
indicating that it was not being cleared for agricultural use in 1934 (Figure 10). The same pattern holds
true for the 1970 aerial image shown in Figure 11. Again, no residences or historic period outbuildings
appear in any of the twentieth century aerial images showing the subject parcel, and the evidence of
clearing strongly suggests that this area was reserved for logging throughout the historic era. The aerial
image shown in Figure 12 dates from 2016; it shows the project parcel in its modern state. Even today,
the area remains forested with no signs of development.
Review of Chain of Title for the Project Parcel
In addition to the historic map and aerial research, Heritage completed a historical chain of title for the
subject property. This research revealed that 16-acre parcel is part of a large lot containing 31.66 acres
belonging to Canterbury Sand & Gravel. Canterbury Sand & Gravel purchased the lot in 2001. According
to Canterbury Land Records, Vol. 117, Pg. 187, the land was bought from Dean A. Davis, and the
abutters were: North by Kathryn Rukstela, Sophie Drobiarz; East by Adele J. Dupont; South by Adele J.
Dupont, Wauregan Road; and West by Frederick C. & Linda D. Green
As demonstrated in the previously submitted Phase IA cultural resources assessment survey, Kathryn
Rukstela had owned the land to the north of the 16-acre parcel since 1985. Dean A. Davis had acquired
the subject parcel of land via quit-claim from Addison C. Davis in 1992. According to the Canterbury
Land Records, Vol. 94, Pg. 593, the description in that deed hearkened back to a much earlier period of
land ownership in the area, as the following summary of the abutters information indicates: North by Joe
Pike Farm; East by wood lot; south by Wauregan Road, formerly known as “the highway leading from
Christian Corners to the Hyde District School”; and West by Pascal Pellett
The research discussed in the previously submitted Phase IA report also shows that Joseph Pike sold part
of the area to the north of the subject parcel all the way back in 1819, so this description referred to
someone who probably had not owned land in the area for 173 years. Addison C. Davis had acquired the
subject parcel as part of a 68-acre piece in 1989, which he received as one of five tracts by certificate of
devise from the estate of Florence L. Clarke. About half of this larger tract (35 acres by calculation) was
on the south side of the “highway from Christian Corners to Hyde District School.” Florence had
received the same five tracts in 1950 from her father, Andrew T. J. Clarke, in 1950. The deed referred to
the existence of a house, barns, other buildings, and all their contents somewhere on the property, which
he gave to Florence because she had “so kindly cared for me for many years.” This description was not
associated with the subject parcel, but rather the area to the east. It is known from prior title search that
Christian Corners was an area in Brooklyn located east of the larger project area; the 1869 historic map
shows that what is now Wauregan Road extended westward from Brooklyn to an intersection near a
schoolhouse in the school district identified as “Hyde” (Figure 8).
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Andrew T. J. Clarke was previously noticed as an abutter to the north of the subject parcel, as described in
the previously submitted Phase IA cultural resources assessment survey (Heritage Consultants, LLC
2017). He purchased this particular tract in 1906. The census records allow a look into his life history. In
1870, Andrew T. J. Clarke was nine years old and living with his father (a retired farmer who claimed
$15,000 in personal estate but only $3,400 in real estate), new stepmother, five siblings (aged 15 to 4
years), and a young Irish domestic servant. In 1880, in a clear sign of some unknown family tragedy, he
was a 19-year-old farmer and listed as the head of a household consisting of one younger brother and one
older sister. By 1900, however, things had turned around and Andrew (aged 39) was living in the
household of his wife’s uncle George Kendall (aged 78). His wife was Ella G. K. Clark (aged 43), and
they had six daughters aged 14 to 3 years, as well as a hired man living with them. By 1910, after he had
acquired the subject property, Andrew and Ella were 49 and 55 years old; all their children had moved
out, and they shared their home with two boarding farm laborers. As of 1920, two daughters in their 20s
had moved back home (June K., age 25, and Florence L., age 27), and they also had one hired man living
with them. In 1930, the household consisted of only Andrew, Ella, and Florence, and by 1940, only
Andrew (aged 79) and Florence (aged 47) remained (U.S. Census 1870, 1880, 1900, 1910, 1920, 1930,
1940). Aside from the unusually early start of an independent household, this is a common life cycle of a
rural farm family, down to the spinster daughter caring for her aging parents. The 1930 census places the
family home on Brooklyn Road, which is located some distance west of Wauregan Road, indicating that
the subject property was part of the family’s outlying farm holdings and not the location of their
residence.
It was George T. Kendall who sold the five tracts, including the subject property, to Andrew T. J. and Ella
G. K. Clarke in 1906. Kendall reserved life use of all the property, however (Canterbury Land Records,
Vol. 32, Pg. 188). According to the 1900 census record mentioned above, George Kendall never married,
and in addition to his niece and her family, his household included his widowed sister-in-law. George T.
Kendall had owned this property since 1868, when four of his brothers quitclaimed it, along with six other
pieces, to him and his brother Henry. The deed identified the various parcels as the land that had been set
off to them from the estate of their father John Kendall (excepting a couple of other lots). According to
the quit-claim deed recorded in the Canterbury Land Records, Vol. 27, Pg. 628, the abutting owners were
as follows: North by land set to Horace Kendall [from the same estate], Joe Pike farm, highway; East by
Jacob Bennett, crossing the highway by land set off in the distribution to Horace Kendall; South by
Wauregan Mills; and West by Paschal Pellett, and crossing the highway on land of Sarah Hyde, George
W. Harris
The documentary record indicates that the subject parcel was part of several different farms over the
years, but only as part of an outlying lot. As mentioned above, both the 1856 map and the 1869 map
indicate that there were no structures within the subject property (Figures 7 and 8). In addition, the 1934
aerial photograph series show the subject property as heavily forested, including many large coniferous
trees in its northern and northeastern portions, while the southern portion extending down to the road was
covered with a mix of deciduous trees (Figure 9). The 1951 aerial photograph shows the same conditions
(Figure 10). The heavy forestation of the 1934 aerial photograph suggests the further interpretation that
the area was either maintained as a wood lot for much of the historic period, or was abandoned as an
agricultural zone quite early due poor and rocky soils.
Results of Pedestrian Survey of the Subject Parcel
As mentioned above, representatives of Heritage conducted systematic pedestrian survey of the proposed
project parcel. This consisted of positioning field crew members at 15 m (49.2 ft) intervals and walking
parallel survey transects in an effort to identify any above-ground historic resources. The survey crew also
noted all areas characterized significant slopes, erosion, boulders, tree throws, or signs of previous
disturbance (see Photos 1 through 6). The pedestrian survey of the northern portion of the project parcel
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resulted in the identification of a large drainage canal (Photo 1), as well as several areas of erosion and
previous logging activities that have severely impacted the project parcel (see Photos 2 and 3 as
representative samples). Photo 3 also documents that portions of the proposed project parcel contained
moderate to steep slopes that would not have been amenable to either prehistoric or historic period
occupations. Finally, the pedestrian survey revealed that the southern portion of the project parcel, which
is at the base of a long slope, contains wet soils and areas of previous disturbance (see photos 4 and 5). In
addition, the project parcel was noted as containing soils that were very stony (with boulders at the
surface); this is shown Figure 13, a soils map of the area showing that the dominant soil type on the
property is Canton and Charlton Soils (code 61C), which are very stony and found on slopes of 8 to 15
percent. In sum, the results of the pedestrian survey indicate that the project parcel retained a no/low
archaeological potential.
Summary and Recommendations
The research and field efforts revealed that while the 16-acre project parcel has been used for logging
through the nineteenth and early twentieth century, little other use of the property has occurred. Pedestrian
survey of the parcel resulted in the identification of previous disturbances, erosion, tree throws, moderate to
steep slopes, and very rocky soils. Based on the current landscape conditions and the lack of previously
identified cultural resources within or immediately adjacent to the property, it is the professional opinion of
Heritage that the proposed project parcel possesses little, if any, archaeological sensitivity. Therefore, no
additional archaeological research is recommended prior to construction of the Quinebaug Solar facility on
this property. If you have any questions regarding this letter, or if we may be of additional assistance with
this or any other projects you may have, please do not hesitate to call me at 860-667-3001 (office) or (860)
299-6328 (cell) or email me at dgeorge@heritage-consultants.com. We are at your service.
Sincerely,

David R. George, M.A.,
Heritage Consultants, LLC
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Figure 1

Excerpt from a USGS 7.5’ series topographic quadrangle image showing the location of the 16 Acre Project Parcel
in Canterbury, Connecticut.

Figure 2.

Digital map showing the locations of previously recorded archaeological sites in the vicinity of the 16 Acre Project
Parcel in Canterbury, Connecticut.

Figure 3.

Digital map showing the locations of previously recorded National Register of Historic Places properties in the vicinity
of the 16 Acre Project Parcel in Canterbury, Connecticut.

Figure 4.

Digital map showing the locations of previously identified State Register of Historic Places properties in the vicinity of the
16 Acre Project Parcel in Canterbury, Connecticut.

Figure 5.

Digital map showing the locations of previously identified historic standing structures in the vicinity of the 16 Acre Project
Parcel in Canterbury, Connecticut.

16 Acre Parcel
Original Quinebaug Parcel

Figure 6.

Excerpt from an 1833 map showing the location of the 16 Acre Project Parcel in Canterbury, Connecticut.

Figure 7.

Excerpt from an 1856 map showing the location of the 16 Acre Project Parcel in Brooklyn, Connecticut.

Figure 8.

Excerpt from an 1869 map showing the location of the 16 Acre Project Parcel in Canterbury, Connecticut.

Figure 9.

Excerpt from a 1934 aerial image showing the location of 16 Acre Project Parcel in Canterbury, Connecticut.

Figure 10.

Excerpt from a 1951 aerial image showing the location of the 16 Acre Project Parcel in Canterbury, Connecticut.

Figure 11.

Excerpt from a 1970 aerial image showing the location of the 16 Acre Project Parcel in Canterbury, Connecticut.

Figure 12.

Excerpt from a 2016 aerial image showing the location of the 16 Acre Project Parcel in Canterbury, Connecticut.

Figure 13.

Digital map of soils located in the vicinity of the 16 Acre Project Parcel in Canterbury, Connecticut.

Photo 1.

Overview photo of the northeastern portion of the project parcel facing north (note
previous disturbance in this area in the form of a drainage canal).

Photo 2.

Overview photo of the north-central portion of the project parcel facing northwest (note
that this area has been previously logged and soils have been disturbed).

Photo 3.

Overview photo of the central portion of the project parcel facing south (note slopes and
erosion in this area).

Photo 4.

Overview photo of south central portion of the project parcel facing southeast (note this
area was characterized by soft, wet soils).

Photo 5.

Overview photo of the southern portion of the project parcel near Wauregan Road facing
southwest (note the presence of a large mechanically excavated pit that has filled with
water).

Photo 6.

Overview photo of of the project parcel facing north from Wauregan Road.

SHPO CONCURRENCE LETTER FOR PHASE IA SURVEY

HERITAGE MANAGEMENT SUMMARY PHASE 1B CULTURAL RESOURCE
RECONNAISSANCE SURVEY

January 10, 2019
Briony Angus, AICP
Senior Project Manager/ Associate
Tighe & Bond
53 Southampton Road
Westfield, Massachusetts 1085
RE:

Management Summary for Phase IB Cultural Resources Reconnaissance Survey of the
Proposed Quinebaug Solar Project in Brooklyn and Canterbury, Connecticut

Ms. Angus:
This document presents an overview of the results of a Phase IB cultural resources reconnaissance survey
for a solar energy project in Brooklyn and Canterbury, Connecticut (Figure 1). Quinebaug Solar, LLC
(Quinebaug Solar) an affiliate of NextEra Energy, Inc., requested, through it contractor Tighe & Bond, that
Heritage Consultants, LLC (Heritage) complete the reconnaissance survey as part of the planning process
for a proposed 50 MWac solar energy facility, the Quinebaug Solar Project. Heritage previously completed
a Phase IA cultural resources assessment survey of the study area associated with this project, which
included an examination of approximately 570 acres of land straddling the Brooklyn/Canterbury (Figure
2). That investigation resulted in the determination that approximately 303 acres of the study area retained
a moderate/high archaeological sensitivity and should be subjected to Phase IB cultural resources
reconnaissance survey. The results of the Phase IB survey are reviewed below. Heritage completed this
investigation on behalf of Quinebaug Solar, LLC and Tighe & Bond between August and December of
2018. All work associated with this project was performed in accordance with the Environmental Review
Primer for Connecticut’s Archaeological Resources, which is promulgated by the Connecticut Historic
Commission, State Historic Preservation Office.
Field Methods Overview
As mentioned above, the proposed study area is located in Brooklyn and Canterbury, Connecticut. It will
be the site of a utility-scale solar power generating facility, consisting of: photovoltaic (PV) solar panels,
racking, access roads, DC/AC inverters, transformers, collector lines, an interconnection with a local
Eversource Energy electrical transmission line, and a project substation. The proposed project will have at
least two gated access points, likely one from Wauregan Road in the south and one from Allen Hill Road
in the north. The study area consists of a flat to steeply sloping area that currently contains a combination
of agricultural fields, forested areas, wetlands, and gravel pits. The wetlands and gravel pits will not be
affected during construction. The topography throughout the area ranges in elevation from approximately
42.7 to 85.3 m (130 to 280 ft) NGVD. In addition, soils situated throughout the study area can be
characterized primarily as sandy to gravelly loams. The nearest freshwater sources are Blackwell Brook,
Cold Spring Brook, and the Quinebaug River.
During the current investigation, the previously identified moderate/high archaeologically sensitive areas were
subjected to Phase IB cultural resources reconnaissance survey utilizing pedestrian survey, subsurface testing,
mapping, and photo-documentation. The pedestrian survey portion of this investigation included visual
reconnaissance of all areas selected for survey; each area also was subjected to photo-documentation to record
landscape conditions at the time of survey. For those portions of the study area that contained low to moderate
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slopes, well drained soils, and proximity to a fresh water sources (i.e., archaeologically sensitive areas), the
subsurface testing regime involved the excavation of shovel tests that were excavated along parallel survey
transects. The interval between shovel tests and survey transects varied from 7.5 to 15 m (24.6 to 49.2) ft)
intervals depending on the type and size of landform that was under examination. In addition, where
systematic subsurface testing along survey transects was not optimal, judgmental shovel testing was
employed, with the locations of the shovel tests chosen at the discretion of the field director. A total of 2,337
of 2,337 (100 percent) planned shovel tested were excavated during the Phase IB survey.
Each shovel test measured 50 x 50 cm (19.7 x 19.7 in) in size and each was until glacially derived C-Horizon
or obstructions (e.g., boulders or large tree roots) were encountered. Each shovel test was excavated in 10 cm
(3.9 in) arbitrary levels within natural strata, and the fill from each level was screened separately. All shovel
test fill was screened through 0.635 cm (0.25 in) hardware cloth. Soil characteristics were recorded in the field
using Munsell Soil Color Charts and standard soils nomenclature. Each shovel test was backfilled immediately
upon completion of the archaeological recordation process. Finally, in order to facilitate control during the
survey process, the archeologically sensitive portions of the study areas were divided into 22 survey areas.
The results of the Phase IB survey fieldwork in each area is presented below.
Area 1
Area 1 is located in the northeastern portion of the proposed study area. It consists of a wooded area that is
located to the north of an agricultural field bordering on Rukstella Road and to the east of Allen Hill Road.
Parcels of land to the north and east of Area 1 contain residences. Area 1, which encompasses approximately
0.69 acres of land, is situated at an approximate elevation of 85.4 m (280 ft) NGVD and the nearest source
if freshwater is a wetland to the east Figures 1 and 2. A total of 29 of 29 (100 percent) shovel tests were
excavated throughout this area during the Phase IB cultural resources reconnaissance survey (Figures 3 and
4). The shovel tests excavated throughout Area 1, which contained intact strata associated with both
Woodbridge and Paxton/Montauk sandy loams, failed to produce any prehistoric or historic period artifacts
or evidence of cultural features. No additional archaeological examination of this area is recommended
prior to the construction of the proposed solar facility.
Area 2
Area 2 is located in the southwestern portion of the proposed project area (Figure 1). It is situated to the
southwest of an existing soccer field, to the east of Blackwell Brook, and to the north of an unnamed stream.
The eastern part of the locus borders on a gravel parking area to the east. This area contains 6.94 acres of
land, and it is characterized by undulating topography that varies from approximately 44.4 to 45.7 m (145
to 150 ft) NGVD (Figure 2). At the time of survey it was covered in mixed deciduous forest (Figure 5). The
higher topography in Area 2 is characterized by sandy loamy soils belonging to the Windsor and Hinckley
series, while the lower swales that extend across this area from northeast to southwest in general contain
Rippowam and Saco soils, both of which are poorly drained. A total of 224 of 224 (100 percent) shovel
tests were excavated throughout this area during the current Phase IB cultural resources reconnaissance
survey (Figure 6). Phase IB cultural resources reconnaissance survey of Area 2 resulted in the identification
of a large prehistoric site that was designated as Locus 2-1 during the field effort. Locus 2-1 is described in
detail below.
Locus 2-1
Locus 2-1 was recorded during the Phase IB cultural resources reconnaissance survey of Area 2; it was
identified in the southwestern portion of the project area and in the vicinity of the confluence of Blackwell
Brook and an unnamed brook (Figure 6). The locus is situated at an approximate elevation 45.7 m (150 ft)
NGVD and at the time of survey it was covered in secondary forest consisting of a mixture of deciduous
and pine trees. The locus area is irregular in shape and measures approximately 80 x 250 m (262.4 x 820.2
ft) in size. This area was subjected to Phase IB cultural resources reconnaissance survey due to its relatively
level topography, sandy soils, proximity to the confluence of the two brooks referenced above.
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A typical shovel test excavated within Locus the 2-1 area extended to a depth of 90 cmbs (36 inbs) and it
exhibited four strata in profile. Stratum I, the A-Horizon, was classified as a layer of dark brown (10YR
3/3) silty medium sand that reached from 0 to 30 cmbs (0 12 inbs). It was underlain by Stratum II, the B1Horizon, which was classified as a deposit of yellowish brown (10YR 5/6) silty fine sand that continued
from 30 to 56 cmbs (12 to 22.4 inbs). Stratum III, which corresponded to the B2-Horizon, ranged in depth
from 56 to 76 cmbs (22.4 to 30.4 inbs) and was described as a layer of brownish yellow (10YR 6/6) silty
fine sand. Finally, Stratum IV, the glacially derived C-Horizon, extended from 76 to 90 cmbs (30.4 to 36
inbs); it was classified as a layer of light yellowish brown (2.5Y 6/4) coarse sand mixed with gravel.
Archaeological examination of Locus 2-1 resulted in the collection of 467 prehistoric artifacts, three features,
and a single soil anomaly of unknown origin. The prehistoric artifacts collected from Locus 2-1 originated
from Strata I through III (topsoil and undisturbed subsoil deposits) and one of the features. Prehistoric cultural
materials collected from Stratum I consisted a single thinning flake fashioned from an unidentified lithic
material, 8 argillite thinning flakes, a single piece of argillite shatter, 13 chert thinning flakes, 1 quartz biface,
10 quartz thinning flakes, 1 quartz scraper, 1 piece of quartz shatter, 198 quartzite thinning flakes, 1 quartzite
knife, 2 quartzite preforms, 5 quartzite scrapers, 8 utilized quartzite flakes, 1 quartzite projectile point tip, 1
untyped quartzite projectile point, 1 quartzite Squibnocket Triangle projectile point base, and 1 complete
Squibnocket Triangle projectile point. The identified projectile points date from the Late Archaic period, ca.,
ca., 4500 to 3,000 B.P.
Stratum II of Locus 2-1, the undisturbed B1-Horizon, yielded 179 artifacts. These consisted of 3 argillite
thinning flakes, 8 chert thinning flakes, 6 quartz thinning flakes, 1 quartz scraper, 1 piece of quartz shatter, 1
utilized quartz flake showing crushing on the edge, a single piece of fire-cracked rock, 1 quartzite biface, 1
quartzite end scraper, 149 quartzite thinning flakes, 1 quartzite projectile point tip fragment, 3 quartzite
scrapers, 2 quartzite utilized flakes, and a single quartzite Brewerton Eared-Triangular projectile point. The
latter is typical of the Later Archaic period, c.a., 5,000 to 4,000 B.P. The B2-Horizon within the Locus 2-1
area produced a single argillite thinning flake, 1 piece of quartz shatter, 14 quartzite thinning flakes, 1 quartzite
scraper, 1 quartzite utilized flake, and a single hammerstone fashioned from an unidentified material. The
prehistoric component of Locus 2-1 also produced evidence of three stains at the interface of Strata I and II
that may represent cultural features. The features are summarized below.
The first feature (Feature 1) was identified within the southwestern portion of Locus 2-1 during the excavation
of Judgmental Shovel Test 1. This feature was first identified in the subsoil at a depth of 38 cmbs (15.2 inbs)
and it contained two soil layers. The first was described as a layer of dark brown (10YR 3/3) medium sandy
loam mixed with very dark brown (10YS 2/2) fine sandy loam. This soil layer extended from 38 to 48 cmbs
(15.2 to 19.2 inbs). It was underlain by a second distinct soil layer that was classified as a deposit of dark
yellowish brown (10YR 4/4) loam mixed with flecks of charcoal. This lower level reach from 48 to 68 cmbs
(19. 2 to 25.2 inbs) and it yielded 2 quartzite thinning flakes. A small charcoal sample was collected and this
feature was deemed to be cultural in origin, perhaps related to a burning episode in this part of Area 2.
A second feature (Feature 2) was identified in the westernmost area of the locus near Blackwell Brook. The
feature was identified during the excavation of Shovel Test 2 on Survey Transect 4. The feature was uncovered
at the base of the A-Horizon at a depth of 11 cmbs (1.4 inbs). It consisted of an area of dark mottled soil and
was described as basin shaped. It contained a deposit of very dark brown (10YR 3/2) silty sand mixed with
minor amounts of charcoal and it extended to a depth of 20 cmbs (8 inbs). The feature most likely represents
a burn episode, although the exact nature and function of this feature is unknown.
The third feature (Feature 3) was identified in the northeastern portion of Locus 2-1 during the excavation of
Shovel Test 4 on Survey Transect 12. This feature deposit was first observed at 28 cmbs (11.2 inbs, a few
centimeters into the top of Stratum II, the B-Horizon). It consisted of three small round stains that each
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measured approximately 10 cm (4 in) in diameter and were situated 20 cm (8 in) apart. All three contained a
deposit of dark brown (10YR 3/3) loamy sand and resembled post molds when viewed in plan. The three
stains were bisected in order to determine depth and shape. The first was very thin and interpreted as a natural
occurrence; however, the other two extended into the subsoil approximately 15 cm (5 inches) and both came
to a point at the base. The circular stains are interpreted as post molds that may have been related to a portion
of a prehistoric structure or some other type of feature comprised of posts.
In sum, Phase IB cultural reconnaissance survey of the Locus 2-1 area resulted in the recovery of hundreds of
prehistoric artifacts from both the topsoil and subsoil deposits, suggesting that additional intact cultural
deposits may be present in the area. This locus also yielded three features of possible cultural origin. Based
on the aerial extent of the cultural deposits and the age of the temporally diagnostic artifacts, it appears that
Locus 2-1 likely represents a Late Archaic period upland seasonal camp that may have been re-occupied
several times. The Locus 2-1 area may possess research potential and the qualities of significance as defined
by the National Register of Historic Places criteria for evaluation (36 CFR 60.4 [a-d]). It is recommended that
the Locus 2-1 area be avoided during construction of the solar facility. If this is not feasible, it is recommended
that Phase II National Register of Historic Places testing and evaluation be completed throughout any portions
of the locus that may be impacted by the proposed solar facility. While an official site number for this locus
has yet to be assigned by the Connecticut State Historic Preservation Office, a completed site form for Locus
2-1 is currently being compiled.
Area 3
Area 3 is situated in the western portion of the proposed project area (Figure 1). It is bordered by a soccer
field to the south, a large sand and gravel operation to the east, a gulley to the north, and a wooded area to
the west. This survey area was covered in a mix of deciduous and pine trees at the time of survey and
encompassed 4.27 acres of land situated at an approximate elevation of 45.7 m (150 ft) NGVD (Figures 2
and 7). The nearest source of freshwater is Blackwell Brook, which is located approximately 250 m (820.2
ft) to the west. During survey, a total of 70 of 70 (100 percent) shovel tests were excavated throughout this
area (Figure 8). The shovel tests excavated throughout Area 3, which contained intact strata associated with
Sudbury, Windsor and Hinckley sandy loams, failed to produce any prehistoric or historic period artifacts
or evidence of cultural features. Thus, no additional archaeological examination of this area is
recommended prior to the construction of the proposed solar facility.
Area 4
Area 4 also is situated in the western portion of the proposed project area, and immediately to the west of
Area 3 (Figure 1). It is bordered by a soccer field to the southeast, a gulley to the north, and Blackwell
Brook to the west. This survey area also was covered in mixed deciduous and pine trees; it encompassed
1.82 acres of land situated at an approximate elevation of 45.7 m (150 ft) NGVD (Figures 2 and 9). The
nearest source of freshwater is Blackwell Brook, which is located approximately 100 m (328 ft) to the west.
During survey, a total of 162 of 162 (100 percent) shovel tests were excavated throughout this area (Figure
10). The shovel tests excavated throughout Area 4 also contained intact strata associated with Sudbury,
Windsor, and Hinckley sandy loams. Phase IB cultural resources reconnaissance survey of this area resulted
in the identification of two cultural resources loci. These were designated as Loci 4-1 and 4-2. They are
described in detail below.
Locus 4-1
Locus 4-1 was identified during the Phase IB cultural resources reconnaissance survey of Area 4 in the
western portion of the project area and in the vicinity of Blackwell Brook. The locus is situated in a welldrained, relatively flat, wooded area and at an approximate elevation of 42.6 m (140 ft) NGVD. It is
irregular in shape and measures approximately 60 x 100 m (196 x 328 ft) in size.
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A typical shovel test excavated in Area 4 exhibited three soil strata in profile and reached to a depth of
around 78 cmbs (31.2 inbs). Stratum I, the A-Horizon deposit, was described as a layer of dark yellowish
brown (10YR 4/4) silty fine sand that extended from 0 to 27 cmbs (0 to 10.8 inbs). It was underlain by
Stratum II, a deposit of light olive brown (2.5Y 5/6) silty fine sand that continued from 27 to 48 cmbs (10.8
to 19.2 inbs). Finally, Stratum III, the glacially derived C-Horizon, ranged in depth from 48 to 78 cmbs
(19.2 to 31.2 inbs); it was described as a layer of light yellow brown (2.5Y 6/5) silty coarse sand.
Archaeological examination of Locus 4-1 resulted in the collection of 37 artifacts and ecofacts, four of which
were historic or modern in origin. The modern period ecofacts consisted of a 3 large mammal bone fragments,
while the single historic period artifact was classified as a machine cut nail. The former appeared to represent
a portion of an animal (possibly a white tailed deer) that died naturally within Area 4 and became incorporated
into the local soil matrix; the green bone fragments were collected from the A-Horizon at a depth of 0 to 10
cmbs. The single machine cut nail was recovered from the southwestern portion of the Locus 4-1 area at a
depth of 10 to 20 cmbs (4 to 8 inbs) in a topsoil context. While the above-referenced bone fragments appear
to be naturally deposited within Area 4, the machine cut nail appears to represent historic scatter. None of
these items are considered as representative of significant historic period use or occupation of Area 4.
The prehistoric artifacts collected from Locus 4-1 originated from both Stratum I and Stratum II (the topsoil
and the undisturbed subsoil). These included 33 lithic objects. Prehistoric cultural materials collected from
Stratum I included 10 quartz thinning flakes, 2 pieces of quartz shatter, 5 quartzite thinning flakes, 2 quartzite
thinning flakes showing edge damage consistent with use, and a single rhyolite thinning flake. In addition,
Stratum II of Locus 4-1, the undisturbed subsoil, yielded 3 chert thinning flakes, 1 utilized flake of an
unidentified material, 3 quartz thinning flakes, and 6 quartzite thinning flakes. The prehistoric component of
Locus 4-1 also produced six soil anomalies at the interface of Strata I and II that most likely represent cultural
features. These features are summarized below.
The first feature (Feature 5) identified within the central portion of Locus 4-1 was recorded during the
excavation of Shovel Test 8 on Survey Transect 4. The feature was noted at 35 cmbs (14 inbs) and appeared
as a layer of soil containing charcoal flecking. The feature soil is described as a dark yellowish brown (10YR
4/4) loamy fine sand mixed with yellowish brown (10YR 5/6) loamy fine sand and charcoal. Further
excavation revealed a pit-shaped soil stain that extended from 35 to 70 cmbs (14 to 28 inbs). In addition, lithic
debitage was noted within the soil layer immediately above the feature. A small charcoal sample was
collected. This feature may represent the remnant of a storage or refuse pit.
The second feature (Feature 6) was recorded in the northwestern portion of Locus 4-1 during the excavation
of Shovel Test 5 on Survey Transect 4. This feature was first uncovered at 23 cmbs (9.2 inbs), a few
centimeters into the top of Stratum II, the B-Horizon. It consisted of a circular dark brown (10YR 3/3) stain
measuring approximately 8 cm (3.2 in) in diameter and was through to represent a post mold. Bisection of the
post mold showed it to extend 5 cm (2 in) into the subsoil. The feature may represent the remnant of a truncated
post mold.
The third feature (Feature 7), identified within the south-central portion of Locus 4-1, was recorded during
the excavation of Shovel Test 5 on Survey Transect 4. The feature soil was first encountered in plan at a depth
of 34 cmbs (13.6 inbs) and appeared as a layer of soil containing charcoal flecks. The feature soil is described
as dark yellowish brown (10YR 3/4) fine sandy loam, mixed with yellowish brown (10YR 5/6) loamy fine
sand. Excavation revealed that the feature was bowl-shaped and extended to a depth of 85 cmbs (34 inbs) and
contained mottled soil, as well as a single quartz thinning flake. This feature is very similar to Feature 5
identified in nearby Shovel Test 8 located on Transect 4 and may also represent a storage or refuse pit.
The fourth feature (Feature 8) was recorded in the north-central portion of Locus 4-1; it was noted within
Shovel Test 8 on Survey Transect 8. This deposit was first observed at 30 cmbs (12 inbs, a few centimeters
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into the top of Stratum II (the B-Horizon). It consisted of two small round stains interpreted as post molds.
Each post mold measured approximately 8 cm (3.2 in) in diameter and situated 25 cm (10 in) apart. Both were
described as dark yellowish brown (10YR 3/4) fine sandy loam. They were bisected and found to taper to a
point approximately 15 cm (6 in) into the subsoil deposit. Like Feature 6 described above, Feature 8 most
likely represents the remnant of truncated post molds.
The fifth feature (Feature 9) was identified in the northeastern portion of Area 4 within Shovel Test 3 along
Survey Transect 9. This deposit was first observed at a depth of 35 cmbs (14 inbs) where it appeared as mottled
soil containing charcoal flecks. Unlike the other features described above, this feature was left undisturbed
and the excavation of the shovel test was terminated upon its discovery. Based on the soil type and charcoal
present it may be presumed to be a cultural feature.
The final feature (Feature 10) was recorded in the southeastern portion of Locus 4-1; it was noted within
Shovel Test 11 on Survey Transect 13. This deposit was first observed at 35 cmbs (14 inbs, at the Stratum I/II
interface). It was described as round in shape an extended into the northern and western walls of the shovel
test pit. When revealed in profile, it extended to a depth of 50 cmbs (19.7 inbs) and contained three distinct
layers of fill. The first was described as a light olive brown (2.5Y 5/4) fine sandy loam. The second layer of
fill was characterized as a dark yellowish (10YR 4/6) fine sandy loam, while the third fill horizon was
classified as a deposit of grayish brown (2.5Y 5/2) silt. In addition, evidence of three post molds were
identified adjacent to the feature. Each of them measured approximately 8 cm (3.2 in) in diameter, and all
three contained fill described as dark yellowish (10YR 4/6) brown fine sandy loam mixed with yellowish
brown (10YR 5/4) sandy loam with charcoal flecking throughout. Based on the soil type and charcoal present
it may be presumed to be a cultural feature.
In sum, Phase IB cultural reconnaissance survey of the Locus 4-1 area resulted in the recovery of a single
historic period artifact representative of an accidental loss or field scatter in the area. This artifact is not
associated with a substantial occupation or any historic period cultural features. As such, the historic period
component of Locus 4-1-1 lacks research potential and the qualities of significance applying the National
Register of Historic Places criteria for evaluation (36 CFR 60.4 [a-d]). No additional examination of this
component of Locus 4-1 is recommended. The prehistoric component of Locus 4-1 produced prehistoric
artifacts from both plowzone and subsoil deposits. The latter suggests that additional intact cultural deposits
may be present in the area. This component also yielded a total of six features. Based on the presence of intact
cultural deposits and cultural features, it is determined that the prehistoric component of Locus 4-1 may
possess research potential and the qualities of significance as defined by the National Register of Historic
Places criteria for evaluation (36 CFR 60.4 [a-d]). It is recommended that the Locus 4-1 area be avoided
during construction of the solar facility. If this is not feasible, it is recommended that Phase II National
Register of Historic Places testing and evaluation be completed in this area. While an official site number for
this locus has yet to be assigned by the Connecticut State Historic Preservation Office, a completed site form
for Locus 4-1 is currently being compiled.
Locus 4-2
Locus 4-2 was identified within the northeastern portion of Area 4 at an approximate elevation of 48.7 m
(160 ft) NGVD. This area was covered in secondary forest at the time of survey. Described as round in
configuration and encompassing an area that measured approximately 1 x 1 m (3.3 x 3.3 ft) in size, Locus 42 yielded a single prehistoric period artifact from Shovel Test 5 along Survey Transect 16. This artifact was
classified as a utilized quartzite thinning flake that was recovered from the plowzone at a depth of 10 to 20
cmbs (4 to 8 inbs). Despite shovel testing throughout the area containing Locus 4-2, no additional artifacts
or evidence of cultural deposits was identified.
A typical shovel test excavated within the Locus 4-2 area extended to a depth of 67 cmbs (26.4 inbs) and
exhibited four strata in profile. Stratum I was described as a deposit of dark yellowish brown (10YR 4/4)
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fine sand that extended from the ground surface to 26 cmbs (0 to 10.4 inbs). Stratum II, the B1-Horizon,
was classified as layer of yellowish brown (10YR 5/6) silty sand; it ranged in depth from 26 to 40 cmbs
(9.1 to 16 inbs). Stratum III, the B2-Horizon, consisted of a layer of olive brown (2.5Y 4/6) sand that
reached from 40 to 55 cmbs (16 to 22 inbs). Finally, the glacially derived C-Horizon, reached from 55 to
67 cmbs (22 to 26.4 inbs) and consisted of a deposit of light yellowish brown (2.5Y 6/4) silty medium sand.
The archaeological data recovered from the Locus 4-2 area indicates that this prehistoric find spot contains
a single artifact that is not temporally diagnostic and cannot be assigned to any particular cultural affiliation.
Despite pedestrian survey and shovel testing of the area, no additional artifacts or features were identified
during the Phase IB cultural resources survey. Thus, the results of the archaeological examination indicate
that Locus 4-2 lacks evidence of substantial cultural deposits and/or research potential. As a result, it is
assessed as not eligible for listing to the National Register of Historic Places applying the criteria for
evaluation (36 CFR 60.4 [a-d]). No additional testing of this non-site cultural resources locus is
recommended prior to construction of the proposed solar facility.
Area 5
Area 5, which is situated in the northwestern portion of the proposed study area was covered in mixed
deciduous forest at the time of survey (Figures 1 and 2). It is located to the north of a gulley, to the east of
Blackwell brook, to the south of a sand and gravel pit, and to the west of a large wetlands area (Figure 11).
This area contains 4.54 acres of land, and it is characterized by undulating topography that varies from
approximately 45.7 to 48.7 m (150 to 160 ft) NGVD. Area 5 is characterized by sandy loamy soils belonging
to the Agawam, Hinckley, and Windsor soil series. A total of 71 of 71 (100 percent) shovel tests were
excavated throughout this area during the current Phase IB cultural resources reconnaissance survey (Figure
12). Phase IB cultural resources reconnaissance survey of Area 5 resulted in the identification of a single
cultural resources locus (Locus 5-1). It is discussed below.
Locus 5-1
Locus 5-1 consisted of a small area that produced 14 prehistoric artifacts during survey of the southeastern
portion of Area 5. These artifacts were recovered at an approximate elevation of 47.2 m (155 ft) NGVD
within the south-central portion of Area 5. These items were collected from Shovel Tests 1, 2, 6, and 7 along
Survey Transect 20, as well as within Shovel Test 1 on Survey Transect 21. Locus 5-1 was described as ovoid
in configuration and it encompassed an area that measured approximately 20 x 40 m (65.6 x 131.2 ft) in size.
Despite intensive survey throughout the area encompassing Locus 5-1, none of the other shovel tests produced
evidence of cultural deposits (Figure 12).
A typical shovel test excavated within the Locus 5-1 area extended to a depth of 76 cmbs (30.4 inbs) and
exhibited four strata in profile. Stratum I was described as a deposit of dark yellowish brown (10YR 3/6)
silty fine sand that extended from the ground surface to 28 cmbs (0 to 11.2 inbs). Stratum II, the B1-Horizon,
was classified as layer of yellowish brown (10YR 5/8) silty fine sand that ranged in depth from 28 to 38
cmbs (11.2 to 15.2 inbs). Stratum III, the B2-Horizon, consisted of a layer of light olive brown (2.5Y 5/6)
silty fine to medium sand that reached from 38 to 56 cmbs (11.2 to 22.4 inbs). Finally, the glacially derived
C-Horizon, which reached from 56 to 76 cmbs (22.4 to 30.4 inbs), consisted of a deposit of olive yellow
(2.5Y 6/6) coarse sand mixed with gravel.
Archaeological data obtained from Locus 5-1 was collected from both Stratum I, the A-Horizon, and
Stratum II, the B-Horizon. Cultural material collected from Stratum I consisted of 10 quartzite secondary
thinning flakes that originated from depths of 0 to 20 cmbs (0 to 8 inbs). The artifacts recovered from the
underlying subsoil (Stratum II) were classified as 4 quartzite secondary thinning flakes; they were recovered
from depths of 20 to 30 cmbs (8 to 12 inbs). The collected artifacts, while indicative of either stone tool
manufacturing or maintenance, are not temporally diagnostic in nature. Thus, Locus 5-1 could not be
assigned to a particular prehistoric period or cultural affiliation. Further, no cultural features were identified
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during survey of this area. The lack of features and the paucity of artifacts collected from the area indicated
that Locus 5-1 does not possess research potential and/or the qualities of significance as defined by the
National Register of Historic Places criteria for evaluation (36 CFR 60.4 [a-d]). No additional testing of
this non-site cultural resources locus is recommended prior to construction of the proposed solar facility.
Area 6
Area 6 is located in the northwesternmost portion of the proposed study area in the vicinity of the junction
of Blackwell Brook and Cold Spring Brook (Figure 1 and 2). This area is bordered by Cold Spring Brook
to the north, a wooded area to the east, corn fields to the south, and Blackwell Brook to the west. The
majority of this survey area was covered in mixed deciduous at the time of survey; it encompasses 4.29
acres of land characterized by undulating topography. Approximate elevations throughout Area 6 range
from 45.7 to 51.8 m (150 to 170 ft) NGVD (Figure 13). In addition to Blackwell Brook and Cold Spring
Brook, a freshwater seep is located immediately adjacent to the northeastern part of Area 6. During survey,
a total of 113 of 113 (100 percent) shovel tests were excavated throughout this survey area (Figure 14). The
shovel tests excavated throughout Area 6 contained intact strata associated with Agawam, Windsor, and
Hinckley sandy loams. Phase IB cultural resources reconnaissance survey of this area resulted in the
identification of a large cultural resources locus. It was designated as Locus 6-1 and it is described in detail
below.
Locus 6-1
Locus 6-1 was identified in the northwestern portion of the project area and in the vicinity of the confluence
of Blackwell Brook and Cold Spring Brook. The latter takes its name form a natural seep located adjacent
to the northeastern limits of the Locus 6-1 area. The locus is situated at an approximate elevation 45.7 m
(150 ft) NGVD and at the time of survey it was covered mostly in secondary forest, though the southern
edge of the locus extended into a nearby cornfield that was part of survey Area 10 (see below). The locus
area is irregular in shape and measures approximately 70 x 192 m (229 x 630 ft) in size (Figure 14). This
area was subjected to Phase IB cultural resources reconnaissance survey due to its proximity to relatively
level topography and the confluence of the two brooks referenced above.
A typical shovel test excavated within Locus the 6-1 area extended to a depth of 86 cmbs (34.4 inbs) and it
exhibited four strata in profile. Stratum I, the A-Horizon, was classified as a layer of dark brown (10YR
3/3) silty medium sand that extended from the 0 to 17 cmbs (0 to 6.8 inbs). It was underlain by Stratum II,
the B1-Horizon, which was classified as a deposit of yellowish brown (10YR 5/6) silty fine sand that
continued from 17 to 38 cmbs (6.8 to 15.2 inbs). Stratum III, the B2-Horizon, ranged in depth from 38 to
68 cmbs (15.2 to 27.2 inbs) and was described as a layer of brownish yellow (10YR 6/6) silty very fine
sand. Finally, Stratum III, the glacially derived C-Horizon, ranged in depth from 68 to 86 cmbs (27.2 to
34.4 inbs); it was classified as a layer of light yellowish brown (2.5Y 6/4) silty coarse sand with gravel.
Archaeological examination of Locus 6-1 resulted in the collection of 165 prehistoric artifacts and three
features. The prehistoric artifacts collected from Locus 6-1 originated from Strata I through III (topsoil and
undisturbed subsoil deposits). Prehistoric cultural materials collected from Stratum I consisted a single
thinning flake fashioned from an unidentified material, 2 basalt thinning flakes, 1 basalt scraper, 21 chert
secondary thinning flakes, 15 quartz flakes, 2 quartz scrapers, 1 piece of quartz shatter, a single utilized quartz
flake with crushing on the edge, 64 quartzite thinning flakes, 1 quartzite scraper, 1 piece of quartzite shatter,
2 utilized quartz flake, 1 quartzite primary reduction flake, 2 quartzite scrapers, and a single Brewerton EaredNotched projectile point. The latter suggests a date of occupation for the Locus 61 area of ca., 5,000 to 4,000
B.P., (i.e., the Late Archaic period).
In addition, Stratum II of Locus 6-1, the B1-Horizon, yielded 43 artifacts. These consisted of 1 basalt thinning
flake, 9 chert thinning flakes, 7 quartz flakes, 23 quartzite thinning flakes, 1 quartzite biface fragment, 1
quartzite utilized flake with crushing evident, and a single Quartz Squibnocket Triangular projectile point.
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This point type was common during the Late Archaic period from ca., 4500 to 3,000 B.P. The B2-Horizon
within the Locus 6-1 area yielded a single rhyolite thinning flake. The prehistoric component of Locus 6-1
also produced evidence of three soil anomalies at the interface of Strata I and II that may represent cultural
features. The features are summarized below.
The first feature (Feature 11) was identified within the northeastern portion of Locus 6-1 during the excavation
of Shovel Test 2 on Survey Transect 1. The feature was first identified in the subsoil at a depth of 35 cmbs
(14 inbs) and it appeared as a layer of dark yellowish brown (10YR 3/6) oxidized soil containing charcoal
flecks. Excavation revealed the profile of a bowl-shaped stain that extended from 35 to 44 cmbs (14 to 17.6
inbs). Lithic debitage was collected within the soil layer immediately above the feature soil and a small amount
of charcoal was collected from the feature soil. The feature most likely represents a burning episode.
The second feature (Feature 12) was identified in the northwestern portion of Locus 6-1 during the excavation
of Shovel Test 13 on Survey Transect 2. The feature was uncovered at a depth of 31 cmbs (12.4 inbs) and
described as a circular stain that measured approximately 39 cm (15.6 in) in diameter. The feature matrix
consisted of dark brown (10YR 3/3) silty sand mixed with minor amounts of charcoal, a single quartzite flake,
and 1 piece of fire-cracked rock. A bisection of the circular feature revealed a profile which showed the feature
to extend to a depth of 41 cmbs (16.4 inbs). The feature is interpreted as the remains of a hearth.
The third feature (Feature 13) was recorded in the east-central portion of Locus 6-1 during the excavation of
Shovel Test 15 on Survey Transect 2. The feature was first identified at a depth of 26 cmbs (10.4 inbs). The
feature soil consists of dark yellowish brown (10YR 5/4 ) loamy sand, mixed with olive brown (3.5Y 5/4)
sand and minor amounts of charcoal. This feature covered the entirety of the bottom of the shovel test at this
level. Excavation revealed the feature to extend to a depth of 37 cmbs (14.8 inbs). The feature is interpreted
as the result of a burning episode.
In sum, Phase IB cultural reconnaissance survey of the Locus 6-1 area resulted in prehistoric artifacts from
both the plowzone and subsoil deposits. The latter indicated that additional intact cultural deposits are present
in the area. This locus also yielded evidence of three features, one of which was identified as a hearth and two
of which were related to burning episodes. Based on the aerial extent of the cultural deposits and the age of
the temporally diagnostic artifacts, it appears that Locus 6-1 likely represents a Late Archaic period upland
seasonal camp that may have been re-occupied several times. The Locus 6-1 area may possess research
potential and the qualities of significance as defined by the National Register of Historic Places criteria for
evaluation (36 CFR 60.4 [a-d]). It is recommended that the Locus 6-1 area be avoided during construction of
the solar facility. If this is not feasible, it is recommended that Phase II National Register of Historic Places
testing and evaluation be completed throughout any portions of the locus that may be impacted by the
proposed solar facility. While an official site number for this locus has yet to be assigned by the Connecticut
State Historic Preservation Office, a completed site form for Locus 6-1 is currently being compiled.
Area 7
Area 7 is situated in the northeastern portion of the proposed project area and immediately to the south of
Area 1 (Figures 1 and 2). It was characterized by an agricultural field at the time of survey; it was bordered
by Rukstella Road to the south, Allen Hill Road to the west, and a wetland area to the east. This survey area
encompasses approximately 3.37 acres of land, is situated at an approximate elevation of 85.4 m (280 ft)
NGVD (Figure 15). A total of 73 of 73 (100 percent) shovel tests were excavated throughout this area
during the current Phase IB cultural resources reconnaissance survey (Figure 4). This effort revealed that
this area was characterized by Woodbridge and Paxton/Montauk sandy loams. Phase IB cultural resources
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reconnaissance survey of Area 7 resulted in the identification of a single cultural resources locus. It was
designated as Locus 7-1 and it is described below.
Locus 7-1
Locus 7-1, consisted of a single piece of quartz shatter that was recovered from the northwestern portion of
Area 7. The quartz shatter was recovered from Stratum I (the plowzone) during the excavation of Shovel
Test 8 along Survey Transect 10. Despite close interval testing throughout the area, no additional artifacts or
evidence of cultural features was recovered from Area 7.
A typical shovel test within Area 7 was excavated to a maximum depth of 67 cmbs (26.4 inbs) and it
exhibited four strata in profile. Stratum I, which was described as a deposit of very dark grayish brown
(10YR 3/2) silty sand, extended from the ground surface to 23 cmbs (0 to 9.1 inbs). Underlying Stratum I
was Stratum II, which was characterized as a deposit of dark yellowish brown (10YR 4/4) silty fine sand;
it ranged in depth from 23 to 40 cmbs (9.1 to 15.7 inbs). Stratum III, which was described as a deposit of
light yellowish brown (10YR 6/4) silty sand extended from 40 to 55 cmbs (15.7 to 21.7 inbs). Finally,
Stratum IV, the glacially derived C-Horizon, reached from 55 to 67 cmbs (21.7 to 26.4 inbs) and consisted
of a layer of light olive gray (5Y 5/2) compact silty sand mixed with gravel.
Archaeological data collected from Locus 7-1 is represented by a single prehistoric artifact that originated
from a disturbed plowzone deposit; thus, it was displaced from its original depositional context. The locus,
which yielded a single piece of quartz shatter from Stratum I between 10 to 20 cmbs (3.9 to 7.9 inbs), lacks
evidence of substantial cultural deposits and/or cultural features. Further, the recovered artifact was not
temporally diagnostic in nature. As a result, it was determined that Locus 7-1 did not possess research
potential and/or the qualities of significance as defined by the National Register of Historic Places criteria
for evaluation (36 CFR 60.4 [a-d]). No additional testing of this non-site cultural resources locus is
recommended prior to construction of the proposed solar facility.
Area 8
Area 8, which is located in the northeastern portion of the project area is characterized by a large agricultural
field that encompasses approximately 33.5 acres of land (Figure 1 and 2). It is bordered by Rukstella Road
to the north, a sloping area to the west, a large forested parcel of land to the south, and a wetland area to the
east; it contains undulating topography that is situated at approximate elevations of 76.2 to 85.3 m (250 to
280 ft) NGVD (Figure 16). The nearest source of freshwater is a wetlands to the east and south. During
survey, a total of 511 of 511 (100 percent) shovel tests were excavated throughout this area (Figure 17).
The shovel tests excavated throughout Area 5 contained Woodbridge and Paxton/Montauk sandy loams.
Phase IB cultural resources reconnaissance survey of this area resulted in the identification of five cultural
resources loci. These were designated as Loci 8-1 through 8-5. They are described in detail below.
Locus 8-1
Locus 8-1 was identified near the center of Area 8. The locus consists of two prehistoric period artifacts
and one historic period artifact recovered from Stratum I (plowzone). It was identified at an approximate
elevation of 88 m (288.7 ft) NGVD. The cultural materials were collected from two separate shovel tests. The
first, Shovel Test 11 along Survey Transect 12, yielded a single whiteware sherd from Stratum I at a depth of
10 to 20 cmbs (4 to 8 inbs). Excavation of the second positive shovel test, Shovel Test 10 along Survey
Transect 16, resulted in the recovery of 1 quartz flake and 1 quartzite flake, both of which originated from
Stratum I at depths ranging from 10 to 30 cmbs (4 to 12 inbs). Locus 8-1 was described as ovoid in
configuration and it encompassed an area that measured approximately 45 x 25 m (82 x 147.6 ft) in size.
Closer interval verification testing at Locus 8-1 failed to produce any additional cultural material or evidence
of cultural features.
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A typical shovel test excavated within Locus 8-1 area extended to a depth of 58 cmbs (22.8 inbs) and
exhibited three strata in profile. Stratum I, which consisted of a deposit of dark brown (10YR 3/3) fine
sandy loam, extended from the ground surface to 28 cmbs (0 to 11 inbs). Underlying Stratum I was Stratum
II, which was described as a deposit of yellowish brown (10YR 5/6) fine sandy loam; it continued from 28
to 49 cmbs (11 to 19.3 inbs). Finally, Stratum III, the glacially derived C-Horizon, reached from 49 to 58
cmbs (19.3 to 22.8 inbs) and was classified as a layer of light olive brown (2.5Y 5/4) very fine sand with
oxidation throughout.
The recovered archaeological data indicates that Locus 8-1 is most likely represented by prehistoric artifacts
that are displaced from their original depositional context, as they were recovered from the plowzone. Further,
the recovered prehistoric artifacts were not temporally diagnostic in nature. Thus, the prehistoric component
of Locus 8-1 lacks intact deposits and research potential. In addition, the single whiteware sherd recovered
from the disturbed plowzone context represents typical historic field scatter that dates from post 1820. Thus,
the historic component of Locus 8-1 also lacks depositional integrity and research potential. In sum, it was
determined that both components of Locus 8-1 do not possess the qualities of significance as defined by the
National Register of Historic Places criteria for evaluation (36 CFR 60.4 [a-d]). No additional testing of this
non-site cultural resources locus is recommended prior to construction of the proposed solar facility.
Locus 8-2
Locus 8-2 yielded a single kaolin pipe stem fragment from Stratum I (i.e., the plowzone); it was identified
in Shovel Test 20 along Survey Transect 12. The area lies at an approximate elevation of 86 m (282.2 ft)
NGVD within the southern portion of Area 8 (Figure 17). This locus is characterized by a plowed agricultural
field. Locus 8-2 is round in configuration and encompasses an area approximately 1 x 1 m (3.3 x 3.3 ft) in
size.
The positive shovel test excavated within the Locus 8-2 area extended to a depth of 34 cmbs (13.4 inbs)
and it exhibited two soil strata in profile. Stratum I, which was a deposit of dark brown (10YR 3/3) fine
sandy loam, extended from 0 to 27 cmbs (0 to 10.6 inbs). Stratum II, which was represented by the glacially
derived the C-Horizon, reached from 27 to 34 cmbs (10.6 to 13.4 inbs). The C-Horizon is described as light
olive brown (2.5Y 5/4) fine sand. The water table was encountered at a depth of 34 cm (13.4 inbs). The soil
profile noted within the confines of Locus 8-2 exhibited evidence of clear disturbance associated with the
plowing of the field. Soil profiles for shovel tests in the vicinity of Locus 8-2 display a truncated B-Horizon
subsoil layer, indicating that plowing throughout the area has removed most or all evidence of the BHorizon (subsoil).
The single historic artifact recovered from plowzone soil in Locus 8-2 represents a typical nineteenth century
pipe stem that was displaced from its original depositional context. As a result, Locus 8-2 does not possess
research potential, and/or the qualities of significance as defined by the National Register of Historic Places
criteria for evaluation (36 CFR 60.4 [a-d]). No additional archeological examination of this non-site cultural
resources locus is recommended.
Locus 8-3
Locus 8-3, which yielded of a single plain whiteware sherd from Stratum I (i.e., the plowzone), was
identified during the excavation of Shovel Test 6 along Survey Transect 24. Locus 8-3 lies within the
northeastern portion of a large plowed agricultural field at an approximate elevation of 91 m (298.6 ft) NGVD
(Figure 17). It was described as round in configuration and encompassed an area measuring approximately 1
x 1 m (3.3 x 3.3 ft) in size. Despite shovel testing throughout this area, no additional cultural material or
evidence of cultural features was recovered from Locus 8-3.
The positive shovel test excavated within the Locus 8-3 area exhibited two strata in profile and extended to
a maximum excavated depth of 46 cmbs (18.1 inbs). Stratum I, which was classified as a deposit of dark
brown (10YR 3/3) fine sandy loam, extended from 0 to 20 cmbs (0 to 7.9 inbs). Stratum I, the plowzone,
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was underlain by Stratum II, which was characterized by the glacially derived C-Horizon. It reached from
20 to 46 cmbs (7.9 to 18.1 inbs) and classified as a layer of light olive yellow (2.5Y 6/2) fine sand. Similar
to Locus 8-2, the soil profile noted within the confines of Locus 8-3 also exhibited evidence of clear
disturbance associated with the plowing of the field. Thus, the B-Horizon has been fully incorporated into
the plowzone with the results that plowzone rests directly upon glacially derived soils deposits.
The single historic period artifact recovered from Locus 8-3 dates from post 1820, and it represents typical
historic field scatter. As a result, it is determined that Locus 8-3 does not possess research potential and/or the
qualities of significance as defined by the National Register of Historic Places criteria for evaluation (36 CFR
60.4 [a-d]). No archaeological examination of this non-site cultural resources locus is recommended prior to
construction of the proposed solar facility.
Locus 8-4
Locus 8-4 produced 1 quartzite flake, 1 quartz flake, and a single flake of an unidentified material. It was
identified during the excavation of Shovel Tests 13, 11, and 3 along Survey Transects 26, 30, 34
respectively. The locus is situated in a plowed agricultural field at an elevation of 85 m (278.9 ft) NGVD
within the southeastern portion of Area 8 (Figure 17). The artifacts all originate from Stratum I (i.e., the
plowzone). Locus 8-4 is ovoid in configuration and encompasses an area approximately 30 x 75 m (98.4 x
246.1 ft) in size. Despite intensive survey throughout the area encompassing Locus 8-4, none of the
surrounding shovel tests produced additional artifacts or evidence of cultural deposits.
A typical shovel test excavated within the Locus 8-4 area extended to a maximum excavated depth of 72
cmbs (28.3 inbs) and exhibited three strata in profile. Stratum I consisted of a layer of dark brown (10YR
3/3) fine sandy silt and reached from the ground surface to 25 cmbs (0 to 9.8 inbs). Stratum I was underlain
by Stratum II, which was described as a deposit of yellowish brown (10YR 5/6) silty fine sand; it extended
from 25 to 62 cmbs (9.8 to 24.4 inbs). Finally, Stratum III, the glacially derived C-Horizon, ranged in depth
from 62 to 72 cmbs (24.4 to 28.3 inbs) and consisted of a layer of olive yellow (2.5Y 6/2) fine sand.
Archaeological data obtained from Locus 8-4 revealed a small scatter of prehistoric artifacts that have been
displaced, through many decades of plowing, from their original depositional context. Aside from three flakes
recovered from Stratum I (plowzone), testing at Locus 8-4 did not produce any artifacts in intact soil deposits,
nor did it produce any intact cultural features. Further, the recovered artifacts were not temporally diagnostic
in nature. As a result, it is determined that Locus 8-4 does not possess the research potential, and/or the
qualities of significance as defined by the National Register of Historic Places criteria for evaluation (36 CFR
60.4 [a-d]). No additional testing of this non-site cultural resources locus is recommended prior to construction
of the proposed solar facility.
Locus 8-5
Locus 8-5 was identified during the excavation of Shovel Tests 1 and 5 along Survey Transects 44 and 46,
respectively. The locus lies within the northwestern portion of Area 8 and is positioned at an approximate
elevation of 76 m (249.3 ft) NGVD. Locus 8-5 yielded 1 redware sherd, a single quartz flake, and 1 flake of
an unidentified material, all of which were recovered from Stratum I (i.e., the plowzone). The Locus 8-5
area is described as ovoid in configuration and encompasses an area measuring approximately 20 x 80 m
(61.6 x 262.5). Additional, verification shovel testing in the locus area resulted in the collection of a single
pearlware ceramic sherd from Shovel Test 1 on Survey Transect 44. All other surrounding shovel tests
failed to produce additional artifacts or evidence of cultural deposits.
A typical shovel test excavated within the Locus 8-5 area reached to a maximum depth of 70 cmbs (27.6
inbs) and exhibited three strata in profile. Stratum I, which was described as a deposit of brown (10YR 4/3)
sandy silt, extended from 0 to 29 cmbs (0 to 11.4 inbs). It was underlain by Stratum II, which consisted of
a deposit of dark yellowish brown (10YR 4/6) sandy silt that continued from 29 to 62 cmbs (11.4 to 24.4
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inbs). Finally, Stratum III, the glacially derived C-Horizon, reached a maximum excavated depth of 70
cmbs (27.6 inbs); it was classified as a layer of light olive brown (2.5Y 5/4) fine sand with oxidation.
The lithic artifacts recovered from the prehistoric component of Locus 8-5 were recovered from the disturbed
plowzone layer; thus, their original depositional context has been compromised. Historic artifacts recovered
from this locus represent typical field scatter and are unassociated with any architectural remains. They date
from the late eighteenth and nineteenth centuries. Based on the recovered archaeological data, it is clear that
both the prehistoric and historic period components of Locus 8-5 lack evidence of substantial cultural deposits
and/or cultural features. Further, the recovered artifacts were not temporally diagnostic in nature. Thus, it was
determined that both components of Locus 8-5 lack research potential and/or the qualities of significance as
defined by the National Register of Historic Places criteria for evaluation (36 CFR 60.4 [a-d]). No additional
testing of this non-site cultural resources locus is recommended prior to construction of the proposed solar
facility.
Area 9
Area 9, which is situated in the south-central portion of the study area, was covered in mixed deciduous
forest at the time of survey (Figures 1 and 2). It is located to the east of an existing gravel road and is
bordered by forested areas on the north, east, and south. This area contains 7.12 acres of land, and it is
characterized by variable topography that ranges in elevation from approximately 54.8 to 76.2 m (180 to
250 ft) NGVD. Area 9 is characterized by sandy loamy soils belonging to the Woodbridge and
Canton/Charlton series (Figure 18). A total of 45 of 45 (100 percent) shovel tests were excavated throughout
this area during the current Phase IB cultural resources reconnaissance survey (Figure 19). Phase IB cultural
resources reconnaissance survey of Area 9 resulted in the identification of a single cultural resources locus
(Locus 9-1). It is discussed below.
Locus 9-1
Locus 9-1, which yielded a single pearlware sherd from Stratum I (i.e., the plowzone), was identified during
the excavation of judgmental Shovel Test 29. This shovel test was excavated within the western portion of
Area 9 and in the vicinity of a building foundation that was fashioned from Portland cement (Figure 20).
Situated at an approximate elevation of 68 m (223 ft) NGVD, this locus was characterized by
hardwood/deciduous forest. Despite the excavation of 45 shovel tests throughout Area 9, no other cultural
material was recovered.
The positive shovel test at Locus 9-1 was excavated to a depth of 100 cmbs (39.4 inbs) and exhibited three
strata in profile. Stratum I, which consisted of redeposited soil/fill, was describe as a layer of olive brown
(2.5Y 4/4) silty sand that extended from the 0 to 68 cmbs (0 to 26.8 inbs). Stratum II (buried A-Horizon)
consisted of a deposit of dark yellowish brown (10YR 3/4) fine sandy silt that was encountered from 68 to
70 cmbs (26.8 to 27.6 inbs). Finally, Stratum III, the B-Horizon, reached from 70 to 100 cmbs (27.6 to 39.4
inbs); it was described as a layer of light yellowish brown (10YR 5/4) sandy silt.
The single pearlware sherd, which was representative of a teacup rim with a blue border and black transfer
print, dates from 1807 to 1840. It was recovered from a shovel test that was positioned nearby a partially
collapsed poured Portland cement foundation that measured approximately 6.1 x 6.1 m (20 x 20 ft) in size, At
the center of the foundation was a dry laid, square, fieldstone structure that measured approximately 1.5 x 1.5
m (5 x 5 ft) in sized and that may have served as a hearth foundation (Figure 21). The Portland cement suggests
that this foundation dates to the early twentieth century. It may represent a later addition to the nearby Mowrey
Farmstead, which is situated to the northwest and within an area that will not be impacted by construction of
the proposed solar facility. Given the age of the foundation, the pearlware recovered from Locus 9-1 likely is
not associated with these architectural remains. In sum, the archaeological deposits associated with Locus 91 did not contain substantial numbers of artifacts or possess research potential. Thus, they were assessed as
not eligible for listing the National Register of Historic Places applying the criteria for evaluation (36 CFR
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60.4 [a-d]). In addition, the historic foundation identified in the area was found to be collapsing in places and
exhibited no unique characteristics. Thus, additional archaeological examination of Locus 9-1 is
recommended prior to construction of the proposed solar facility.
Area 10
Area 10 is located in the northwestern portion of the proposed project area (Figure 1 and 2). At the time of
survey it was characterized by an agricultural field (Figure 22). It is located to the south of Area 6, to the
west of a sand and gravel pit, to the north of a forested area, and to the east of Blackwell Brook. This area
contains 2.25 acres of land, and it is characterized by undulating topography that varies from approximately
48.7 to 54.8 m (160 to 180 ft) NGVD. This survey area is characterized by sandy loamy soils belonging to
the Agawam and Hinckley series. A total of 39 of 39 (100 percent) shovel tests were excavated throughout
this area during the current Phase IB cultural resources reconnaissance survey (Figure 23). Phase IB cultural
resources reconnaissance survey of Area 10 resulted in the identification of prehistoric cultural deposits.
Due to their proximity the Locus 6-1 area to the north, these deposits were considered to be part of that area
and are discussed in the section documenting Locus 6-1 above.
Area 11
Area 11 is located in the northwestern portion of the project area and consists of an open agricultural field
(Figures 1 and 2). The survey area is bordered directly to the north by a wooded area containing a
moderately steep drop into the Cold Spring Brook drainage. Survey areas 6 and 10 are located to the west.
Survey area 13 is located to the south and a sand and gravel pit border is located to the southwest. A wooded
wetland area is located to the east. Area 11 is characterized by undulating topography containing low areas
with poor drainage and higher areas with better drainage (Figures 23 and 24). The topography in this area
varies from approximately 48.7 to 54.9 m (160 to 180 ft) NGVD and local deposits belong to the Merrimac,
Windsor, and Agawam series. A total of 120 of 120 (100 percent) shovel tests were excavated throughout
Area 11 during the current Phase IB cultural resources reconnaissance survey (Figure 25). Excavation of
them resulted in the identification of Locus 11-1, which is discussed below.
Locus 11-1
Locus 11-1 was identified in the northwestern portion of the study area and within a large agricultural field
to the east of Blackwell Brook and to the south Cold Spring Brook (Figures 1 and 2). The locus is situated
within an area of variable topography that includes elevations ranging from 51.8 to 57.9 m (170 to 190 ft)
NGVD. At the time of survey, this area had recently been cleared of corn (Figures 23 and 24). The locus
area is irregular in shape and measures approximately 80 x 200 m (262.5 x 656 ft) in size (Figure 25). This
area was subjected to Phase IB cultural resources reconnaissance survey due to its sandy, well drained soils
and the proximity of the two sources of freshwater referenced above.
A typical shovel test excavated within the Locus 11-1 survey area extended to a depth of 100 cmbs (39.4
inbs) and it exhibited five strata in profile. Stratum I, the plowzone (Ap), was classified as a layer of dark
brown (10YR 3/3) silty fine sand that reached from the 0 to 25 cmbs (0 to 9.8 inbs). It was underlain by
Stratum II, a deposit of yellowish brown (10YR 5/6) silty fine sand that continued from 25 to 60 cmbs (9.8
to 23.6 inbs). Stratum II, the B2-Horizon, was encountered between 60 and 90 cmbs (23.6 to 35.4 inbs) and
consisted of light yellowish brown (10YR 6/4) silty very fine sand. Finally, Stratum V, the glacially derived
C-Horizon, ranged in depth from 90 to 100 cmbs (35.4 to 39.4 inbs); it was classified as a layer of light
yellowish brown (2.5Y 6/3) silty very fine sand.
Archaeological examination of Locus 11-1 resulted in the collection of 22 prehistoric artifacts and three
features. The prehistoric artifacts collected from Locus 11-1 originated from the plowzone (Ap), the BHorizon, from feature fill, and from a soil anomaly detected in the southern and western portions of the locus
area. Prehistoric cultural materials collected from Stratum I, the plowzone, consisted of 1 piece of calcined
bone, 6 chert secondary thinning flakes, 1 chert projectile point tip, 5 quartzite secondary thinning flakes, and
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a single flake fashioned from an unidentified lithic material. Unfortunately, the projectile point tip could not
be associated with any specific type of cultural affiliation. The B-Horizon within Locus 11-1 yielded 3 chert
secondary thinning flakes, 1 quartzite secondary thinning flake, and single utilized quartzite flake that
exhibited evidence of crushing along its edges. The soil anomaly detected in some of the shovel tests
excavated throughout western and southern portion of the Locus 11-1 (see below) area yielded 2 quartzite
secondary thinning flakes and a quartzite Levanna projectile point. The latter is typical of the Late Woodland
period of Connecticut prehistory (ca. 1,500 to 600 BP). Finally, one of the identified features yielded a single
chert secondary thinning flake (see below).
The first feature identified within the Locus 11-1 area (Feature 15), was recorded within the southern portion
of the agricultural field during the excavation of Shovel Test 9 on Survey Transect 6. The feature was first
identified at the base of the plowzone at a depth of 20 cmbs (8 inbs) and it appeared as a deposit of dark brown
(10YR 3/3) sandy loam mottled with dark yellowish brown (10YR 4/6) silty fine sand and flecks of charcoal.
This feature covered the entirety of the bottom of the shovel test at this depth. Continued excavation revealed
that it terminated at approximately 30 cmbs ( 7.9 inbs), where it appeared as a band of soil in all four walls of
the shovel test. Despite careful excavation of the feature matrix, no artifacts were recovered from this deposit.
This feature was interpreted as the remains of burning episode of unknown type.
The second feature (Feature 16) also was identified in the southern portion of Locus 11-1; it was uncovered
during the excavation of Shovel Test 9 on Survey Transect 4. The feature was first noted at a depth of 14 cmbs
(5.6 inbs) and it too encompassed the entirety of the floor of the shovel test at this depth. The feature matrix
was descried as a deposit of mottled dark brown (10YR 3/3) sandy loam and dark yellowish brown (10YR
4/6) silty sand mixed with charcoal flecking throughout. Excavation of the feature matrix resulted in the
collection of a single chert secondary thinning flake. A bisection of the circular feature revealed that the feature
was larger than the shovel test, as it was observed as a 13 cm (5.2 in) thick layer in all four walls of the shovel
test. This feature also was interpreted as the remains of burning episode of unknown type.
The third feature (Feature 17) was recorded in the west-central portion of Locus 11-1 during the excavation
of Shovel Test 2 on Survey Transect 12. It was first identified at a depth of 40 cmbs (16 inbs). The feature
matrix was described as a deposit of dark grayish brown (10YR 2/1 ) loamy sand. The feature, which extend
from the northwestern corner of the shovel test, measured 33 x 38 centimeters (13.2 x 15.2 inches) in size and
it extended to a depth of 54 cmbs (21.6 inbs). Fire reddened soil also was noted in the southern portion of the
feature and charcoal flecking appeared throughout the feature matrix. While no artifacts were recovered, the
size and contents of the feature (especially the fire reddened soil and charcoal) suggested that it represented a
hearth.
In addition to Feature 15 through 17, several of the shovel tests in the southern and western portions of Locus
11-1 produced evidence of anomalous soils located between the base of the plowzone (Ap) and the B-Horizon
(subsoil). This anomalous band of soil consisted of a mixture of very dark brown (10YR 3/2) sandy loam,
dark grayish brown (10YR 2/1) fine sand, and dark yellowish brown (10YR 4/6) loamy sand. The soil
anomaly varied from ca. 10 to 30 cm (3.9 to 11.9 in) in thickness across this portion of Locus 11 and it
contained varying amounts of charcoal flecking throughout. As mentioned above, this soil deposit also yielded
2 quartzite secondary thinning flakes and a quartzite Levanna projectile point, suggesting it may be cultural
in origin. Due to is distribution across multiple shovel tests, it is possible that this soil anomaly may represent
a prehistoric living surface.
In sum, Phase IB cultural reconnaissance survey of the Locus 11-1 area resulted in prehistoric artifacts from
both the culturally modified and undisturbed soil deposits. This locus also yielded evidence of three features,
one of which was identified as a hearth and two of which were related to burning episodes. In addition, a large
soil anomaly was detected in the southern and western portion of the locus area and it may represent a
prehistoric living surface. Based on the aerial extent of the cultural deposits and the age of the temporally
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diagnostic artifacts, it appears that Locus 11-1 likely represents a Late Woodland period (1,500 to 600 BP)
occupation. The recovered archaeological data suggests that it may possess research potential and the qualities
of significance as defined by the National Register of Historic Places criteria for evaluation (36 CFR 60.4 [ad]). It is recommended that the Locus 11-1 area be avoided during construction of the solar facility. If this is
not feasible, it is recommended that Phase II National Register of Historic Places testing and evaluation be
completed throughout any portions of the locus that may be impacted by the proposed solar facility. While an
official site number for this locus has yet to be assigned by the Connecticut State Historic Preservation Office,
a completed site form for Locus 11-1 is currently being compiled.
Area 12
Area 12 is located in the east central portion of the study area and consists of a large wooded parcel of land
containing stone walls and dirt walking paths (Figure 1 and 2). This survey area is bordered to the north by
Survey Area 8, to the south by Survey Area 18, and to the west by a large, wooded but poorly drained area.
Area 12 contains 33.8 acres of land. The topography of this area varies from approximately 76.2 to 85.3 m
250 to 280 NGVD and soils in this part of the study area belong to the Paxton/Montauk and Ridgebury,
Leicester, and Whitman series. Due to the general poor drainage and very rocky soils in this part of the
study area, testing of Area 12 was limited to the southwestern portion of the area containing historic features
including a historic town line marker, a damaged building foundation, and a stone-lined well (Figure 26
and 27). A total of 10 of 10 (100 percent) shovel tests were excavated throughout this area during the current
Phase IB cultural resources reconnaissance survey (Figure 28).
Locus 12-1
Phase IB cultural resources reconnaissance survey of the Locus 12-1 area resulted in the recovery of 1 brick
fragment, 1 creamware rim sherd, 1 unglazed redware sherd, 1 brown lead glazed redware sherd, 2 black
glazed redware sherds, a single refined earthenware rim sherd with blue and yellow annular designed, 1
plain whiteware sherd, and 1 shard of olive bottle glass; all of these artifact were recovered from Stratum
I. The artifacts were collected during the excavation of Judgmental Shovel Tests 4, 6, 9, and 10, which were
placed within the southern portion of Area 12. Situated at an approximate elevation of 84 m (275.5 ft) NGVD,
this locus was located within a forested area that also contains low brush. Locus 12-1 was described as round
in configuration and it encompassed an area that measured approximately 45 x 45 m (147.6 x 147.6 ft) in
size.
A typical shovel test excavated within the Locus 12-1 area extended to a depth of 77 cmbs (30.3 inbs) and
it exhibited two strata in profile. Stratum I, the topsoil, consisted of a deposit of dark brown (10YR 3/3)
silty loam that reached from the ground surface to 48 cmbs (0 to 18.9 inbs). It was underlain by Stratum II,
the B-Horizon, which ranged in depth from 48 to 77 cmbs (18.9 to 30.3 inbs) and was classified as a layer
of yellowish brown (10YR 5/6) silty loam. The glacially derived C-Horizon could not be reached within
the Locus 12-1 area due to the intrusion of ground water into the shovel tests
During pedestrian survey of the southeastern portion of the Locus 12-1, Heritage Consultants, LLC
personnel also noted the presence of an upright cut granite stone (Figure 27). The stone is located at an
elevation of approximately 82.3 m (270 ft) NGVD and it does not appear on any historic maps or aerial
images of the region. The stone measures approximately 1 m (3.3 ft) in height. The cut stone is square in
shape with chamfered edges and stone chisel marks throughout its four faces. The northern side of the stone
contains the letter “B” and the southern side is inscribed with the letter “C.” The stone represents one of
the early boundary markers established between the Towns of Brooklyn and Canterbury. This stone was
most likely set in place in ca., 1786 or shortly thereafter since this is when the town of Brooklyn was formed
and its boundaries were formally established by the town government. The identification of early town
boundary markers in the State of Connecticut is relatively rare, as many of these objects have been removed
or destroyed in the past. Given that this object has a legal purpose in that it demarcates the
Brooklyn/Canterbury town line, it should not be removed or impacted in any other way during construction
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of the proposed solar facility. To accomplish this goal, Heritage Consultants, LLC recommends leaving a
buffer of undisturbed area around all sides of the marker during construction. Heritage Consultants, LLC
has requested an official historic resource inventory number for this area, but the Connecticut State Historic
Preservation Office has yet to issue the number.
In addition to the archaeological deposits and the above referenced boundary marker, Locus 12-1 also
contains a small damaged fieldstone foundation measuring approximately 5 x 5 m (16.4 x 16.4 ft). This
former building location also was encountered during pedestrian survey of the locus area. Portions of this
stone foundation have collapsed into the existing cellar hole and it appears that some stones may have been
removed from the area for other purposes. Further, a dry-laid fieldstone well is located approximately 3 m
(10 ft) to the north of the foundation (Figure 26). Heritage Consultants, LLC historians searched local and
state repositories and online sources for historic maps and aerial photos that may have shown the resources
located within Locus 12-1; however, that search failed to identify the origin of this building, its date of
construction, and/or its function. Given its proximity to the recovered archaeological deposits, it has been
surmised that the former building most likely dates from the late eighteenth to nineteenth centuries.
Furthermore, due to the types of artifacts recovered and the proximity of the well as a source of reliable
fresh water, it is assumed that the former building situated within Locus 12-1 had a domestic function and
was likely a historic residence. Since the building foundation has been compromised and the archaeological
deposits associated with it possess no unique characteristics, these items retain no special historical
significance. The town boundary marker on the other hand is historically rare and of significance to the
recordation of the boundary between Brooklyn and Canterbury. Using Best Management Practices (BMPs),
Nextera has agreed to incorporate a buffer zone around Locus 12-1 that will ensure the protection of the
boundary marker, foundation, and well. However, if plans are altered then additional archaeological
investigation will be required. To the south and east of the historic granite marker lies an abandoned road
alignment most likely used during the occupation of the abovementioned house foundation. The historic
road is outside of the project boundaries and will not be impacted by the project. The abandoned road
alignment runs north of, and parallel to Maynard Road in the town of Brooklyn and ultimately connects to
Christian Hill Road, also in the town of Brooklyn.
Area 13
Area 13 is located in the north central portion of the project area and consists of a long and relatively narrow
agricultural field (Figure 1 and 2). The area is bound by a wooded and poorly drained area to the south.
Sand and gravel operation areas are located to the east and west. A dirt road used to access the sand and
gravel operation areas runs along the north edge of the survey area and divides Survey Area 13 from Survey
Area 11 to the north. Area 13 contains topography that varies from approximately 51.8 to 53.3 m (170 to
175 ft) NGVD. Soils in this area belong to the Agawam, Merrimac, and Hinckley series (Figure 29). A total
of 87 of 87 (100 percent) shovel tests were excavated throughout this area during the current Phase IB
cultural resources reconnaissance survey (Figure 30).
Locus 13-1
Locus 13-1, which was recorded in the northeastern portion of Area 13, was identified during the excavation
of Shovel Test 3 along Survey Transect 2. This locus was situated at an approximate elevation of 52 m
(170.6 ft) NGVD and was positioned within a plowed agricultural field. Phase IB cultural resources
reconnaissance survey of this area resulted in the collection of a single machine-cut nail that originated
from Stratum I (i.e., the plowzone). Locus 13-1 was described as round in configuration and it encompassed
an area that measured approximately 1 x 1 m (3.3 x 3.3 ft) in size. Despite thorough shovel testing throughout
the area containing Locus 13-1, no additional artifacts or evidence of cultural deposits was identified.
The positive shovel test excavated within the Locus 13-1 area extended to a depth of 78 cmbs (30.7 inbs)
and exhibited four strata in profile. Stratum I, which consisted of a plowzone deposit of dark yellowish
brown (10YR 3/4) very fine sandy silt, extended from 0 to 17 cmbs (0 to 6.7 inbs). Underlying Stratum I
17

was Stratum II (B1-Horizon), which was classified as a deposit of yellowish brown (10YR 5/8) very fine
sand; it continued from 17 to 37 cmbs (6.7 to 14.7 inbs). Stratum III, the B2-Horizon, consisted of a
brownish yellow (10YR 6/6) very fine sand that extended from 37 to 68 cmbs (14.7 to 26.8 inbs). Finally,
Stratum IV, the glacially derived C-Horizon, reached from 68 to 78 cmbs (26.8 to 30.7 inbs); it was
classified as a layer of light yellowish brown (5YR 6/8) very fine sandy silt.
The machine cut nail recovered from the Locus 13-1 area dates from ca., 1810 to1900 and, in this case,
represents an incidental loss within Area 13. No other artifacts or evidence of architectural remains of buried
cultural features were identified within the vicinity of Locus 13-1. Thus, it was determined that Locus 13-1
does not possess research potential and/or the qualities of significance as defined by the National Register of
Historic Places criteria for evaluation (36 CFR 60.4 [a-d]). No additional testing of this cultural resources
locus is recommended prior to construction of the proposed solar facility.
Area 14
Area 14 is located in the north-central portion of the proposed project area. It consists of a narrow
agricultural field that is bounded to the south and east by a sand and gravel operation area, and to the north
and west by a low-lying and poorly drained area. A stone wall runs east to west along the southern border
of Area 14, and a small unnamed stream and associated wetland lies to the west (Figure 1 and 2). Area 14
is situated at an approximate elevation of 48.7 m (160 ft) NGVD (Figure 31). A total of 18 of 18 (100
percent) shovel tests were excavated throughout this area during the current Phase IB cultural resources
reconnaissance survey (Figure 32). The shovel tests excavated throughout Area 14, which contained intact
strata associated with Hinckley sandy loams, failed to produce any prehistoric or historic period artifacts or
evidence of cultural features. No additional archaeological examination of this area is recommended prior
to the construction of the proposed solar facility.
Area 15
Area 15 is located in the nothwestern portion of the study area and consists of an open, agricultural field
(Figure 1 and 2). It is bound to the west, south and east by a poorly drained area that contains an unnamed
stream. A disused portion of the Rukstella Road alignment runs to the north of this survey area. The
northwestern quarter of the field is located outside the project area boundary and was not tested (Figure
33). Area 15 is situated at an approximate elevation of 45.7 to 51.8 m (150 to 170 ft) NGVD. A total of 37
of 37 (100 percent) shovel tests were excavated throughout this area during the current Phase IB cultural
resources reconnaissance survey (Figure 32).
Locus 15-1
Locus 15-1, which yielded a single olive bottle glass shard from Stratum II (i.e., the subsoil), was identified
during the excavation of Shovel Test 5 along Survey Transect 4. This find spot was situated within the
northern portion of Area 15 and was positioned at an approximate elevation of 47 m (154.2 ft) NGVD. Locus
15-1 was described as round in configuration and it encompassed an area that measured approximately 1 x 1
m (3.3 x 3.3 ft) in size. Despite shovel testing throughout Area 15, no additional artifacts or evidence of
cultural deposits was identified.
The positive shovel test excavated within Locus 15-1 exhibited three strata in profile and reached to a
maximum excavated depth of 67 cmbs (26.4 inbs). Stratum I, a plowzone deposit, consisted of a layer of
dark brown (10YR 3/3) silty fine to medium sand that reached from the ground surface to 26 cmbs (0 to
10.2 inbs). Stratum I was underlain Stratum II, a subsoil deposit of brownish yellow (10YR 6/6) loamy silt
that extended from 26 to 57 cmbs (10.2 to 22.4 inbs). Finally, Stratum III, the glacially derived C-Horizon,
was excavated to a depth of 67 cmbs (26.4 inbs) and was classified as a deposit of light yellowish brown
(2.5Y 6/4) silty coarse sand with gravel.
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The single bottle glass shard collected from Locus 15-1 represents typical historic field scatter. Its recovery
from subsoil contexts suggests that it either fell out of the upper wall of the shovel test and became mixed
subsoil matrix during excavation or was an infiltrated find within the subsoil. This artifact was not associated
with any architectural remains or evidence of historic period cultural features. As a result, it was determined
that Locus 15-1 did not possess research potential and/or the qualities of significance as defined by the
National Register of Historic Places criteria for evaluation (36 CFR 60.4 [a-d]). No additional testing of this
non-site cultural resources locus is recommended prior to construction of the proposed solar facility.
Area 16
Area 16 consists of a large agricultural field located near the center of the study area (Figure 1 and 2). The
field is defined by a dirt road which wraps around the east, north and west sides of the field. The wooded
area to the south of the field is poorly drained and contains a pond. Directly to the west is an existing
playground/soccer field. Area 16 contains undulating topography characterized by low areas with poor
drainage and higher areas with better drainage (Figure 34). The topography of this area varies from
approximately 45.7 to 48.7 m (150 to 160) NGVD and local soils belong to the Sudbury, Hinckley, and
Windsor series. A total of 254 of 254 (100 percent) shovel tests were excavated throughout this area during
the current Phase IB cultural resources reconnaissance survey (Figure 35).
Locus 16-1
Locus 16-1, which was situated at an approximate elevation of 47 m (154.2 ft) NGVD, was identified within
the southwestern portion of Area 16. This locus yielded 1 brick fragment , 2 bottle glass shards, and a mule
shoe, all of which were collected from Stratum I (i.e., the plowzone) of Shovel Test 4 along survey Transect
20. The locus was described as round in configuration and it encompassed an area that measured
approximately 1 x 1 m (3.3 x 3.3 ft) in size. Despite shovel testing throughout the area encompassing Locus
16-1, no other artifacts or evidence of cultural deposits was identified during Phase IB cultural resources
reconnaissance survey.
The positive shovel test excavated within the Locus 16-1 area extended to a depth of 105 cmbs (41.3 inbs)
and exhibited four strata in profile. Stratum I (i.e., the plowzone), which was characterized as a deposit of
dark brown (10YR 3/3) fine sandy loam, reached from 0 to 27 cmbs (0 to 10.6 inbs). Stratum II, the B1Horizon, consisted of a deposit of very dark brown (10YR 2/2) loam that ranged from 27 to 40 cmbs (10.6
to 15.7 inbs). Stratum III, the B2-Horizon, was described as a layer if very dark gray (10YR 3/1) silt mottled
with a dark yellowish brown (10YR 3/6) silt and a brownish yellow (10YR 6/6) silt; it ranged in depth from
40 to 91 cmbs (15.7 to 35.8 inbs). Finally, Stratum IV, the glacially derived C-Horizon, reached from 91 to
105 cmbs (15.7 to 41.3 inbs) and was classified as a layer of light olive brown (2.5Y 5/4) very fine sand.
The soil profile noted within the confines of Locus 16-1 exhibited clear evidence of disturbance, with
Stratum III consisting of a layer of fill underneath the Strata I and II.
Based on the recovered archaeological data, it has been determined that Locus 16-1 is most likely represented
by historic artifacts that are consistent with typical nineteenth through early twentieth century field scatter that
is not associated with any structural remains. The locus, which is disturbed and which yielded 1 piece of brick,
2 bottle glass shards, and a mule shoe from Stratum II between 30 to 40 cmbs (11.8 to 15.7 inbs), lacks
evidence of substantial cultural deposits and/or cultural features. Since substantial number of artifacts were
not found in this area and evidence of soil disturbance was present, it was determined that Locus 16-1 does
not possess research potential and/or the qualities of significance as defined by the National Register of
Historic Places criteria for evaluation (36 CFR 60.4 [a-d]). No additional testing of this non-site cultural
resources locus is recommended prior to construction of the proposed solar facility.
Locus 16-2
Locus 16-2, which yielded a single blue decorated pearlware sherd from Stratum I (i.e., the plowzone), was
identified within the southwestern portion of Area 16 during the excavation of Shovel Test 8 along Survey
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Transect 16. This locus is positioned at an approximate elevation of 47 m (154.2 ft) NGVD within what was
a plowed agricultural field at the time of survey. Locus 16-2 also was described as round in configuration and
it encompassed an area that measured approximately 1 x 1 m (3.3 x 3.3 ft) in size. Despite shovel testing
throughout the area encompassing Locus 16-2, no other artifacts or evidence of cultural deposits was
identified during Phase IB cultural resources reconnaissance survey.
The positive shovel test excavated within the Locus 16-2 area extended to a depth of 55 cmbs (21.7 inbs)
and it exhibited three strata in profile. Stratum I, the plowzone, was characterized as a deposit of very dark
grayish brown (10YR 3/2) silty loam that reached from 0 to 31 cmbs (0 to 12.2 inbs). It was underlain by
Stratum II, which ranged in depth from 31 to 40 cmbs (12.2 to 15.7 inbs) and was described as a deposit of
light olive brown (2.5Y 5/6) fine to medium sand. Finally, Stratum III, the glacially derived C-Horizon,
was excavated to a maximum depth of 55 cmbs (21.7 inbs); it consisted of a layer of light yellowish brown
(2.5Y 6/4) coarse sand.
Archaeological data collected from Locus 16-2 indicates that the cultural deposits there are represented by
historic artifacts that are typical of late eighteenth to early nineteenth century field scatter or incidental loss.
The locus, which yielded a single pearlware sherd that dated from 1780 to 1830 from Stratum I between 0 to
10 cmbs (0 to 3.9 inbs), lacks evidence of substantial cultural deposits and/or cultural features. Thus, it has
been determined that Locus 16-2 does not possess research potential and/or the qualities of significance as
defined by the National Register of Historic Places criteria for evaluation (36 CFR 60.4 [a-d]). No additional
testing of this non-site cultural resources locus is recommended prior to construction of the proposed solar
facility.
Locus 16-3
Locus 16-3 yielded two historic period ceramic sherds that were recovered during the excavation of Shovel
Test 14 along Survey Transect 12 and Shovel Test 15 along Survey Transect 16, respectively. The locus
was identified within a plowed agricultural field at an approximate elevation of 47 m (154.2 ft) NGVD. It is
described as ovoid in configuration and encompassed an area approximately 10 x 40 m (32.8 x 131.2 ft) in
size. Cultural material collected from Locus 16-3 consists of 1 redware ceramic sherd with a white slip and
a single Rockingham ware ceramic sherd. Both of these artifacts were recovered from Stratum I (i.e., the
plowzone) within the northern portion of Area 16. Despite intensive shovel testing throughout the area
encompassing Locus 16-3, no other artifacts or evidence of cultural deposits was identified.
A typical shovel test excavated within the Locus 16-3 extended to a depth of 73 cmbs (28.7 inbs) and
exhibited four strata in profile. Stratum I, the plowzone, consisted of a deposit of very dark grayish brown
(10YR 3/2) silty loam that reached from the ground surface to 27 cmbs (0 to 10.6 inbs). It is underlain by
Stratum II, a B1-Horizon deposit of olive yellow (2.5Y 6/6) fine to medium sand that ranged in depth from
27 to 47 cmbs (10.6 to 18.5 inbs). Stratum III (the B2-Horizon) was classified as a deposit of light yellowish
brown (2.5Y 6/4) silty very fine sand reaching from 47 to 60 cmbs (18.5 to 23.6 inbs). Finally, Stratum IV,
the glacially derived C-Horizon, was excavated to a maximum depth of 73 cmbs (23.6 to 28.7 inbs) and
consisted a layer of light brownish gray (2.5Y 6/2) very fine sand.
The archaeological data recovered from the Locus 16-3 area indicates that the cultural deposits identified there
most likely represent historic period field scatter. The collected artifacts date from post 1830, as this is when
Rockingham ware came into usage. Despite pedestrian survey and shovel testing of the area, no historic
architectural remains or other subsurface features were identified during the Phase IB cultural resources
survey. Thus, the results of the archaeological examination indicate that Locus 16-3 lacks evidence of
substantial cultural deposits and/or research potential. As a result, Locus 16-3 was assessed as not eligible for
listing to the National Register of Historic Places applying the criteria for evaluation (36 CFR 60.4 [a-d]). No
additional testing of this non-site cultural resources locus is recommended prior to construction of the
proposed solar facility.
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Locus 16-4
Locus 16-4 yielded 3 pearlware sherds from Stratum I (i.e., the plowzone) and 3 quartzite flakes from
Stratum II (i.e., the B-Horizon). The pearlware sherds were identified during the excavation of Shovel Test
11 along Survey Transect 28 and Shovel Test 3 along Survey Transect 34, respectively, while the quartzite
flakes were recovered from Shovel Test 8 along Survey Transect 32. Locus 16-4 lies within the southeastern
portion of Area 16 and approximately 60 m (196.6 ft) to the west of barn foundations associated with the
former Mowrey Farmstead that were identified during the previously completed Phase IA survey of the
study area. The foundations are located in the tree line along the southeastern margin of Area 16 and will not
be impacted by the proposed construction. Situated at an approximate elevation of 49 m (160.8 ft) NGVD,
this locus was characterized by a plowed agricultural field at the time of survey. Locus 16-4 was described as
ovoid in configuration and it encompassed an area that measured approximately 10 x 70 m (32.8 x 229.7 ft)
in size.
A typical shovel test excavated within Locus 16-4 extended to a depth of 98 cmbs (38.6 inbs) and exhibited
three strata in profile. Stratum I, which was described as a deposit of very dark grayish brown (10YR 3/2)
fine to medium sandy silt, extended from 0 to 39 cmbs (0 to 15.4 inbs). It was underlain by Stratum II (B1Horizon), which was characterized as a deposit of yellowish brown (10YR 5/6) silty fine to medium sand;
it continued from 39 to 64 cmbs (15.4 to 25.2 inbs). Stratum III, the B2-Horizon, was described as a layer
of light olive brown (2.5Y 5/6) sand that ranged in depth from 64 to 87 cmbs (25.2 to 34.3 inbs). Finally,
Stratum IV, the glacially derived C-Horizon, reached from 87 to 98 cmbs (34.3 to 38.6 inbs) and was
classified as a layer of light gray (2.5Y 7/2) very fine sand.
As mentioned above, Locus 16-4 is represented by both prehistoric and historic period components. The
prehistoric component of Locus 16-4 included 3 quartzite flakes that were recovered from intact subsoil
contexts at depths ranging from 40 to 80 cmbs (16 to 32 inbs). However, despite intensive shovel testing
throughout the locus area, no additional prehistoric artifacts or evidence of prehistoric cultural features was
identified during the Phase IB cultural resources survey of this area. Thus, it has been determined that the
prehistoric component of Locus 16-4 lacks substantial deposits and research potential. It was therefore
assessed as not eligible for listing to the National Register of Historic Places applying the criteria for
evaluation (36 CFR 60.4 [a-d]). No additional archaeological examination of the prehistoric component of
Locus 16-4 is recommended. In addition, the historic period component of Locus 16-4 yielded three late
eighteenth to early nineteenth century artifacts that can be interpreted as historic field scatter. This component
of Locus 16-4 also lacks substantial cultural deposits and/or evidence of historic features or architectural
remains. Thus, it too was assessed as not eligible for listing to the National Register of Historic Places applying
the criteria for evaluation (36 CFR 60.4 [a-d]). No additional testing of either component of Locus 16-4 is
recommended prior to construction of the proposed solar facility.
Locus 16-5
Locus 16-5 was identified within the southern portion of Area 16 at an approximate elevation of 48 m (157.5
ft) NGVD. This area was also situated within a plowed agricultural field at the time of survey. Described as
ovoid in configuration and encompassing an area that measured approximately 10 x 30 m (32.8 x 98.4 ft) in
size, Locus 16-5 produced two historic period artifacts from Shovel Tests 2 and 3 along Survey Transect 28.
This included a single wire nail that was recovered from the plowzone at a depth of 10 to 20 cmbs (4 to 8
inbs) and 1 plain whiteware sherd that was found at a depth of 20 to 30 cmbs (8 to 12 inbs); it too originated
from the disturbed plowzone. Despite shovel testing throughout the area containing Locus 16-5, no
additional artifacts or evidence of cultural deposits was identified.
A typical shovel test excavated within the Locus 16-5 area extended to a depth of 67 cmbs (26.4 inbs) and
exhibited three strata in profile. Stratum I consisted of a plowzone deposit of dark brown (10YR 3/3) silty
fine to medium sand that reached from the ground surface to 23 cmbs (0 to 9.1 inbs). Stratum II was
classified as a layer of light olive brown (2.5Y 5/6) sand mixed with minor amounts of gravel; it ranged in
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depth from 23 to 43 cmbs (9.1 to 16.9 inbs). Finally, Stratum III, the glacially derived C-Horizon, reached
from 43 to 67 cmbs (16.9 to 26.4 inbs) and was described as a layer of light brownish gray (2.5Y 6/2) coarse
sand.
The archaeological data recovered from the Locus 16-5 area indicates that the cultural deposits identified there
most likely represent historic period field scatter. The recovered whiteware sherd dates from post 1820, while
wire nails date from after ca., 1860. Despite pedestrian survey and shovel testing of the area, no historic
architectural remains of subsurface features were identified during the Phase IB cultural resources survey of
the Locus 16-5 area. Thus, the results of the archaeological examination indicate that Locus 16-5 lacks
evidence of substantial cultural deposits and/or research potential. As a result, it is assessed as not eligible for
listing to the National Register of Historic Places applying the criteria for evaluation (36 CFR 60.4 [a-d]). No
additional testing of this non-site cultural resources locus is recommended prior to construction of the
proposed solar facility.
Area 17
Area 17 consists of an agricultural field located within the northernmost limits of the study area. This survey
area is bounded to the east by Allen Hill Road and to the south by Rukstella Road (Figure 1 and 2). A lowlying, poorly drained area containing a small pond lies to the west and the northern edge of the project
boundary forms the northern edge of the survey area. The eastern area of the field contains two grain silos
that face Allen Hill Road and are part of the form Rukstella Farmstead. Area 17 contains is characterized
by undulating topography containing low areas with poor drainage and higher areas with better drainage
(Figure 36). Topography varies from approximately 70.1 to 82.3 m (230 to 270 ft) NGVD. Soils in this area
belong to the Woodbridge, Sutton, and Paxton and Montauk series. A total of 116 of 116 (100 percent)
shovel tests were excavated throughout this area during the current Phase IB cultural resources
reconnaissance survey (Figure 37).
Locus 17-1
Locus 17-1 was identified within the southeastern portion of Area 17 at an approximate elevation of 83 m
(272.3 ft) NGVD. At the time of survey, Phase IB cultural resources reconnaissance survey this area was
characterized by a plowed agricultural field. Locus 17-1 was described as ovoid in configuration and it
encompassed an area that measured approximately 75 x 15 m (246.1 x 49.2 ft) in size. Archaeological
examination of this area resulted in the identification of both prehistoric an historic period components. The
prehistoric artifacts recovered from Locus 17-1 consisted of 1 quartzite flake recovered from Stratum I (i.e.,
the plowzone) and 1 quartz flake originating from subsoil deposits comprising Stratum II (i.e., the BHorizon). The historic period cultural material collected from Locus 17-1 included a single wire nail and 1
screw, both of which were recovered from Stratum II (i.e., the subsoil) at depths ranging from 20 to 40
cmbs (8 to 16 inbs). These above referenced cultural material was collected from Shovel Tests 1, 1, 3, and
2 along Survey Transects 2, 10, 12, and 16, respectively.
A typical shovel test excavated within the Locus 17-1 area extended to a depth of 70 cmbs (27.6 inbs) and
exhibited three strata in profile. Stratum I, which consisted of a deposit of dark brown (10YR 3/3) fine
sandy silt, extended from the ground surface to 46 cmbs (0 to 18.1 inbs). Underlying Stratum I was Stratum
II, which was classified as a deposit of yellowish brown (10YR 5/6) silty sand; it continued from 46 to 59
cmbs (18.1 to 23.2 inbs). Finally, Stratum III, the glacially derived C-Horizon, reached from 59 to 70 cmbs
(23.2 to 27.6 inbs) and was described as a layer of olive brown (2.5Y 4/4) silty sand.
As referenced above, the Locus 17-1 area contained both prehistoric and historic period components. The
former is represented by two lithic artifacts, one of which was recovered from the disturbed plowzone, while
the other originated from subsoil contexts. Despite the excavation of numerous shovel tests throughout the
Locus 17-1 area, no additional prehistoric artifacts or evidence of prehistoric cultural features was identified.
Thus, it was determined that the prehistoric component of Locus 17-1 did not possess research potential and/or
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the qualities of significance as defined by the National Register of Historic Places criteria for evaluation (36
CFR 60.4 [a-d]). In addition, the historic period component was represented by two metal fasteners, both of
which originated from subsoil contexts. These artifacts either fell from the wall of the shovel tests and became
mixed with subsoil matrices or represent infiltrated finds. No other historic period cultural material or evidence
of historic cultural features were found within the Locus 17-1 area despite intensive shovel testing. Thus, the
historic period component of Locus 17-1 also was assessed as not eligible for listing to the National Register
of Historic Places criteria for evaluation applying the criteria for evaluation (36 CFR 60.4 [a-d]). No additional
testing of this non-site cultural resources locus is recommended prior to construction of the proposed solar
facility.
Area 18
Area 18 consists of a large agricultural field located in the southeast portion of the study area. The field is
bound to the west by Liepis Road, and to the south by Wauregan Road. Survey Area 12 is located to the
northeast. Area 18 contains also is characterized by undulating topography containing low areas with poor
drainage and higher areas with better drainage (Figure s1 and 2). The topography in this survey area varies
from approximately 70.1 to 79.2 m (230 to 260 ft) NGVD (Figure 38). Soils in this area belong to the
Woodbridge, Hinckley, Ninigret, and Paxton and Montauk series. A total of 163 of 163 (100 percent) shovel
tests were excavated throughout this area during the current Phase IB cultural resources reconnaissance
survey (Figure 39).
Locus 18-1
Locus 18-1 yielded of a single sherd of Rockingham ware recovered from Stratum I (i.e., the plowzone)
during the excavation of Shovel Test 3 along Survey Transect 12. Situated at an approximate elevation of
74 m (242.8 ft) NGVD, this locus was identified to the north of Leipus Road in Canterbury. Locus 18-1 was
described as round in configuration and it encompassed an area that measured approximately 1 x 1 m (3.3 x
3.3 ft) in size. Despite the completion of shovel testing throughout the area containing Locus 18-1, no
additional artifacts or evidence of cultural deposits were encountered.
The positive shovel test excavated within the Locus 18-1 area extended to a depth of 51 cmbs (20.1 inbs)
and it exhibited three strata in profile. Stratum I, which was described as a layer of brown (10YR 4/3) silty
loam, reached from the ground surface to 25 cmbs (0 to 9.8 inbs). Underlying Stratum I was Stratum II,
which consisted of a deposit of yellowish brown (10YR 5/6) silty loam that continued from 25 to 45 cmbs
(9.8 to 17.7 inbs). Finally, Stratum III, the glacially derived C-Horizon, ranged in depth from 45 to 51 cmbs
(17.7 to 20.1 inbs); it was classified as a layer of gray (2.5Y 7/1) silty clay.
As mentioned above, Locus 18-1 produced a single sherd of Rockingham ware, which was recovered from
Stratum I at depths of between 10 to 20 cmbs (3.9 to 7.9 inbs). This single artifact is typical of nineteenth to
twentieth century field scatter. The locus lacks evidence of substantial cultural deposits and/or cultural
features. As a result, it was determined that Locus 18-1 did not possess research potential and/or the qualities
of significance as defined by the National Register of Historic Places criteria for evaluation (36 CFR 60.4 [ad]). No additional testing of this non-site cultural resources locus is recommended prior to construction of the
proposed solar facility.
Locus 18-2
Locus 18-2, was identified during the excavation of Shovel Tests 16 and 14 along Survey Transects 8 and
14 respectively. It lies within the northern portion of Area 18 and it is characterized by a single machinecut nail and 1 plain whiteware sherd, both of which were recovered from Stratum I (i.e., the plowzone).
Situated at an approximate elevation of 82 m (269 ft) NGVD, this locus was identified within the large plowed
agricultural field to the north of Liepus Road in Canterbury. Locus 18-2 was described as ovoid in
configuration and it encompassed an area that measured approximately 30 x 60 m (98.4 x 196.6 ft) in size.

23

A typical shovel test excavated within the Locus 18-2 area extended to a maximum excavated depth of 60
cmbs (23.6 inbs) and exhibited three strata in profile. Stratum I consisted of a deposit of dark brown (10YR
3/3) silty fine sand that reached from 0 to 22 cmbs (0 to 8.7 inbs); it represented a plowzone deposit.
Underlying Stratum I was Stratum II, which was described as a deposit of yellowish brown (10YR 5/6) fine
sandy silt that it continued from 22 to 49 cmbs (8.7 to 19.3 inbs). Finally, Stratum III, the glacially derived
C-Horizon, was excavated to a maximum depth of 60 cmbs (19.3 to 23.6 inbs); it was classified as a layer
of gray (2.5Y 7/1) silty fine sand.
Locus 18-2 is represented by two historic artifacts that are considered typical of nineteenth century field
scatter. The locus, which yielded a single machine-cut nail and one fragment of whiteware from Stratum I
between 10 to 30 cmbs (3.9 to 11.8 inbs), lacks evidence of substantial cultural deposits and/or cultural
features. Thus, it was determined that, like Locus 18-1, it did not possess research potential and/or the qualities
of significance as defined by the National Register of Historic Places criteria for evaluation (36 CFR 60.4 [ad]). No additional testing of this non-site cultural resources locus is recommended prior to construction of the
proposed solar facility.
Area 19
Area 19 also is characterized by an agricultural field; it is located to the west of Area 18 and accessed from
Liepis Road in Canterbury. The field is bounded to the south and east by private residences and to the north
and west by a poorly drained wooded area (Figures 1 and 2). Area 19 also is characterized by undulating
topography containing low areas with poor drainage and higher areas with better drainage (Figure 40).
Topography varies from approximately 73.1 76.2 m (240 to 250 ft) NGVD (Figure 40). Soils in this area
belong to the Woodbridge and Charlton/Chatfield series. A total of 48 of 48 (100 percent) shovel tests were
excavated throughout this area during the current Phase IB cultural resources reconnaissance survey (Figure
41).
Locus 19-1
Locus 19-1, which yielded a single piece of ferrous metal that originated from Stratum I (i.e., the plowzone),
was identified during the excavation of Shovel Test 3 along Survey Transect 16 within the eastern portion
of Area 19. This locus was identified at an approximate elevation of 75 m (246.1 ft) NGVD and it was
described as round in configuration, encompassing an area that measured approximately 1 x 1 m (3.3 x 3.3
ft) in size. Despite thorough shovel testing throughout the area, none of the other shovel tests within the
Locus 19-1 area produced additional artifacts or evidence of cultural features.
The positive shovel test excavated within the Locus 19-1 area extended to a depth of 56 cmbs (22 inbs) and
it exhibited three strata in profile. Stratum I, which was classified as a deposit of dark brown (10YR 3/3)
very fine sandy silt, reached from the ground surface to 24 cmbs (0 to 9.4 inbs). It was underlain by Stratum
II, a deposit of yellowish brown (10YR 5/8) silty fine sand that ranged in depth from 24 to 45 cmbs (9.4 to
17.7 inbs). Finally, Stratum III, the glacially derived C-Horizon, reached from 45 to 56 cmbs (17.7 to 22
inbs) and was classified as a layer of light brownish gray (2.5Y 7/2) silty fine sand.
The single artifact recovered from the Locus 19-1 area represents typical low-density field scatter that is
not temporally diagnostic and displaced from their original depositional context. As a result, it was
determined that this non-site cultural resources locus did not possess research potential and/or the qualities
of significance as defined by the National Register of Historic Places criteria for evaluation (36 CFR 60.4
[a-d]). No additional testing of this non-site cultural resources locus is recommended prior to construction
of the proposed solar facility.
Locus 19-2
Locus 19-2, which produced a single sherd of plain lead-glazed whiteware from Stratum I (i.e., the
plowzone), was identified during the excavation of Shovel Test 3 along Survey Transect 8 within the
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southern portion of Area 19. This find spot was identified at an approximate elevation of 79 m (259.2 ft)
NGVD. Locus 19-2 also was described as round in configuration and encompassed an area that measured
approximately 1 x 1 m (3.3 x 3.3 ft) in size. None of the other shovel tests excavated in this portion of Area
19 yielded additional artifacts or evidence of cultural features.
Reaching to a maximum excavated depth of 54 cmbs (21.3 inbs), the positive shovel test excavated within
Locus 19-2 exhibited three strata in profile. Stratum I was described as a layer of dark brown (10YR 3/3)
silty fine sand with gravel that extended from the surface to 22 cmbs (0 to 8.7 inbs). Underlying Stratum I
was Stratum II, which consisted of a deposit of yellowish brown (10YR 5/6) silty fine sand with some
gravel; it continued from 22 to 33 cmbs (8.7 to 13 inbs). Finally, Stratum III, the glacially derived CHorizon, was excavated to a depth of 54 cmbs (13 to 21.3 inbs) and was classified as a layer of light
brownish gray (2.5Y 7/2) fine sandy silt with some gravel.
The single historic artifact recovered from Locus 19-2 dates from post 1820 and it represents typical historic
field scatter displaced from its original depositional context. As a result, it was determined that Locus 19-2
did not possess research potential and/or the qualities of significance as defined by the National Register of
Historic Places criteria for evaluation (36 CFR 60.4 [a-d]). No additional testing of this non-site cultural
resources locus is recommended prior to construction of the proposed solar facility.
Area 20
At the time of survey, Area 20 consisted of an active, manicured soccer field bound on all sides by a perimeter
fence (Figures 1 and 2). The field is also bordered by Area 2 to the south, Area 3 to the north, and a steep drop
towards the Blackwell Brook drainage to the west. To the east, a dirt road separates the soccer field from the
large agricultural field that is Area 16. The topography in this area is fairly flat and is recorded at 48.7 m (160
ft) NGVD. Soils in this area belong to the Windsor series (Figure 42). A total of 74 of 74 (100 percent) shovel
tests were excavated throughout this area during the current Phase IB cultural resources reconnaissance survey
(Figure 43).
Locus 20-1
Locus 20-1, which consisted a multicomponent deposit, yielded 2 chert thinning flakes, 1 refined
earthenware sherd, and a 1 yellowware sherd, all of which were recovered from Stratum I (i.e., the
plowzone). The 2 chert thinning flakes were identified during the excavation of Shovel Test 7 along Survey
Transect 2, while both of the historic artifacts were recovered from Shovel Test 6 along Survey Transect 4
respectively. Locus 20-1 lies within the northwestern portion of Area 20 and it situated at an approximate
elevation of 47 m (154.2 ft) NGVD. Locus 20-1 was described as ovoid in configuration and it encompassed
an area that measured approximately 10 x 30 m (32.8 x 98.4 ft) in size. Despite intensive shovel testing
throughout this area, no additional artifacts or evidence of cultural features were recovered from Locus 201.
A typical shovel test excavated within the confines of Locus 20-1 extended to a depth of 74 cmbs (29.1
inbs) and it exhibited two strata in profile. Stratum I, which was classified as a deposit of brown (10YR
4/3) very fine sandy silt, extended from the ground surface to 26 cmbs (0 to 10.2 inbs); it represented the
plowzone. Stratum II, the glacially C-Horizon, reached from 26 to 74 cmbs (10.2 to 29.1 inbs); it was
classified as a layer of light olive brown (2.5Y 5/4) silty very fine sand. The soil profile noted within the
confines of Locus 20-1 exhibited evidence of clear disturbance associated with the plowing of the field.
The B-Horizon has been fully incorporated into the plowzone so that Stratum I was identified directly above
the C-Horizon.
The two chert flakes recovered from Locus 20-1 are displaced from their original depositional context as they
were recovered in Stratum I (the plowzone) from between 0 to 30 cmbs directly above the C-Horizon. Further,
the chert flakes are not temporally diagnostic. Thus, the prehistoric component of Locus 20-1 lacks substantial
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cultural deposits and research potential. The historic artifacts recovered from this locus within Stratum I
between 10 to 20 cmbs (3.9 to 7.9 inbs) represent typical nineteenth to early twentieth century field scatter
and are not associated with any architectural remains. Thus, the historic period component of Locus 20-1 also
lacks evidence of substantial cultural deposits and/or research potential. As a result, it was determined that
both the prehistoric and historic period components of Locus 20-1 do not possess qualities of significance as
defined by the National Register of Historic Places criteria for evaluation (36 CFR 60.4 [a-d]). No additional
testing of this non-site cultural resources locus is recommended prior to construction of the proposed solar
facility.
Locus 20-2
Locus 20-2, which also consists of a multi-component archaeological deposit, yielded a single piece of
quartz shatter, 1 clam shell fragment, and 1 pearlware sherd, all of which were recovered from Stratum I
(i.e., the plowzone). These artifacts were collected during the excavation of Shovel Tests 4, 3, and 3 along
Survey Transects 10, 14, and 18 respectively, within the eastern portion of Area 20. Situated at an
approximate elevation of 48 m (157.5 ft) NGVD, this locus was described as ovoid in configuration and it
encompassed an area that measured approximately 15 x 60 m (49.2 x 196.9 ft) in size. None of the other
shovel tests excavated within or throughout the locus area produced additional artifacts or evidence of
cultural features.
A typical shovel test excavated within the Locus 20-2 area extended to a depth of 70 cmbs (27.6 inbs) and
it exhibited four strata in profile. Stratum I was described as a deposit of dark brown (10YR 3/3) very fine
sandy silt that extended from the 0 to 30 cmbs (0 to 11.8 inbs). Underlying Stratum I was Stratum II, which
consisted of a deposit of yellowish brown (10YR 5/6) very fine sandy silt; it continued from 30 to 44 cmbs
(11.8 to 17.3 inbs). Stratum III was classified as a layer of light olive brown (2.5Y 5/4) silty very fine sand
that reached from 44 to 60 cmbs (17.3 to 23.6 inbs). Finally, Stratum IV, the glacially derived C-Horizon,
was excavated to a maximum depth of 60 to 70 cmbs (23.6 to 27.6 inbs) and was characterized as a layer
of pale brown (2.5Y 7/4) fine sand.
The single piece of quartz shatter was recovered from Stratum I (the plowzone) between 0 to 10 cmbs (0 to
3.9 inbs) and is therefore likely displaced from its original depositional context. Further, quartz shatter is not
temporally diagnostic, which indicates that the prehistoric component of Locus 20-2 cannot be assigned to
any particular prehistoric cultural affiliation or time period. This component of Locus 20-2 lacks substantial
cultural deposits and/or research potential. In addition, the single plain pearlware sherd recovered the historic
period component of this locus dates from ca., 1780 to 1830 and was recovered along with the clam shell from
Stratum I at a depth of between 20 to 30 cmbs (7.9 to 11.8 inbs). Both the shell fragment and the pearlware
sherd represent typical field scatter and are not associated with any structural remains. Thus, the historic period
component of Locus 20-2 also lacks evidence of substantial cultural deposits and/or cultural features. As a
result, it was determined that neither the prehistoric nor the historic period components of Locus 20-2 possess
research potential and/or the qualities of significance as defined by the National Register of Historic Places
criteria for evaluation (36 CFR 60.4 [a-d]). No additional testing of this non-site cultural resources locus is
recommended prior to construction of the proposed solar facility.
Area 21
Area 21 consists of an open field located on the west side of Liepis Road in Canterbury and opposite Area
18 (Figure 1 and 2). Private residential lots located off of Liepis Road separate Area 21 from Survey Area
19 to the north. Area 21 appears to not have been plowed for some time and was covered in weeds at the
time of survey. It was characterized by undulating topography containing low areas with poor drainage and
higher areas with slightly better drainage (Figure 44). The topography throughout this survey area varied
from approximately 65.5 to 68.5 (215 to 225 ft) NGVD and soils in this area belong to the Windsor and the
Paxton and Montauk series. A total of 27 of 27 (100 percent) shovel tests were excavated throughout this
area during the current Phase IB cultural resources reconnaissance survey (Figure 41).
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Locus 21-1
Locus 21-1 was identified during the excavation of Shovel Test 1 along Survey Transect 8 within the
northern portion of Area 8. Situated at an approximate elevation of 86 m (282.2 ft) NGVD, this locus was
characterized by a plowed agricultural field at the time of survey. Locus 21-1, which yielded a single kaolin
pipe stem fragment from Stratum I (i.e., the plowzone), was described as round in configuration and it
encompassed an area that measured approximately 1 x 1 m (3.3 x 3.3 ft) in size. None of the other shovel
tests excavated within the vicinity of this historic period find spot produced additional artifacts or evidence
of cultural features.).
The positive shovel test excavated within the confines of Locus 21-1 extended to a depth of 78 cmbs (30.7
inbs) and exhibited three strata in profile. Stratum I was described as a deposit of dark brown (10YR 3/3)
fine sandy silt with gravel that reached from the ground surface to 19 cmbs (0 to 7.5 inbs). It was underlain
by Stratum II, which was characterized by a deposit of yellowish brown (10YR 5/8) fine sandy silt that
ranged in depth from 19 to 64 cmbs (7.5 to 25.2 inbs). Finally, Stratum III, the glacially derived C-Horizon,
was excavated to a maximum depth of 78 cmbs (25.2 to 30.7 inbs); it was classified as a layer of light
yellowish brown (2.5Y 6/3) silty fine to medium compact sand.
The single kaolin pipe stem fragment recovered from the Locus 21-1 area represents typical nineteenth
century field scatter. As a result, it was determined that Locus 21-1 did not possess research potential and/or
the qualities of significance as defined by the National Register of Historic Places criteria for evaluation
(36 CFR 60.4 [a-d]). No additional testing of this non-site cultural resources locus is recommended prior to
the construction of the proposed solar facility.
Area 22
Survey Area 22 is located to the south of Wauregan Road in the town of Canterbury and consists of a 35.8
parcel of land characterized by a mixture of sand/gravel operation and a plowed agricultural field (Figures
1 and 2. Much of the project area around Area 22 has been previously impacted by sand and gravel quarry
operations (Figure 45). However, the agricultural field contained in the northern portion of Area 22
appeared to be relatively intact at the time of the survey and was tested (Figure 46. The acreage to the south
of the Wauregan Road alignment will contain the solar facility’s substation and interconnect; the latter will
transfer energy from the solar field to the Eversource Energy overhead electric transmission powerline
corridor located just to the south of Area 22. Area 22 is generally flat with topography varies from 61 to
65.5 m (200 to 215 ft) NVGD (Figure 42). Soils in this area belong to the Windsor and Hinckley series,
which are characterized by sandy loams. A total of 46 of 46 (100 percent) shovel tests were excavated
throughout this area during the current Phase IB cultural resources reconnaissance survey (Figures 47).
Despite this testing effort, no artifacts or buried cultural feature, either prehistoric or historic, were
identified. No addition archaeological examination of this area is recommended prior to construction of
the proposed solar facility.
Summary
During the Phase IB cultural resources reconnaissance survey, the archaeologically sensitive portion of the
Quinebaug Solar Project were divided into 22 separate areas to facilitate control during the survey process.
These 22 areas were subjected to pedestrian survey, photo-documentation, mapping and subsurface testing
techniques. The latter consisted of a combination of systematic testing by excavating shovel tests at 7.5 and
15 m (24.6 and 49.2 ft) intervals along survey transects spaced 7.5 and 15 m (24.6 and 49.2 ft) apart
depending upon the size and configuration of the landform that was being investigated. In addition, in areas
where systematic testing was not optimal, judgmental shovel testing was employed and the locations of
sampling units was selected at the discretion of the field supervisor. The testing effort, which entailed the
excavation of 2,337 of 2,337 (100 percent) planned shovel tests resulted in the identification and
examination of 29 cultural resources loci (see table below).
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Table 1.

Summary of Phase IB cultural resources reconnaissance survey results

Survey
Area
1
2
3

Number of Shovel Tests
Planned/Excavated
29 of 29
224 of 224
70 of 70

No Cultural Materials
Locus 2-1
No Cultural Materials

4

162 of 162

Loci 4-1 and 4-2

5
6
7
8
9

71 of 71
113 of 113
73 of 73
511 of 511
45 of 45

10

39 of 39

11
12
13
14
15

120 of 120
10 of 10
87 of 87
18 of 18
37 of 37

16

254 of 254

17
18
19
20
21
22

116 of 116
163 of 163
48 of 48
74 of 74
27 of 27
46 of 46

Locus 5-1
Locus 6-1
Locus 7-1
Loci 8-1 through 8-5
Locus 9-1
Deemed to be part of
Locus 6-1
Locus 11-1
Locus 12-1
Locus 13-1
No Cultural Materials
Locus 15-1
Loci 16-1 through
16-5
Locus 17-1
Loci 18-1 and 18-2
Loci 19-1 and 19-2
Loci 20-1 and 20-2
Locus 21-1
No Cultural Materials

Results

National Register
Eligibility
Potentially Eligible
Locus 4-1 is Potentially
Eligible; Locus 4-2 is
Not Eligible
Not Eligible
Potentially Eligible
Not Eligible
Not Eligible
Not Eligible

No Additional Survey
Avoidance or Phase II Testing
No Additional Survey
Avoidance of Phase II Testing
of Locus 4-1; No Additional
Survey of Locus 4-2 area
No Additional Survey
Avoidance or Phase II Testing
No Additional Survey
No Additional Survey
No Additional Survey

Potentially Eligible

Avoidance or Phase II Testing

Potentially Eligible
Potentially Eligible
Not Eligible
Not Eligible

Avoidance or Phase II Testing
Avoidance or Phase II Testing
No Additional Survey
No Additional Survey
No Additional Survey

Not Eligible

No Additional Survey

Not Eligible
Not Eligible
Not Eligible
Not Eligible
Not Eligible
-

No Additional Survey
No Additional Survey
No Additional Survey
No Additional Survey
No Additional Survey
No Additional Survey

Recommendations

As see in Table 1 above, of the 29 identified cultural resources loci identified during the Phase IB survey,
the majority (n=24; 83 percent) contain archaeological deposits that are lacking substantial numbers of
artifacts, cultural features, and/or research potential. They have been assessed as not eligible for listing to
the National Register of Historic Places applying the criteria for evaluation (36 60.4 [a-d]). No additional
examination of these 24 cultural resources loci is recommended prior to construction of the proposed
Quinebaug Solar Facility. The remaining five cultural resources loci, including Locus 2-1, Locus 4-1, Locus
6-1, Locus 11-1, and Locus 12-1, have yielded intact archaeological deposits from the prehistoric and/or
historic era, including artifacts and features (above and below ground). It is recommended that these areas
be avoided during construction of the proposed solar facility. If avoidance is not feasible, it is recommended
that those portions of Loci 2-1, 4-1, 6-1, 11-1, and 12-1 that will be impacted by the proposed construction
be subjected to Phase II National Register of Historic Places testing and evaluation to assess their
significance applying the above-referenced criteria for evaluation (36 CFR 60.4 [a-d]). Finally, no
additional examination of Survey Areas 1, 3, 14, and 22 is recommended, as these areas failed to produce
any evidence of archeological deposits.
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Figure 1

Excerpt from a 2016 aerial imaged depicting the locations of the Survey Areas.

28

Study Area
Figure 2.

Excerpt from a USGS 7.5’ series topographic quadrangle showing the study area boundaries on the limits of work aerial imaged for
the proposed Quinebaug Solar Project
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Figure 3

Overview photo of Area 1 facing south.
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Figure 4.

Plan view of Areas 1 and 7 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 5.

Overview photo of Area 2 facing west.
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Figure 6.

Plan view of Area 2 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 7.

Overview photo of Area 3 facing southeast.
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Figure 8.

Plan view of Area 3 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 9.

Overview photo of Area 4 facing southeast.
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Figure 10.

Plan view of Area 4 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 11.

Overview photo of Area 5 facing north.
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Figure 12.

Plan view of Area 5 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 13.

Overview photo of Area 6 facing south.
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Figure 14.

Plan view of Area 6 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 15.

Overview photo of Area 7 facing northeast.
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Figure 16.

Overview photo of Area 8 facing southeast.
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Figure 17.

Plan view of Area 8 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 18.

Overview photo of Area 9 facing south.
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Figure 19.

Plan view of Area 9 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 20.

Overview photo of Portland cement portions of former building location identified within Locus 9-1 facing north.
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Figure 21.

Overview photo of dry laid stone feature within the former building location identified within Locus 9-1 facing north.
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Figure 22.

Overview photo of Area 10 facing northeast.
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Figure 23.

Overview photo of Locus 11-1 facing northeast.
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Figure 24.

Overview photo of Locus 11-1 facing northwest.
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Figure 25.

Plan view of Area 11 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 26.

Overview photo of stone lined well identified within Area 12.
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Figure 27.

Overview photo of Area 12 facing southeast (note stone town boundary marker in upper center of photo).
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Figure 28.

Plan view of Area 12 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 29.

Overview photo of Area 13 facing northeast.
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Figure 30.

Plan view of Area 13 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 31.

Overview photo of Area 14 facing east.
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Figure 32.

Plan view of Areas 14 and 15 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 33.

Overview photo of Area 15 facing southeast.
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Figure 34.

Overview photo of Area 16 facing west.
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Figure 35.

Plan view of Area 16 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 36.

Overview photo of Area 17 facing west.
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Figure 37.

Plan view of Area 17 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 38.

Overview photo of Area 18 facing northwest.
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Figure 39.

Plan view of Area 18 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 40.

Overview photo of Area 19 facing south.
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Figure 41.

Plan view of Areas 19 and 21 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 42.

Overview photo of Area 20 facing northwest.
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Figure 43.

Plan view of Area 20 showing the locations of shovel tests, vegetation, and local landscape features.
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Figure 44.

Overview photo of Area 21 facing southeast.
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Figure 45.

Overview photo of the area to the southeast of Area 22 facing southeast.
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Figure 46.

Overview photo of Area 22 facing east.
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Figure 47.

Plan view of Area 22 showing the locations of shovel tests, vegetation, and local landscape features.
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