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FINAL LICENSE APPLICATION
ROOSEVELT ISLAND TIDAL ENERGY PROJECT
FERC NO. 12611

EXHIBIT E
ENVIRONMENTAL REPORT

1.0 APPLICATION

Verdant Power, LLC (*Verdant Power” or “Applicant”) is filing with the Federal Energy
Regulatory Commission (FERC or Commission) a Final Application for an Hydrokinetic
License (FERC No. 12611) for the Roosevelt Island Tidal Energy (RITE) Project (“Project”) to
include the staged deployment of up to 15 kinetic hydropower turbines with an estimated
installed capacity of 0.5 MW, and additional project components as described herein. This

Project would be located in the East Channel of the East River in New York City (Figure 1.0-1).
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1.1  PURPOSE AND NEED FOR ACTION
1.1.1 Purpose of Action

The purpose of the Roosevelt Island Tidal Energy (RITE) Project is to install, operate,
monitor, and deliver clean renewable energy in New York City from the Kinetic Hydropower
System (KHPS). The KHPS unit is Verdant Power’s patented! renewable energy system that
converts the kinetic energy of tidal and river currents into electricity for distributed generation or
grid connection. The proposed Project will utilize the fifth generation (“Gen5”) of the KHPS,
developed and refined through the original Pilot License. Through support from NYSERDA, the
City of New York, FERC, the U.S. Navy, the Department of Energy, and other public and
private sources, the RITE Project has become a world leader and model for the advancement of

kinetic hydropower as a new and viable renewable energy resource.

1.1.2 Need for Power

The RITE Project meets many needs on both a local and global scale. First, the
commercialization of the KHPS through the RITE Project will help advance kinetic hydropower
as a cost-effective source of clean and renewable energy for the United States and world. As a
newly tapped source of energy, kinetic hydropower will help meet both the nation and the

world’s growing demand for energy.

The RITE Project also meets New York’s needs for renewable energy. New York has
emerged as a leader in clean renewable energy and the New York Climate Plan that was signed
in July of 2019 sets a 30-year goal for 100% renewable energy in the State. The RITE Project
will help meet these goals and provide an ongoing demonstration of the viability and potential

energy available from tidal power.

The Project will also help the New York and U.S. economies by establishing a new
market for jobs and commerce through the commercialization of the KHPS units and the

advancement of kinetic hydropower overall. Through the demonstration phase and the current

1 Intellectual property coverage for the Verdant KHPS and related technologies includes six (6) existing patents and
twenty (20) Gen5 KHPS patents in process. A detailed list is available upon request.
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Pilot License the Project has sparked local commerce, led to new local hires, and begun to
provide opportunities for local businesses to gain expertise on this emerging technology and
energy source. By advancing kinetic hydropower in the United States, the Project will expand
this type of commerce, job creation, and business knowledge, helping U.S. businesses lead the
world in the development, global exportation, installation, and servicing of kinetic hydropower

technologies.

1.1.3 Avoidance of Greenhouse Gas Emissions

The United Nations Framework Convention on Climate Change (UNFCCC) has
concluded that greenhouse gas (GHG) emissions from developed nations must be reduced by 80
to 95 percent from year 1990 levels by the year 2050. As a result of this requirement, the State of
New York established a goal in the 2015 Energy Plan to reduce GHG emissions in New York 40
percent below 1990 levels by the year 2030 and 80 percent by the year 2050. Distributed
generation facilities are expected to provide the state with great benefits by reducing electricity
prices and GHG emissions, while also improving energy source diversity and flexibility. The
Project, and Verdant Power’s KHPS overall, precisely meets this need for distributed generation

sources of clean renewable energy.
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2.0 PROPOSED ACTION AND ALTERNATIVES

2.1 PROJECT DESCRIPTION

For the relicensing action, the RITE East Channel Pilot original Project Boundary would
be reduced to approximately half the size and consist of a field array installation of a maximum
of fifteen (15) hydrokinetic hydropower turbines (KHPS). The turbines would be installed in a
staged manner which will comprise an initial install (B1) under the existing Pilot License of
3 KHPS units on a single TriFrame mount (105kW), followed by the further installation (B-2) of
up to nine (9) additional KHPS units on 3 TriFrame mounts (420kW). A final installation (C)
will follow some time later to increase the field size to 15 KHPS units on 5 TriFrame mounts.
Each KHPS unit is a 5-meter diameter axial flow Gen5 turbine with an individual nominal
capacity of 35kW, this will create a total maximum field capacity of 0.525 MW. Underwater
cables from each TriFrame mount to a shoreline switchgear vault, that interconnect to the
existing Control Room and interconnection points; and appurtenant facilities to ensure safe

navigation and turbine operation.

2.2 PROPOSED ACTION

The proposed action for which the Applicant seeks a license is the development, testing,
environmental monitoring, and ongoing operation of a 0.5-MW field of up to 15 Kinetic
hydropower turbines in the East Channel of the East River in New York City. This Pilot Project
would consist of a phased build out of turbines with accompanying environmental monitoring.
The sequences of the buildout would be:

e Install B-1: Under current Pilot License Install three ‘Gen5” KHPS turbines on one

TriFrame™ in 2020.

e |Install B-2: Install 6-9 additional KHPS turbines on up to three TriFrames.

e Install C: Install the balance of 15 KHPS turbines, for a total of no more than 5
TriFrames.

Additional project components would include instrumentation (water current and
temperature measurement devices) and environmental monitoring equipment required under the
RITE Monitoring of Environmental Effects (RMEE) plans; underwater cables from each unit to

two shoreline switchgear vaults; onshore conduit to the control room and interconnection points;
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and appurtenant facilities for navigation safety, operation, and maintenance.

Based on the resource analysis of the temporal and spatial variation of tidal current
velocities in the pilot field, the total proposed Project (Install C) would have an average annual
generation of 840 to 1,200 MWh.

2.2.1 Location and Layout

The location of the Project is as depicted on Figure 1.0-1 and in Exhibits F and G. It
extends from the Roosevelt Island Bridge northward along the east side of Roosevelt Island in

the east channel of the East River.

The envisioned full buildout layout (Install C) of the Pilot Project would follow a regular
pattern of 5 rows of TriFrames, each containing three KHPS turbines for a total of 15 turbines.
The TriFrames are spaced longitudinally at 12D, where D refers to the diameter of the turbine
(5 meters). Therefore, the row-to-row spacing is 60 meters or 197 feet. The TriFrames are offset
in alternate rows so that the effective streamwise spacing (Row 1 to Row 3) is 24D (120 meters
or 394 feet). This spacing is based on hydrodynamic issues related to optimal array operation, as

verified by Verdant Power during the RITE Demonstration Project.

The Pilot Project of 15 KHPS units would encompass a project boundary of
approximately 8.8 acres, which includes 8.5 acres of underwater land lease and .03 acres of
shoreline right-of-way for the control room, cable vaults, and underground transmission lines.
The incremental buildouts of Install B-1, B-2, and C will encompass small subset areas of the

total project boundary as noted on the Exhibit F and G drawings.

2.2.2 KHPS Technology
The Verdant Power Gen5 KHPS unit consists of four major components:

e Rotor with three fixed composite blades;
e Nacelle (watertight), pylon and yaw mechanism;

e Drivetrain, integrated mechanical assembly (IMA) with generator and brake (within
nacelle); and

e Riverbed mounting system, (three KHPS turbines on one TriFrame mount).
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Rotor

A 5-meter-diameter, three-bladed turbine rotor will be used. The blades are fixed-pitch,
with varying thickness, chord length, and twist. The three blades are mounted on a cylindrical
hub with a diameter of 1 meter, and an axial length of approximately 0.45 meters. The blades
are fabricated from composite materials (FRP) for increased strength and reliability and have

been tested for strength and fatigue.

Generator and Drivetrain

The drivetrain consists of a 5-inch-diameter main shaft on which the rotor hub is
mounted. In place of the former off-the-shelf drivetrain components used in the Gen4
demonstration, the Gen5 turbine features a custom designed drivetrain unit that integrates the
bearing housing with a special long-life planetary gearbox. At the rotor end this unit
incorporates high performance mechanical shaft seals and at the gearbox exit, this also includes
an integrated adapter for direct mounting of the generator. The driveshaft continues through the

generator and is further connected to a fail-safe brake mechanism.

The KHPS turbine generator is a standard 480 VAC, 1,800 rpm (four-pole) induction
motor with a maximum rated power of 56kW, operated at a nominal maximum power of 37 kW
(50 hp), with design elements intended for a hostile, humid environment. It has the ability to

handle greater power levels for short periods.

The gearbox is a custom planetary-type, designed to increase the rotor speed of
approximately 32 rpm to that of the generator which will be approximately 1,200 rpm at full
power. The main drive train components, the seals, brake and gearbox, jointly the integrated
mechanical assembly (IMA) all have undergone stand testing for performance and durability. All
drivetrain components are designed to operate conservatively, in order to provide long

maintenance cycles and long life.

The Genb turbine includes an automatic, spring-applied braking system that restricts
rotation of the turbine blades in certain circumstances. The brake operates in a fail-safe mode
whereby if a system fault is incurred or grid connection lost, the brake is automatically applied

and will prevent rotation.
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In the case of a grid failure at full power, the specification of the brake is such that it will
limit the transient rotor speed to approximately 20% higher than nominal velocity for a few

seconds prior to stopping the rotor fully.

Because of the power characteristics of the KHPS turbine rotor in water, it is possible to
load it near-optimally with a quasi-fixed speed generator, even as the water current speed varies.
While the power output of each turbine depends upon the actual water velocity at a given
location, based on Verdant’s operating experience at the RITE demonstration, the nominal rated
capacity of each KHPS turbine to be used in the RITE East Channel Pilot is 35 kW, with a 56kW
peak capacity. Because of spatial and temporal variation, velocities can vary widely within the
array and on ebb and flood currents, at any given time all turbines in the array may not be
generating power; or some turbines may be producing significantly more or less than the nominal
35kW. All drivetrain components are designed to operate conservatively, well below any speed

and stress ratings, in order to provide long maintenance cycles and long life.

Nacelle, Cones and Pylons

The nacelle (horizontal body of the turbine) is a 0.75-meter-diameter cylindrical
equipment housing made of mild steel with stainless steel end flanges that contain O-ring
grooves for sealing. The total axial length of the turbine body, including nosecones at either end,
is 4.8meters. The nacelle is a main structural member that carries the weight, torque, and other
forces operating through the main bearing housing from the rotor and other equipment, back to
the vertical mounting pylon. It is also the water-sealed protective housing for the turbine’s main
drive shaft, gearbox and generator. The latter is a simple and rugged induction generator that
will be connected to the local electric grid via underwater cable. The fixed blades of the turbines
rotate at a relatively slow and constant speed of approximately 32 revolutions per minute (rpm),
with tip-speeds in the order of 28 feet per second. This is well below normal water vessel

propeller speeds and conventional hydropower turbine blade speeds.
The nacelle is attached to the foundation by way of a vertical pylon. The Gen5 KHPS

turbine nacelle is bolted to an outer pylon that mounts over an inner pylon, which is a welded

part of the TriFrame. The outer pylon (with water-wetted yaw bearings) is lowered over the

E-8



inner pylon, which has matching stainless bearing races. The pylons have yaw stop elements that
limit the turbine yaw to 172 degrees. Attached to the outer pylon is a FRP fairing to reduce the

“tower shadow effect” thus minimizing flow disruption.

The pylon is installed over an inner pylon which extends from the TriFrame gravity
foundation structure. The lower mounting flange of the pylon connects directly to the foundation
and allows the pylon, nacelle and turbine to rotate around the inner mounting pylon. This allows
the turbine to self-rotate into the prevailing current flow (weathervane) so that the blades are
optimally aligned to generate energy on both the ebb and flow tides. The pylon rotation is
restricted so as to prevent wind-up of the power and signal cables. This yaw method avoids the
use of slip-rings and the need to seal the pylon and yaw bearing assembly. The yaw bearing
allows passive rotation of the entire turbine assembly up to 172 degrees during slack tide.
Watertight electrical connectors are located within the area of the nacelle/pylon flange.

Electrical cables travel along the exterior of the pylon assembly, down to the mounting system to
the riverbed, and then are bundled to a Power cable which extends to the shore and interconnects
at the Control Room.

TriFrame- Riverbed Mounting System

Since 2015, Verdant Power has undertaken a design cycle on the riverbed mounting
system reexamining alternative mounting systems that can be economically and accurately
deployed and retrieved, have a small bottom footprint, and are stable and suitable for long-term
operation in fast water on the riverbed with limited or no anchoring. The design being
implemented for Install B-1 is what is being called a ‘TriFrame’ mount. This structure is a

‘hybrid’ structure that uses a combination of gravity and physical shape to secure to the riverbed.

The TriFrame design is a steel space-frame structure that can support multiple (three)
turbines. The design relies primarily on shape and weight for restraining the system from the
water current forces. One advantage to this approach is that multiple turbines are installed with
one deployment operation. At the RITE site, following both geotechnical and bathymetric
investigation, the TF is designed to be securely mounted with no additional fastening required. It

is placed with a specific use designed tool, the Launch and Recovery System that specifically

E-9



places the TriFrame in a predetermined location with the use of the TriFrame Positioning System
that achieves level installation. The design also does not require major pile drilling or explosives

for installation. The components of the KHPS technology are discussed in more detail in

Exhibit A of this License Application.
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Figure 2.2.2-1. Gen5 KHPS Turbine

E-11



2.2.3 Underwater Cabling, Shoreline Vaults and Interconnection

The Verdant Power KHPS is designed to have limited above-water facilities. The RITE
East Channel Pilot will include 480V electrical cables (no hydraulic oil systems) from each of
the 15 KHPS turbines. Cables will travel through the pylon assembly of each turbine to the
TriFrame mount. For each TriFrame mount, the three turbine cables will be bundled together into
a set, which will then be routed from the field, weighted along the riverbed and connected to one

of two shoreline switchgear vaults.

The existing RITE Licensed East Channel Pilot Control Room will continue to serve in
the relicensed project. The Roosevelt Island Operating Company (RIOC) has indicated that a
relocation of the Control Room and vault locations may need to occur under the new license and
Verdant will be consulting with RIOC under the remaining term of the Pilot License to
determine optimal locations. The Control Room serves to receive the Power and Data cables
from the TriFrames, thus interconnecting the SCADA for the turbine array, as well the

interconnection point for the Acoustic Doppler Current Profiler (ADCP) units.

2.2.4 Appurtenant Facilities

Under the existing Pilot License, Verdant implemented the installation of additional

facilities in accordance with the following license articles:

e Article 401 RITE Monitoring of Environmental Effects (RMEE) plans: Under the
License and NYS WQC requirements, environmental monitoring equipment such as
hydroacoustic receivers and noise sensors is or will be installed in the water
proximate to the turbine array. Verdant maintains this equipment as required.

e Article 402 Public Safety- Emergency Shutdown Plans: This plan was approved by
FERC in 2012; and requires, ““daylight video surveillance of the project boundary, for
after the fact vessel intrusions.”” Verdant has implemented this equipment and system
for Install B-1 and proposes to continue this under a new license.

e Article 404 Navigation and Safety Plans: This Article requires consultation with the
USCG on the ““number and location of buoys to define the exclusion zone.”” For
Install B-1, Verdant has made these consultations and as approved by the USCG in
conjunction with NOAA for navigational charting, will establish two lighted buoys
and two lighted danger signs at each end of the array. Verdant remains committed to
continue consultation with the USCG as the relicensed array moves forward, to
establish buoys, charting and danger signs as required to protect Public safety.
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e Article 407 Interpretive Displays: For public education, Verdant provided an
information board at the Control Room under the existing License. Verdant proposes
to maintain the informational board as Install B-2 and C advance in a new license.

2.2.5 Project Design, Manufacturing and Construction
Design

Install B-1 included significant technology development and design cycles for the
Gen5Turbine technology and the river mount (TriFrame) system, as well as considerations for
installation and long-term Operations and Maintenance, in the form of a “Retrieve and Replace™
strategy. Lessons learned from the 2020-2021 installation and operation will inform future
deployments, however it is generally expected that the design of Gen5 Turbine, TriFrame and
LARS for Install B-1, will be the same for future RITE deployments.

Manufacturing

For the Install B-1 deployment under the existing License, Verdant developed a US
supply chain for the first four Gen5 Turbines, relying on expertise of contracted manufacturing
professionals (MRI; succeeded by Dovetail Solutions, Inc.). Procurement of components,
including First Article inspections under a manufacturing QMS systems, leading to assembly and
testing prior to planned deployment at the RITE site.

By using experience gained manufacturing these initial four units, Verdant has been
developing a manufacturing/scale-up plan to provide the 15 KHPS turbines (plus 5 spares) for
the subsequent RITE East Channel License. The focus of the manufacturing effort continues to
be on key factors of suitability, quality control, and leading to ultimate volume cost reduction.
Similarly, a US supply chain for the fabrication, assembly and Turbine integration of the
TriFrame was also established and could be expanded for a relicensed project, with local
Pennsylvania, New York and New Jersey suppliers.

Construction and Installation Schedule

For the subsequent RITE East Channel License, Verdant intends to use a staged
installation procedure to ensure ongoing design validation.
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e Install B-1: Install a single TriFrame with Three Gen5 Turbines

- Install B-1 is being executed under the terms of the existing FERC Pilot
License, including a NYSDEC WQC; and pending USACE Nationwide
Permit No. 52 approval. The initial purpose would be to test the new TriFrame
mount component of the technology and prove operation and maintenance
techniques.

- The environmental monitoring, as amended by FERC (October 4, 2019 Order)
continues, specifically, RMEE 4, 5, 6, and 7 to be implemented during the
2019-2021 timeframe.

e Install B-2: Install up to Three Additional TriFrames of Three Turbines Each

- Install B-2 would be completed under the new FERC License and additional
authorizations; and expand the project to up to 12 operating turbines, should
favorable project development conditions arise. This stage would include
RMEE “adaptive management review’” based on the results of Install B-1; but
likely would include some modifications intended to be within an array of
multiple Gen5 machines to increase the understanding of environmental
effects.

e Install C: Install up to one Additional TriFrame with no more than 15 turbines
total

- Incremental build out of the full project; incorporating the results of
technology and environmental testing in previous stages.

— This would also be done under the new FERC License.

Through the RITE demonstration (2005-2009) and the Pilot License (2012-2021),
Verdant has conducted multiple turbine deployments. The Install B-1 installation is
currently in planning with three local marine contractors providing vessel and crane
support for the install which is expected to take less than a week. Based on this

experience, Verdant expects future construction periods to be equally short.

Other key points of the installation process include:

e Shoreline ground disturbance (if any) is expected to be <1 acre consisting
of existing RITE Control Room final location and electrical
interconnection; including the location of power and data cabling to shore
from the installed TriFrames.

e The LARS system precludes the need for any pile or ground disturbing
activities in the river channel. Diver intervention will be minimized but is
still needed for shoreline cable weighting and connections.
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A detailed construction/installation schedule will be developed under the new

license.

2.2.6 Proposed Project Operations

The RITE East Channel Pilot will operate using the natural tidal currents of the East

River. The Verdant KHPS captures energy from the flow in both ebb and flood directions by
yawing with the changing tide, using a passive system with a downstream rotor. As the flow
direction changes, hydrodynamic forces on the rotor, nacelle, and pylon all contribute to yaw
torque to align the rotor with the flow. There are no sensors, controls, or actuators to yaw the
turbine. Turbine yaw is limited at 172° to ensure that the turbine will rotate in the same direction
as the tidal current changes to allow a simple power cabling arrangement without slip rings. The
Genb turbine utilizes a fixed blade design which Verdant considers to be essential to reliable
long-term underwater operation. These elements together contribute to a far simpler design than
any active system to control turbine yaw or blade pitch, as there are far fewer elements to foul or

fail.

The specific design of the Gen5 KHPS turbine fixed-blade rotor allows good load-
matching of the rotor over a range of water velocities to provide a near-constant speed to the
induction generator. Generator control is limited to a contactor and brake which are operated
automatically, via an internal multi-function relay with standard protective functions which is in
turn controlled by a novel circuit used to close the contactor and release the brake when the
water velocity is adequate to provide power. The turbine brake is a fail-safe, spring-operated
unit that prevents the rotor from turning until the water velocity is adequate to provide power. In
addition, the brake is automatically applied if certain failure modes occur. In line with Verdant’s
philosophy of simplicity and reducing failure modes, this function requires absolutely no
additional sensors or instrumentation within the turbine, or associated data cabling, thus
enhancing reliability. This simple control of the generator operates automatically and

unattended.

For the RITE Install B-1 (and subsequent TriFrames), an industrial standard real-time
automation controller (SEL- RTAC) custom adapted for the RITE Project acts as the backbone
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of a SCADA (Supervisory Control and Data Acquisition ) system operating in the RITE Control
Room. The SCADA acquires generator status and performance for each turbine in the overall
KHPS array, and with the water velocity data controls the application of the brake at tide change.
A data historian will collect and store all generation data and provide secure remote internet-
based access. The system will integrate information from the installed turbines and ADCP
instrumentation, allowing real-time and post-processed power performance, load monitoring and

evaluation.

The Verdant Genb turbines are intended as an independent system, passively yawing,
starting-up, generating, shutting down and yawing again on slack. All nominal operations are
unattended and monitored remotely. In addition, there are no hydraulic systems, therefore
operational monitoring of levels or pressures is eliminated. During the RITE demonstration,
which extended over 9,000 hours of operation (2005-2009), the system was monitored remotely
daily and was only visited periodically for other instrumentation checks. This experience will be
confirmed in the 2020-2021 Install B-1 period.

Specific network protection electrical relaying is intended to operate in the same manner
as a remote hydro where devices are locked-out and require human intervention to reset.
Verdant has included a similar scheme for the licensed RITE East Channel Pilot, with remote-
monitoring and no manned control center, but with the availability of dispatch personnel to

check the interconnection as required.

The operation of the Verdant KHPS is unique in many distinct areas:

e The operation of the KHPS follows a very predictable tidal cycle, quite dissimilar
to the hydrologic cycle of conventional hydropower. This predictive cycle
follows a four-time per day on-off cycle with slack tides of no generation, and
monthly periods of high spring tides, and lower neap tides with corresponding
higher and lower generation periods. While this cycle permits extreme
predictability for generation (and O&M activities), it allows no flexibility in terms
of seasonal alternative operation. Once deployed, the KHPS turbines continue to
yaw (either under load or not) on both ebb and flood cycles.

e As approved in the Pilot license under Article 402, the emergency shutdown of
the project can be initiated through a notification flow chart established in an
Emergency Action Plan (EAP) for External incidents detected by others such as
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the USCG or Public safety entities or Internal incidents detected by Verdant. In
either case, if warranted, he Gen5 turbine array can be stopped via the SCADA
applied brake.

e For maintenance, a periodic maintenance cycle of Retrieve and Replace (R&R) is
expected for the array based on performance of the individual turbines. A
15-turbine KHPS array will likely have periods when some percentage of the
turbines are in a 'no-load' condition (i.e., not producing electricity) due to a
mechanical or electrical issue. Verdant is optimistic that this percentage will be
low due to the simple yet robust design concept of its technology. It should also
be noted that, in a no-load condition, the automatic brake would be applied, and
turbine rotors would cease rotating. However, because of the first-ever nature of
this scaled-up installation, and under the basic premise of a hydrokinetic pilot
license operation, flexibility in maintenance decisions is the only alternative for
operation of a field of KHPS turbines.

Table 2.2.6-1. KHPS operating schedule (RITE).
Tide Unit Condition KHPS Rotors Generating? Duration
. Transitioning (yaw) . ] 11
Slack tide from flood to ebb Rotating at 0-32 rpm No 1% hrs,
Ebb flow Unl_t _fuIIy in ebb Rotating at loaded speed Yes A hrs.
position 32 rpm
) Transitioning (yaw) | Ramp down from 32 to 0 a1
Slack tide from ebb to flood and 0 to 32 rpm No 1% hrs.
Flood flow Unl't fully in flood Rotating at loaded speed Yes A hrs,
position 32 rpm

This illustrates the ~12-hour operating schedule for the RITE East Channel Project. Each
KHPS turbine will begin to rotate automatically when the water velocity is high enough for
generation and will independently load and generate. As the water velocity begins to decrease
the KHPS will trip off and lock the blades in position as slack tide approaches. The locking of
the rotor during this phase of operation greatly reduces unwanted forces on the blades. During
this time the machine will passively yaw to the flood position, where it will begin to rotate again,
loading to the grid automatically and generating on flood tide. The application of the brake will
prevent turbines from free rotating in a “no-load” condition and will therefore reduce maximum

blade velocities and forces.
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2.2.7 Proposed Project Maintenance

The design philosophy of the Verdant Power KHPS units includes an imperative for
simplicity and ruggedness so that operating and maintenance costs are minimized. This is
necessary due to the mobilization and time-on-site costs for deployment equipment and
personnel. The turbines are designed to be installed, commissioned, and then operate unattended.

The minimum target service period is 3-5 years.

The proposed plan for maintenance, as was conducted in the RITE demonstration, is a
“Retrieve and Replace” strategy with inspection and servicing of the retrieved turbine being
conducted on-shore. Both for construction and maintenance in a tidal current, the short 1.5 —
2-hour duration of slack tides is the only period suitable for maintenance activity. During
Deployment #3 of the RITE demonstration (September 2008), Verdant was able to execute
removal and replacement of one KHPS turbine in under 7 hours (during two tidal cycles). This
will be the target metric for servicing the Install B-1 project to be executed in 2020, and the
model for a relicensed larger array of the RITE East Channel Pilot. No turbine servicing will be
performed on site, but a local service shop is expected to be established to refurbish KHPS

turbines for the array.

With 15 KHPS turbines planned to be installed through the RITE East Channel Pilot (as
well as 5 planned spares), and depending on the attrition rate and location, the turbines may be
serviced either on a regular schedule or an on-demand basis. For this size array, remote
generator performance monitoring can give notice of a turbine failure or advance notice of an

incipient failure.

2.3 NO-ACTION ALTERNATIVE

The no-action alternative would be to remove the components of the Pilot project and not

go forward with a staged development of a commercial tidal energy project in the East River.
2.4 ALTERNATIVES CONSIDERED BUT ELIMINATED FROM FURTHER

ANALYSIS

Verdant Power has undergone a lengthy process that included assessing alternative sites
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and technologies, addressing concerns of various agencies and stakeholders, and refining the
project concept and technology to arrive at the currently proposed project and phased
construction approach. Verdant Power also considered and developed a variety of technologies
and technological solutions to the challenges of this new waterpower industry.

2.4.1 Alternative Sites Considered

Verdant Power considered a number of alternative sites in developing this proposed
project boundary. The primary criteria for siting Verdant Power’s kinetic hydropower systems is
the availability of adequate water velocities and depths and the acceptability of areas for co-
location of other water uses such as commercial and recreational navigation and non-interference
with sensitive environmental areas. Another important factor in considering siting is the need and
desire by New York City (NYC) and the State of New York to encourage renewable electricity

development.

Additional sites were analyzed by Verdant Power as part of developing the RITE East
Channel Pilot License Project Boundary. In May 2002, Verdant Power filed for its initial
preliminary permit in the East River (P-12178). The initial preliminary permit application
considered a site that encompassed the entire eastern shore of Roosevelt Island, described as “the
East Channel of the East River approximately 37.5 acres extending from the southern tip of
Roosevelt Island to the northern tip of Roosevelt Island.” This site was anticipated to be a
10-MW site (494 KHPS turbines) and of a size that would provide significant renewable energy
to NYC and New York State. The preliminary permit was renewed in November 2005 (P-12611)
with the same site considered. During the course of initial consultations, the initial project
boundary was modified for the following reasons:

e The southern tip of Roosevelt Island to the 59th Street Bridge: Verdant Power

decided against this site because of insufficient water velocities for kinetic power
development;

e The area between the 59th Street Bridge and the Roosevelt Island Bridge: Verdant
Power decided against this site due to conflicts with commercial barge traffic
making deliveries to the Ravenswood generating facility; and

e From the Roosevelt Island Bridge to the northern tip of Roosevelt Island: Verdant
Power found this to be an ideal site, and a portion of this area was developed as the
location of the RITE Demonstration Project.
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In August 2006, in order to achieve the stated goal of producing 10 MW of energy in the
East River, Verdant Power began to consider a different project area, north of the Roosevelt
Island site in an area extending from the Triborough Bridge (Hell Gate) north to Lawrence Point
in the general area of Astoria, Queens. Verdant Power applied to amend its preliminary permit
(P-12611) to include this continuous project boundary extending to the Astoria area. This project
boundary was the boundary considered by agencies during a March 2007 FERC scoping

meeting.

In March 2007, Verdant Power met with the Navigation and Security Study Group in
Verdant Power’s offices on Roosevelt Island. At that meeting, representatives of the U.S. Coast
Guard and active commercial and recreational vessel operators as part of the Harbor Operations
Committee voiced compelling objections to development in the area extending north in the
Astoria, Queens area. In the spirit of cooperation and in support of Verdant Power, the U.S.
Coast Guard provided supplementary maps of five areas where, through consideration of the
federal navigation channel and polling of commercial and recreational interest groups, they
believe that kinetic hydropower turbines can be co-located within the waters of the East Channel.
Verdant Power considered all five sites; however, only two sites were considered to have

adequate velocities to support Kinetic hydropower development.

In April 2007, Verdant Power again applied to amend its preliminary permit. FERC
approved this amendment in June 2007 to include two areas. After hearing a number of
objections from navigation interests and reevaluating technology issues, Verdant Power decided
against trying to develop in the West Channel of Roosevelt Island and focused only on
development in the East Channel under the Pilot License. Continued monitoring and testing
during the Pilot license term confirmed that this location is an ideal site for hydrokinetic turbine

testing and deployment with minimal user conflicts and potential environmental impacts.
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3.0 CONSULTATION AND COMPLIANCE

3.1 AGENCY CONSULTATION AND COORDINATION OF REVIEW AND
COMMENTS

Verdant Power has a long and ongoing history of working with regulatory agencies and
stakeholders in a cooperative spirit to understand and address concerns associated with this new
and revolutionary method of power generation. Verdant has been active at the RITE site for over
15 years achieving the development of a hydrokinetic project that would harness energy from
the strong tidal currents in the East River. Verdant filed an Initial Consultation Document to
license the project in 2003 and since that time has conducted numerous studies to understand
potential environmental, recreational, or other possible issues associated with a test project
deployment. Under the “Verdant Order” (2005), Verdant installed and operated a tidal kinetic
hydropower array in the East River from 2006-2009. In December 2010, Verdant filed a final
license application (FLA) for a Pilot License. On January 23, 2012 the Commission issued a
10-year Pilot License effective January 1, 2012 (FERC Project No. 12611). This was the first
Pilot License issued by the Commission. It was developed in accordance with the guidance
provided in the Commission’s whitepaper, “Licensing Hydrokinetic Pilot Projects” (August
2007) and in accordance with the Commission’s regulations under 18 CFR Part 5.

This license included a staged deployment with environmental monitoring to determine if
there are any impacts before expanding the array, an agreement to alter, shut down, or remove
the project if unacceptable risks to the public or environment are shown through monitoring

efforts, and provisions for ongoing monitoring of environmental conditions in the project area.

Since License issuance, Verdant has worked diligently to comply with the terms of the
license. Verdant has made continual progress during this time in developing the project
technology while also continuing to collect good baseline environmental and other data that
shows the East Channel of the East River near Roosevelt Island is a viable site for tidal power.
As defined in the Commission’s white paper, “Pilot projects are small, short term, removable,
and carefully-monitored projects intended to test technologies, sites, or both.” All of the data
collected during the Pilot License term to date confirms that this is an ideal site for testing and

development of tidal power with minimal potential for environmental impacts. From this we
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conclude that the Pilot project was successful for further characterizing and testing the site,

though the full testing of the technology has not yet been completed.

Verdant originally filed a request for license extension on December 29, 2017. On May 3,
2018, FERC issued the “Order Denying Extension of License Term” and instructed Verdant to
file a Pre-Application Document within 120 days of the Order. Verdant submitted a timely
request for rehearing of this Order and FERC denied the request on July 19, 2018. Verdant

subsequently filed for an application for new license on August 31, 2018.

FERC approved use of the Traditional Licensing process on November 13, 2018.
Verdant held a joint agency/public meeting JAM meeting on Roosevelt Island in New York on
January 8, 2019 and filed a summary of the meeting on February 4, 2019. In letters filed on
March 4 and 11, 2019, the National Marine Fisheries Service (NMFS) and the U.S. Fish and
Wildlife Service (FWS) notified Commission staff that the January 8 meeting was held during
the funding lapse at certain federal agencies between December 22, 2018, and January 25, 2019,
and therefore NMFS and FWS staff were unable to participate. As a result, NMFS and FWS
requested that VVerdant conduct another joint meeting and site visit. The Commission granted the
agencies’ requests and asked Verdant to hold a second JAM meeting. Verdant held this
subsequent meeting on May 16, 2019. On October 11, 2019, FERC approved Verdant’s request
for a waiver from the requirement to file a draft License Application for the Project. Verdant
held a teleconference with agencies on November 15, 2019 to discuss monitoring plans under the
new License. Minutes of this meeting are included with this filing and the monitoring plans have
been filed in Volume 4 of the License Application.

3.2 COMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS
3.2.1 Clean Water Act - Sections 401 and 404

Pursuant to Section 401 of the Clean Water Act, as amended, any activity requiring a
federal license or permit that may result in discharge into navigable waterways requires
certification from the state that confirms that any such discharge will comply with applicable
state water quality standards. This required Verdant Power to obtain Section 401 Water Quality

certification prior to issuance of the Pilot License and a subsequent USACE permit under Section
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404 of the Clean Water Act and Section 10 of the Rivers and Harbors Act.

Verdant Compliance and Consultation:

Verdant Power is in compliance with requirements of the Section 401 water quality
certification for the RITE Pilot project. Verdant Power will be filing for a new Section 401

certification in association with this new License.

3.2.2 Magnuson-Stevens Fishery Conservation and Management Act

The Magnuson-Stevens Fishery Conservation and Management Act established exclusive
United States authority over all fishing within the exclusive economic zone (200 nautical miles
from shore) and is the primary law governing fisheries management in the United States. Before
any federal agency can authorize a project that will impact Essential Fish Habitat (EFH), it must
be reviewed by the NMFS, who will then respond with recommended steps to avoid or minimize
any adverse impacts. The authorizing federal agency must develop an EFH Assessment, and

NMFS will review the EFH Assessment and provide conservation recommendations.

Verdant Compliance and Consultation:

Essential Fish Habitat (EFH) is determined by identifying spatial habitat and habitat
characteristics that are required for each federally managed fish species through a cooperative
effort by NMFS, regional fishery management councils, and federal and state agencies. The
proposed project area contains EFH for 18 species/lifestages. The area does not support
anadromous fish migration or spawning. Supplemental information pertaining to project effects
on EFH was provided in an EFH assessment prepared by Verdant that was submitted to NMFS.
In a letter filed on March 4, 2011, NMFS stated that the EFH assessment is suitable for
addressing its needs. FERC concluded in the final environmental assessment for this project
(FERC 2011) that “licensing the project would not likely adversely affect EFH for any of the 18

species located in the project area.”

In conjunction with this Final License Application, Verdant Power has reviewed the list
of potential EFH species/lifestages and found no changes from the previous assessment.
developed a draft EFH Assessment document for review. This is included in Volume 4 of this
License Application.
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3.2.3 Coastal Zone Management Act

The Coastal Zone Management Act (CZMA) of 1972 is administered at the federal level
by the Coastal Programs Division within NOAA'’s Office of Ocean and Coastal Resource
Management. In New York State the NYS Department of State (NYSDOS), Office of Coastal
Resources administers the CZMA. The enforceable policies of any Local Waterfront
Revitalization Program for New York City, the New Waterfront Revitalization Program, is
administered by the Department of City Planning. For federal and state actions within the city's
coastal zone, the Department of City Planning will forward consistency determination comments
to the Department of State. NYSDOS is responsible for the consistency determination, which is

necessary for the FERC license and USACE permits.

Verdant Compliance and Consultation:

During the course of the preliminary permit, Verdant Power consulted with both New
York State and New York City to determine consistency and applicability of the proposed
project with these requirements for the RITE Demonstration Project. Verdant Power will be
submitting the NYC Local Waterfront Revitalization Plan (LWRP) Consistency Assessment

form (and associated application materials) to the Department of State.

3.2.4 Endangered Species Act

Section 7 of the Endangered Species Act (ESA) requires an authorizing or acting federal
agency to consult with USFWS/National Marine Fisheries Service (NMFS) on any actions that
might affect listed species or their habitats. If the authorizing/acting agency or USFWS/NMFS
determines an action is likely to adversely affect a species, formal consultation is required with
USFWS or NMFS depending on their jurisdiction over the listed species. Formal consultation
consists of submittal by the authorizing/acting of a Biological Assessment (BA) for review by
USFWS or NMFS. Upon review of the BA, USFWS/NMFS would each prepare a Biological
Opinion (BO) which assesses whether the action is likely to impact the existence of the listed
species. The BO may include binding and/or discretionary recommendations to reduce potential
impact. An Incidental Take Statement may be attached to the BO if there is potential impact to

the species.
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Verdant Compliance and Consultation:

As part of the Project relicensing, Verdant Power requested and was designated FERC’s
non-federal representative to initiate consultation pursuant to Section 7 of the ESA. Verdant
Power has prepared Draft Biological Assessments (BA) for Shortnose and Atlantic Sturgeon, as
well as for sea turtles that could potentially traverse through the project area. These are attached

as Attachment 1 to Volume 4 of this Final License Application.

As fully examined in the FERC and WQC licensing, six federally listed species have the

potential to interact with the project:

e the threatened Green Turtle and Loggerhead Turtle
e the endangered Shortnose Sturgeon and Atlantic Sturgeon (listed January 2012)
e the endangered Kemp’s Ridley Turtle and Leatherback Turtle

In a letter dated May 16, 2011 to FERC from the NMFS Regional Administrator re ESA
Section 7 Consultation for the Verdant Project (FERC No. 12611-005), NMFS agreed with
FERC’s determination that Verdant’ s RITE Project is not likely to adversely affect any species
listed by NMFS. This determination includes the Shortnose Sturgeon, Loggerhead Turtle,
Kemp’s Ridley Turtle, Green Sea Turtle and Leatherback Sea Turtles. In addition, two species
proposed for listing at the time, the Atlantic Sturgeon and Loggerhead Turtles (proposed listing
change from threatened to endangered) were analyzed. NMFS concluded that it is not
reasonable to anticipate that the Verdant’ s RITE Project is likely to jeopardize the continued

existence of Atlantic Sturgeon or Loggerhead Sea Turtles.

FERC’s Environmental Assessment for the RITE Project license (FERC 2011) concluded
“Construction and operation of the project would likely have only minimal effects on rare,
threatened, and endangered species. The proposed Tagged Species Detection Plan that includes
measures to collect data on tagged (VEMCO) fish in the East River near the proposed project
would provide useful information on the migratory use of the east and west channels of the East
River by federally listed species (Shortnose Sturgeon, Atlantic Sturgeon) and fish with essential
fish habitat in the project area (Striped Bass, Bluefish). The proposed measures to monitor and
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record species and migration occurrences in the project area would provide useful information on

the use of the proposed project area by species.”

Under the RMEE-4 Tagged Species Detection plan, Verdant implemented data collection
of tagged species in the vicinity of the RITE Project in May 2011 and has continued this plan
through 2019 and submits this data annually to the agencies and FERC. Information from these
studies have helped to refine predictions of sturgeon interactions with Project turbines.
Additionally, Verdant conducted RMEE-3 species characterization netting in May 2013, under
appropriate NYSDEC and NOAA scientific collection permits (no ESA species were collected).

Verdant has consulted with NMFS and other resource agencies in the development of
study plans for studies to be conducted under the new Project License.

3.2.5 Section 106 Consultation

Section 106 of the National Historic Preservation Act requires federal agencies to
consider the effect of federally permitted projects on historic and cultural resources and requires
consultation with the State Historic Preservation Officer (SHPO) prior to authorizing a project.
Compliance with Section 106 of the Act also requires consultation with tribes in the region.
SHPO consultation also satisfies New York State Historic Preservation Act of 1980. FERC
typically satisfies Section 106 requirements for a license term through a Historic Properties
Management Plans (developed by the applicant in consultation with the SHPO) or a
Programmatic Agreement to which FERC, the SHPO and ACHP are typically the signatories.
Environmental review by New York City Landmark Preservation Commission (NYCLPC) is
required for projects that require in-ground disturbance and that may affect landmark properties

(or historic districts).

Verdant Compliance and Consultation:

As part of the relicensing process, Verdant Power requested and was designated as
FERC’s non-federal representative pursuant to Section 106 of the NHPA. During the course of
the original Pilot Licensing, Verdant Power had several consultations regarding the NHPA and

designated properties in and around the pilot project site. On land, there are no Nationally
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Registered historic places, archaeological sites, or landmarks near the immediate project area. In
April 2007, Verdant Power conducted a side-scan sonar survey to look for underwater wreckages

in the project buildout area. There were no wreckages found in the project footprint.

In November 2018, FERC initiated Tribal consultation for the new Project License with
four tribal entities in the New York City area, inviting consultation on the Project. During the
Pilot License process, The Delaware Nation submitted a letter stating that the location of the
project does not endanger known sites of interest to the Delaware Nation though they requested
that they be notified if any archeological sites or objects were inadvertently uncovered. The New
York State SHPO sent a letter, dated December 22, 2008, stating that “the project will have No
Adverse Effect on cultural and historical resources eligible for or listed on the National Register

of Historic Places.”

FERC’s Environmental Assessment for the RITE Project license (FERC 2011) concluded
“Construction and operation of the project would not likely affect cultural resources, since the
land-based features of the project would not affect any sites on the National Register, and any
construction would take place in previously disturbed areas. The proposed consultation with the
New York SHPO and Delaware Nation on any unanticipated discoveries of cultural materials or
human remains during construction activities and over the license term, and regarding any new
post-construction land clearing or ground disturbing activities undertaken in the future, would

ensure the protection of any cultural resources in the project area for the term of any license.”

The only change from the Pilot License is that Verdant is reducing the number of
TriFrames from 10 to 5 further reducing the potential for the Project to affect cultural resources.

3.2.6 Marine Mammal Protection Act (MMPA)

For marine mammals that are not endangered but are still protected under the MMPA,
two types of permits can be issued: (1) Incidental Harassment Authorization (IHA) issued by
NOAA for non-lethal takes only for a period of 1 year with annual renewals; or, (2) Letter of
Authorization (LOA or Incidental Take Authorization) issued by FERC, for a period of 5 years.
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Verdant Compliance and Consultation:

Anecdotal evidence has preliminarily indicated that the only marine mammals likely to
be in the vicinity of the project area are harbor seals. Verdant Power has prepared a draft
Biological Assessment (BA) on potential impacts to harbor seals and this is included in
Attachment 3 of Volume 4 of the Final License Application.

3.2.7 Wild and Scenic Rivers and Wilderness Act

This statute is not applicable to the RITE Pilot Project.

3.2.8 Pacific Northwest Power Planning and Conservation Act (Act)

This statute is not applicable to the RITE Pilot Project.
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40 ENVIRONMENTAL ANALYSIS

4.1 DESCRIPTION OF PROJECT AREA

The East River is a 17-mile-long tidal strait connecting the waters of the Long Island
Sound with those of the Atlantic Ocean in New York Harbor. The East River separates the New
York City boroughs of Manhattan and the Bronx from Brooklyn and Queens. The Harlem River
flows from the Hudson River and connects with the East River at Hell Gate. The East River is
not a freshwater river normally described in a FERC application, but a saltwater conveyance
passage for tidal flow. There is some freshwater influence from the Harlem River and some
direct drainage area from the surrounding metropolis, but the river is predominantly controlled
by tidal influence. Figure 1.0-1 provides the project location.

42  SCOPE OF THE PROJECT SPECIFIC AND CUMULATIVE EFFECTS
ANALYSIS

According to the Council on Environmental Quality’s (CEQ) regulations for
implementing National Environmental Policy Act (NEPA) (40 CFR 81508.7), an action may
cause cumulative effects on the environment if its effects overlap in time and/or space with the
effects of other past, present, and reasonably foreseeable future actions, regardless of what
agency or person undertakes the actions. Cumulative effects can result from individually minor
but collectively significant actions taking place over a period of time, including hydropower and
other land and water development activities.

Aquatic resources are the primary resource area having the potential to be cumulatively
affected by the Project. The geographic and temporal scope for both project-specific and
cumulative effects is discussed below.

4.2.1 Geographic Scope

The geographic scope of the analysis defines the physical limits or boundaries of the
proposed action’s effect on the resources. Because the proposed action would affect resources
differently, the geographic scope for each resource may vary. The geographic scope of the

effects analysis broadly includes the East River in the area of the proposed Project.
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4.2.2 Temporal Scope

The temporal scope of analysis includes a discussion of the past, present, and reasonably
foreseeable future actions and their effects on cumulative affected resources. This Pilot License
Application is for a 40-year term which would expire in 2061. This document looks to the future,
to the duration of the amended license, concentrating on the effects on the resources from
reasonably foreseeable future actions. The historical discussion is limited, by necessity, to the

amount of available information.

4.3 PROPOSED ACTION AND ACTION ALTERNATIVES
4.3.1 Geology and Soils
4.3.1.1 Affected Environment

Geology

The Urban Core of the New York Bight? is situated along the boundaries of three distinct
physiographic provinces: the Piedmont Province; the New England Province; and the Atlantic
Coastal Plains. The convergence of these provinces provides a diversity of landforms, soils,
botanical communities, and habitats within the Urban Core (USFWS, 1997).

The bedrock of New York City and the East River include the Middle Proterozoic
Fordham Gneiss, the Cambrian Manhattan Formation (schist), and of the Cambrian and
Ordovician Inwood Marble. Outcrops of these formations display the northeast-trending known
to New York statigraphy. The Manhattan skyline owes its existence to the durability of its
bedrock. Riprap made up of Manhattan bedrock (schist, gneiss) lines the East River’s shores,

helping to prevent erosion with its durability (USGS, 2003).

Soils

In consultation with the NYSDEC, NMFS, the USFWS, USACE, the New York
Department of State, and the New York City Department of Environmental Protection, Verdant

2 A "bight" is a mariner's term for a bend or curve in the shoreline of an open coast; in the New York region it
refers to the ocean between Long Island (to the north and east) and the New Jersey Coast (to the south and
west). The East River is a tidal strait that links Long Island Sound and the New York Bight.
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Power conducted two separate field surveys of the seabed substrate in advance of the original

Pilot License.

Both surveys used a high-resolution side-scan sonar device at frequencies of 500 kHz and
100 kHz respectively. Detailed images of the riverbed features were generated from data
collected and included in the reports which were filed as part of the original Pilot License
Application. These studies confirmed the presence of boulders and cobbles and did not show any
evidence of fine grain soft sediments. Five substrate classes were identified in the survey area:

ledge or exposed rock; boulders; cobbles; gravels; and sands.

During the Pilot License term in November 2015 Verdant contracted Ocean Surveys, Inc.
(OSI) to conduct additional high-resolution bathymetric surveys in the East Channel of the East
River, north of the Roosevelt Island Bridge. The results, presented in Figure 4.3.1.1-1 and
Figure 4.3.1.1-2, agree with previous studies and increases the coverage and quality of the
bathymetry data within the RITE Project Boundary. The 2015 bathymetric survey is IHO Order
1a compliant; 100% of the sounding points have a Total Horizontal Uncertainty (THU) value of

0.26 m or less and a Total Vertical Uncertainty (TVU) value of 0.32 m or less.
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Verdant also contracted e4sciences|Earthworks LLC to conduct an additional detailed
geotechnical investigation in the fall, 2017. This survey included orthosonography, side-scan
sonar, seismic and diver-based sample collection and video. Summary results were included in
the CElII filing of the SDR in February 2018 and suggest that the conditions at TriFrame #2 for

Install B-1 are as characterized in the 2005 and 2007 surveys and can be summarized as:

1) Confirming the absence of fine-grain sediment;
2) Confirming the presence of a field of boulders and cobble.

4.3.1.2 Environmental Effects
Proposed Action

The project likely will have little effect on the geology and soils. The urban and
developed setting including developed riprap and shoreline bulkhead in the vicinity of the project

boundary pose no concern for shoreline erosion.

Geology

Based on the detailed studies of the surficial geology that have been conducted over the
last 15 years, the proposed action does not pose any potential geologic hazards in and around the

proposed project area.

Soils

Previous studies and FERC’s EA concluded that the river substrate, including the types,
occurrence, physical characteristics, and chemical characteristics, has little chance for erosion

and potential for mass sediment movement.

4.3.1.3 Unavoidable Adverse Effects

None Identified.

4.3.1.4 No Action Alternative

Under the No-Action Alternative, the geology and soils would remain unaffected.
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4.3.1.5 Sources

FERC. 2011. Environmental Assessment for Hydropower Pilot Project License. Roosevelt Island
Tidal Energy Project, FERC Project No. 12611-005. May 2011.

U.S. Fish and Wildlife Service (USFWS). 1997. Significant Habitats and Habitat Complexes of
the New York Bight Watershed. USFWS. Charlestown, RI.

USGS. 2003. Geology of New York City Region: A Preliminary Regional Field-Trip
Guidebook. Website: http://3dparks.wr.usgs.gov/nyc/index.html.

4.3.2 Water Resources
4.3.2.1 Affected Environment - Water Quantity
Water Uses

Water withdrawals in the project vicinity include both industrial and commercial
facilities, including thermoelectric power plants (fossil fuel), which utilize water from the East
River for process/cooling water purposes. There are also several sources of water discharges
from large industrial and municipal wastewater treatment plants that discharge to the East River.
Table 4.3.2.1-1 below summarizes these licensed dischargers and the maximum licensed volume

for each.

Table 4.3.2.1-1. Licensed dischargers to the East River.

Plant Type Volume
NYC Hunt’s Point Sewer Treatment Plant Municipal 200 mgd
NYC Newtown Creek Sewer Treatment Plant Municipal 310 mgd
NYC Tallman’s Island Sewer Treatment Plant Municipal 80 mgd
NYC Red Hook Water Pollution Control Plant Municipal 60 mgd
NYC Wards Island Sewer Treatment Plant Municipal 250 mgd
Consolidated Edison 60" Street Stream Gathering Station Electric N/A
Consolidated Edison East River Facility Electric 541 mgd
Ravenswood Generating Station Electric N/A
New York Plaza Building Cooling 26 mgd
866 UN Plaza Associates Cooling 6 mgd
Astoria Wastewater Treatment Facility Combined N/A

mgd = million gallons per day
N/A: Not Available
Source: NYSDEC, 1999; EPA, 2003.
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Water Quantity

Tides are formed as a result of the moon, sun and to some extent the rotation of the earth.
As the moon orbits around the earth, its gravitational attraction upon the earth causes an increase
in sea level in the area directly below and as a result, directly opposite. This results in an
elliptical distribution of water with the major axis aligned to the moon will result in the
maximum tidal depth (high tide) and the minor axis will result in the minimum tidal depth (low
tide). The gravitational influence of the sun will also have a (lesser) effect but will reinforce and
counteract the forces exerted by the moon, depending upon the celestial arrangement, to produce
spring and neap tides. Importantly, the range of tidal elevation change can be altered

significantly through geographical or coastline features such as estuaries.

Depending upon the geography, most locations on earth will experience a semidiurnal
tide, which describes two high and two low tides each day. This includes the RITE location.
Rising and falling tides will produce oscillating flows of water known as tidal streams. At the
point of high or low tide, any tidal flow will be zero and this point is known as slack tide. At the
RITE site a typical monthly tidal stage cycle as recorded by actual Acoustic Doppler Current
Profiler (ADCP) instrumentation is represented by Figure 4.3.2.1-1.

Using NOAA Center for Operational, Oceanographic Products and Services (CO-OPS)
data, the diurnal tidal elevation variations (Mean Higher High Water to Mean Lower Low Water)
at the RITE site was taken to be 1.6 m (5.2 ft). The mean water level variations (Mean High
Water to Mean Low Water) were estimated at 1.4 m (4.7 ft), and the maximum water level
variation (Extreme High Water to Extreme Low Water) was estimated to be 2.1 m (7 ft).
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Figure 4.3.2.1-1. RITE Project typical monthly tidal cycle, May 2008, showing
maximum flow velocities. Inset illustrates tidal variation over a single
day.

Tidal Gages

NOAA has two active tidal gages (stations) near the project site; one station is at the
southern tip of Manhattan in Battery Park, and the other is to the north on Kings Point in Long
Island Sound. The Battery NOAA station (8518750) has been in service since 1920. The Kings
Point NOAA Station (8516945) has been in service since October 1998.

The mean tide range at the Battery is reported as 4.5 feet (NOAA), and represents the
difference between mean high water and mean low water. The mean tide range for the station at
Kings Point is reported as 7.2 feet within Long Island Sound (NOAA, 2003c). This information

is only a generalization for the RITE Project, since the primary stations are located too far away
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from the actual RITE site to be meaningful.

Secondary stations are those which have operated for less than 18.6 years and oftentimes
for less than a month. Their primary role is to provide data metrics in bays and estuaries where
the primary station is not enough to determine local tidal effects. Secondary station data is not
usually sufficient to precisely determine tidal currents but can be used through comparison to

monthly measurements at a primary station to obtain satisfactory predictions.

Two secondary tidal current charts are used for tidal current prediction at the RITE site.
These are located at the NOAA Hell Gate tidal current prediction station north of the site and at

the Queensboro Bridge tidal prediction station.

Water Velocity Prediction

The complex interaction of the tides between the New York Harbor and Long Island
Sound create tidal currents coincident with changes in the tidal stage. The tidal currents in the
East River are semidiurnal, having two flood periods and two ebb periods per tidal day (24.84
hours). The reversing flood and ebb currents are of opposite direction, but with similar current
velocity profiles. The tidal velocities are at a maximum when the tide stage is near the mean
level and are at a minimum when the tides are at high and low stages.

Tidal current data is available from NOAA (2003c) at two sites distant to the RITE
project as described above. These predictions of tidal ranges were empirically transferred from
the NOAA tidal station to the actual RITE project site, using harmonic constituent analysis. For
several years, Verdant Power has maintained a stationary recording Acoustic Doppler Current
Profiler (ADCP) instrument within the RITE field to record the instantaneous current velocity (in
m/s). This instrumentation allows Verdant Power to accurately quantify and calibrate the
currents and tidal current data, facilitates the transfer of actual tidal measurements and
predictions at a distant site to the project site, and also is a necessary instrument for operating
the KHPS units.
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In order to fully understand and predict the velocity patterns within the proposed RITE
project field array, Verdant Power integrated mobile ADCP and stationary ADCP data. While
the mobile data is a “snap shot” of velocity at the time of the field survey (both temporally and
spatially), the stationary ADCP provides a continuous record of velocity but only at one location
in the array. The stationary ADCP data set was analyzed to determine the harmonic constituents
of the tidal prediction specifically for the RITE field array. Once the harmonic constituents of the
tidal cycle at RITE are known, through empirical integration with the mobile data; it is possible
to predict the water velocity at the RITE field for any date in the past or future with good

accuracy.

Twenty-one harmonic constituents were used to predict the water velocity at RITE for the
entire 2008 year, in 30-minute intervals. This yearly tidal dataset was used to calculate the Tidal
Velocity Exceedance Curve, which is presented as Figure 4.3.2.1-3. The maximum predicted
tidal current velocity at the RITE site during this period is approximately 2.7 m/s, with the KHPS
turn-on velocity of 1 m/s exceeded 72% of the time.

Exceedence Curve for RITE for 2008
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Figure 4.3.2.1-3.  Tidal velocity exceedance curve - RITE East Channel Field
(2008 data).
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Hydrodynamics

Resource agencies initially expressed concern about the installation of the proposed field
of submerged tidal turbines potentially affecting flow patterns in the vicinity of the RITE Project
and possibly beyond. In particular, two separate concerns were raised by resource agencies
during consultation and study scoping meetings. One issue is related to near-field effect of the
rotating blades on flow patterns in regard to increased turbulence or creation of small flow
disturbances (eddies) which may affect aquatic life predator-prey relationships. The second issue
of concern is in regard to a possible modification of flow through the East River (i.e., if the
turbines are removing kinetic energy from the system and if so, how that might affect transport

flows).

4.3.2.2 Environmental Effects - Water Quantity/Hydrodynamics

Verdant Power conducted both numerical and in-water hydrodynamic evaluations over
the last several years (2005 — Present) to better understand these issues. Verdant Power has used
a combination of in-house computational tools, advanced external computational resources, and

on-water surveys to understand and predict these complex hydrodynamic occurrences.

In brief, the discussions that follow are focused on three levels of hydrodynamic
modeling and analysis: Micro-Scale; Meso-Scale; and Macro-Scale. In these three cases, the
scale - an important factor to the accuracy and applicability of any model - is non-dimensional,
related to the Diameter (D) of a kinetic hydropower rotor. For example, at the RITE Project, the
rotor diameter is 5 meters; accordingly, the spatial applicability of results will vary from less
than 0.1D (0.5 m) to 700D (3,500 m) and greater.

Micro-Scale Hydrodynamics: ~0.1D to ~2D (D is the Rotor Diameter)

This level of hydrodynamic modeling describes the hydrodynamics in and around an
individual turbine, rotor, nacelle, pylon or mounting structure that may affect the structural
performance of the machine or the energy extraction performance of the rotor. Commercial
modeling software can be generally used for this type of analysis, as well as simplified in-house
written codes for these complex problems. Simplifications can be made based on system
symmetry, single blade approximations, and/or 2-dimensional (2-d) assumptions.
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Verdant Power used ANSYS CFX to model the micro-scale hydrodynamics of a single
Gen4 turbine with Genb5 rotor at the RITE site. This work centered on structural integrity and
blade hydrodynamics, but information about the near field wake was also obtained, both from the
rotating blades and the stationary structures. This work focused on the proprietary design and

technology development of the Verdant Power KHPS™ and is only discussed generally here.

Meso-Scale Hydrodynamics: ~2D to 200D

This level of hydrodynamic analysis includes the interactions (downstream, laterally, and
vertically) between two or more turbines in an array. These interactions include kinetic energy
extraction, structural requirements, and potentially fish behavior in and around an operating
turbine. Specifically, these interactions relate to the recovery and interaction of the
3-dimensional (3-d) wake generated as a result of the turbine (rotating or stationary) in the water
body and the vortex generation associated with blade rotation and energy extraction. To examine
the effects at this scale, there are various approaches to field data collection and modeling that
can be taken. These include commercially available software and in-house written code that

either models the interaction in 2-d or solves the 3-d interactions directly.

In consultation with the resource agencies, Verdant Power developed and executed the
East River Hydrodynamic Survey (Study Plans, 2006). This comprised a series of on-water data
collection operations to measure the meso-scale hydrodynamics in the RITE array. These
measurements were made before deployment of demonstration KHPS units November 15, 2005
and repeated during Deployment #2 with 4 KHPS units operational simultaneously, May 17,
2007, on both ebb and flood tides. The objective of this study was to determine how the turbines
affect the flow patterns in the East River, both near-field and far-field, and to develop some
information on the comparison of velocity and circulation patterns in the deployment area prior
to and after installation of the turbines. The results of this work were presented in detail in the
Pilot Licensing proceeding and in the PAD. Results of these studies are summarized below,

along with information collected during the Pilot License term to date.
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Macro-Scale Hydrodynamics: ~200D to the Largest River/Estuary/Channel
Dimension

This level of hydrodynamic analysis describes the effect of the placement of a field
(assume 30 or more) of KHPS units in a natural water body and provides estimates of the far
field effects related to energy extraction and also potential changes in natural water conditions
with the operation of kinetic hydropower turbines. These models often are developed to examine
macro-scale effects of large projects, such as dredging, contaminant dispersal, and sediment
transport on large reaches of water bodies (>100 acres or >1 mile). Models in this category
typically include 1-dimensional (1-d) and 2-d riverine models adapted to tidal conditions. More
complex 3-d calibrated models are available, but these require significant investment of time in

data collection and modeling expertise to produce relevant results.

As part of the East River Hydrodynamic Study discussed above, two hydrodynamic field
surveys (pre-and post-Deployment #2) were conducted to collect flow velocity and direction (as
a measure of turbulence) measurements in and around the operating KHPS units in the RITE

Demonstration Project.

These surveys included two transects bounding the buildout site in the East Channel that
were selected for replicate flow measurements. A level logger was deployed near each site to
measure the changes in the water surface elevation throughout the study. Velocity data was
collected and linked to a Trimble XRS GPS. After deployment of the study units, a second
survey was performed on the same two bounding transects over a range of tidal flows that best
represent the pre-deployment conditions. This data was collected in November 2005, the results
of which were provided in a 60-day report (\Verdant Power, 2007) and May 2007 (DTA, 2008),
respectively, by Verdant Power’s contractor and is discussed below.

To evaluate a larger pilot field area and evaluate potential changes associated with
operation of a large number of tidal energy turbines, the study plan proposed the development of
an empirical model to better understand possible effects on the total flow through the East River.
Verdant Power developed and calibrated a 1-d model based on standard open channel flow
equations and total energy flux to model the macro-scale hydrodynamics of the 30 turbine

(1 MW) buildout proposed in the Pilot License Application.
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During the term of the Pilot License, Verdant has continued to advance the state-of-the-
art in Computational Fluid Dynamics (CFD) to understand and confirm the micro-, meso- and

macro-scale hydrodynamics of the installed project.

Modeling, In-Field Methods, and Results

Micro-Scale Hydrodynamic Modeling

The micro-scale hydrodynamic modeling of a single, non-rotating KHPS unit showed
that regions of relatively high and low pressure are created across the pile, pylon, nacelle, and
cones. These small differences in pressure lead to the wake regions seen, with reduced water
velocity downstream, but do not lead to cavitation. Some local flow acceleration is seen,
specifically at the blade tip and around the pile/pylon. Turbulent mixing is increased near the
stationary blades and the base of the faired pylon, both of which are well above the river bottom.
Additional mixing is seen around the pile; however, the naturally turbulent boundary layer along

the river bed is expected to dampen any flow disturbances, significantly reducing any impact.

Additional detailed quantification of the hub-height turbulence was performed in May
2011 with two Acoustic Doppler Velocimeters (ADVs) provided by ORNL. Undisturbed values
for Turbulence Intensity and Spectral Energy Density, among others, were characterized and
utilized in internal load prediction software to predict the loads on the TriFrame and KHPS with

additional accuracy.

Updated CFD work at the University of Minnesota St. Anthony Falls Laboratory on the
micro-scale hydrodynamics of an individual KHPS was conducted. Large-eddy simulations of
the Verdant Gen4 KHPS and the Gen5 KHPS were conducted in 2011 and in 2017, respectively
utilizing in-house numerical methods for solving the complex turbine geometry, including the

rotor and all stationary components.

From the published 2012 paper, “The computed results illustrate the complexity of the
flow and show that the power output of the complete turbine is primarily dependent on the rotor
geometry and tip speed ratio and is not affected by the stationary components of the turbine and

the presence of the channel bed. The complete turbine simulation also reveals that the
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downstream wake of the turbine consists of three main regions: (1) the outer layer with the spiral
blade tip vortices rotating in the same direction as the blades; (2) the counter-rotating inner layer
surrounded by the spiral tip vortices; and (3) the core layer co-rotating with respect to the tip

vortices. This study is the first to report the three-dimensional wake structure of MHK turbines.”

In general, these updated results for the micro-scale hydrodynamics of the Gen4 turbine
agree with the conclusions drawn in the Pilot License Application and FERC’s EA. The Gen5
KHPS has a nearly identical rotor geometry and rotates at a lower rpm than the Gen4 KHPS. As
such, the understanding of the micro-scale hydrodynamics around an operating KHPS has been
advanced, confirming the previous conclusions and re-affirming the complex physics associated

with the fluid-structure interaction at the micro-scale.

Meso-Scale Hydrodynamics

Velocity magnitudes are greatly reduced directly downstream of a generating unit, while
velocity directions are shown up to 90° out of phase with the natural channel direction. These
3-d, rotating, vortex structures convect downstream, centered on the shaft centerline. Their
general influence is maintained in a slowly expanding cone downstream from the rotor and is

thought unlikely to affect the river bottom.

With regard to localized effects, the presence of the pylon and the areas of lower velocity
(reductions up to 50%) behind the stationary KHPS unit pylon during ebb and flood flows do
present a potential area of protection and/or habitation. However, as discussed in the Aquatic
Resources sections, the fish abundance and population observations generally tend to indicate
that fish (both large and small) are not present in the high current zones of the KHPS. Nor are
they present in general, during the ebb and flood cycles, and so the decrease in localized

velocities would not be likely to affect the predator-prey relationship within the field.

Large-eddy simulations of the wake structure of a TriFrame of three turbines were further
investigated during the Pilot License term using both numerical simulations and scale-model
experiments. “We found that the wake of the upstream TriFrame turbine exhibits unique
characteristics indicating presence of the Venturi effect as the wake encounters the two

downstream turbines. We finally compare the wakes of the TriFrame turbines with that of an
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isolated single turbine wake to further illustrate how the TriFrame configuration affects the wake

characteristics and power production in an array of TriFrames.” (Chawdhary et al. 2017).

In general, these updated results for the meso-scale hydrodynamics of the Gen4 turbine
agree with the conclusions drawn in the Final Pilot License Application and FERC’s EA.
Verdant was able to significantly increase understanding of the meso-scale hydrodynamics
associated with the TriFrame and KHPS configuration. Further, research suggests that turbine
performance on a TriFrame can be improved relative to the performance of 3 individual turbines.
Specifically, “The faster momentum deficit recovery and lower turbulent kinetic energy (TKE)
in the wake of the upstream turbine of the TriFrame are advantageous when using the TriFrame

assembly to build a large turbine array.” (Chawdhary et al. 2017).

Macro-Scale Hydrodynamics

A 1-d model was developed in advance of the Pilot License issuance to predict the effects
of extraction of kinetic energy on the depth and velocity in the East Channel of the East River.
The modelling showed the influence of energy extraction is to slightly increase (12 mm) the
overall water depth from the inlet of the channel to the extraction planes. As a result, the water

velocity is decreased slightly (-0.07 m/s) throughout the channel.

These modifications to the channel properties are minimal and below the precision
available for most measurement devices. As such, the expected generation of 1 MW from the
East Channel of the East River was expected to be unlikely to modify the natural channel

properties in any way.

Updated CFD work was conducted in 2015-2017 on the macro-scale hydrodynamics of
an array of TriFrames and KHPS. Specifically, a new generation unstructured Cartesian flow
solver coupled with a sharp interface immersed boundary method for 3D incompressible flows
was used to numerically investigate New York City's East River, including the high-resolution

bathymetry acquired as mentioned above, and the array of thirty KHPS turbines.

“Simulations indicated that a marginal acceleration in the river flow in the spanwise

region where turbines were not placed. Comparison with the baseline flow in terms of mean
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streamwise velocity as well as vorticity magnitude indicates that there is a very small signature
of the turbine wake at the free surface of the channel. This effect could be negligible compared to

the free surface disturbances present in the tidal channel otherwise.” (Chawdhary et al. 2018)

Verdant was able to advance the state-of-the art modelling of the meso-scale
hydrodynamics from 1-D to 3-D, a significant improvement in understanding and a fundamental
advancement in computational modeling, and confirm the previous conclusions regarding de
minimus effects of 10 TriFrames in an array. These results can now be viewed as very
conservative as Verdant is now proposing a maximum buildout of five TriFrames and 15
turbines, half the number modeled. As part of the operational monitoring, Verdant Power
continues to install and record water velocity and level data with the use of Acoustic Doppler
Current Devices (ADCPs) that will inform the hydrodynamics of the machines and array, as the
staged installation progresses. This data, coupled with the RMEE Plans, will continue to build
and support the body of science of hydrodynamic effects of operating KHPS units in different

configurations.

4.3.2.3 Affected Environment - Water Quality

The reaches of the East River in the Project Area are classified as Class I. The best
usages of Class | waters are secondary contact recreation and fishing. These waters shall be
suitable for fish, shellfish, and wildlife propagation and survival. In addition, the water quality
shall be suitable for primary contact recreation, although other factors may limit the use for this
purpose (6 CRR-NY 701.13 current through October 15, 2019).

Potential concerns associated with water quality in conjunction with the RITE Project

have included:

Erosion and sedimentation during deployment activities;
2. Anincrease in suspended solids during operation activities; and

3. The presence of toxic constituents in the channel substrates within the project
area.
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Regional Water Quality

The NYCDEP conducts annual monitoring of the waters of New York Harbor for four
indicator parameters: dissolved oxygen; fecal coliform; chlorophyll a; and turbidity. This
monitoring has been conducted since 1908 and currently includes 965 water sampling stations,
with 1,200 drinking water samples collected each month from up to 546 locations. The data
obtained is used to monitor water quality trends and to correlate improvements with advances in
wastewater treatment and other environmental protection measures. Overall, the program has
documented significant improvements in all parameters due largely to the construction and

upgrade of wastewater treatment plants that discharge to the harbor (NYCDEP 2017).

In the upper East River region of the harbor (which includes the East River north of
Roosevelt Island, western Long Island Sound to Hart Island, and the Harlem River), bottom
dissolved oxygen levels have risen from approximately 3.0 to 3.5 mg/l in the early 1970s to
approximately 6 mg/Il presently. While there was a dip in oxygen levels in the late 1990s and
early 2000s, oxygen levels have been steadily increasing since 2004. The average summer levels
for 2017 were 6.15 mg/I at the surface and 5.6 mg/l at the bottom. Fecal coliform levels in the
upper East River have improved from summer geometric means in excess of 2,000/100 ml in the
early 1970s to 24 cells/100 ml in 2017. Chlorophyll a levels throughout the upper East River
region have generally have been below 10 ug/l since 2002 and have shown little variation
(NYCDEP 2017). Turbidity in the upper East River has shown variability between areas of the
region, with the Harlem River secchi depths of 3 to 4 feet and the East River at 4 to 6 feet
transparency. Average summer Secchi values have not varied substantially since 2009
(NYCDEP 2017).

305(b) and 303(d) Listing

Section 305(b) of the Clean Water Act requires states to report to the U.S. Environmental
Protection Agency (EPA) on whether waters of the state are supporting the designated uses and
standards of the state’s water laws. The state’s waterbody inventory and priority waterbody list
(WI/PWL) are used to inventory the data obtained by state monitoring programs (including the
New York State Rotating Intensive Basin Studies [RIBS] program) and to track known or

suspect water quality problems. Waterbodies where designated uses are threatened, stressed,
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precluded, or impaired, are identified on the PWL and in the 305(b) Report.

The East River is included in the New York State 305(b) listing as an impaired
waterbody due to recreational uses and fish consumption that are considered to be impaired by
floatable debris, as well as PCBs and other toxics. Urban stormwater runoff, combined sewer
overflows (CSOs), contaminated sediment, and the industrial use of the waterway result in
conditions that negatively impact recreational use. Recent data shows dissolved oxygen levels in
this reach typically meet applicable water quality standards for support of aquatic life. (NYSDEC
WI/PWL Fact Sheet — Hudson/East River Watershed 2017).

Existing Water Quality

In conjunction with the RITE Demonstration Project, Verdant Power developed a
Sediment Sampling Plan for the proposed Project based on information and consultation with the
New York State Department of Environmental Conservation (NYSDEC), NOAA/fisheries, the
United States Fish and Wildlife Service, Army Corps of Engineers, the New York Department of
State, and the New York City Department of Environmental Protection.

The sediment surveys showed that no sediment or organic material exists within the
project area, and therefore, additional sampling activities, including water column monitoring

was not necessary for deployment and operation of the units.

4.3.2.4 Environmental Effects — Water Quality

Since the Verdant Power KHPS design has no hydraulic components, the concern of
releases or other chemicals from the underwater units is not an issue, particularly because the
units will have redundant dynamic (shaft) and static sealing to retain lubricant and exclude

seawater.

Verdant Power determined that the East Channel of the East River is located within a
larger area that has the potential for toxic contaminants to exist within the underlying substrates.
However, based on site-specific information acquired during a number of sediment and bottom

surveys over the last 15 years, it is not likely that toxic contaminants will be disrupted during
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deployment and/or operation of the RITE Project because no re-suspendible sediment was found

at the site.

The proposed Project would not be expected to have an effect on water quality
parameters, such as dissolved oxygen or oxygen demand. The Project would not affect levels of

fecal coliform or pathogens.

The studies conducted in the Project area show the substrate of the entire survey area is
composed of cobbles, boulders, and ledge. None of the surveys identified or suggested the

presence of fine sediment (i.e., particles smaller than gravel) within the survey area.

Based on the lack of re-suspendible sediment found in the RITE Project area, Verdant
Power does not anticipate any increased turbidity. Furthermore, Verdant Power does not expect
any release of chemicals into the water column because limited to no sediments would be
suspended or disturbed during construction. Since the Verdant Power KHPS units have no
hydraulics, there is no potential for lubricant leaching. Construction and maintenance activities
could increase the potential for accidental release of gas or oil from work boats through vessel

collisions. Coordinating activities with the USCG should mitigate potential for vessel collisions.

Because no impacts to water quality are expected from the operation of the RITE

Project, no further monitoring is proposed.

4.3.2.5 Unavoidable Adverse Impacts

None identified.

4.3.2.6 No Action Alternative

If the proposed Project is not installed and operated, there would be no increased

construction or maintenance vessels that could potentially impact water quality.

E-48



4.3.2.7 Sources

Chawdhary, S., Hill, C., Yang, X., Guala, M., Corren, D., Colby, J., Sotiropoulos, F. 2017.
Wake characteristics of a TriFrame of axial-flow hydrokinetic turbines. Renewable
Energy, Vol. 109, p 332-345.

Chawdhary, S., Angelidis, D., Sotiropoulos, F., Corren, D., Colby, J., Shen, L. 2018. Multi-
resolution Large-Eddy Simulation of an Array of Hydrokinetic Turbines in a Field-Scale
River: The Roosevelt Island Tidal Energy Project in New York City. Water Resources
Research, Volume 54, Issue 12, p 10,188 — 10,204.

Devine Tarbell & Associates (DTA). 2008. East River Hydrodynamic Survey; Provisional post -
deployment processed data (10 pages) Devine Tarbell & Associates, Inc. May 2007.

National Oceanic and Atmospheric Administration (NOAA). 2003c. Water Level Station Data
for "The Battery" and "Kings Point". [Online] URL: http://co-
ops.nos.noaa.gov/data_res.html. Accessed December 2, 2010.

New York City Department of Environmental Protection (NYCDEP). 2010. Drinking Water
Sampling Stations. [Online] URL:
htt://nyc.gov/html/dep/html/drinking_water/sampling.shtml Accessed December 2, 2010.

New York City Department of Environmental Protection (NYCDEP). 2008. 2008 New York
Harbor Water Quality Report. [Online] URL:
http://www.nyc.gov/html/dep/pdf/hwqs2008.pdf. Accessed December 2, 2010.

New York City Department of Environmental Protection (NYCDEP). 2006. Water Quality
Standards. [Online] URL.:
http://www.nyc.gov/html/dep/html/news/hwqgsfeature wide.shtml#doupper Accessed
November 16, 2010.

New York City Department of Environmental Protection (NYCDEP). 2017. 2017 New York
Harbor Water Quality Report. [Online] URL:
https://www1.nyc.gov/site/dep/water/harbor-water-quality.page. Accessed December 1,
20109.

New York State Department of Environmental Conservation (NYSDEC). 2017. WI/PWL Fact
Sheets — Hudson/East River Watershed, Revised January 23, 2017. URL.:
http://www.dec.ny.gov/docs/water_pdf/wiatllishrer.pdf. Accessed December 1, 2019.

New York State Department of Environmental Conservation (NYSDEC). 1999. Descriptive data
of municipal wastewater treatment plans in New York State. NYSDEC, Albany, NY.

U.S. Environmental Prote