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Since the issuance of the Pilot License for the RITE project in January 2012, Verdant Power has 

made significant technological advancements on the Gen5 turbine and TriFrame mount and has  

reconfigured the proposed subsequent licensed Project to be consistent with technology goals, 

resource assessment and project financing.  Verdant Power is proposing a phased approach to 

developing the Project, as further described below, which reduces the overall Project Boundary 

from 10 Triframes and 30 Gen5 turbines; to 5 TriFrames and 15 Gen5 turbines of 0.525 MW 

installed capacity.  The subsequent licensed development will facilitate the continued 

effectiveness testing of the Gen5 technology and assessing potential environmental effects 

associated with a full build out.  The RITE Monitoring of Environmental Effects (RMEE) is 

summarized below and on Table 1.   

 
1. Install B-1:  Install Three Gen 5 Turbines on One Triframe 

• Install B-1 is being installed under the terms of a FERC Pilot License and 
represents a single TriFrame with 3 Gen5 turbines; expected in the spring of 2020. 

• This install is planned to test the TriFrame mount component of the technology and 
prove operation and maintenance techniques. 

2. Install B-2:  Install up to Three Additional Triframes of Three Turbines Each 

• Install B-2 would be done under the new FERC License and additional 
authorizations; and expand the project to up to 12 operating KHPS on 4 Triframes  

• The experience and lessons learned from the execution of previous RMEE elements 
will be incorporated into this stage.  

3. Install C:  Install up to One Additional TriFrame (up to Gen5 KHPS total)  

• Incremental buildout of the full Project, incorporating the results of technology and 
environmental testing in previous stages.  

• This would be done under the new FERC License and additional authorizations. 
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Figure 1.   Project Site: The RITE Project (East River; New York) 
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In developing a process for monitoring marine hydrokinetic turbines, Verdant Power has found it 

useful when discussing the studies and protocols to consider the following terminology.  

• Micro scale – in and around an individual 3-rotor 5 m diameter (D) KHPS turbine; 
rotating at <40 rpm and only during high velocity periods > 1.0 m/s. 

• Meso scale – in front/back of the KHPS.  Here we are looking at the reaction around the 
TriFrame and the interdependencies and recovery distance to the next KHPS TriFrame in 
the array – generally 12D. 

• Macro scale – well beyond the TriFrame (and the fully developed array) extending to 
points where organisms first sense/encounter the minor hydrodynamic presence of the 
KHPS array.  This is a broader scale study conducted for longer-term deployments of 
machines.  

  
The studies and protocols proposed in this RITE Monitoring of Environmental Effects (RMEE) 

Monitoring Plan for the Pilot license reflect considerations for techniques at all three of these 

scales.  Verdant Power has performed extensive pre- and post-operation data collection and 

monitoring programs on and around the proposed RITE site in the East River in New York.  This 

body of work is summarized in the Draft (2008) and Final (2010) License Applications, as well 

as the Article 401 Annual reporting under the RITE RMEE plans (2012 - 2019). Specifically, our 

environmental monitoring plans for the subsequent RITE East Channel Pilot Project include:  

• RMEE-4:  Tagged Species Detection 

• RMEE-5:  Seasonal Bird Observation 

• RMEE-6:  Underwater Noise Monitoring and Evaluation 

• RMEE-7: Estimate the recreational usage at RITE 

• RMEE-8:  Acoustic Triangulation of American Eels 
 

RMEE individual plans expand and continue the monitoring protocols established during the 

RITE Pilot project to understand the effects of an operational RITE East Channel project field at 

a staged development beginning with Install B-1 and continuing through a full build out under a 

subsequent License of up to 15 KHPS turbines on resident and migratory fish and bird 

populations.  Table 1 summarizes the RMEE proposal.    

 

The objectives of the individual plans are defined in the detailed plans; however the full 

understanding of the environmental effects of the Pilot project requires the integration of all of 

the plans results with the body of information developed from prior efforts, including but not 



 
Executive Summary 
Page 4 of 6   December 2019 

limited to the Draft license application (2008) the Final License application (2010) the Biological 

Opinion for the Pilot License (FERC 2011); subsequent papers and studies of the Fish Interaction 

Model; and all docketed filings of additional information and annual study reports. Undoubtedly, 

this body of information represents the most significant understanding of potential environmental 

effects of Verdant’s horizontal axis hydrokinetic turbines over the period of 2005 - 2019. While 

the environmental species effects are unique to the resource and conditions of the East River in 

New York; the methods, protocols and lessons learned of monitoring operating Verdant 

hydrokinetic turbines is applicable for all sites and much of the behavior and avoidance 

conclusions can also be extended to inform other site monitoring. For this, we are grateful to 

NYSERDA and the US DOE for partially funding some of the study efforts.  The iterative and 

results- based adaptive management relationship between Verdant Power and the agencies that 

was established in the RITE Demonstration and Pilot Projects is key to the successful 

implementation of these RMEE plans in the subsequent license.   

 

As discussed in the Commission’s Hydrokinetic Whitepaper, the RMEE plans adhere to the 

following format:  

(a) detailed description of the methods and equipment that would be used for monitoring, 
(b) a detailed description of how the monitoring data will be analyzed, with specific criteria 

by which to evaluate adverse effects, 
(c) an implementation schedule, including the frequency and timing of data recovery and 

maintenance of the monitoring equipment when applicable, 
(d) provisions for identifying, in consultation with the agencies, remedial measures if 

monitoring identifies any adverse changes in behavior or use of ocean habitats, and 
(e) reporting. 

 

Verdant Power is proposing this RMEE as a multi-year program; commencing with Install B-1 

and moving through the incremental installations; with appropriate reporting and adaptive 

management discussion of the continuance, modification and suspension/conclusion of the study 

as the license continues.    

 

The Table below summarizes the RMEE plans proposed, and as included in the Pilot license – 

Verdant under Article 401 will report on the findings in a report to be filed with the Commission 

annually.  The detailed RMEE plans have additional information on each component of the plan.  
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As part of the RMEE proposed plans, Verdant Power will continue to record any observed or 

incidental observational data on RTE species under requirements of the new license during the 

License period. This should provide additional information on the potential for the turbines to 

impact any fish species as well as document the occurrence of any of these endangered species in 

the project area.  
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Table 1. RMEE Summary of Proposed Monitoring Plans. 
 

Plan Name Scale 

Operational 
Monitoring 
Objectives Methods 

Install B-1 
3 Gen5 on 1 
TriFrame 

Install B-2 
Up to 12 Gen5 on 

4 TriFrames 

Install C 
Up to 15 Gen5 

on 5 TriFrames 
RMEE-4 Tagged Species 

Detection 
Meso and 
Macro 

Detection of ESA 
and other VEMCO 
tagged species 

Receivers  (3) East 
/(1) West channel 

12 months – 
annual download  

Continues*  - one 
year  

Continues – one 
year  

RMEE-5 Seasonal Bird 
Observation 

Meso and 
Macro 

Bird population 
interaction and 
reaction to KHPS 

Bird observations Year 1 
Seasonal spring 
and fall 11 days * 

Year 1  
Seasonal spring 
and fall 11 days * 

None proposed 

RMEE-6 Underwater 
Noise 
Monitoring and 
Evaluation 

Micro, 
Meso and 
Macro 

Gen5 Noise 
signature  
Underwater noise 
effects on aquatic 
species 

Underwater 
hydrophones in field 
and measurements 
far field 

Year 1  
Stationary for 1 
month; 3 far-field 
locations 
(1 week)* 

None proposed 
unless B-1 
indicates effect 

None proposed  

RMEE-7 Recreational 
Usage  

Micro, 
Meso and 
Macro 

Recreation usage 
effects 

Observation during 
recreational periods  

Year one and 2 per 
WQC#17 

Continues*  None; unless 
Install B-2 
indicates effects 

RMEE-8 Acoustic 
Triangulation of 
American Eels 

Micro, 
Meso 

Species behavior ; 
avoidance  

Controlled release on 
ebb  

None proposed  1 Fall study  
during window 
Sept. 15th – Dec. 
15th  

None proposed   

 
*  Subsequent continuation of an RMEE is subject to adaptive management review of the data, efficacy and need with the resource agencies and upon 

approval by the Commission, the modification, suspension or conclusion of the RMEE program.   
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RMEE-4:  TAGGED SPECIES DETECTION 
 
 
 

1.0 OBJECTIVES 

The objective of this plan is to provide new and unique detections on the potential 

presence of the ESA listed Atlantic Sturgeon, ESA listed Shortnose Sturgeon, along with Striped 

Bass, Winter Flounder and other species that have been acoustically tagged.  Detection would 

occur in both the east and west channels of the East River, proximate to the RITE Pilot project 

boundary.   

 

When the study began in May 2011, little was known of the pattern of these species in the 

vicinity of the Project, so it was difficult to postulate the effects of the operation of the RITE 

East Channel Project.  Since then almost 7 years of data has been collected.  The 3 hydrophone 

receivers have detected 344 tagged fish.  Of those 29 were Atlantic Sturgeon and 252 were 

Striped Bass.  A total of 23% of the detections were in the East Channel of the East River where 

the Project is located and 67% were in the West Channel.      

 

After an adaptive management review with the agencies on March 20, 2019 in 

anticipation of install B-1 in 2020, Verdant Power proposed to install an additional VEMCO 

receiver in the East Channel in an attempt to determine the direction of travel of the tagged fish.  

This additional receiver (3 in the East Channel and 1 in the West Channel) was deployed in 

October 2019 and is currently collecting data.   

 

2.0 METHODS AND EQUIPMENT 

Passive acoustic monitoring has been used to quantify the presence of tagged individuals 

at the Project site.  Underwater omni-directional acoustic receivers (VEMCO VR2W) have been 

deployed in the RITE Project area since 2011.  The VEMCO VR2W is a submersible, single-

channel acoustic receiver that consists of a hydrophone, receiver, identification detector, data 

logging memory, and battery, housed in a submersible case.  It operates on a factory set 

frequency, can decode uniquely coded pingers and sensor transmitters from VEMCO acoustic 
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tags, and records the tag code number and the date/time of detections.  This information is stored 

in memory until downloaded.  Bluetooth wireless communication is used to download the data; 

however, the unit must be out of the water for data uploads.  It can store up to eight megabytes of 

data, which equates to more than one million valid detections.  If a valid detection is received 

every 30 seconds, it will require about a year to fill the memory.  Battery life is approximately 15 

months. 

 

 Verdant Power has installed four VEMCO VR2W receivers in and around the RITE 

Project (Figure 2).  Two of the receivers were deployed in May 2011 in the East Channel of the 

East River from existing buoys at the RITE Project site.  The third receiver was deployed in 

August 2011 in the West Channel of the East River using a concrete bottom mount, adjacent to 

an unused pier on Roosevelt Island.  The newest receiver was recently installed upstream and far 

west of the Project site.  The primary receiver frequency is 69 kHz.  

 

 To confirm receiver operation throughout the data collection period, two unique test tags, 

TT-1 and TT-2 were deployed for data quality control.  TT-1 was deployed in the East Channel 

from an existing buoy equally spaced between the receivers.  TT-2 was deployed in the West 

Channel attached to the concrete bottom mount.  The detection of a signal from both test tags, 

continuously present near the respective receivers, confirms continuous receiver operation 

throughout the reporting period. 

 

To verify the range of detection of the East Channel receivers, Verdant conducted a 

mobile survey using a test tag in August 2011 that covered the reach of river proximate to the 

Project site and East Channel receivers. Near the end of an ebb tide, a vessel departed from 

Hallet’s Cove, Station 1, and begin moving south towards the project site.  At each station along 

the route, the vessel stopped and remained stationary for a few minutes.  The survey continued 

south of the Roosevelt Island past the Project area.  At the slack tide, the vessel returned north to 

the stations on the incoming flood and return to Hallet’s Cove. The VEMCO data were then 

downloaded from the receivers and analyzed. The estimated range of each receiver is 400 m 

(1300’) in all directions, larger than the river width at each deployment location. This exercise 

confirmed the applicability of the two locations to detect tagged species as they pass in proximity 

to the RITE Project site. A similar exercise cannot be conducted in the West Channel to verify 
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range, since it is the main navigation channel and small vessel movement in this pattern would 

be hazardous.  A “detection event” indicates that a tagged fish was somewhere in the range of the 

receivers.  The exact location both within the water column and within the cross section and thus 

a detection event means that a tagged fish came within 400 m of the proposed site of the 

operating turbine system.  Per the guidance of VEMCO, individual tag identifications with only a 

single detection should be considered as false detections.  VEMCO recommends, at minimum, 

one pair of detections less than thirty minutes apart.   

 

The maintenance of these detection stations requires the retrieval of each receiver 

(utilizing a diver) for onshore data transmission via Bluetooth link.  Data download times are 

relatively short (<10 min) and receivers are immediately redeployed following successful 

transmission.  Yearly battery replacement and maintenance are required for proper operation. 

 

 The multi-year tag detection effort has proven an effective method to detect previously 

tagged species and to provide input to parameters in the assessment of the risk of fish-turbine 

interaction at the RITE Project.  This effort requires cooperation and data sharing with many 

organizations, a potential hurdle to the success of the protocol. 

 

3.0 MONITORING DATA ANALYSIS 

Data files from the VEMCO VR2W hydrophone receivers will be downloaded and sent 

to VEMCO for dissemination to researchers who originally tagged the fish.  These researchers 

will then be able to share the date tagged and life history information (length, weight, sex) 

gathered during tagging.  An annual report with information of all the detections will be 

submitted to the agencies and FERC before the end of March of the following year.  

 

4.0 REMEDIAL MEASURES 

Based on Verdant Power’s in-water experience during the RITE Pilot project; and the 

aquatic and bird monitoring accomplished as a part of that project; it is highly unlikely that 

remedial measures will be necessary.  However, if needed, Verdant Power shall consult with the 

agencies regarding remedial measures if monitoring identifies any adverse effects in the East 

River.  
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5.0 RESULTS AND REPORTING 

Verdant Power would report on the findings of the study as a filing with the agencies and 

part of an Annual Report filed under the RITE Environmental Effects Monitoring plan.  
 

Results will be focused on answering the following questions:  

1. What is the detected presence, distribution, and frequency of tagged fish in the 
East River during the past year?  

2. What can be postulated from this data as to the potential interaction of these 
species with operating KHPS? 

3. What, if anything should be changed in the protocol for next year and beyond in 
to improve detection and evaluation? 
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Figure 5-1. Location of RMEE-4 Atlantic Sturgeon Hydrophones 
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Figure 5-2. VEMCO VR2W Hydrophone Receiver 
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RMEE-5: RITE BIRD OBSERVATION 
 
 
 

1.0 OBJECTIVE 

The objective of this plan is to observe bird presence and activity near the RITE Project 

boundary in order to: 

1. Provide additional observations on the potential effects of the operating KHPS on 
diving bird populations. 

2. Provide additional insights into potential effects of operating KHPS on the fish, e.g., 
increased bird activity in and around the RITE operating field could be an indication 
of increased injury and mortality of fish. 

 

2.0 BACKGROUND 

Habitats for birds are more diverse and available because the nearby New York/New 

Jersey Estuary, Long Island Sound Estuary, and small pockets of forests and fields that provide 

habitat for many species year-round. A number of birds may use the East River for feeding or 

resting. Dominant species identified so far are the Double-Crested Cormorant (Phalacrocorax 

auritus) and a variety of gulls. Diving ducks, cormorants, and terns migrate through the area 

from late March through mid-May. The fall migration of species such as the Brown Pelican 

(Pelecanus occidentalis) or Double-Crested Cormorant may peak in October, but species such as 

Loons (Gavia spp.), Northern Gannets (Morus bassanus), Scaup (Aythya spp.), and Ring-Necked 

Ducks (Aythya collaris), may peak in November through mid-December, and many tern species 

(Sterna hirundo, S. forsteri, S. nilotica) migrate through the area in September. A New York 

State threatened species, the Peregrine Falcon, is known to nest on bridges near the project area. 

 
During consultation with agencies and stakeholders about the RITE Demonstration 

Project, the main issues raised about impacts on terrestrial resources were concerns for avian 

species. As a result, Verdant Power, in consultation with the resource agencies, developed a Bird 

Observation Study protocol that was executed during the RITE demonstration project to meet 

these goals. Verdant Power personnel and other local birders and consultants collected the data 

in accordance with the study plan.  
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Verdant conducted a Bird Observation Survey during the RITE Demonstration Project, 

which included bird monitoring during both pre-deployment and post-deployment of turbines. 

This monitoring was conducted during all three deployments of the demonstration units. The 

results of these observations indicated little to no observed effects to bird populations from the 

presence of 2-6 KHPS during >9,000 hours of operation. The table below is extracted from the 

RITE DLA for information on avian species observations at RITE. 

 

Table 2-1. Species Common to the New York Region – Observations near the RITE 
Demonstration Project 

Species Resident 
Spring 

Migration Fall Migration Observed at RITE 
Double-Crested 
Cormorant 
(Phalacrocorax auritus) 

Yes No No Yes 

Diving Ducks (Mallards) No March to 
mid-May 

November 2 Sightings Total – 
NOT DIVING 

Tern species (Sterna 
hirundo, S. forsteri, 
S. nilotica) 

No Late April to 
early May 

September Not Observed 

Brown Pelican 
(Pelecanus occidentalis) 

No Not Known October Not Observed 

Loons (Gavia spp.) No March November to 
mid-December 

Not Observed 

Gannets (Morus 
bassanus), 

No March November to 
mid-December 

Not Observed 

Scaup (Aythya spp.) and 
Ring-Necked Ducks 
(Aythya collaris) 

No March to April November to 
mid-December 

Not Observed 

Canada Geese No March to May October Yes - Flying 
 
 

Verdant proposes to conduct bird observations for 11 days in the Spring and Fall during 

Install B-1 and an additional 11 days after Install B-2 when >6 KHPS are installed and operating 

in the East Channel of the East River. 
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2.1 Methods and Equipment 
 

Dawn to dusk observations of bird activity will be conducted by Verdant Power 

personnel, other local birders and consultants. Verdant will focus on bird species common to the 

New York region – Double-Crested Cormorants, Diving Ducks, tern species, Brown Pelicans, 

Loons, Gannets, Scaup and Canada Geese. Verdant will not record the activity of sparrows, 

seagulls and pigeons. Of the above listed species most are migrating birds, known to migrate in 

the fall and spring. The Double-Crested Cormorant is the only resident bird. The bird 

observations at the RITE demonstration site during periods of spring and fall migration, pre and 

post turbine deployment, did not indicate the presence of many of the common New York 

species listed above, except Double-Crested Cormorants, Canada Geese and two Diving Ducks. 

 

Bird observation data will be reported in an ongoing summary study log. The log will 

include: 

• Observation time of day 
• Number of birds observed by species 
• Activity – flying, dive/float, perched 
• Proximity to the KHPS array and operational status of the KHPS machines 
• Tidal cycle information – ebb, flood or slack 
• Any notes or observations that would indicate interaction with the KHPS units 

 

All observations will be made from the shore adjacent to the RITE East Channel KHPS 

field or by reviewing video from cameras installed at the Project site.  Two birders will observe 

at each end of the turbine field, the exact location of the birders depending on the number of 

turbines deployed at the time and therefore the extent of the field.  This will allow complete 

coverage of the project area. 

 

Verdant cautions that the view north of the actual developed RITE KHPS boundary is 

complicated due to the influence of Hallet’s Cove and presence of human bird feeding, activity 

due to a park and a shoreline landing, and at the confluence of the east and west channels at the 

northern tip of Roosevelt Island. The focus of the bird observation is to observe bird activity due 

to the presence of the Project and will have to be careful to exclude other human activities. 
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The observers will be equipped with binoculars, the bird book “The Sibley Field Guide to 

Birds in North America” and a camera. Photographs will be taken as available; however, the 

photographs are intended to supplement the observations and the recorded data, and the 

observers are not responsible for photographically documenting every bird observed. 
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Figure 2-1. RITE View Shed for Bird Observations 
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2.2 Monitoring Data Analysis 
 

The summary of bird observation data will be logged and graphically displayed for 

interpretation.  Should increased bird activity be noted at any time during the monitoring, the 

agencies will be notified for consultation and evaluation of the potential for adverse effects. 

 

2.3 Schedule and Timing 
 

Verdant proposes to conduct bird observation as shown on the following table, and is 

predicated on collecting data for the following reason: 

• observe seasonal migratory activity during March to May and September to 
November in three consecutive years when operating KHPS machines are present 
including before and after Install B-2. 

 
 
Table 2-2. RMEE-5 Bird Observation 
 

 Method Install B-1 Install B-2 Install C 
Bird 

Observation 
Observations 1-year Seasonal 

spring and fall, 
11 days 

1-year Seasonal 
spring and fall, 
11 days 

None proposed 

 
 

Due to the highly variable nature of bird migration and transit, Verdant does not see the 

value of additional observation of migration patterns – as it directly relates to the operation of a 

field of KHPS turbines. However, Verdant is open to different monitoring only if it is observed 

in the first observation that avian reaction to the Install B-1 or B-2 turbine field is different than 

that observed during the demonstration. 

 

2.4 Remedial Measures 
 

Based on Verdant’s experience during the RITE demonstration project, and the aquatic 

and bird monitoring accomplished as a part of that project, it is highly unlikely that remedial 

measures will be necessary.  However, Verdant shall consult with the agencies regarding 

remedial measures if monitoring identifies any adverse effects to fishery or bird populations in 

the East River. 
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2.5 Results and Reporting 
 

Verdant will report on the findings of the Install B-1 and B-2 bird monitoring study, as a 

filing with the agencies. Verdant would provide a similar summary of the fall bird monitoring 

observations in as part of an Annual Report filed under the RITE Environmental Effects 

Monitoring Plan. 

 

3.0 SUMMARY/KEY QUESTIONS 

Results will be focused on answering the following questions: 

1. Prior to turbine deployment in Install B-2 - what is the seasonal presence, 
abundance and activity of bird populations in the East River near and around the 
RITE Plot Project boundary and the Verdant’s KHPS field? 
Post Install B-2 - what is the observed bird presence, abundance and activity of 
bird populations in the East River near and around the Project Boundary? 

2. Does bird activity appear to increase at the turbine field, thus potentially 
indicating fish injury/mortality as fish pass through a KHPS array? 

3. If needed, what should be changed to the protocol for Install C to improve 
observation and evaluation? 
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RMEE-6: RITE UNDERWATER NOISE MONITORING AND EVALUATION 
 
 
 
1.0 OBJECTIVE 

The objective of this study is to: 

• Determine the noise signature from 3-15 operating Gen5 KHPS turbines and use 
this information to verify or refute the initial finding that the machines do not emit 
noise at levels that would cause harm to aquatic resources. This task will include 
a review of the data on representative species and the physics of sound 
propagation in shallow water to establish the appropriate spatial and frequency 
limits for monitoring. 

 
 
2.0 BACKGROUND 

Verdant conducted a noise evaluation survey during the RITE Demonstration Project. 

Verdant observed that noise levels from up to four operating Gen4 turbines were well below the 

source levels that effect fish behavior. It should be noted that the hydrodynamic and mechanical 

improvements made on the Gen5 technology proposed for the Pilot would indicate a lower 

expected noise signature than the machines used in the RITE demonstration. 
 

A noise evaluation study will be conducted during Install B-1 with three Gen5 KHPS 

operating on a Triframe. This study would establish three control locations for noise evaluation 

in proximity to the RITE Project Boundary as outlined below. The results of the Install B-1 study 

will be evaluated for further recommendations regarding necessary studies during Install B-2 

which will only occur if the Install B-1 noise evaluation demonstrates any effects.  
 
 
3.0 PROPOSED STUDY PLAN 

3.1 Methods and Equipment 
 

Verdant, in consultation with the environmental regulatory agencies, will conduct a two-

part underwater noise study consisting of: 

• Micro- Meso (In-field) stationary underwater noise monitoring within the 
RITE East Channel Pilot Field near Install B-1; to capture the noise signature 
of three Gen5 KHPS for 1 month; and 
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• Macro (far-field) stationary noise measurements at up to two established 
locations beyond the RITE Pilot Project Boundary for 1 week.   

 

Verdant will attempt to compare the micro, meso and macro field noise signatures when 

the Gen5 machines are operating to noise signatures during the slack condition. 
 

However, due to the shallow depths and numerous variables in the acoustic environment 

(wind, rain, water velocities, traffic, construction, subway traffic, etc.) this may be problematic. 

 

 

Figure 3-1. RMEE-6 Locations of Underwater Noise Monitoring 
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3.1.1 Micro (In-Field) Monitoring 
 

Verdant will deploy SNAP Hydrophones for monitoring the RITE Pilot Project field to 

capture a relevant sample of sound levels on slack, flood and ebb tides.  

• The SNAP Hydrophones will be deployed at the in-field location to measure 
direct infield source level of the turbines. The signal cables will be routed to 
shore.  Verdant proposes to monitor at one depth, the bottom at the level of the 
ADCP mount (approximately 2-3 meters from the river bed). Based on the data 
collected in the demonstration project, the bottom location will present the worst-
case measurements. 

• The SNAP Hydrophones will be based on the frequency. 

• The SNAP Hydrophones will allow Verdant to compare the sound levels during 
all stages of the tidal cycle and with different combinations of turbines coming on 
and off line to validate the total field array sound levels. The study is expected to 
take one month after the entire installation and operation commencement of 
Install B-1. The operation of the turbines affects the validity of the measurements 
and, therefore, close coordination with timestamps of the noise measurements 
will be maintained. 

• Based on the evaluation of the results of the B-1 study; the efficacy of further data 
collection in Install B-2 will be evaluated. 

 
3.1.2 Macro (Far-Field) Measurements 
 

• Far-field reference points will be established at two locations within shallow 
waters (<10m) of the East Channel of the East River.  Likely places may include 
Hallet’s Cove, the northern tip of Roosevelt Island and near Ravenswood 
Generating Station.  Local environmental noise level measurements will be taken 
and coordinated to KHPS operation, slack, ebb and flood. The SNAP 
Hydrophones will be used to collect farfield data; however, the instrumentation 
will only be deployed for 1 week at each site to collect measurements. 

 
 
3.2 Monitoring Data Analysis 
 

The noise data analysis will concentrate on establishing the underwater noise signature of 

a Verdant KHPS array in relation to other environmental noise levels in the water channel. 

Results will be presented as Sound Pressure Levels (SPL) (x DB re 1uPA) and as Root Mean 

Squares (RMS) values for both the in-field hydrophone and at two other observation locations. 

The monitoring data will be graphically displayed for interpretation and focused on verifying the 

environmental noise levels in a KHPS array during various operational modes (slack, ebb and 

flood tides). 
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3.3 Schedule and Timing 
 

Verdant proposes to conduct underwater noise signature monitoring as shown below: 
 

 Method Install B-1 Install B-2 Install C 
Underwater Noise 
Monitoring 

SNAP 
Hydrophones 

SNAP 
Hydrophones for 
1 Month in array 
and 2 far-field 

   

None proposed 
unless B-1 
indicates effect 

None Proposed 

 
 
3.4 Remedial Measures 
 

Based on Verdant’s in-water experience during the RITE Demonstration Project and the 

underwater noise monitoring accomplished as part of that project, it is highly unlikely that 

remedial measures will be necessary. Verdant will consult with the agencies immediately 

regarding remedial measures if monitoring identifies any adverse effects to fishery or bird 

populations in the East River. 

 

3.5 Results and Reporting 
 

Verdant will report on the results of the underwater noise monitoring and measurement 

after the conclusion of the studies during Install B-1. A final report will be filed with FERC after 

consultation with the NYSDEC, USFWS, and NOAA. 

 
 
4.0 SUMMARY/KEY QUESTIONS 

Results will be focused on answering the following questions: 

1. What is the operating noise signature of KHPS Gen5 machines in the micro and 
meso field and how does this propagate and correlate to noise measurements in 
the macro field; near the RITE Pilot project in the greater East Channel of the 
East River region? 

2. Does the noise signature from operating turbines during Install B-1 verify initial 
findings that the Project is unlikely to affect the behavior (movement and 
migration) of wildlife in the region? 

3. Are there any recommendations or changes to the underwater noise monitoring 
and measurement protocol if more sampling is needed in Install B-2? 
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VERDANT POWER, LLC 
 

RMEE-7:  RITE RECREATION MONITORING 
 
 
 
1.0 OBJECTIVE 

The objective of this plan, as required by the NYSDEC Water Quality Certification 

(Permit ID 2-6204-01510/003) Condition #17 is to “monitor recreation use to determine whether 

installation of the project turbines is affecting recreation use in the project area.” The specific 

conditions are:  

1. Consultation with the New York City Department of Parks and Recreation, the New 
York State Office of Parks and Recreation and Historical Preservation, the National 
Park Service, and the Recreational Study Group1 and  

2. Annual reporting of monitoring studies, at a minimum to include the collection of 
annual recreation use data. 

 

2.0 BACKGROUND 

As discussed in the RITE P-12611 Final License Application [Dec 2010] Section 4.3.6 

Recreational Resources Exhibit E, pages E131 – 148, Verdant Power summarized the results of 

consultation with the Recreation Study Group; and concluded that no further recreational 

monitoring or studies were proposed for the Pilot license.  
 

In Article 408 FERC Form 80 Exemption, FERC stated, ”there is little or no potential for 

recreational facilities within the project boundary. Therefore, the licensee is exempt from 

18 CFR 8/.11 from filing the FERC Form 80 recreation report for the Roosevelt Island Tidal 

Energy Project.”  
 

Nonetheless the accompanying NYS WQC #17 requires Verdant to add a RITE 

Monitoring of Environmental Effects (RMEE) Plan 7 for recreational monitoring.  

 
1  The Recreational Study Group as constituted in 2006 consists of the following entities: New York DEC, FWS; 

NOAA;EPA; Coast Guard; Riverkeeper; National Park Service; New York State Office of Parks , Recreation and 
Historic Preservation; Long Island Power Authority; Roosevelt Island Operating Company; Hydropower Reform 
Coalition, Hudson River Fisherman’s Association; Rocket Charters, New York Rivers United; New York City 
Department of Planning; Moran Towing; Stevens Institute; New York Maritime Association; Columbia 
University; and Key Span Energy. 
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In developing this RMEE plan, Verdant has undertaken an effort to characterize 

recreational use over the 2012 - 2019 timeframe, in an effort to gage ongoing use in and around 

the Project Boundary. This information is summarized in Appendix A to this report.  

 

In general, we find the positive observation that the Roosevelt Island and East Channel of 

the East River to be an excellent area for passive shoreline recreation – (picnicking, walking, no 

shoreline fishing); only enhanced by the addition of a renewable energy production and 

education opportunity afforded by the RITE project. Additionally, through video observation, we 

find that recreational boat use; (marina vessels and put-ins: kayaks and jet skis) is also observed; 

mostly in compliance with the establish Project Boundary, as delineated by the required 

navigational buoys.  

 

Table 2.1 updates the information as presented in the Final License application (2010; 

Page E-147 summarizes the expected effects of the RITE project on recreational usage.  

 
Table 2-1. Summary of Effects of RITE Project on Recreational Facilities  
 

Element  
2010 Conclusion  

Pg. E-147 2019 Condition  
Existing and Planned Parks No effects No effects  

Shore-based fishing Not feasible at site Limited shore-based fishing 
observed  

Water-based fishing Minor effects- Project 
Boundary exclusion zone  

No change  

Recreational Boating Minor effects- Project 
Boundary exclusion zone 

No change  

Annual Events No issues - Project 
Boundary exclusion zone 

No change  

Public Shoreline access Not currently available No change  

Water Taxi Service No effects  No effects - Hornblower 
Ferry service has been 
operating since 2018 but is 
not impacted  
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Moving forward, and as part of this plan we propose the following as the RMEE-7 

recreation monitoring plan:  

1) Conduct outreach specifically to the recreational boating community at two put-in 
points:  Long Island City Boathouse and Hallet’s Cove. To advise boaters of the 
exclusion zone;  

2) Conduct recreational observation (2 hrs. each) at three locations near the RITE 
project Boundary (see Figure 2.1) for a total of 5 days:  

a. 1 day (4 hrs.) during Holiday weekends – Memorial Day; July 4th and Labor 
Day; and 

b. 2 days (4 hrs.) on a summer weekday between June and August   
3) Summarize vessel video observation provided in the RITE Navigational Safety Plan 

required under Article 404 of the license; and  
4) Provide annual reporting as required by the NYSDEC WQC #17 and discussed 

below.  
 

We believe this combined effort in 2020; when the Install B-1 project exclusion zone 

buoys are established and Gen5 Turbines and TriFrame are installed and operating will provide 

adequate information to determine whether installation of the project turbines is affecting 

recreation use in the project area.  

 

2.1 Methods and Equipment 

Consistent with protocols used previously and consistent with the requirements of the 

WQC#17, Verdant Power will conduct recreational monitoring of 2 hours at each of three 

locations See Figure 2.1. All observations will be made from the shore adjacent to the RITE East 

Channel KHPS field.   

 

Recreational Monitoring at each location will be reported in an ongoing summary study 

log.  The log will include:   

• Location (one of three -- see Figure 2.1)  
• Date:  one of the 5 days prescribed  
• Weather Conditions:  temp, windspeed, precipitation 
• Observer:  Name and Affiliation 
• Scope:  Observe (2 hours) recreational activity at each location. General observations 

and photos if applicable. 
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• Any recreational or shoreline fishing Vessel activity: type2,  and location (East or 
West Channel)  

• Proximity to the KHPS array and operational status of the KHPS machines 
• Tidal cycle information – ebb, flood or slack during observation 
• Any notes or observations that would indicate recreational being affected by the 

operating KHPS field.  
 
 

 
 
Figure 2-1. RMEE-7 Recreational Monitoring Locations 
 
 
2.2 Monitoring Data Analysis 

A summary of recreational usage on each observation day will be logged and graphically 

displayed for interpretation.  A report of annual recreation use will be developed using standard 

recreational projection techniques by our consultant Kleinschmidt Associates.  

 
 
2 Vessel type is defined as: 1) Marina vessels included small, medium and large vessels, including Government 

vessels, and sailboats; 2) Commercial vessels included water taxis, ferries, tour boats and tugs/barges, 3) Put-in 
vessels included jet skis, kayaks, paddle boards and canoes. 



 

 
RMEE-7: RITE Recreation Monitoring 
Page 6 of 9   December 2019 

2.3 Schedule and Timing 

Verdant Power proposes to conduct recreational monitoring as shown on the following 

table, and is predicated on collecting data for the following reason required by NYSWQC 

Condition #17:  

“To discuss whether the project’s exclusion zone and the installed turbines are 
affecting recreation use in the project area, specifically at Hallet’s Cove and 
the north end of Roosevelt Island.” 

 

Monitoring studies, at a minimum, shall include the collection of annual recreation use 

data. As part of the plan, the licensee shall submit annual reports by February 15 of each year 

that monitoring occurs (Years 1, 2, 4, and 5). 

 
RITE Recreational Monitoring will be conducted: for a total of 5 days:  

a. 1 day (4 hrs.) during Holiday weekends – Memorial Day; July 4th and Labor Day; 
and 

b. 2 days (4 hrs.) on a summer weekday between June 1 and August 31. 
 
 
Table 2-2. RMEE-7 Recreation Monitoring  
 

 Method Install B-1 Install B-2 Install C 
Recreation 
Monitoring  

Observations Year one and 2 
per WQC#17 

Continues if 
needed 

None unless B-2 
indicates effects 

 
 

Due to the highly variable nature of recreation, and the low likelihood that the RITE 

project affects recreation, Verdant Power reserves the right to request modification or suspension 

of this plan after Year 2.  

 

2.4 Remedial Measures 

Based on Verdant Power’s experience during the RITE demonstration project, and the 

recreational observation to date; it is highly unlikely that remedial measures will be necessary.  

However, Verdant Power shall consult with the agencies regarding remedial measures if 

monitoring identifies any adverse effects to recreation in the Project Boundary of the East River.  
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2.5 Results and Reporting 

Verdant Power will report on the annual findings as required in New York DEC 

condition #17, “Recreation Monitoring”. Specifically:   

“Monitoring studies, at a minimum, shall include the collection of annual 
recreation use data. As part of the plan, the licensee shall submit annual reports 
by February 15 of each year that monitoring occurs (Years 1, 2, 4, and 5). This 
report shall include:  

(1)  annual recreation use figures; 
(2)  a description of the methodology used to collect all study data;  
(3)  a discussion of whether the project’s exclusion zone and the 

installed turbines are affecting recreation use in the project 
area, specifically at Hallet’s Cove and the north end of 
Roosevelt Island;  

(4)  documentation of agency consultation and agency comments 
on the report after it has been prepared and provided to the 
agencies; and  

(5)  specific descriptions of how the agencies’ comments are 
accommodated by the report.” 

 
 
3.0 SUMMARY/KEY QUESTIONS 

Results will be focused on answering the following questions; as noted in the NYSDEC 

WQC #17:   

1. Does the installation of the project turbines and exclusion zone affect recreation use 
in the project area, Hallet’s Cove and the north end of Roosevelt Island?  

2. What, if anything, should be changed to the protocol for recreation monitoring, based 
on the information contained in the annual report and any other available 
information?  
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APPENDIX A 

RITE Recreational Observations – 2011 - 2019 

 

To develop this RMEE-7 plan, Verdant has conducted the following observations and 

review:  

1. Recreational Monitoring Data:  As a voluntary effort, pre-Install B-1, Verdant 
conducted voluntary Recreational Monitoring efforts as outlined in Verdant collected 
recreational use data in 2012, 2014, 2015 and 2019 from the 3 locations described 
above.  A summary of results is presented in the Table B-1 below. This data was not 
filed with the Commission, since no turbines have been in operation. During these 
observations, no shoreline recreation (fishing from banks) was observed.  

2. Video Surveillance Data:  Verdant Power maintained voluntary video surveillance 
from 2010 to 2014. The video was reviewed after-the-fact on key dates and holidays. 
A summary of Video Surveillance data (2009 - 2014) is provided in the Table B-2 
below.  

 

Table A-1:  RMEE-7 Summary of RITE Recreational Monitoring Data – 2011 - 2019  
 

Year Date Day 
Total 
Time 

Project 
Boundary 
Sightings 

RI North End 
Sightings 

Hallet’s Cove 
Sightings 

2012 May 26 Sat. (MD) 2.0 hrs. 5 vessels 1 vessel, 1 kayak 
(All East Channel) 0 vessels 

2012 July 7 Sat. (J4) 1.5 hrs. 2 vessels 2 vessels 0 vessels 

2012 Sept. 3 Mon. (LD) 4 hrs. 4 vessels, 
9 kayaks 18 kayaks No observation 

2014 May 26 Mon. (MD) 1.8 hrs. 5 vessels, 
2 kayaks 

5 vessels, 2 jet skis 
(All West Channel) 

26 vessels 
(22 West Channel, 

4 East Channel) 

2015 Nov. 25 Wed. 4.5 hrs. 2 vessels 
14 vessels 

(12 West Channel, 
2 East Channel) 

No observation 

2019 May Sat. (MD) 4 hrs. 27 vessels, 7 jet 
skis, 22 kayaks 8 vessels, 1 jet ski 7 vessels, 6 jet skis 

 June Sat. 4 hrs.    
 July 4 Thurs. (J4) 4 hrs.    
 August Sat. 4 hrs.    
 Sept. 2 Mon. (LD) 4 hrs.    
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Table A-2:  RITE - Summary of Video Surveillance Data 2009 - 2014   
 

Vessels Observed 

Year Days Hours Marina Commercial Put-ins TOTAL 

Total per 
Hour 

[Weekends] 

Total per 
Hour 

[Holidays] 
2009 3 39 43 2 23 68 1.7 No data 
2010 8 107 472 36 122 630 5.0 4.0 
2011 13 178 616 2 28 243 3 887 4.4 4.4 
2012 11 153 375 10 183 4 568 4.0 3.1 
2013 8 111 237 2 59

5
 298 2.5 3.2 

2014 5 78 219 2 38 259 2.9 3.9 

  Notes:  
• Marina vessels included small, medium and large vessels, including Government vessels, and 

sailboats.  
• Commercial vessels included water taxis, the circle line and tugs/barges. 
• Put-in vessels included jet skis, kayaks, paddle boards and canoes.  
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VERDANT POWER, LLC 
 

RMEE-8: Acoustic Triangulation of American Eels 
 
 
 
 

1.0 OBJECTIVES 

The objective of this plan is to provide information  on the potential behavior and 

avoidance of American Eel that are acoustically tagged in the presence of a field of operating 

Verdant Power Gen5 turbines during Install B2 (12 turbines on 4 TriFrames). Track detection 

would occur in the East Channel of the East River in the Project area. Adult silver migrating 

American eels would be collected offsite, acoustically tagged and released in the fall after 

Install B2. Setting up an acoustic array and releasing tagged silver eels during the fall when 

turbines are operating will allow the observation of their tracks and behavior in and around the 

turbines.   

 

Little is known of the pattern, abundance and distribution of American eels in the vicinity 

of the project, so it is difficult to postulate the effects of the operation of the RITE East Channel 

project.  No eel signature data was seen in hydroacoustic data (2006-2009) or in video 

(DIDSON) observation (2012).  However, data collected at the Ravenswood Generating Station 

located adjacent to the Verdant Project along the east bank of the lower East River in Long 

Island City, Queens County, New York included American eel in their impingement collections. 

Impingement at Ravenswood was sampled for 2 years (2013-2014 and 2014-2015) and a total of 

56 eels were collected.  The eels were collected during almost every month of the year except 

May and September.  Only 3 eels (5%) were collected during the fall migration period 

(September through November) indicating that the East River may not be a spawning migration 

route for silver eels but an area they occasional traverse as some eels spend their entire life in 

brackish or marine waters. During the 2013-2014 study, the mean length of the eel collected at 

Ravenswood was 331mm with a minimum length of 215mm and a maximum length of 641mm.  

Smaller eels were collected in the 2013-2014 Ravenswood impingement study, mean length 

303mm with a minimum length of 165mm and a maximum of 345mm.    
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Once this study is conducted, some knowledge and understanding of mature eel behavior 

in the presence of operating turbines can be postulated, thus providing additional information as 

commercial arrays expand.  

 

2.0 MATERIALS AND METHODS 

Verdant Power proposes to conduct this study during Install B-2 by positioning an array 

of HR2 VEMCO receivers in the east channel during a fall migration period (October into the 

first two weeks of November). Figure 2-1 depicts a representative triangulation array in 

proximity to Verdant TriFrames. Using this triangulation, a detection event on download will be 

able to quantify the location of the tagged fish and its movement through the channel array as it 

transits the East Channel proximate to the deployed TriFrame. 

 

 
Figure 2-1.  Triangulation Receiver Locations (Total of 3) Proximal to the Verdant 

TriFrames 
 
 
 

Verdant proposes to deploy 3 HR2 VEMCO receivers (180kHz) which will be cabled to 

shore as depicted in Figure 1. Each receiver will have an associated test tag to ensure they are 

operating as designed.  The VEMCO 180 kHz system allows for ping intervals on the order of 
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5 seconds.  To provide 3-D tracks, the test eels will be tagged with VEMCO V7P depth tags.  

Any tag that is detected at all three receivers will be analyzed for its location and time stamp to 

provide an exact location in the East Channel and their  presence near the operating Turbines.   

Each detection would provide a distinct track as to movement, avoidance or interaction with an 

operating TriFrame.  
 

To ensure the test eels are migrating, it is proposed to collect them at the Holyoke Bypass 

Sampler in the Connecticut River in Holyoke, MA.  The eels will be trucked to the site, 

internally tagged with VEMCO V7P depth tags and placed in a covered circular tank 

(Figure 2-2).  Since the eels were collected in the fresh water, they will need to be held and 

gradually exposed to higher salinity water until the salinity in the holding tank matches the 

salinity of the East River.  Once the salinity in the tank matches the East River, the tagged eels 

will be released in two groups of 10 eels (20 eels total) at the north end of Roosevelt Island on an 

ebb tide. 

 

 
Figure 2-2.  Covered Circular Eel Holding Tank 
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3.0 MONITORING DATA ANALYSIS 

Data files from the VEMCO HR2 receivers will be downloaded and analyzed by Verdant 

for eel track detection and reporting to the agencies as part of a study report.   

 

4.0 SCHEDULE AND TIMING 

Verdant Power proposes the following plan as shown in Table 4-1.  

 

Table 4-1. RMEE-8 Acoustic Triangulation of American Eels  

 Install B -1 
3 KHPS + TriFrame 

Install B-2 
12 KHPS 

Install C 
15 KHPS 

American Eel 
Triangulation 
Detection  

None proposed  1 Fall study during 
window October 1 -
November 15    

None proposed   

 
 
5.0 REMEDIAL MEASURES 

Based on Verdant Power’s in-water experience during the RITE demonstration and Pilot 

project; and the aquatic and bird monitoring accomplished as a part of that project; it is highly 

unlikely that remedial measures will be necessary. Verdant Power shall consult with the agencies 

regarding remedial measures if monitoring identifies any adverse effects to American Eel are 

reported as a result of the study.  

 
 
6.0 RESULTS AND REPORTING 

Verdant Power will report on the findings of the study observation as a filing with the 

agencies and part of an Annual Report filed under the subsequent license RITE Environmental 

Effects Monitoring plan.  
 

Results will be focused on answering the following questions:  

1. What are the resultant tracks of released American eels as they move through 4 
operating TriFrames?  

2. What can be postulated from this data as to the potential interaction of these 
species with operating turbines? 

3. What, if anything should be changed in the continued operation? 
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1.0 INTRODUCTION 

 This constitutes the biological assessment of Shortnose Sturgeon under the Endangered 

Species Act (ESA) of 1973, as amended (16 U.S.C. 1531-1543) on the effects of the proposed 

Verdant Power Island Tidal Energy (RITE) Project in the East River, New York, NY.  The RITE 

Project is proposed to deliver commercial electricity from Verdant Power's Free Flow Kinetic 

Hydropower System and generate clean renewable energy from the river's tidal currents. 
 

 While no Shortnose Sturgeon have been recorded in the East Channel of the East River, a 

large population of Shortnose Sturgeon estimated to be about 60,000 fish are located nearby in 

the Hudson River.  Shortnose Sturgeon have been captured near the confluence of the East River 

and New York Harbor and two Shortnose Sturgeon tagged in the Hudson River were recaptured 

in the lower Connecticut River (Savoy 2004). The presence of Hudson River tagged Shortnose 

Sturgeon in the Connecticut River may indicate some movement through the East River, 

however this is only one potential route between the two rivers. In a letter from National Marine 

Fisheries Service (NMFS) to the Federal Energy Regulatory Commission (FERC) re: Project No. 

12611-003 (RITE Project) dated January 8, 2009 indicates that the best available information 

indicates that occasional transient Shortnose Sturgeon may be present in the East River.  For the 

past seven years Verdant has performed acoustic monitoring in the East River and no Shortnose 

Sturgeon have been detected to date.    

 

2.0 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 a 

saltwater conveyance passage for tidal flow.  There is some freshwater influence from the 
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Harlem River and some direct drainage area from the surrounding metropolis, but the river is 

predominantly controlled by tidal influence.    

 

In February 2005, Verdant conducted a remote sensing survey to document surficial and 

subsurface riverbed features in the east channel in the area of the experimental units.  The survey 

was conducted using 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 from the survey and was included in the report, “Acoustic Remote Sensing Survey for 

Roosevelt Island Tidal Energy Project,” published in March 2005.  The study confirmed the 

presence of boulders and cobbles that were depicted on the side-scan sonar and sub-bottom 

records.  The video coverage did not show any evidence of fine grain soft sediments, thereby 

precluding any further requirement to obtain sediment samples for grain size and chemical 

analyses.  This was also later confirmed when Verdant drilled the six piles into the bedrock for 

the demonstration project.   

 

3.0 DESCRIPTION OF THE 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 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:   

• Install B-1:  Under current Pilot License Install three ‘Gen5’ KHPS turbines on one 
TriFrameTM  in 2020.  

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

and appurtenant facilities for navigation safety, operation, and maintenance.   
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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. 

 

1. Location and Layout 

The location of the Project 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 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 incremental buildouts of 

Install B-1, B-2, and C will encompass small subset areas of the total project boundary. 

  

2. KHPS Technology 

The Verdant Power Gen 5 KHPS unit consists of four major components:   

• Rotor with three fixed composite blades;   
• Nacelle (watertight), pylon and yaw mechanism;   
• Drivetrain generator and brake (within nacelle); and   
• Riverbed mounting system, (three KHPS turbines on one TriFrame mount). 

  

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 0.75 meters, and an axial length of approximately 0.5meters.  The blades 

are fabricated from composite materials (FRP) for increased strength and reliability and have 

been tested for strength and fatigue.  
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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 37kW 

(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 40 rpm to that of the generator which will be approximately 1,800 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 Gen5 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.   

  

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.  
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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 

56 kW 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 4.3 meters.  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 40 revolutions per minute (rpm), 

with tip-speeds in the order of 35 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 

inner pylon, which has matching stainless bearing races. The pylons have yaw stop elements that 

limit the turbine yaw. 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 fixed 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 
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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 to170 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 

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.  
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Key KHPS Technology Parameters (RITE Gen 5) 
 

ROTOR 
Rotor hub diameter: 1.0 m 
Rotor tip diameter: 5.0 m (minimum 10 m deployment depth) 
Number of blades: 3 - Gen5d  

Material of construction: Rotor: Composite (FRP) construction  
Rotor Hub: Nickel Aluminum Bronze 

Pitch control: No 
Yaw control: Passive (self-aligning through 165o arc)  
Ducted or open rotor: Open 
Solidity ratio: ~16% (based on blade frontal area / total rotor area) 
Rpm @ full load: ~32 rpm 

Rpm limit: no load 
Failsafe brake on any no-load condition.  On full-power 
transient, or 20% overspeed, brake stops rotation in less 
than a few seconds. 

DRIVETRAIN 
Geared drive: Yes, planetary 
Shaft diameter: 6” 316 stainless steel  
Number of bearings: 2 on main shaft, tapered roller bearings 
Mechanical efficiency: ~93% 
Lubrication: Gearbox and bearings: forced, with synthetic (PAO) gear oil 
GENERATOR 
Power produced on both 
ebb and flood: tides: Yes 

Generator design: induction, NEMA design B 

Synchronous: Asynchronous (near-synchronous) 

Rpm: 1200 

Delivery voltage: 480VAC, 3 phase, 60 Hz  

Electrical efficiency: Nominal 94.5% 

Excitation: self (induction) 

TURBINE SYSTEM  

Turbine weight in air: 4,085 kg (including outer pylon only) 
Turbine weight in water: 2,746 kg 
Operating current: 1 m/s to 2.6 m/s (10 min. avg.) 
Survival current: 3.3 m/s 
Turbine design life: 20 years  
Turbine Service Interval: 3 to 5 years 
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3.1 Underwater Cabling 

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. 
 

3.2 Construction and Installation Schedule 

For the subsequent RITE East Channel License, Verdant intends to use a staged 

installation procedure to ensure ongoing design validation. 

• 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.  

• 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. 
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• 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.   

 

3.3 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 170° 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 

Gen5 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 
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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 

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 Gen5 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:  

• 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 
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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. 

• 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 
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.  

• For maintenance, a periodic maintenance cycle of Retrieve and Replace 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.  

 

4.0 STATUS OF AFFECTED SPECIES 

 The action being considered in this biological assessment may affect the endangered 

Shortnose Sturgeon (Acipenser brevirostrum).  No critical habitat has been designated for 

Shortnose Sturgeon.  This section will focus on the status of Shortnose Sturgeon within the 

action area, summarizing information necessary to establish the environmental baseline and to 

assess the effects of the proposed action. 

 

4.1 Shortnose Sturgeon Life History 

 Shortnose Sturgeon are benthic fish that are primarily found in the deep channel sections 

of large rivers.  They feed on a variety of benthic and epibenthic invertebrates including 

molluscs, crustaceans (amphipods, chironomids, isopods), and oligochaete worms (Vladykov 

and Greeley 1963; Dadswell 1979 in NMFS 1998).  Shortnose Sturgeon have similar lengths at 

maturity (45-55 cm fork length) throughout their range, but, because sturgeon in southern rivers 

grow faster than those in northern rivers, southern sturgeon mature at younger ages (Dadswell et 

al. 1984).  Shortnose Sturgeon are long-lived (30-40 years) and, particularly in the northern 

extent of their range, mature at late ages.  In the north, males reach maturity at 5 to 10 years, 

while females mature between 7 and 13 years.  Based on limited data, females spawn every 3 to 

5 years while males spawn approximately every 2 years.  The spawning period is estimated to 
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last from a few days to several weeks.  Spawning begins from late winter/early spring (southern 

rivers) to mid to late spring (northern rivers) when the freshwater temperatures increase to 8-9oC. 

 

 Several published reports have presented the problems facing long-lived species that 

delay sexual maturity (Crouse et al. 1987; Crowder et al. 1994; Crouse 1999).  In general, these 

reports concluded that animals that delay sexual maturity and reproduction must have high 

annual survival as juveniles through adulthood to ensure that enough juveniles survive to 

reproductive maturity and then reproduce enough times to maintain stable population sizes.  

 

 At hatching, Shortnose Sturgeon are blackish-colored, 7-11 mm long and resemble 

tadpoles (Buckley and Kynard 1981).  In 9-12 days, the yolk sac is absorbed and the sturgeon 

develop into larvae which are about 15 mm total length (TL; Buckley and Kynard 198l).  

Sturgeon larvae are believed to begin downstream migrations at about 20 mm TL.  Laboratory 

studies suggest that young sturgeon move downstream in a 2-step migration: a 2 to 3-day 

migration by larvae followed by a residency period by young of the year (YOY) fish, then a 

resumption of migration by yearlings in the second summer of life (Kynard 1997).  Juvenile 

Shortnose Sturgeon (3-10 years old) reside in the interface between saltwater and freshwater in 

most rivers (NMFS 1998). 

 

 In populations that have free access to the total length of a river (e.g., no dams within the 

species' range in a river: Saint John, Kennebec, Altamaha, Savannah, Delaware and Merrimack 

Rivers), spawning areas are located at the farthest upstream reach of the river (NMFS 1998).  In 

the northern extent of their range, Shortnose Sturgeon exhibit three distinct movement patterns.  

These migratory movements are associated with spawning, feeding, and overwintering activities.  

In spring, as water temperatures rise above 8oC, pre-spawning Shortnose Sturgeon move from 

overwintering grounds to spawning areas.  Spawning occurs from mid/late March to mid/late 

May depending upon location and water temperature.  Sturgeon spawn in upper, freshwater areas 

and feed and overwinter in both fresh and saline habitats.  Shortnose Sturgeon spawning 

migrations are characterized by rapid, directed and often extensive upstream movement (NMFS 

1998). 
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 Shortnose Sturgeon are believed to spawn at discrete sites within a river (Kieffer and 

Kynard 1993).  In the Merrimack River, males returned to only one reach during a 4-year 

telemetry study (Kieffer and Kynard 1993).  Squiers et al. (1982) found that during the 3 years of 

the study in the Androscoggin River, adults returned to a 1-km reach below the Brunswick Dam.  

Kieffer and Kynard (1993) determined that adults spawned within a 2-km reach in the 

Connecticut River for three consecutive years.  Spawning occurs over channel habitats 

containing gravel, rubble, or rock-cobble substrates (Dadswell et al., 1984; NMFS 1998).  

Additional environmental conditions associated with spawning activity include decreasing river 

discharge following the peak spring freshet, water temperatures ranging from 8-12oC, and 

bottom water velocities of 0.4 to 0.7 m/sec (Dadswell et al. 1984; NMFS 1998).  For northern 

Shortnose Sturgeon, the temperature range for spawning is 6.5-8.0oC. Individual eggs are 

initially discrete when spawned but become adhesive within approximately 20 minutes of 

fertilization (Dadswell et al. 1984).  Between water temperatures of 8 and 12oC, eggs generally 

hatch after approximately 13 days.  The larvae are photonegative, remaining on the bottom for 

several days.  Buckley and Kynard (1981) found week-old larvae to be photonegative and form 

aggregations with other larvae in concealment. 

 

 Adult Shortnose Sturgeon typically leave the spawning grounds soon after spawning.  

Non-spawning movements include rapid, directed post-spawning movements to downstream 

feeding areas in spring and localized, wandering movements in summer and winter (Dadswell et 

al. 1984; Buckley and Kynard 1985; O'Herron et al. 1993).  Kieffer and Kynard (1993) reported 

that post-spawning migrations were correlated with increasing spring water temperature and 

river discharge.  YOY Shortnose Sturgeon are believed to move downstream after hatching 

(Dovel 1981) but remain within freshwater habitats.  Older juveniles tend to move downstream 

in fall and winter as water temperatures decline and the salt wedge recedes.  Juveniles move 

upstream in spring and feed mostly in freshwater reaches during summer. 

 

 Juvenile Shortnose Sturgeon generally move upstream in spring and summer and move 

back downstream in fall and winter; however, these movements usually occur in the region 

above the saltwater/freshwater interface (Dadswell et al. 1984; Hall et al. 1991).  Adult sturgeon 

occurring in freshwater or fresh water tidal reaches of rivers in summer and winter often occupy 

only a few short reaches of the total length (Buckley and Kynard 1985).  Summer concentration 
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areas in southern rivers are cool, deep, thermal refugia, where adult and juvenile Shortnose 

Sturgeon congregate (Flournoy et al.1992; Rogers and Weber 1994; Rogers and Weber 1995; 

Weber 1996).  While Shortnose Sturgeon are occasionally collected near the mouths of rivers 

and often spend time in estuaries, they are not known to participate in coastal migrations and are 

rarely documented in their non-natal river.  

 

 The temperature preference for Shortnose Sturgeon is not known (Dadswell et al. 1984) 

but Shortnose Sturgeon have been found in waters with temperatures as low as 2 to 3oC 

(Dadswell et al. 1984) and as high as 34oC (Heidt and Gilbert, 1978).  However, temperatures 

above 28oC are thought to adversely affect Shortnose Sturgeon.  In the Altamaha River, 

temperatures of 28-30oC during summer months create unsuitable conditions and Shortnose 

Sturgeon are found in deep cool water refuges.  

 

 Shortnose Sturgeon are known to occur at a wide range of depths.  A minimum depth of 

0.6 m is necessary for the unimpeded swimming by adults.  Shortnose Sturgeon are known to 

occur at depths of up to 30 m but are generally found in waters less than 20 m (Dadswell et 

al.1984; Dadswell 1979).  Shortnose Sturgeon have also demonstrated tolerance to a wide range 

of salinities.  Mcleave et al. (1977) reported adults moving freely through a wide range of 

salinities, crossing waters with differences of up to 10 ppt within a 2-hour period.  

 

4.2 Status and Trends of Shortnose Sturgeon Rangewide 

 Shortnose Sturgeon were listed as endangered on March 11, 1967 (32 FR 4001), and the 

species remained on the endangered species list with the enactment of the ESA in 1973.  

Although the original listing notice did not cite reasons for listing the species, a 1973 Resource 

Publication, issued by the U.S. Department of the Interior, indicated that Shortnose Sturgeon 

were in peril in most of the rivers of its former range but probably not as yet extinct (USDOI 

l973).  Pollution and overfishing, including by catch in the shad fishery, were listed as principal 

reasons for the species' decline.  In the late nineteenth and early twentieth centuries, Shortnose 

Sturgeon commonly were taken in a commercial fishery for the closely related and commercially 

valuable Atlantic sturgeon.  More than a century of extensive fishing for sturgeon contributed to 

the decline of Shortnose Sturgeon along the east coast.  Heavy industrial development during the 

twentieth century in rivers inhabited by sturgeon impaired water quality and impeded these 
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species' recovery; possibly resulting in substantially reduced abundance of Shortnose Sturgeon 

populations within portions of the species' ranges (e.g., southernmost rivers of the species range: 

Santilla, St. Mary’s and St. Johns Rivers).  A Shortnose Sturgeon recovery plan was published in 

December 1998 to promote the conservation and recovery of the species (NMFS 1998).   

 
 Although Shortnose Sturgeon are listed as endangered range-wide, the final recovery plan 

recognizes 19 spawning populations occurring throughout the range of the species.  These 

populations are in New Brunswick, Canada (1); Maine (2); Massachusetts (1); Connecticut (1); 

New York (l); New Jersey/Delaware (l); Maryland and Virginia (1); North Carolina (1); South 

Carolina (4); Georgia (4); and Florida (2).  NMFS has not formally recognized distinct 

population segments (DPS) of Shortnose Sturgeon under the ESA.  Although genetic information 

within and among Shortnose Sturgeon occurring in different river systems is largely unknown, 

life history studies indicate that Shortnose Sturgeon populations from different river systems are 

substantially reproductively isolated (Kynard 1998) and, therefore, should be considered 

discrete.  The 1998 Recovery Plan indicates that while genetic information may reveal that 

interbreeding does not occur between rivers that drain into a common estuary, at this time, such 

river systems are considered a single population comprised of breeding subpopulations (NMFS 

1998). 

 

 Studies conducted since the issuance of the Recovery Plan have provided evidence 

suggesting that years of isolation between populations of Shortnose Sturgeon have led to 

morphological and genetic variation.  Walsh et al. (2001) examined morphological and genetic 

variation of Shortnose Sturgeon in three rivers (Kennebec, Androscoggin, and Hudson).  The 

study determined that the Hudson River Shortnose Sturgeon population differed markedly from 

the other two rivers for most morphological features (total length, fork length, head and snout 

length, mouth width, interorbital width, dorsal scute count, left lateral scute count, and right 

ventral scute count).  Significant differences were found between fish from Androscoggin and 

Kennebec Rivers for interorbital width and lateral scute counts which suggests that even though 

the Androscoggin and Kennebec Rivers drain into a common estuary these rivers support largely 

discrete populations of Shortnose Sturgeon.  The study also found significant genetic differences 

among all three populations indicating substantial reproductive isolation among them and that 

the observed morphological differences may be partly or wholly genetic. 
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 Grunwald et al. (2002) examined mitochondrial DNA (mtDNA) from Shortnose 

Sturgeon in 11 river populations.  The analysis demonstrated that all Shortnose Sturgeon 

populations examined showed moderate to high levels of genetic diversity as measured by 

haplotypic diversity indices.  The limited sharing of haplotypes and the high number of private 

haplotypes are indicative of high homing fidelity and low gene flow.  The researchers 

determined that glaciation in the Pleistocene Era was likely the most significant factor in shaping 

the phylogeographic pattern of mtDNA diversity and population structure of Shortnose Sturgeon.  

The Northern glaciated region extended south to the Hudson River while the southern non-

glaciated region begins with the Delaware River.  There is a high prevalence of haplotypes 

restricted to either of these two regions and relatively few are shared; this represents a historical 

subdivision that is tied to an important geological phenomenon that reflects historical isolation.  

Analyses of haplotype frequencies at the level of individual rivers showed significant differences 

among all systems in which reproduction is known to occur.   

 

 Waldman et al. (2002) also conducted mtDNA analysis on Shortnose Sturgeon from l1 

river systems and identified 29 haplotypes.  Of these haplotypes, 11 were unique to northern, 

glaciated systems and 13 were unique to the southern, non-glaciated systems.  Only five were 

common to both.  This analysis suggests that Shortnose Sturgeon show high structuring and 

discreteness and that low gene flow rates indicated strong homing fidelity. 

 

 Wirgin et al. (2005) also conducted mtDNA analysis on Shortnose Sturgeon from 12 

rivers (St. John, Kennebec, Androscoggin, Upper Connecticut, Lower Connecticut, Hudson, 

Delaware, Chesapeake Bay, Cooper, Peedee, Savannah, Ogeechee and Altamaha).  This analysis 

suggested that most population segments are independent and that genetic variation among 

groups was high. 

 

 The best available information demonstrates differences in life history and habitat 

preferences between northern and southern river systems and given the species' anadromous 

breeding habits, the rare occurrence of migration between river systems, and the documented 

genetic differences between river populations, it is unlikely that populations in adjacent river 

systems interbreed with any regularity.  This likely accounts for the failure of Shortnose 

Sturgeon to repopulate river systems from which they have been extirpated, despite the 
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geographic closeness of persisting populations.  This characteristic of Shortnose Sturgeon also 

complicates recovery and persistence of this species in the future because, if a river population is 

extirpated in the future, it is unlikely that this river will be recolonized.   

 

 Historically, Shortnose Sturgeon are believed to have inhabited nearly all major rivers 

and estuaries along nearly the entire east coast of North America.  The range extended from the 

St. John River in New Brunswick, Canada to the Indian River in Florida.  Today, only 19 

populations remain ranging from the St. Johns River, Florida (possibly extirpated from this 

system) to the St. John River in New Brunswick, Canada.  The present range of Shortnose 

Sturgeon is disjoint, with northern populations separated from southern populations by a distance 

of about 400 km.  The species is anadromous in the southern portion of its range (i.e., south of 

Chesapeake Bay), while northern populations are amphidromous (fish move between fresh and 

salt water during some part of life cycle, but not for breeding; NMFS 1998).  Population sizes 

vary across the species' range.  From available estimates, the smallest populations occur in the 

Cape Fear (8 adults; Moser and Ross 1995) and Merrimack Rivers (100 adults; M. Kieffer, 

United States Geological Survey, personal communication), while the largest populations are 

found in the St. John (100,000; Dadswell 1979) and Hudson Rivers (61,000; Bain et al. 1998).  

As indicated in Kynard (1998), adult abundance is less than the minimum estimated viable 

population abundance of 1,000 adults for 5 of 11 surveyed northern populations and all natural 

southern populations.  Kynard (1998) suggests that all aspects of the species' life history indicate 

that Shortnose Sturgeon should be abundant in most rivers.  As such, the expected abundance of 

adults in northern and north-central populations should be thousands to tens of thousands of 

adults.  Expected abundance in southern rivers is uncertain, but large rivers should likely have 

thousands of adults.  The only river systems likely supporting populations of these sizes are the 

St. John, Hudson and possibly the Delaware and the Kennebec Rivers.   

 

4.3 Status of Shortnose Sturgeon in the Action Area 

 Shortnose Sturgeon occupy the lower Hudson River from late spring through early fall, 

Shortnose Sturgeon are dispersed throughout the deep, channel habitats of the freshwater and 

brackish reaches of the river (Bain 1997).  Mollusks, insects and crustaceans make up 25 to 50% 

of their diet.  In the late fall, most or all adult Shortnose Sturgeon congregate at a single 
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wintering site near Sturgeon Point (river kilometer, rkm, 139) (Bain 1997).  In the spring, the 

sturgeon migrate upstream to spawn and then migrate back downstream to the estuary to forage. 

 

 Hudson River Shortnose Sturgeon spawn in late-April to early May below Troy Dam 

(Bain 1997) in turbid and shallow water.  Eggs adhere to the river bottom, as do the newly 

hatched larvae (Buckley and Kynard 1981).  Hatching size ranges from 7 to 11 mm (Buckley and 

Kynard 1981).  Larvae then move downstream to the Hudson River Estuary (Hoff et al. 1988).  

Juvenile Shortnose Sturgeon use the tidal reach of the Hudson River.  

 

 Data on the Shortnose Sturgeon population in the Hudson River estuary were obtained 

from a field studies conducted from 1994 to 1997, a Shortnose Sturgeon population study 

conducted by William Dovel and others during the 1970s, and a standardized fish monitoring 

program by the Hudson River electric utilities (Central Hudson Gas and Electric Corporation, 

Consolidated Edison Corporation of New York, New York Power Authority, Niagara Mohawk 

Power Corporation, and Southern Energy New York) (Bain et al. 2007).  The studies provide 

Shortnose Sturgeon data and include population estimates and relative abundance data.  

Population estimates made in the late 1990s (about 60,000 fish with adults comprising >90% of 

the population) were compared to those made in the late 1970s and it was concluded the Hudson 

River population had increased by more than 400% over the period.  Data from the Hudson 

River electric utilities annual trawl survey (1986 to 1997) also indicate more than a fourfold 

increase in abundance mainly in the adult segment of the population (Bain et al. 2007).  It was 

concluded that Hudson River supports the largest population of Shortnose Sturgeon, and the 

system may harbor most individuals of the species (Bain et al. 2007).  Most Shortnose Sturgeon 

captured in the Hudson River estuary in research and monitoring programs have been adults.  

The spawning and wintering habitats of Shortnose Sturgeon in the Hudson River have been well 

known since the late 1800s when an intense sturgeon fishery operated in the estuary.  The 

juvenile wintering habitat has been described, but the spatial extent of summer sturgeon habitat 

had not been documented (Bain et al. 2007).   
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5.0 ENVIRONMENTAL BASELINE 

 Environmental baselines include the past and present impacts of all state, federal or 

private actions and other human activities in the action area, the anticipated impacts of all 

proposed federal projects in the action area that have already undergone formal or early Section 

7 consultation, and the impact of state or private actions that are contemporaneous with the 

consultation in process (50 CFR 402.02).  The environmental baseline for this biological 

assessment includes the effects of several activities that may affect the survival and recovery of 

the endangered species in the action area.  The activities that shape the environmental baseline in 

the action area of this consultation generally include: power plant operations, dredging, fisheries, 

research projects, and water quality.    

 

 Since 2000, NMFS has reviewed more than 50 proposed actions (i.e., dredging, shoreline 

stabilization and docks, pollution discharge permits), potentially affecting Shortnose Sturgeon in 

the Hudson River (Bain et al. 2007).  NMFS has often specified protection measures such as 

construction timing and design changes to protect the species (Bain et al. 2007).  Shortnose 

Sturgeon have also benefited from a termination of fishing and other harm caused by capture, 

handling, and disturbance.  Overall, the approach to recovery of Shortnose Sturgeon in the 

Hudson River has been to minimize interference with natural population processes and maintain 

habitat conditions able to support the species (Bain et al. 2007). 

  

 Shortnose Sturgeon in the Hudson River exceed the criteria set by NMFS that a 

Shortnose Sturgeon population composed of 10,000 spawning adults is considered large enough 

to be at a low risk of extinction and adequate for delisting under the U.S. Endangered Species 

Act (Bain et al. 2007).  Population estimates over two decades indicate a positive trend in 

population abundance.  Despite the multitude of anthropogenic influences on the Hudson River 

ecosystem, the Shortnose Sturgeon population appears to have achieved recovery and may merit 

removal from the list of threatened and endangered species even in a human dominated 

ecosystem associated with one of the World's largest and most prominent cities (Bain et al. 

2007).  Other potential sources of impacts in the action area include incidental take in scientific 

studies, contaminants, water quality from both point and non-point sources, invasive species, 

dams, hydroelectric and steam electric power plants and future climate change.   
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6.0 EFFECTS OF THE ACTION 

 This section examines the likely effects (direct and indirect) of the proposed action on 

Shortnose Sturgeon in the action area and their habitat within the context of the species, current 

status, and the environmental baseline. 

  

The hard-bottom substrate habitat in the project area consists of bedrock, boulders and 

cobbles with no evidence of fine grain soft sediments.  Installation of TriFrame mounts and 

electric cables for the RITE hydrokinetic turbines may disturb substrate habitat and could result 

in a temporary increase in turbidity.  Because installation of turbines will occur over a short 

period of time, water quality is expected to return to existing conditions following installation.  

Due to current velocities within the East River dispersion of re-suspended sediments, if any, 

would likely occur quickly.  The proposed activities associated with this project would not 

significantly alter any habitat used by fish.  There would be little to not impact to food source 

since epibenthic invertebrates are primarily found in mud and sand environments not hard-

bottom bedrock.       

 

 Adverse effects of hydrokinetic turbines were analyzed to determine their potential to 

cause injury or mortality.  Flow shear, rapid pressure changes, low absolute pressure, abrasion 

and grinding associated with fish passage through conventional hydro turbine are not of concern 

for most hydrokinetic designs (Amaral et al. 2010).  Blade strike is expected to be the primary 

mechanism of injury and mortality for fish that comes into direct contact with hydrokinetic 

turbines.  To analyze blade strike impacts on Shortnose Sturgeon, a RITE project specific fish 

interaction model was developed.  

 

 The model determines the probability of a fish entering the East River being struck by a 

turbine.  Structurally, the model determines this strike likelihood by combining various 

parameters; including the water velocity distribution, the channel geometry; the KHPS physical 

and operating characteristics; and the specific fish characteristics; size (length in cm); burst 

speed; and swimming velocity in relationship to water velocity. The model is designed to be 

customizable and incorporate elements of various parameters as they become known.  For 

example, over the past 3 years Verdant has sampled at the RITE site they have demonstrated that 

fish move with the tide in the east channel and are most abundant at slack tide. Since the turbines 
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do not operate in currents less than 1 m/s there is no risk to fish during the period of their highest 

abundance which occurs over 27% of the tidal cycle. This type of site-specific knowledge is 

incorporated as parameters in the model.          

 

The model at present assumes very little fish behavior.  With regard to Shortnose 

Sturgeon, very little is known about their abundance, distribution or behavior in the East River 

since none have been recorded there. Unknowns include their spatial distribution throughout the 

river, the directions, shapes, and timing of their paths in the East River.  The RITE Monitoring of 

Environmental Effects (RMEE) Plans were designed to improve site-specific knowledge which 

can then be incorporated in the model.     

 

The model uses 9 parameters and is applied to calculate the strike probability for one 

turbine, Install A (2 turbines), Install B-1, (one TriFrame, 3 turbines), Install B-2, (4 TriFrames, 

12 turbines), and Install C (10 TriFrames, 30 turbines).  For turbines in a TriFrame, another 

probability parameter is added to reflect the number of turbines, and their spacing in the turbine 

field.  The turbines in the field are treated as if the fish had an equal opportunity to go through all 

30.  In reality because the turbines are grouped together in 3’s on a TriFrame, it would be likely 

that a fish going through one turbine in a TriFrame would not be lined up to pass through either 

of the other two turbines.  However, it is difficult to quantify this interaction, so the simple but 

worst case of treating the turbines as independent is modeled.  The strike probability for 1 

TriFrame is simply the strike probability for a single turbine multiplied by the number of 

turbines in the single TriFrame, 3.  A complete description of the model parameters including 

descriptions of all assumptions, constants and variables can be found in Appendix A.  

 

 Since NMFS and NYSDEC agree only occasional transient Shortnose Sturgeon may be 

present in the East River, it was assumed that 10% of the NYBDPS Shortnose Sturgeon would 

ever likely transit the river.  Considering 10% of the Hudson River Shortnose Sturgeon 

population equates to over 6,000 fish, 10% appeared to be an overly conservative assumption 

since no tagged Shortnose Sturgeon have been detected over the past 7 years in the East River.  

This percentage is applied to the final strike probability calculation. The RITE project specific 

fish interaction model resulted in a blade strike probability for Shortnose Sturgeon at 1 turbine to 

be 0.0045%, Install B-1 (one TriFrame, 3 turbines) to be 0.0134%, Install B-2 (4 TriFrames, 12 
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turbines) to be 0.0536%, and Install C (5 TriFrames, 15 turbines) to be 0.067%.  Modeling 

results for Shortnose Sturgeon can be found in Appendix B. 

 

The model only determines the probability of a strike by a turbine blade, not the 

probability of mortality.  The model does differentiate between a strike that is determined to be 

too slow to cause any injury, and one that could cause injury or mortality.  Strikes that are 

deemed too slow to cause any injury are treated as non-strikes. While there is some early injury 

and mortality studies of turbine blades on smaller fish (Amaral et al. 2008), predictions of 

mortality for the larger fish are left out of the model at present.  Thus, the output of the model is 

a strike probability, not an injury or mortality probability.  Amaral et al. (2008) tested the effects 

of leading-edge turbine blade on fish strike survival and injury.  They found very high survival 

for white sturgeon at mean blade speeds ranging from 10.6 to 12.2 m/s which is comparable to 

the Verdant RITE outer edge blade speed of 10.5 m/s.  Sturgeon strikes were tested for different 

body regions and found total blade strike survival was 100% for sturgeon struck in the head and 

caudal region and 97.4% for those struck in the midsection for fish that ranged from 100 to 

150 mm.  White sturgeon exhibited less mortality than comparable sized rainbow trout indicating 

that their cartilaginous skeleton and armored scutes make sturgeon less susceptible to blade 

strike injury than typical boney fishes (Amaral et al. 2008). 

 

7.0 CONCLUSION 

 After reviewing the best available information on the status of endangered and threatened 

species under NMFS jurisdiction, the environmental baseline for the action area, the effects of 

the action, and the cumulative effects, it is concluded that the proposed action is not likely to 

jeopardize the continued existence of Shortnose Sturgeon.  Because no critical habitat is 

designated in the action area, none will be affected by the proposed action. 
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1.0 OVERVIEW  

In 2010, in response to a request from the National Marine Fisheries Service (NMFS), 

Verdant and Kleinschmidt developed an in-stream kinetic hydropower turbine (KHPS) fish 

interaction model for the East River in New York. The overall intention of this model was to 

quantify the risk that Verdant's KHPS turbines present to fish at the proposed Roosevelt Island 

Tidal Energy (RITE) Pilot Project in the East River in New York, as part of the FERC licensure of 

the project. This document provides a description of the model and presents and explains the 

assumptions made. 

 

This is a simple, probability-based model that determines the overall risk of a turbine 

blade striking a fish (blade strike). This model concentrates upon the turbine interaction with the 

Shortnose Sturgeon and Atlantic Sturgeon as these are protected species of interest in the area.  

 

2.0 MODEL INTRODUCTION 

During the previous RITE demonstration, Verdant collected a large quantity of 

information on the spatial and temporal presence and abundance of typical resident and migrating 

fish commonly present at the project site. However, for the sturgeon species of interest, there has 

been no available supporting evidence to identify any particular temporal or spatial distribution, 

other than communication from NMFS that there is a chance that they may at times be present in 

the East River. As a result, one of the primary assumptions used in the development of this model 

is that any sturgeon that are present would be distributed evenly throughout the East River. 

 

Additionally, based upon comments from NMFS, we are assuming that any sturgeon that 

may be present are using the East River as a migratory route to transit back and forth between 

Long Island Sound and the Hudson River. This behavioral assumption allows us to state that any 

particular fish is present because they are making a transit of river, rather than because this is their 

resident habitat. 
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These assumptions allow us to use a straightforward 2D model. The model uses a simple 

product of probabilities to provide an overall determination of the likelihood of blade strike. For 

simplicity, we have provided the following subdivision of items within this model that will have a 

contribution to the probability of a blade strike.  

 

Most of these parameters will vary as a function of water velocity and this has been 

presented in the following section. The overall probability of blade-strike can therefore be 

calculated as 

𝑷𝑷𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 = � 𝑷𝑷𝑷𝑷 ∙ 𝑷𝑷𝑷𝑷 ∙ 𝑷𝑷𝑷𝑷 ∙ 𝑷𝑷𝑷𝑷 ∙ 𝑷𝑷𝑷𝑷 ∙ 𝑷𝑷𝑷𝑷

𝑽𝑽𝑾𝑾, 𝑴𝑴𝑴𝑴𝑴𝑴

𝑽𝑽𝑾𝑾=𝟎𝟎

∙ 𝑷𝑷𝑷𝑷 

This equation simply states that the overall probability is a product of all the probabilities 

summed across all the water velocities of interest. 

 

2.1 Description of Parameters 

A description of the parameters, assumptions made, and justifications is provided in the 

following section. This section includes consideration for the probability of strike from a single 

turbine only. This is then expanded into the effect of the full field in the final section.  In 

addition, parameters updates based on data collected over the past decade at the RITE Project are 

included in the parameter descriptions. The model considered a 2D lateral cross-section of the 

channel at the location of the turbine and comprised seven major parameters: Probability of 

Blade Rotation (P1), Distribution of Water Velocity over the Tidal Cycle (P2), Fish Distribution 

(East vs. West Channel) (P3), Turbine Rotor Area (P4), Blade Interaction with Fish (P5), Fish 

Distribution Fish Distribution (At Different Velocities) (P6) and Avoidance Behavior (P7).  Most 

of these parameters varied as a function of water velocity and were summed across all water 

velocities up to the maximum tidal flow (VW, Max).  Previously three parameters P3: Fish 

Distribution (East vs. West Channel) as part of the RMEE 4:Tagged Species Detection Plan , P5: 

Blade Interaction with Fish and P6: Fish Distribution (At Different VW) have been updated based 

on data analysis conducted as part of the Oak Ridge National Lab (ORNL 2016).  

 

As part of a DOE Oak Ridge National Lab-Verdant Power grant, DIDSON data collected 

in 2012 was analyzed. The analysis resulted in the identification of 34,705 fish tracks, distributed 
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as 11,641 and 4,049 during ebb and flood tides, respectively, without a turbine in place; 10,490 

and 5,076 during ebb and flood tides with a non-rotating turbine; and 1,734 and 1,715 during ebb 

and flood tides with a rotating turbine. The distribution and trajectory of fish throughout the 

vicinity of the RITE site was quantified using a representative sample of hydroacoustics data 

collected with an array of BioSonics split beam transducers mounted at the RITE site from June 

2007 to October 2009 during testing of an array of six tidal turbines. A total of 15,641 fish 

targets were analyzed and revealed that most of the fish are near shore; and nearly twice as many 

fish were observed away from the turbines. In addition, many more fish were seen during slack 

tide (with no turbine operating) than ebb and flood tides.  These results contributed to two model 

parameters updates: P5, blade interaction with fish passing through turbine disk, and P6, fish 

distribution at various velocities described below.  

 

2.1.1 P1: Probability of Blade Rotation 

A unique characteristic of the Verdant design is that for the water velocities present at the 

site, the rotor will turn at a near constant speed of 32 rpm independent of the water velocity. In 

addition, the turbine features an automatically operated brake that will stop the turbine from 

rotating when water flow velocities are too low to generate power. This means that during times 

when the water velocity (10-minute average) is below 1 m/s the turbine will not be rotating and 

will therefore not pose a risk.  Further, the brake will operate when the water velocity (10-minute 

average) is greater than 2.6 m/s to ensure the maximum design loads are not exceeded. This is 

illustrated in Figure 1 which shows the probability of rotation as a function of water velocity.  

 

 

Figure 1. Probability of Gen 5 KHPS turbine rotation. 
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2.1.2 P2: Distribution of Water Velocity over the Tidal Cycle 

The environment in the East River provides for a predictable, but constantly changing 

flow profile. The speed at which the water moves has a significant impact upon the risk of the 

fish being struck. As the turbine rotor will turn at a constant rate, faster water flows will incur a 

lower chance of strike as the fish will be carried through the rotor disk faster.  Therefore, the 

probability of a given flow condition will influence the chance of strike. Figure 2 shows the 

probability of certain flow speeds which have been generated from flow data collected by 

Verdant at the RITE site. These have been arbitrarily subdivided into 0.2 m/s bins. 

 

 

Figure 2. Velocity distribution at the RITE site in the East River. 
 

 

2.1.3 P3: Fish Distribution 

The East River bifurcates to flow around Roosevelt Island, forming the east and west 

channels. The cross-sectional area of the channels is roughly equal (both channels have a similar 

width of approximately 240m and depth of 10m). The West Channel has a slightly higher 

average flow speed and the volume of water passing through both channels is equal to within 

approximately 5%. Combined with the even fish distribution assumption explained earlier, it 

reasonably follows that half of any fish present will transit via the west channel and will 

therefore not be affected by the turbines present in the east channel. 
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Based on data collected at the RITE site and in the West Channel from 2011 – 2018 

under RMEE-4, Tagged Species Detection, the model includes an updated probability of 0.25 

(25%) to represent the measured, normalized likelihood that the fish will take the east channel 

(and be at risk) and 0.75 (75%) in the west channel (and have no risk). This probability is fixed 

and is not dependent upon the water velocity. 

 

2.1.4 P4: Turbine Rotor Area 

With a 2D model the turbine(s) will occupy a certain percentage of the cross sectional 

area of the river, therefore the probability that a fish will transit through the turbine area will be 

given by the ratio of overall channel cross sectional area to turbine area. 
 

While the turbine disk area can be given by a standard calculation of area (A = π × r 2) 

hydrodynamic theory states there will be a volume of water incident on the disk that will be 

ejected due to the energy extraction function.  This effect causes water to flow slower through 

the rotor than around it.  Figure 3 shows this effect in profile and illustrates this 'ejection zone'.  

Any fish present in this zone will be moved away from the rotor.  The existence of this effect has 

been acknowledged in the literature.  The profile of the east channel of the East River is well 

known and for the purposes of this model is approximated to be a square channel with a width of 

240m and an average depth of 10m.  This ratio is a constant value and does not vary with water 

velocity.  It is calculated as 0.0066. 
 

 

Figure 3. Diagram showing rotor ejection zone. 
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2.1.5 P5: Blade Interaction with Fish 

For fish that will be incident upon the rotor, parameter P5 provides the probability of the 

blade impacting the fish (at any point on its body). This quantity is determined only by the 

following: 

• The speed of the fish approaching the turbine (a function of species burst speed and 
direction (the 80/20 rule as defined below)); 

• The length of the fish, generally grouped as native species size; 

• The rotational speed of the turbine blades (a known constant) and  

• The angle at which the fish is approaching the turbine (angle of incidence)  
 

2.1.6 P5: 80/20 Rule 

The primary assumption included in this parameter is that a fish will move through the 

turbine blades by swimming at its maximum burst speed through the rotor. Based upon the body 

of data collected during the RITE demonstration, it may be possible to justify some additional 

spatial or zonal avoidance behavior. However, because no specific data are available, no 

additional avoidance behavior is accounted for in the present model. The speed of the fish 

through the rotor will therefore be given only by the species’ maximum burst speed plus the 

water velocity. 

 

At RITE, fish likely swim through the east channel in both directions. However, over the 

course of the RITE demonstration, Verdant collected information on fish movements at the RITE 

east channel site that support the assumption that fish will typically be swimming with the 

current, especially at times of high velocity. From these data we assumed that when the water 

velocity is less than the regular endurance speed for a particular species, then 80% of fish will be 

swimming with the current and 20% against. For times when the water velocity is greater than 

the regular endurance speed, all fish will be swimming with the current. We term this assumption 

the 80/20 rule and this parameter was examined as part of the ORNL work.  The new analysis 

indicates that the percentage of fish that swam with the current, and those that swam against it, 

are a function of velocity and range from 0.79 (79%) to 0.92 (92%) with the current.  

  

 

 



 

 
Appendix A - 7 -  December 2019 

2.1.7 P5: Angle of Incidence  

Previously, the angle at which the fish will approach the turbine disk was not known; 

therefore, it was assumed that fish will be incident upon the rotor disk from an even distribution 

of angles (±90°) centered on the direction of transit (upstream or downstream). As the angle of 

incidence for the fish moves away from the perpendicular, the effective length of the fish 

decreases; however, its velocity through the rotor is also reduced.  New analysis indicates that a 

narrower angle of incidence (±15°) occurs.   

 

For a given water velocity and fish species, the probability of strike for a fish incident on 

the turbine disk is highly dependent upon the specific parameters used for the fish, such as swim 

speed and overall length. The mean length of Atlantic and Shortnose sturgeon in Long Island 

Sound was reported to be 104 cm and 88 cm, respectively. These lengths were used in the model 

since it is assumed any migratory sturgeon traversing the East River are heading to or returning 

from Long Island Sound. Swim velocities can be categorized into endurance swimming speeds 

and burst swimming speeds. Unfortunately swim speeds for these species are less well 

determined, although it can be supported that a good approximation for the burst swim speed 

may be taken as 4 (four) times the nominal length per second. Endurance swim speed can 

typically be seen as being half of the burst swim speed. Table 2 provides the following specific 

parameters that were used in the model. 

 

Table 1. Revised P5 parameter values based on the proportion of fish swimming with the 
current for nine velocity ranges and two size classes of fish. 

Velocity range 
(m/s) 0.0–1.0 1.0–1.2 1.2–1.4 1.4–1.6 1.6–1.8 1.8–2.0 2.0–2.2 2.2–2.4 2.4–2.6 

P5: L > 76 cm* 0.79 0.91 0.88 0.92 0.84 0.88 1 1 1 
P5: L < 76 cm* 0.65 0.90 0.96 0.97 0.97 0.98 1 1 1 

 

 

Table 2.  Species specific parameters used in the KHPS-Fish Interaction Model for RITE. 

Species 
Common Length 

(cm) 
Endurance Swim Speed 

(Ve) (m/s) 
Burst Swim Speed 

(Vb) (m/s) 
Shortnose Sturgeon 88 1.76 3.52 
Atlantic Sturgeon 104 2.08 4.16 
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As discussed above, water velocity will affect the probability for strike and it can be seen 

in Figure 4 how the probability varies with velocity and species. For velocities less than 1 m/s 

the turbine is not rotating, therefore values are zero. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Probability of strike for fish passing through turbine disk. 
 
 
 
2.1.8 P6: Fish Distribution 

This fish distribution parameter was included in the KFIM for RITE to account for the 

transit of species within the configuration at RITE. For the 2010 RITE KFIM cases, in the 

absence of further information on fish species, the model assumed an even distribution of fish in 

the East River. Therefore, P6=1 for all velocities. This parameter set at 1 for each velocity was 

applied as an extremely conservative value, rather than representing a uniform distribution of 

11% per velocity bin. The modification of this assumption is reflected in the results.  

 

2.1.9 P7: Avoidance Behavior 

This is included for completeness. This model takes a conservative approach and assumes 

no avoidance behavior other than assuming the fish will speed up to avoid being struck. This 

increase in velocity in included in parameter P5. Therefore, P7=1 for use in the current model. 

As information is learned from the proposed continued monitoring plans this parameter can 

potentially be modified. 
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2.1.10 Overall Probability of Strike 

The parameters discussed here each vary with water velocity; therefore, it is difficult to 

easily illustrate the calculation. Spreadsheets are provided in Appendix A which detail the 

calculations. The results for a single turbine are provided in Table 3 below. 

 

Table 3.   Probability of strike for a single turbine. 

Term Probability of Strike 
Atlantic Sturgeon 0.00453% 
Shortnose Sturgeon 0.00446% 

 

 

2.2 Array and Full Field Effects 

Increasing the number of installed turbines will naturally increase the probability of 

strike. The proposed project will be installed in a series of steps as detailed in the license 

application. These are summarized below. 

 

Stage Size of Complete Field  
Install B-1: Three KHPS turbines installed on one TriFrame mount 
Install B-2: Twelve KHPS turbines installed on four TriFrame mounts 
Install C: Fifteen KHPS turbines installed on five TriFrame mounts 
 

The most conservative estimate for the impact of the full field of 15 KHPS turbines is to 

multiply the single unit probability by the number of installed units.  However, this assumption 

does not take into account the physical location of the KHPS turbines. This is a worst-case 

assumption that may be over conservative. As the KHPS turbines will be clustered in a single 

location, any fish entering the full array would likely try to leave the area once passing close to 

or through a small number of units.  Nevertheless, there is little validated or published data to 

support this assumption and as a result this model assumes no inherent avoidance of the array. 

 

The strike probabilities for Atlantic and Shortnose sturgeon are presented for the full field 

in Table 4 below. 
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Table 4.   Overall KHPS-Fish strike probabilities for proposed RITE Pilot Project. 

Species 
Single 

Turbine 
Install B-1 

(3 Turbine ) 
Install B-2 

(12 Turbines) 
Install C 

(15 Turbines) 
Atlantic Sturgeon 0.00453% 0.0136% 0.0544% 0.0680% 
Shortnose Sturgeon 0.00446% 0.0134% 0.0536% 0.0670% 

 
 
3.0 CONCLUSIONS 

This KHPS turbine-fish interaction model provides a summary of the assumptions used 

and methods applied to calculate the probability of a blade strike (with respect to the RITE pilot 

project) upon two ESA species of sturgeon in the East River, New York. 
 

While the investigation of fish interaction with operating KHPS turbines in terms of 

temporal and spatial abundance has been underway at the RITE site since 2007, the assumptions 

used in this model have attempted to take a conservative view and combine knowledge gained 

from more recent data collection (RMEE-4; 2011-2018) and data analysis (ORNL 2016). The 

staged installation and environmental monitoring program proposed by Verdant is intended to 

continue to refine the body of knowledge in this area and improve the predictions made by this 

model. 
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APPENDIX B 
 

MODEL RESULTS FOR SHORTNOSE STURGEON 
 
 



Verdant Power
Shortnose Sturgeon-Blade Interaction Model-Relicensing

Author Rev Date
COLBY Relicensing 2019 v0 12/9/2019

See Accompanying Text for Additional Information

Assumptions Condition Confidence Level Why Model Improvement from RMEE

Shortnose Sturgeon, Common Length = 88 cm Assumed Medium LI Sound Sample (NEED citation) TBD
Data on Lake Sturgeon is a reasonable surrogate for data on Atlantic and Shortnose Sturgeon Assumed Medium Research (NEED citation) Lab Research
Burst Velocity is equal to 4 times the fish body length per second Assumed Medium Wardle? Lab Research
Endurance Velocity is equal to the Burst Velocity divided by 2 Assumed Medium Lack of knowledge Lab Research

Uniform monthly Sturgeon distribution when present - May through October Assumed Low Same as Atlantic sturgeon SBT; DIDSON; VEMCO
Uniform Sturgeon distribution on ebb/flood/slack tides Assumed Low Same as Atlantic sturgeon Hydrophone
Uniform Sturgeon distribution during night and day Assumed Low Same as Atlantic sturgeon Hydrophone
Uniform Sturgeon distribution throughout the cross-section of the East Channel (2-D) Assumed Low Unable to determine with telemetry data N/A

No macro/meso scale avoidance included Worst Case Low No clear evidence DIDSON
No attraction behavior is included Best Case Low No clear evidence DIDSON
Turbine Rotors are Independent Worst Case Low No clear evidence DIDSON

River Width 240 m Assumed High Match Hydrodynamic Model N/A
River Depth 10 m Assumed High Match Hydrodynamic Model N/A
River Length 3700 m Assumed High Match Hydrodynamic Model N/A

Rotation Condition Design High Designed N/A
No fish will avoid a turbine regardless of the burst velocity Worst Case Low Alden prioritary pending data (NEED citation) Lab Research
Some fish can reach turbine if endurance velocity is greater than the water velocity (Ve > Vw) Measured Medium DIDSON & SBT Data w/ ORNL SBT; DIDSON

Ar = 19.63 m2 (Turbine Rotor Swept Area) Design High Designed N/A
Aw = 2000 m2 (East River Cross-sectional Area - 200m x 10m) Measured High Approximation N/A

D = 10 m (River avg depth) Measured High Approximation N/A
Ae = 3.7 m2 (Expulsion Area) Calculated High Hydrodynamic Fundamentals N/A

Blade strike probability Moderate Case Medium Lack of knowledge DIDSON + Lab Research
Water Speed Distribution Match RITE Data High Measured N/A

Array fish behavior Design High Designed N/A

Effective Rotor 
Area



Probability of a Blade Interaction for a SINGLE Shortnose Sturgeon in the East River

Constants (Single Rotor)

L 88 cm (Common Length)
Vb 3.52 m/s (Burst Velocity)
Ve 1.76 m/s (Assumption)
n 3 blades
w 32 rpm
R 2.5 m (Turbine Rotor Radius)
D 10 m (River Avg Depth)
W 240 m (River Avg Width)
L 3700 m (River Avg Length)
Ar 19.625 m2 (Turbine Rotor Swept Area)
Aw 2400 m2 (East River Cross-sectional Area - W x D)
Ae 3.7 m2 (Expulsion Area)

Vw TOTAL 2.6 m/s 2.4 m/s 2.2 m/s 2 m/s 1.8 m/s 1.6 m/s 1.4 m/s 1.2 m/s 0 to 1 m/s
PROBABILITY NOTES:

SITE P1 1 1 1 1 1 1 1 1 0 Probability given a Rotation Condition (P = 1 if Vw > 0)

P2 0.0002 0.0067 0.0347 0.0878 0.1631 0.1831 0.1477 0.1017 0.2749 Water Velocity Distribution (Measured at RITE)

P3 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 East/West Channel Split [25% East and 75% West Channel - BASED ON NORMALIZED VEMCO DATA]

KHPS P4 0.0066 0.0066 0.0066 0.0066 0.0066 0.0066 0.0066 0.0066 0.0066 Impact Area of Rotor Coverage ( (Ar - Ae)/Aw )

Vf Max 6.12 m/s 5.92 m/s 5.72 m/s 5.52 m/s 5.32 m/s 5.12 m/s 4.92 m/s 4.72 m/s Vf Max = Vw + Vb fish swimming with current
P5.Vf Max 0.23 0.23 0.24 0.25 0.26 0.27 0.28 0.29 See Look Up Table [BASED ON DIDSON DATA]
Vf Min N/A N/A N/A -1.52 m/s -1.72 m/s -1.92 m/s -2.12 m/s -2.32 m/s Vf Min = Vw - Vb  fish swimming against current
P5.Vf Min 0 0 0 0.99 0.86 0.76 0.69 0.62 See Look Up Table [BASED ON DIDSON DATA]

P5.Current 1 1 1 0.88 0.84 0.92 0.88 0.91 0.79 Fish Swimming with the Current [BASED ON SBT DATA AND CONFIRMED BY DIDSON DATA]

P5 0.23 0.23 0.24 0.34 0.36 0.31 0.33 0.32 0 Blade Interaction (Function of Water Velocity, Fish Burst Speed and Fish Length)

FISH P6 0.04 0.04 0.05 0.08 0.11 0.14 0.12 0.12 0.3 Fish Distribution (Non-uniform Fish Distribution) [BASED ON SBT DATA]

P7 1 1 1 1 1 1 1 1 1 Avoidance behavior (P = 1 When No Fish Avoid Turbines)

P8 1 1 1 1 1 1 1 1 1 Endurance behavior (50% of Fish Downstream of Rotor Cannot Approach Turbine if Vw > Ve)

1 TURBINE P = 0.00446% 0.000000 0.000000 0.000001 0.000004 0.000011 0.000013 0.000010 0.000006 0 Total Probability of Fish/Blade Interaction at Each Flow Speed - 1 TURBINE

INSTALL A P9.A 2 2 2 2 2 2 2 2 2 Number of Operating KHPS

2 TURBINES P.A = 0.00893% 0.000000 0.000000 0.000001 0.000008 0.000021 0.000026 0.000019 0.000013 0 Total Probability of Fish/Blade Interaction at Each Flow Speed - 2 TURBINES

INSTALL B-1 P9.B-1 3 3 3 3 3 3 3 3 3 Number of Operating KHPS

3 TURBINES P.B-1 = 0.0134% 0.000000 0.000000 0.000002 0.000012 0.000032 0.000039 0.000029 0.000019 0 Total Probability of Fish/Blade Interaction at Each Flow Speed - 1 TriFrame (3 TURBINES)

INSTALL B-2 P9.B-2 12 12 12 12 12 12 12 12 12 Number of Operating KHPS

P10.B-2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Array Avoidance (P = 1 if No Fish Avoid Arrays, P = 0.5 if Fish Leave Array Half Way Through)

12 TURBINES P.B-2 = 0.0536% 0.000000 0.000001 0.000008 0.000047 0.000127 0.000158 0.000116 0.000078 0 Total Probability of Fish/Blade Interaction at Each Flow Speed - 4 TriFrames (12 TURBINES)

INSTALL C P9.C 15 15 15 15 15 15 15 15 15 Number of Operating KHPS

P10.C 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Array Avoidance (P = 1 if No Fish Avoid Arrays, P = 0.5 if Fish Leave Array Half Way Through)

15 TURBINES P.C = 0.0670% 0.000000 0.000002 0.000010 0.000059 0.000159 0.000197 0.000145 0.000097 0 Total Probability of Fish/Blade Interaction at Each Flow Speed - 5 TriFrames (15 TURBINES)

IMPACT P11 1 1 1 1 1 1 1 1 1 Population at Risk

P12 1 1 1 1 1 1 1 1 1 Strike Impact (P = 1 for ESA)



Vb 3.52
Ve 1.76 angle pop La Prob of θ Aparent Velocity Pstrike Aparent Velocity Pstrike
Vw 1.20 7.5 0 11.49 0.00 1.66 0.00 -0.74 0.00
L 88 22.5 0 33.68 0.00 2.55 0.00 0.15 0.00
n 3 37.5 0 53.57 0.00 3.34 0.00 0.94 0.00
rpm 32 52.5 0 69.82 0.00 3.99 0.00 1.59 0.00

67.5 1 81.30 0.01 4.45 0.00 2.05 0.00
82.5 59 87.25 0.49 4.69 0.00 2.29 0.01
97.5 59 87.25 0.49 4.69 0.15 2.29 0.30

112.5 1 81.30 0.01 4.45 0.14 2.05 0.31
127.5 0 69.82 0.00 3.99 0.00 1.59 0.01
142.5 0 53.57 0.00 3.34 0.00 0.94 0.00
157.5 0 33.68 0.00 2.55 0.00 0.15 0.00
172.5 0 11.49 0.00 1.66 0.00 -0.74 0.00

120 56.18 0.29 0.62

With Current Against Current

Summary Parameters: 
Shortnose Sturgeon

Shortnose Sturgeon
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VERDANT POWER 

ROOSEVELT ISLAND TIDAL ENERGY (RITE) PROJECT 

BIOLOGICAL ASSESSMENT 

ATLANTIC STURGEON 

 
 
 
 
1.0 INTRODUCTION 

 This constitutes the biological assessment of the ESA listed Atlantic Sturgeon under the 

Endangered Species Act (ESA) of 1973, as amended (16 U.S.C. 1531-1543) on the effects of the 

proposed Verdant Power Island Tidal Energy (RITE) Project in the East River, New York, NY.  

The RITE Project is proposed to deliver commercial electricity from Verdant Power's Free Flow 

Kinetic Hydropower System and generate clean renewable energy from the river's tidal currents. 

 

 While no Atlantic Sturgeon had been recorded in the East Channel of the East River prior 

to Verdant installing VEMCO acoustic telemetry receivers at the Project site in May 2011.  Since 

then, just over 2,500 days of data collection has occurred.  Of the 344 tagged fish detected, 29 

tagged Atlantic Sturgeon have been recorded traversing the area.  Of those detected, 23% of all 

the detections were in the East Channel of the East River where the Project is located and 67% 

were in the West Channel.  In almost 7 years, less than 1 (0.86) tagged Atlantic Sturgeon per 

year traversed the Project area.     

 

2.0 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 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.    
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Verdant conducted a remote sensing survey to document surficial and subsurface 

riverbed features in the east channel in the area of the experimental units.  The survey was 

conducted using a high-resolution side-scan sonar device at frequencies of 500-kHz and 100-kHz 

respectively.  The study confirmed the presence of boulders and cobbles that were depicted on 

the side-scan sonar and sub-bottom records. The video coverage did not show any evidence of 

fine grain soft sediments.  This was also later confirmed when Verdant drilled the 6 piles into the 

bedrock for the demonstration project.   

 

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 up 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.   

 

3.0 DESCRIPTION OF THE 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 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: 

• Install B-1:  Under current Pilot License Install three ‘Gen5’ KHPS turbines on one 
TriFrameTM  in 2020.  

• Install B-2:  Install 6-9 additional KHPS turbines on up to three TriFrames. 
• Install C:  Install the balance of 15 KHPS turbines, for a total of no more than 5 

TriFrames. 
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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; 

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. 

 

1. Location and Layout 

The location of the Project 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 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 incremental buildouts of 

Install B-1, B-2, and C will encompass small subset areas of the total project boundary.   

  

2. KHPS Technology 

The Verdant Power Gen 5 KHPS unit consists of four major components:   

• Rotor with three fixed composite blades;   

• Nacelle (watertight), pylon and yaw mechanism;   

• Drivetrain generator and brake (within nacelle); and   

• 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 0.75 meters, and an axial length of approximately 0.5meters.  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 56 kW, 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 40 rpm to that of the generator which will be approximately 1,800 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 Gen5 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 

56 kW 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 35 kW.  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 4.3 meters.  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 40 revolutions per minute (rpm), 

with tip-speeds in the order of 35 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 

inner pylon, which has matching stainless bearing races. The pylons have yaw stop elements that 
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limit the turbine yaw. 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 fixed 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 to170 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 

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.  
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Key KHPS Technology Parameters (RITE Gen 5) 
 

ROTOR 
Rotor hub diameter: 1.0 m 
Rotor tip diameter: 5.0 m (minimum 10 m deployment depth) 
Number of blades: 3 - Gen5d  

Material of construction: Rotor: Composite (FRP) construction  
Rotor Hub: Nickel Aluminum Bronze 

Pitch control: No 
Yaw control: Passive (self-aligning through 165o arc)  
Ducted or open rotor: Open 
Solidity ratio: ~16% (based on blade frontal area / total rotor area) 
Rpm @ full load: ~32 rpm 

Rpm limit: no load 
Failsafe brake on any no-load condition.  On full-power 
transient, or 20% overspeed, brake stops rotation in less 
than a few seconds. 

DRIVETRAIN 
Geared drive: Yes, planetary 
Shaft diameter: 6” 316 stainless steel  
Number of bearings: 2 on main shaft, tapered roller bearings 
Mechanical efficiency: ~93% 
Lubrication: Gearbox and bearings: forced, with synthetic (PAO) gear oil 

GENERATOR 
Power produced on both 
ebb and flood: tides: Yes 

Generator design: induction, NEMA design B 
Synchronous: Asynchronous (near-synchronous) 
Rpm: 1200 
Delivery voltage: 480VAC, 3 phase, 60 Hz  
Electrical efficiency: Nominal 94.5% 
Excitation: self (induction) 

TURBINE SYSTEM  

Turbine weight in air: 4,085 kg (including outer pylon only) 
Turbine weight in water: 2,746 kg 
Operating current: 1 m/s to 2.6 m/s (10 min. avg.) 
Survival current: 3.3 m/s 
Turbine design life: 20 years  
Turbine Service Interval: 3 to 5 years 
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3.1 Underwater Cabling 

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. 

 

3.2 Construction and Installation Schedule 

For the subsequent RITE East Channel License, Verdant intends to use a staged 

installation procedure to ensure ongoing design validation. 

• 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.  

• 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. 
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• 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.   

 

3.3 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 170° 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 

Gen5 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 
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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 

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 Gen5 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:  

• 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 
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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. 

• 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 
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.  

• For maintenance, a periodic maintenance cycle of Retrieve and Replace 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.  

 
4.0 STATUS OF AFFECTED SPECIES 

 The action being considered in this biological assessment may affect ESA-Listed Atlantic 

Sturgeon (Acipenser oxyrinchus).  This section will focus on the status of Atlantic Sturgeon 

within the action area, summarizing information necessary to establish the environmental 

baseline and to assess the effects of the proposed action. 

 

4.1 Atlantic Sturgeon Life History 

 Atlantic Sturgeon occur along the northwest Atlantic Coast from Labrador south the 

northern Florida (Collette and MacPhee, 2002).  Atlantic Sturgeon are distinguished from 

Shortnose Sturgeon by their small mouth, presence of bony scutes between the anal fin base and 

the lateral scute row, a double row of scutes behind the anal fin and by their pale intestine.  They 

are anadromous and juveniles may spend several years in freshwater in some rivers, however, 

others move to brackish waters when water temperatures drop in the fall (Scott and Crossman, 

1973).  Atlantic Sturgeon appear to spend limited time within their natal rivers except during 

spawning. Subadults leave their natal river at age 4-7 (Collette and MacPhee, 2002), but 

occasionally as early as age 2 (Bain 1997). Atlantic Sturgeon use coastal habitats and nearshore 

environment for extended period of time, however, little is known of their coastal movements or 

preferences (Savoy 2007).  
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 Atlantic Sturgeon have been aged to 60 years, however, this should be taken as an 

approximation as the only age validation study conducted to date shows variations of ±5 years 

(ASSRT 2007).  Sturgeon populations show variation with faster growth and earlier age at 

maturation in more southern systems (ASSRT 2007).  Atlantic Sturgeon mature in South 

Carolina at 5-19 years, in the Hudson River at 11-21 years and in the Saint Lawrence River at 

22-34 years (ASSRT 2007).  The average age at which 50% of maximum lifetime egg 

production is achieved estimated to be 29 years, approximately 3-10 times longer than for other 

bony fish species examined (ASSRT 2007). 
 

 Atlantic Sturgeon are generally found in areas of little or no current throughout much of 

their lives and tend to occupy more saline environments than the Shortnose Sturgeon.  Currents 

are encountered by adults during upstream spawning migrations and spawning occurs where 

water flow is fairly strong (Gilbert 1989).  Substrate preference varies according to life stage and 

proximity to the spawning season (Gilbert 1989).   
 

 Atlantic Sturgeon are opportunistic benthic feeders (Scott and Crossman, 1973).  In 

marine or estuarine waters, they feed on polychaetes, isopods, decapods crustaceans, amphipods, 

gastropods, bivalves and fishes.  Sturgeons are indiscriminate feeders and search for prey by 

rooting along the bottom with their snouts using barbells (Gilbert 1989). 
 

 Fecundity of the Atlantic Sturgeon increases with age and body size and ranges from 

800,000 to 3.76 million eggs (Collette and MacPhee, 2002).  Size at maturity and spawning time 

varies with latitude.  In the Hudson River males mature at about 9 years and females about 

10 years.  Their eggs are demersal and adhesive.  Males migrate to the spawning areas earlier in 

the year and spend longer time there than females (Collette and MacPhee 2002).  Males may 

spawn every year, but females do not and have spawning intervals of about 3 years (Collette and 

MacPhee, 2002).   

 

4.2 Status of Atlantic Sturgeon in the Action Area 

The RITE Project is located in the Atlantic Sturgeon New York Bight Distinct Population 

Segment (DPS) includes: all Atlantic Sturgeon spawned in the watersheds that drain into coastal 

waters from Chatham, MA to the Delaware-Maryland border. Within this range, Atlantic 

Sturgeon historically spawned in the Connecticut, Delaware, Hudson, and Taunton Rivers 
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(Murawski and Pacheco, 1977; Secor, 2002; ASSRT, 2007). Spawning still occurs in the 

Delaware and Hudson Rivers, but there is no recent evidence (within the last 15 years) of 

spawning in the Taunton River (ASSRT, 2007).  In June 2014, several presumed age-0 Atlantic 

Sturgeon were captured in the Connecticut River (T. Savoy, CT DEEP, pers. comm.).  These 

captures represent the only recent records of Atlantic Sturgeon spawning in the Connecticut 

River. Capture of age-0 Atlantic Sturgeon strongly suggests that spawning is occurring in that 

river (T. Savoy, CT DEEP, pers. comm.). Atlantic Sturgeon that are spawned elsewhere continue 

to use habitats within the Connecticut and Taunton Rivers as part of their overall marine range 

(NMFS 2017). 

 

The abundance of the Hudson River Atlantic Sturgeon riverine population prior to the 

onset of expanded exploitation in the 1800s is unknown but, has been conservatively estimated at 

10,000 adult females (NMFS 2017). Current abundance is likely at least one order of magnitude 

smaller than historical levels (NMFS 2017). An estimate of the mean annual number of mature 

adults (863 total; 596 males and 267 females) was calculated for the Hudson River riverine 

population based on fishery-dependent data collected from 1985-1995 also showed that the level 

of fishing mortality from the Hudson River Atlantic Sturgeon fishery during the period of 1985-

1995 exceeded the estimated sustainable level of fishing mortality for the riverine population and 

may have led to reduced recruitment. All available data on abundance of juvenile Atlantic 

Sturgeon in the Hudson River Estuary indicate a substantial drop in production of young since 

the mid-1970s (NMFS 2017). Catch-per-unit-effort data suggest that recruitment has remained 

depressed relative to catches of juvenile Atlantic Sturgeon in the estuary during the mid-late 

1980s (NMFS 2017). In examining the CPUE data from 1985-2007, there are significant 

fluctuations during this time. In the Hudson River sources of potential mortality include vessel 

strikes and entrainment in dredges.  Individuals are also exposed to effects of bridge construction 

including the replacement of the Tappan Zee Bridge.  Impingement at water intakes, including 

the Danskammer, Roseton and Indian Point power plants also occurs. There is currently not 

enough information regarding any life stage to establish a trend for the Hudson River 

population. 

 

There is no abundance estimate for the Delaware River population of Atlantic Sturgeon. 

Harvest records from the 1800s indicate that this was historically a large population with an 
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estimated 180,000 adult females prior to 1890 (NMFS 2017). Sampling in 2009 to target 

young-of-the year (YOY) Atlantic Sturgeon in the Delaware River (i.e., natal sturgeon) resulted 

in the capture of 34 YOY, ranging in size from 178 to 349 mm TL and the collection of 32 YOY 

Atlantic Sturgeon in a separate study (NMFS 2017).   

 

In the marine range, New York Bight DPS Atlantic Sturgeon are incidentally captured in 

federal and state managed fisheries (NMFS 2017). As explained above, currently available 

estimates indicate that at least 4% of adults may be killed as a result of bycatch in fisheries. 

Based on mixed stock analysis results, over 40 percent of the Atlantic Sturgeon bycatch 

interactions in the Mid Atlantic Bight region were sturgeon from the New York Bight DPS 

(NMFS 2017). Individual-based assignment and mixed stock analysis of samples collected from 

sturgeon captured in Canadian fisheries in the Bay of Fundy indicated that approximately 1-2% 

were from the New York Bight DPS.   

 

Riverine habitat may be impacted by dredging and other in-water activities, disturbing 

spawning habitat and also altering the benthic forage base. Both the Hudson and Delaware 

rivers have navigation channels that are maintained by dredging. Dredging is also used to 

maintain channels in the nearshore marine environment. Dredging outside of federal channels and 

in-water construction occurs throughout the New York Bight region.  

 

In the Hudson and Delaware Rivers, dams do not block access to historical habitat. 

Connectivity may be disrupted by the presence of dams on several smaller rivers in the New 

York Bight region. Because no Atlantic Sturgeon occur upstream of any hydroelectric projects 

in the New York Bight region, passage over hydroelectric dams or through hydroelectric turbines 

is not a source of injury or mortality in this area. 

 

New York Bight DPS Atlantic Sturgeon may also be affected by degraded water quality. 

In general, water quality has improved in the Hudson and Delaware over the past decades (NMFS 

2017). Both the Hudson and Delaware rivers, as well as other rivers in the New York Bight 

region, were heavily polluted in the past from industrial and sanitary sewer discharges. While 

water quality has improved and most discharges are limited through regulations, many pollutants 

persist in the benthic environment.  There is no information to quantify the number of individuals 
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likely killed as a result of vessel strikes in the New York Bight DPS.  There are no empirical 

abundance estimates of the number of Atlantic Sturgeon in the New York Bight DPS.   

 
5.0 EFFECTS OF THE ACTION 

This section examines the likely effects (direct and indirect) of the proposed action on 

Atlantic Sturgeon in the action area and their habitat within the context of the species, current 

status, and the environmental baseline. 

 

The hard-bottom substrate habitat in the project area consists of bedrock, boulders and 

cobbles with no evidence of fine grain soft sediments. Installation of TriFrame mounts and 

electric cables for the RITE hydro kinetic turbines may disturb substrate habitat and the water 

column. These activities could result in a temporary increase in turbidity.  Because installation of 

turbines will occur over a short period of time, water quality is expected to return to existing 

conditions following installation. Due to current velocities within the East River dispersion of re-

suspended sediments, if any, would likely occur quickly. The proposed activities associated with 

this project would not significantly alter any habitat used by fish.  There would be little to not 

impact to food source since polychaetes are primarily found in mud and sand environments not 

hard-bottom bedrock.       

 

Adverse effects of hydrokinetic turbines were analyzed to determine their potential to 

cause injury or mortality.  Flow shear, rapid pressure changes, low absolute pressure, abrasion 

and grinding associated with fish passage through conventional hydro turbine are not of concern 

for most hydrokinetic designs (Amaral et al. 2010).  Blade strike is expected to be the primary 

mechanism of injury and mortality for fish that comes into direct contact with hydrokinetic 

turbines.  To analyze blade strike impacts on Atlantic Sturgeon, a RITE project specific fish 

interaction model was developed.  

 

The model determines the probability of a fish entering the East River being struck by a 

turbine.  Structurally, the model determines this strike likelihood by combining various 

parameters; including the water velocity distribution, the channel geometry; the KHPS physical 

and operating characteristics; and the specific fish characteristics; size (length in cm); burst 

speed; and swimming velocity in relationship to water velocity. The model is designed to be 
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customizable and incorporate elements of various parameters as they become known.  For 

example, over the past several years Verdant has sampled at the RITE site they have 

demonstrated that fish move and are most abundant at slack tide in the East Channel. Since the 

turbines do not operate in currents less than 1 m/s there is no risk to fish during the period of 

their highest abundance which occurs over 27% of the tidal cycle. This type of site-specific 

knowledge is incorporated as parameters in the model.          

 

The model at present assumes very little fish behavior.  With regard to Atlantic Sturgeon, 

any information about their distribution or behavior in the East River has been collected by 

Verdant’s RMEE 4 tagged species detection. This RMEE Plan was designed to improve site-

specific knowledge to be incorporated in the model. The model below incorporates information 

collected by Verdant during the past 7 years of tracking tagged Atlantic Sturgeon.      

 

The model uses 9 parameters and is applied to calculate the strike probability for one 

turbine, Install B-1, (one TriFrame, 3 turbines), Install B-2, (3 TriFrames, 9 turbines), and 

Install C (1 TriFrames, 15 turbines).  For turbines in a TriFrame, another probability parameter is 

added to reflect the number of turbines, and their spacing in the turbine field.  The turbines in the 

field are treated as if the fish had an equal opportunity to go through all 15.  In reality because 

the turbines are grouped together in 3’s on a TriFrame, it would be likely that a fish going 

through one turbine in a TriFrame would not be lined up to pass through either of the other two 

turbines.  However, it is difficult to quantify this interaction, so the simple but worst case of 

treating the turbines as independent is modeled.  The strike probability for one TriFrame is 

simply the strike probability for a single turbine multiplied by the number of turbines in the 

single TriFrame, 3.  A complete description of the model parameters including descriptions of all 

assumptions, constants and variables can be found in Appendix A.   

 

Since only occasional Atlantic Sturgeon may transit the East River as NMFS indicates 

they are not likely to occur in large numbers, it is assumed that 10% of the NYBDPS Atlantic 

Sturgeon would ever likely transit the river.  Considering only 28 tagged Atlantic Sturgeon have 

ever been recorded in the East River, 10% appeared to be a conservative assumption.  This 

percentage is applied to the final strike probability calculation. The RITE project specific fish 

interaction model resulted in a blade strike probability for Atlantic Sturgeon at one turbine to be 



 
BA:  Atlantic Sturgeon - 17 -  December 2019 

0.00045%, Install B-1 (3 turbines) to be 0.0136%, Install B-2 (12 turbines) to be 0.0544%, and 

Install C (15 turbines) to be 0.068%. Modeling results for Atlantic Sturgeon can be found in 

Appendix B. 

 

The model only determines the probability of a strike by a turbine blade, not the 

probability of mortality.  The model does differentiate between a strike that is determined to be 

too slow to cause any injury, and one that could cause injury or mortality.  Strikes that are 

deemed too slow to cause any injury are treated as non-strikes while there is some early injury 

and mortality studies of turbine blades on smaller fish (Amaral et al. 2008), predictions of 

mortality for the larger fish are left out of the model at present.  Thus, the output of the model is 

a strike probability, not an injury or mortality probability (Amaral et al. 2008) tested the effects 

of leading-edge turbine blade on fish strike survival and injury.  They found very high survival 

for White Sturgeon at mean blade speeds ranging from 10.6 to 12.2 m/s which is comparable to 

the Verdant RITE outer edge blade speed of 10.5 m/s.  Sturgeon strikes were tested for different 

body regions and found total blade strike survival was 100% for sturgeon struck in the head and 

caudal region and 97.4% for those struck in the midsection for fish that ranged from 100 to 

150 mm. White Sturgeon exhibited less mortality than comparable sized rainbow trout indicating 

that their cartilaginous skeleton and armored scutes make sturgeon less susceptible to blade 

strike injury than typical boney fishes (Amaral et al. 2008).     

 

6.0 CONCLUSION 

 After reviewing the best available information on the status of endangered and threatened 

species under NMFS jurisdiction, the environmental baseline for the action area, the effects of 

the action, and the cumulative effects, it is concluded that the proposed action is not likely to 

jeopardize the continued existence of NYB DPS Atlantic Sturgeon.   
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VERDANT POWER 
 

ROOSEVELT ISLAND TIDAL ENERGY (RITE) PROJECT  
KHPS-FISH INTERACTION MODEL 

 
 
 
 
1.0 OVERVIEW  

In 2010, in response to a request from the National Marine Fisheries Service (NMFS), 

Verdant and Kleinschmidt developed an in-stream kinetic hydropower turbine (KHPS) fish 

interaction model for the East River in New York. The overall intention of this model was to 

quantify the risk that Verdant's KHPS turbines present to fish at the proposed Roosevelt Island 

Tidal Energy (RITE) Pilot Project in the East River in New York, as part of the FERC licensure of 

the project. This document provides a description of the model and presents and explains the 

assumptions made. 

 

This is a simple, probability-based model that determines the overall risk of a turbine 

blade striking a fish (blade strike). This model concentrates upon the turbine interaction with the 

Shortnose Sturgeon and Atlantic Sturgeon as these are protected species of interest in the area.  

 

2.0 MODEL INTRODUCTION 

During the previous RITE demonstration, Verdant collected a large quantity of 

information on the spatial and temporal presence and abundance of typical resident and migrating 

fish commonly present at the project site. However, for the sturgeon species of interest, there has 

been no available supporting evidence to identify any particular temporal or spatial distribution, 

other than communication from NMFS that there is a chance that they may at times be present in 

the East River. As a result, one of the primary assumptions used in the development of this model 

is that any sturgeon that are present would be distributed evenly throughout the East River. 

 

Additionally, based upon comments from NMFS, we are assuming that any sturgeon that 

may be present are using the East River as a migratory route to transit back and forth between 

Long Island Sound and the Hudson River. This behavioral assumption allows us to state that any 

particular fish is present because they are making a transit of river, rather than because this is their 

resident habitat. 
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These assumptions allow us to use a straightforward 2D model. The model uses a simple 

product of probabilities to provide an overall determination of the likelihood of blade strike. For 

simplicity, we have provided the following subdivision of items within this model that will have a 

contribution to the probability of a blade strike.  

 

Most of these parameters will vary as a function of water velocity and this has been 

presented in the following section. The overall probability of blade-strike can therefore be 

calculated as 

𝑷𝑷𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 = � 𝑷𝑷𝑷𝑷 ∙ 𝑷𝑷𝑷𝑷 ∙ 𝑷𝑷𝑷𝑷 ∙ 𝑷𝑷𝑷𝑷 ∙ 𝑷𝑷𝑷𝑷 ∙ 𝑷𝑷𝑷𝑷

𝑽𝑽𝑾𝑾, 𝑴𝑴𝑴𝑴𝑴𝑴

𝑽𝑽𝑾𝑾=𝟎𝟎

∙ 𝑷𝑷𝑷𝑷 

This equation simply states that the overall probability is a product of all the probabilities 

summed across all the water velocities of interest. 

 

2.1 Description of Parameters 

A description of the parameters, assumptions made, and justifications is provided in the 

following section. This section includes consideration for the probability of strike from a single 

turbine only. This is then expanded into the effect of the full field in the final section.  In 

addition, parameters updates based on data collected over the past decade at the RITE Project are 

included in the parameter descriptions. The model considered a 2D lateral cross-section of the 

channel at the location of the turbine and comprised seven major parameters: Probability of 

Blade Rotation (P1), Distribution of Water Velocity over the Tidal Cycle (P2), Fish Distribution 

(East vs. West Channel) (P3), Turbine Rotor Area (P4), Blade Interaction with Fish (P5), Fish 

Distribution Fish Distribution (At Different Velocities) (P6) and Avoidance Behavior (P7).  Most 

of these parameters varied as a function of water velocity and were summed across all water 

velocities up to the maximum tidal flow (VW, Max).  Previously three parameters P3: Fish 

Distribution (East vs. West Channel) as part of the RMEE 4:Tagged Species Detection Plan , P5: 

Blade Interaction with Fish and P6: Fish Distribution (At Different VW) have been updated based 

on data analysis conducted as part of the Oak Ridge National Lab (ORNL 2016).  

 

As part of a DOE Oak Ridge National Lab-Verdant Power grant, DIDSON data collected 

in 2012 was analyzed. The analysis resulted in the identification of 34,705 fish tracks, distributed 
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as 11,641 and 4,049 during ebb and flood tides, respectively, without a turbine in place; 10,490 

and 5,076 during ebb and flood tides with a non-rotating turbine; and 1,734 and 1,715 during ebb 

and flood tides with a rotating turbine. The distribution and trajectory of fish throughout the 

vicinity of the RITE site was quantified using a representative sample of hydroacoustics data 

collected with an array of BioSonics split beam transducers mounted at the RITE site from June 

2007 to October 2009 during testing of an array of six tidal turbines. A total of 15,641 fish 

targets were analyzed and revealed that most of the fish are near shore; and nearly twice as many 

fish were observed away from the turbines. In addition, many more fish were seen during slack 

tide (with no turbine operating) than ebb and flood tides.  These results contributed to two model 

parameters updates: P5, blade interaction with fish passing through turbine disk, and P6, fish 

distribution at various velocities described below.  

 

2.1.1 P1: Probability of Blade Rotation 

A unique characteristic of the Verdant design is that for the water velocities present at the 

site, the rotor will turn at a near constant speed of 32 rpm independent of the water velocity. In 

addition, the turbine features an automatically operated brake that will stop the turbine from 

rotating when water flow velocities are too low to generate power. This means that during times 

when the water velocity (10-minute average) is below 1 m/s the turbine will not be rotating and 

will therefore not pose a risk.  Further, the brake will operate when the water velocity (10-minute 

average) is greater than 2.6 m/s to ensure the maximum design loads are not exceeded. This is 

illustrated in Figure 1 which shows the probability of rotation as a function of water velocity.  

 

 

Figure 1. Probability of Gen 5 KHPS turbine rotation. 
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2.1.2 P2: Distribution of Water Velocity over the Tidal Cycle 

The environment in the East River provides for a predictable, but constantly changing 

flow profile. The speed at which the water moves has a significant impact upon the risk of the 

fish being struck. As the turbine rotor will turn at a constant rate, faster water flows will incur a 

lower chance of strike as the fish will be carried through the rotor disk faster.  Therefore, the 

probability of a given flow condition will influence the chance of strike. Figure 2 shows the 

probability of certain flow speeds which have been generated from flow data collected by 

Verdant at the RITE site. These have been arbitrarily subdivided into 0.2 m/s bins. 

 

 

Figure 2. Velocity distribution at the RITE site in the East River. 
 

 

2.1.3 P3: Fish Distribution 

The East River bifurcates to flow around Roosevelt Island, forming the east and west 

channels. The cross-sectional area of the channels is roughly equal (both channels have a similar 

width of approximately 240m and depth of 10m). The West Channel has a slightly higher 

average flow speed and the volume of water passing through both channels is equal to within 

approximately 5%. Combined with the even fish distribution assumption explained earlier, it 

reasonably follows that half of any fish present will transit via the west channel and will 

therefore not be affected by the turbines present in the east channel. 
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Based on data collected at the RITE site and in the West Channel from 2011 – 2018 

under RMEE-4, Tagged Species Detection, the model includes an updated probability of 0.25 

(25%) to represent the measured, normalized likelihood that the fish will take the east channel 

(and be at risk) and 0.75 (75%) in the west channel (and have no risk). This probability is fixed 

and is not dependent upon the water velocity. 

 

2.1.4 P4: Turbine Rotor Area 

With a 2D model the turbine(s) will occupy a certain percentage of the cross sectional 

area of the river, therefore the probability that a fish will transit through the turbine area will be 

given by the ratio of overall channel cross sectional area to turbine area. 
 

While the turbine disk area can be given by a standard calculation of area (A = π × r 2) 

hydrodynamic theory states there will be a volume of water incident on the disk that will be 

ejected due to the energy extraction function.  This effect causes water to flow slower through 

the rotor than around it.  Figure 3 shows this effect in profile and illustrates this 'ejection zone'.  

Any fish present in this zone will be moved away from the rotor.  The existence of this effect has 

been acknowledged in the literature.  The profile of the east channel of the East River is well 

known and for the purposes of this model is approximated to be a square channel with a width of 

240m and an average depth of 10m.  This ratio is a constant value and does not vary with water 

velocity.  It is calculated as 0.0066. 
 

 

Figure 3. Diagram showing rotor ejection zone. 
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2.1.5 P5: Blade Interaction with Fish 

For fish that will be incident upon the rotor, parameter P5 provides the probability of the 

blade impacting the fish (at any point on its body). This quantity is determined only by the 

following: 

• The speed of the fish approaching the turbine (a function of species burst speed and 
direction (the 80/20 rule as defined below)); 

• The length of the fish, generally grouped as native species size; 

• The rotational speed of the turbine blades (a known constant) and  

• The angle at which the fish is approaching the turbine (angle of incidence)  
 

2.1.6 P5: 80/20 Rule 

The primary assumption included in this parameter is that a fish will move through the 

turbine blades by swimming at its maximum burst speed through the rotor. Based upon the body 

of data collected during the RITE demonstration, it may be possible to justify some additional 

spatial or zonal avoidance behavior. However, because no specific data are available, no 

additional avoidance behavior is accounted for in the present model. The speed of the fish 

through the rotor will therefore be given only by the species’ maximum burst speed plus the 

water velocity. 

 

At RITE, fish likely swim through the east channel in both directions. However, over the 

course of the RITE demonstration, Verdant collected information on fish movements at the RITE 

east channel site that support the assumption that fish will typically be swimming with the 

current, especially at times of high velocity. From these data we assumed that when the water 

velocity is less than the regular endurance speed for a particular species, then 80% of fish will be 

swimming with the current and 20% against. For times when the water velocity is greater than 

the regular endurance speed, all fish will be swimming with the current. We term this assumption 

the 80/20 rule and this parameter was examined as part of the ORNL work.  The new analysis 

indicates that the percentage of fish that swam with the current, and those that swam against it, 

are a function of velocity and range from 0.79 (79%) to 0.92 (92%) with the current.  
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2.1.7 P5: Angle of Incidence  

Previously, the angle at which the fish will approach the turbine disk was not known; 

therefore, it was assumed that fish will be incident upon the rotor disk from an even distribution 

of angles (±90°) centered on the direction of transit (upstream or downstream). As the angle of 

incidence for the fish moves away from the perpendicular, the effective length of the fish 

decreases; however, its velocity through the rotor is also reduced.  New analysis indicates that a 

narrower angle of incidence (±15°) occurs.   

 

For a given water velocity and fish species, the probability of strike for a fish incident on 

the turbine disk is highly dependent upon the specific parameters used for the fish, such as swim 

speed and overall length. The mean length of Atlantic and Shortnose sturgeon in Long Island 

Sound was reported to be 104 cm and 88 cm, respectively. These lengths were used in the model 

since it is assumed any migratory sturgeon traversing the East River are heading to or returning 

from Long Island Sound. Swim velocities can be categorized into endurance swimming speeds 

and burst swimming speeds. Unfortunately swim speeds for these species are less well 

determined, although it can be supported that a good approximation for the burst swim speed 

may be taken as 4 (four) times the nominal length per second. Endurance swim speed can 

typically be seen as being half of the burst swim speed. Table 2 provides the following specific 

parameters that were used in the model. 

 

Table 1. Revised P5 parameter values based on the proportion of fish swimming with the 
current for nine velocity ranges and two size classes of fish. 

Velocity range 
(m/s) 0.0–1.0 1.0–1.2 1.2–1.4 1.4–1.6 1.6–1.8 1.8–2.0 2.0–2.2 2.2–2.4 2.4–2.6 

P5: L > 76 cm* 0.79 0.91 0.88 0.92 0.84 0.88 1 1 1 
P5: L < 76 cm* 0.65 0.90 0.96 0.97 0.97 0.98 1 1 1 

 

 

Table 2.  Species specific parameters used in the KHPS-Fish Interaction Model for RITE. 

Species 
Common Length 

(cm) 
Endurance Swim Speed 

(Ve) (m/s) 
Burst Swim Speed 

(Vb) (m/s) 
Shortnose Sturgeon 88 1.76 3.52 
Atlantic Sturgeon 104 2.08 4.16 
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As discussed above, water velocity will affect the probability for strike and it can be seen 

in Figure 4 how the probability varies with velocity and species. For velocities less than 1 m/s 

the turbine is not rotating, therefore values are zero. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Probability of strike for fish passing through turbine disk. 
 
 
 
2.1.8 P6: Fish Distribution 

This fish distribution parameter was included in the KFIM for RITE to account for the 

transit of species within the configuration at RITE. For the 2010 RITE KFIM cases, in the 

absence of further information on fish species, the model assumed an even distribution of fish in 

the East River. Therefore, P6=1 for all velocities. This parameter set at 1 for each velocity was 

applied as an extremely conservative value, rather than representing a uniform distribution of 

11% per velocity bin. The modification of this assumption is reflected in the results.  

 

2.1.9 P7: Avoidance Behavior 

This is included for completeness. This model takes a conservative approach and assumes 

no avoidance behavior other than assuming the fish will speed up to avoid being struck. This 

increase in velocity in included in parameter P5. Therefore, P7=1 for use in the current model. 

As information is learned from the proposed continued monitoring plans this parameter can 

potentially be modified. 
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2.1.10 Overall Probability of Strike 

The parameters discussed here each vary with water velocity; therefore, it is difficult to 

easily illustrate the calculation. Spreadsheets are provided in Appendix A which detail the 

calculations. The results for a single turbine are provided in Table 3 below. 

 

Table 3.   Probability of strike for a single turbine. 

Term Probability of Strike 
Atlantic Sturgeon 0.00453% 
Shortnose Sturgeon 0.00446% 

 

 

2.2 Array and Full Field Effects 

Increasing the number of installed turbines will naturally increase the probability of 

strike. The proposed project will be installed in a series of steps as detailed in the license 

application. These are summarized below. 

 

Stage Size of Complete Field  
Install B-1: Three KHPS turbines installed on one TriFrame mount 
Install B-2: Twelve KHPS turbines installed on four TriFrame mounts 
Install C: Fifteen KHPS turbines installed on five TriFrame mounts 
 

The most conservative estimate for the impact of the full field of 15 KHPS turbines is to 

multiply the single unit probability by the number of installed units.  However, this assumption 

does not take into account the physical location of the KHPS turbines. This is a worst-case 

assumption that may be over conservative. As the KHPS turbines will be clustered in a single 

location, any fish entering the full array would likely try to leave the area once passing close to 

or through a small number of units.  Nevertheless, there is little validated or published data to 

support this assumption and as a result this model assumes no inherent avoidance of the array. 

 

The strike probabilities for Atlantic and Shortnose sturgeon are presented for the full field 

in Table 4 below. 
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Table 4.   Overall KHPS-Fish strike probabilities for proposed RITE Pilot Project. 

Species 
Single 

Turbine 
Install B-1 

(3 Turbine ) 
Install B-2 

(12 Turbines) 
Install C 

(15 Turbines) 
Atlantic Sturgeon 0.00453% 0.0136% 0.0544% 0.0680% 
Shortnose Sturgeon 0.00446% 0.0134% 0.0536% 0.0670% 

 
 
3.0 CONCLUSIONS 

This KHPS turbine-fish interaction model provides a summary of the assumptions used 

and methods applied to calculate the probability of a blade strike (with respect to the RITE pilot 

project) upon two ESA species of sturgeon in the East River, New York. 
 

While the investigation of fish interaction with operating KHPS turbines in terms of 

temporal and spatial abundance has been underway at the RITE site since 2007, the assumptions 

used in this model have attempted to take a conservative view and combine knowledge gained 

from more recent data collection (RMEE-4; 2011-2018) and data analysis (ORNL 2016). The 

staged installation and environmental monitoring program proposed by Verdant is intended to 

continue to refine the body of knowledge in this area and improve the predictions made by this 

model. 
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See Accompanying Text for Additional Information

Assumptions Condition Confidence Level Why Model Improvement from RMEE

Atlantic Sturgeon, Common Length = 104 cm Assumed Medium LI Sound Sample (NEED citation) VEMCO Tags
Data on Lake Sturgeon is a reasonable surrogate for data on Atlantic and Shortnose Sturgeon Assumed Medium Research (NEED citation) Lab Research
Burst Velocity is equal to 4 times the fish body length per second Assumed Medium Wardle? Lab Research
Endurance Velocity is equal to the Burst Velocity divided by 2 Assumed Medium Lack of knowledge Lab Research

Uniform monthly Sturgeon distribution when present - May through October Assumed Low 6+ years of telemetry data; DIDSON & SBT Data w/ ORNL SBT; DIDSON; VEMCO
Uniform Sturgeon distribution on ebb/flood/slack tides Assumed Low 6+ years of telemetry data; DIDSON & SBT Data w/ ORNL Hydrophone
Uniform Sturgeon distribution during night and day Assumed Low 6+ years of telemetry data; DIDSON & SBT Data w/ ORNL Hydrophone
Uniform Sturgeon distribution throughout the cross-section of the East Channel (2-D) Assumed Low Unable to determine with telemetry data N/A

No macro/meso scale avoidance included Worst Case Low No clear evidence DIDSON
No attraction behavior is included Best Case Low No clear evidence DIDSON
Turbine Rotors are Independent Worst Case Low No clear evidence DIDSON

River Width 240 m Assumed High Match Hydrodynamic Model N/A
River Depth 10 m Assumed High Match Hydrodynamic Model N/A
River Length 3700 m Assumed High Match Hydrodynamic Model N/A

Rotation Condition Design High Designed N/A
No fish will avoid a turbine regardless of the burst velocity Worst Case Low Alden prioritary pending data (NEED citation) Lab Research
Some fish can reach turbine if endurance velocity is greater than the water velocity (Ve > Vw) Measured Medium DIDSON & SBT Data w/ ORNL SBT; DIDSON

Ar = 19.63 m2 (Turbine Rotor Swept Area) Design High Designed N/A
Aw = 2000 m2 (East River Cross-sectional Area - 200m x 10m) Measured High Approximation N/A

D = 10 m (River avg depth) Measured High Approximation N/A
Ae = 3.7 m2 (Expulsion Area) Calculated High Hydrodynamic Fundamentals N/A

Blade strike probability Moderate Case Medium Lack of knowledge DIDSON + Lab Research
Water Speed Distribution Match RITE Data High Measured N/A

Array fish behavior Design High Designed N/A

Effective Rotor 
Area



Probability of a Blade Interaction for a SINGLE Atlantic Sturgeon in the East River

Constants (Single Rotor)

L 104 cm (Common Length)
Vb 4.16 m/s (Burst Velocity)
Ve 2.08 m/s (Assumption)
n 3 blades
w 32 rpm
R 2.5 m (Turbine Rotor Radius)
D 10 m (River Avg Depth)
W 240 m (River Avg Width)
L 3700 m (River Avg Length)
Ar 19.625 m2 (Turbine Rotor Swept Area)
Aw 2400 m2 (East River Cross-sectional Area - W x D)
Ae 3.7 m2 (Expulsion Area)

Vw TOTAL 2.6 m/s 2.4 m/s 2.2 m/s 2 m/s 1.8 m/s 1.6 m/s 1.4 m/s 1.2 m/s 0 to 1 m/s
PROBABILITY NOTES:

SITE P1 1 1 1 1 1 1 1 1 0 Probability given a Rotation Condition (P = 1 if Vw > 0)

P2 0.0002 0.0067 0.0347 0.0878 0.1631 0.1831 0.1477 0.1017 0.2749 Water Velocity Distribution (Measured at RITE)

P3 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 East/West Channel Split [25% East and 75% West Channel - BASED ON NORMALIZED VEMCO DATA]

KHPS P4 0.0066 0.0066 0.0066 0.0066 0.0066 0.0066 0.0066 0.0066 0.0066 Impact Area of Rotor Coverage ( (Ar - Ae)/Aw )

Vf Max 6.76 m/s 6.56 m/s 6.36 m/s 6.16 m/s 5.96 m/s 5.76 m/s 5.56 m/s 5.36 m/s Vf Max = Vw + Vb fish swimming with current
P5.Vf Max 0.25 0.25 0.26 0.27 0.28 0.29 0.30 0.31 See Look Up Table [BASED ON DIDSON DATA]
Vf Min N/A N/A N/A -2.16 m/s -2.36 m/s -2.56 m/s -2.76 m/s -2.96 m/s Vf Min = Vw - Vb  fish swimming against current
P5.Vf Min 0 0 0 0.78 0.71 0.65 0.61 0.56 See Look Up Table [BASED ON DIDSON DATA]

P5.Current 1 1 1 0.88 0.84 0.92 0.88 0.91 0.79 Fish Swimming with the Current [BASED ON SBT DATA AND CONFIRMED BY DIDSON DATA]

P5 0.25 0.25 0.26 0.33 0.35 0.32 0.34 0.33 0 Blade Interaction (Function of Water Velocity, Fish Burst Speed and Fish Length)

FISH P6 0.04 0.04 0.05 0.08 0.11 0.14 0.12 0.12 0.3 Fish Distribution (Non-uniform Fish Distribution) [BASED ON SBT DATA]

P7 1 1 1 1 1 1 1 1 1 Avoidance behavior (P = 1 When No Fish Avoid Turbines)

P8 1 1 1 1 1 1 1 1 1 Endurance behavior (50% of Fish Downstream of Rotor Cannot Approach Turbine if Vw > Ve)

1 TURBINE P = 0.00453% 0.000000 0.000000 0.000001 0.000004 0.000010 0.000014 0.000010 0.000007 0 Total Probability of Fish/Blade Interaction at Each Flow Speed - 1 TURBINE

INSTALL A P9.A 2 2 2 2 2 2 2 2 2 Number of Operating KHPS

2 TURBINES P.A = 0.00906% 0.000000 0.000000 0.000001 0.000008 0.000021 0.000027 0.000020 0.000013 0 Total Probability of Fish/Blade Interaction at Each Flow Speed - 2 TURBINES

INSTALL B-1 P9.B-1 3 3 3 3 3 3 3 3 3 Number of Operating KHPS

3 TURBINES P.B-1 = 0.0136% 0.000000 0.000000 0.000002 0.000012 0.000031 0.000041 0.000030 0.000020 0 Total Probability of Fish/Blade Interaction at Each Flow Speed - 1 TriFrame (3 TURBINES)

INSTALL B-2 P9.B-2 12 12 12 12 12 12 12 12 12 Number of Operating KHPS

P10.B-2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Array Avoidance (P = 1 if No Fish Avoid Arrays, P = 0.5 if Fish Leave Array Half Way Through)

12 TURBINES P.B-2 = 0.0544% 0.000000 0.000001 0.000009 0.000046 0.000125 0.000163 0.000119 0.000081 0 Total Probability of Fish/Blade Interaction at Each Flow Speed - 4 TriFrames (12 TURBINES)

INSTALL C P9.C 15 15 15 15 15 15 15 15 15 Number of Operating KHPS

P10.C 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Array Avoidance (P = 1 if No Fish Avoid Arrays, P = 0.5 if Fish Leave Array Half Way Through)

15 TURBINES P.C = 0.0680% 0.000000 0.000002 0.000011 0.000058 0.000156 0.000203 0.000149 0.000101 0 Total Probability of Fish/Blade Interaction at Each Flow Speed - 5 TriFrames (15 TURBINES)

IMPACT P11 1 1 1 1 1 1 1 1 1 Population at Risk

P12 1 1 1 1 1 1 1 1 1 Strike Impact (P = 1 for ESA)



Vb 4.16
Ve 2.08 angle pop La Prob of θ Aparent Velocity Pstrike Aparent Velocity Pstrike
Vw 1.20 7.5 0 13.57 0.00 1.74 0.00 -0.66 0.00
L 104 22.5 0 39.80 0.00 2.79 0.00 0.39 0.00
n 3 37.5 0 63.31 0.00 3.73 0.00 1.33 0.00
rpm 32 52.5 0 82.51 0.00 4.50 0.00 2.10 0.00

67.5 1 96.08 0.01 5.04 0.00 2.64 0.00
82.5 59 103.11 0.49 5.32 0.15 2.92 0.28
97.5 59 103.11 0.49 5.32 0.15 2.92 0.28

112.5 1 96.08 0.01 5.04 0.00 2.64 0.00
127.5 0 82.51 0.00 4.50 0.00 2.10 0.00
142.5 0 63.31 0.00 3.73 0.00 1.33 0.00
157.5 0 39.80 0.00 2.79 0.00 0.39 0.00
172.5 0 13.57 0.00 1.74 0.00 -0.66 0.00

120 66.40 0.31 0.56

With Current Against Current

Summary Parameters: 
Atlantic Sturgeon

Atlantic Sturgeon
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VERDANT POWER 

ROOSEVELT ISLAND TIDAL ENERGY (RITE) PROJECT 

BIOLOGICAL ASSESSMENT 

HARBOR SEAL 

 
 
 
 
1.0 INTRODUCTION 

The Harbor Seal (Phoca vitulina) are known to use the Long Island Sound and New York 

Harbor for habitat.  The Harbor Seal is protected by the Marine Mammal Protection Act of 1972 

(16 U.S.C. 1531-1543).  Due to the relatively close proximity of the proposed Roosevelt Island 

Tidal Energy (RITE) Project in the East River, New York, this Biological Assessment has been 

prepared to analyze the potential for effects to Harbor Seals from the proposed project.  Verdant 

Power, LLC (Verdant) is proposing the RITE Project to deliver commercial electricity from 

Verdant Power's Free Flow Kinetic Hydropower System and generate clean renewable energy 

from the river's tidal currents. 

 

2.0 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 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.    

 

In February 2005, Verdant conducted a remote sensing survey to document surficial and 

subsurface riverbed features in the east channel in the area of the experimental units.  The survey 

was conducted using 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 from the survey and was included in the report, “Acoustic Remote Sensing Survey for 
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Roosevelt Island Tidal Energy Project,” published in March 2005.  The study confirmed the 

presence of boulders and cobbles that were depicted on the side-scan sonar and sub-bottom 

records.  The video coverage did not show any evidence of fine grain soft sediments, thereby 

precluding any further requirement to obtain sediment samples for grain size and chemical 

analyses.  This was also later confirmed when Verdant drilled the six piles into the bedrock for 

the demonstration project.   

 

3.0 DESCRIPTION OF THE 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 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: 

• Install B-1:  Under current Pilot License Install three ‘Gen5’ KHPS turbines on one 
TriFrameTM  in 2020.  

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

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. 

 

1. Location and Layout 

The location of the Project extends from the Roosevelt Island Bridge northward along the 

east side of Roosevelt Island in the east channel of the East River. 
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The envisioned full buildout layout (Install C) of the 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 incremental buildouts of 

Install B-1, B-2, and C will encompass small subset areas of the total project boundary.   

  

2. KHPS Technology 

The Verdant Power Gen 5 KHPS unit consists of four major components: 

• Rotor with three fixed composite blades; 

• Nacelle (watertight), pylon and yaw mechanism; 

• Drivetrain generator and brake (within nacelle); and 

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

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 0.75 meters, and an axial length of approximately 0.5meters.  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.   
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The KHPS turbine generator is a standard 480 VAC, 1,800 rpm (four-pole) induction 

motor with a maximum rated power of 56 kW, 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 40 rpm to that of the generator which will be approximately 1,800 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 Gen5 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.   

  

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 

56 kW 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 35 kW.  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.  
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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 4.3 meters.  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 40 revolutions per minute (rpm), 

with tip-speeds in the order of 35 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 

inner pylon, which has matching stainless bearing races. The pylons have yaw stop elements that 

limit the turbine yaw. 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 fixed 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 170 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.   
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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 

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.  

 
Key KHPS Technology Parameters (RITE Gen 5) 

 
ROTOR 
Rotor hub diameter: 1.0 m 
Rotor tip diameter: 5.0 m (minimum 10 m deployment depth) 
Number of blades: 3 - Gen5d  

Material of construction: Rotor: Composite (FRP) construction  
Rotor Hub: Nickel Aluminum Bronze 

Pitch control: No 
Yaw control: Passive (self-aligning through 165o arc)  
Ducted or open rotor: Open 
Solidity ratio: ~16% (based on blade frontal area / total rotor area) 
Rpm @ full load: ~32 rpm 

Rpm limit: no load 
Failsafe brake on any no-load condition.  On full-power 
transient, or 20% overspeed, brake stops rotation in less than a 
few seconds. 
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DRIVETRAIN 
Geared drive: Yes, planetary 
Shaft diameter: 6” 316 stainless steel  
Number of bearings: 2 on main shaft, tapered roller bearings 
Mechanical efficiency: ~93% 
Lubrication: Gearbox and bearings: forced, with synthetic (PAO) gear oil 
GENERATOR 
Power produced on both ebb 
and flood: tides: Yes 

Generator design: induction, NEMA design B 
Synchronous: Asynchronous (near-synchronous) 
Rpm: 1200 
Delivery voltage: 480VAC, 3 phase, 60 Hz  
Electrical efficiency: Nominal 94.5% 
Excitation: self (induction) 

TURBINE SYSTEM  

Turbine weight in air: 4,085 kg (including outer pylon only) 
Turbine weight in water: 2,746 kg 
Operating current: 1 m/s to 2.6 m/s (10 min. avg.) 
Survival current: 3.3 m/s 
Turbine design life: 20 years  
Turbine Service Interval: 3 to 5 years 

 
 
 
3.1 Underwater Cabling 

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 
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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. 

 

3.2 Construction and Installation Schedule 

For the subsequent RITE East Channel License, Verdant intends to use a staged 

installation procedure to ensure ongoing design validation. 

• 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.  

• 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. 

• 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.   
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3.3 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 170° 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 

Gen5 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 

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-
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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 Gen5 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:  

• 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. 

• 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 
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.  

• For maintenance, a periodic maintenance cycle of Retrieve and Replace 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 
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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.  

 

4.0 STATUS OF AFFECTED SPECIES 

4.1 Life History 

Harbor Seals are non-migratory and inhabit the shores of Eastern Canada, New England 

and New York, on occasion they can be found as far south as the Carolinas.  The majority of 

Harbor Seals from the Western North Atlantic Stock breed and have pups in waters north of the 

New Hampshire/Maine border, although some confirmed cases of breeding and pupping has 

occurred in Long Island Sound (NMFS, 2009; Sadove and Cardinale, 1993).  They will mate at 

sea and will give birth during the spring and summer.  Juvenile and sub-adult Harbor Seals will 

often migrate to southern New England and the mid-Atlantic in September though late May 

(NMFS, 2009).  Harbor Seals are opportunistic feeders searching both shallow and deep water 

for fish, shellfish and crustaceans.  They inhabit the temperate coastal rocks, reefs and beaches, 

where they will haul out to thermal regulate, socialize, give birth and rest (NMFS, 2010). 

 

4.2 Status and Trends Rangewide 

Harbor Seals are found on both the eastern and western coasts of the United States.  The 

Harbor Seals in the action area are a part of the Western North Atlantic Stock or sub-population.  

This population extends from the eastern Canadian Arctic and Greenland south to southern New 

England and New York, and rarely to the Carolinas.  Since the enactment of the MMPA in 1972 

Harbor Seal populations have stabilized or increased across the species range.  The West coast 

populations have all increased with those in Oregon and Washington at carrying capacity, 

California populations are stabilizing, the New England population is increasing as are the 

southeast Alaska and Bering seas populations.  The only population that is not stable or 

increasing is the population from the Gulf of Alaska (NMFS, 2010). 

 

4.3 Status in Action Area 

The Harbor Seal is a year-round resident and common in the Long Island area (Cresli, 

2010).  In addition, all age classes of Harbor Seal are found in Long Island with a more dominant 
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juvenile population.  The density of Harbor Seals increases from November to May, which is 

related to the southern migration of some juvenile and sub-adult seals (NMFS, 2009).  The 

distribution of these seals is tied directly to the haul-out sites of the region.  Harbor Seals hauled 

out in groups basking on any of the 25 major haul-out sites located in the region, the largest of 

which has over 350 animals (Sadove and Cardinale, 1993; NMFS, 2010).  The Population of 

Harbor Seals has been documented to be increasing at overwintering haul-out sites from the 

Maine/New Hampshire border to eastern Long Island (NMFS, 2009). 

 

Harbor Seals have recently been observed in New York Harbor.  A group of 20 seals 

were seen on Swinburne and Hoffman Islands near the Verrazano Bridge during a 2009 seal 

survey (Maher, 2009).  Other nearby sightings in New York Harbor included lone seals observed 

at West 79th Street along the Hudson River Waterfront, as well as Red Hook, Brooklyn 

(Sullivan, 2008; Baard, 2008).  A seal was even observed hauled out at Stuyvesant Cove Park, 

approximately 2.5 miles south of the Project Area (Solar One, 2009). 

 

4.4 Environmental Baseline 

Environmental baselines include the past and present impacts of all state, federal or 

private actions and other human activities in the action area, the anticipated impacts of all 

proposed federal projects in the action area that have already undergone formal or early 

Section 7 consultation, and the impact of state or private actions that are contemporaneous with 

the consultation in process (50 CFR 402.02).  The environmental baseline for this biological 

assessment includes the effects of several activities that may affect the survival and recovery of 

the endangered species in the action area.  As with all the marine mammals, one of major causes 

of decline is collision with ships as well as incidental capture in fishing gear, primarily in 

longlines and gillnets, but also in trawls, traps and pots, and dredges.  In addition, the historic 

and present threat of legal and illegal hunting is a primary threat to seals (NMFS, 2010).  The 

threat of global warming is also affecting these animals as the loss of sea ice may affect their 

habitat (NMFS, 2010).  The NMFS estimates that direct human causes of death or serious injury 

for the Western North Atlantic Stock to be 477 per year.  This does not include undocumented 

killings of Harbor Seal that are related to the mariculture industry (i.e., salmon farming) and 

deliberate poaching (NMFS, 2009). 
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4.5 Effects of the Action 

Harbor Seal distribution is linked to the locations of the haul-out sites mainly along the 

Atlantic Coast of Long Island and Long Island Sound.  Lone seals and small haul out locations 

are known in New York Harbor.  Humans have also been known to harass sea mammals, and the 

high human population densities and development surrounding the East River would likely deter 

Harbor Seals from using the East River (NMFS, 2010).  Harbor Seals in the East River would 

likely be a very rare and publicized occurrence.  The rare occurrence of Harbor Seals at the 

mouth of the East River indicates that this is not typical habitat for the harbor seal.  Therefore, 

the Verdant Project would not likely affect the habitat or individual Harbor Seals.   

 
5.0 LITERATURE CITED 

Baard, Erik.  2008.  “Seals retake New York Harbor.”  Nature Calender.wordpress.com.  
April 1, 2008. 

Coastal Research and Education Society of Long Island, Inc (CRESLI).  2010.  Harbor Seal.  
http://www.cresli.org/cresli.html  accessed December 7, 2010. 

Maher, Megan Larsen.  2009.  “Harbor Seals return to New York.”  Mongabay.com.  March 26, 
2009. 

National Marine Fisheries Service (NMFS).  2010.  Marine mammals. 
http://www.nmfs.noaa.gov/pr/species/mammals/  accessed 12/7/10.  

National Marine Fisheries Service (NMFS).  2009.  Stock Assessment Report, Harbor Seal 
(Phoca vitulina): Western North Atlantic Stock.  December 2009.  Pp 7. 

Riverhead Foundation.  2010.  Pinnipeds.  
http://www.riverheadfoundation.org/edu/content.asp?code=pinnipeds Accessed 12/07/10. 

Sadove, S.S. and P. Cardinale.  1993.  Species composition and distribution of marine mammals 
and seas turtles in the New York Bight.  Charlestown, Rhode Island.  pp. 50. 

Solar One.  2009.  “Stuygvesant Cove Park gets unlikely visitor.”  Solar1.org.  April 2, 2009. 

Sullivan, John.  2008.  “A seal visits the upper west side.” New York Times.  January 28, 2008. 

 

http://www.cresli.org/cresli/seals/hbrseals.html
http://www.cresli.org/cresli/seals/hbrseals.html
http://www.nmfs.noaa.gov/pr/species/mammals/
http://www.nmfs.noaa.gov/pr/species/mammals/
http://www.riverheadfoundation.org/edu/content.asp?code=pinnipeds
http://www.riverheadfoundation.org/edu/content.asp?code=pinnipeds


 
 

BIOLOGICAL ASSESSMENT 
SEA TURTLES 

 
 
 

ROOSEVELT ISLAND TIDAL ENERGY PROJECT 
FERC NO. 12611 

 
 
 
 
 
 
 
 
 
 

DECEMBER 2019 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Prepared by: 

 
 

 
 



 
BA:  Sea Turtles - i -  December 2019 

VERDANT POWER 

ROOSEVELT ISLAND TIDAL ENERGY (RITE) PROJECT 

BIOLOGICAL ASSESSMENT 

SEA TURTLES 

 
 
 

TABLE OF CONTENTS 

1.0 INTRODUCTION .............................................................................................................. 1 
2.0 PROJECT AREA ................................................................................................................ 1 
3.0 DESCRIPTION OF THE PROPOSED ACTION .............................................................. 2 

3.1 Underwater Cabling ................................................................................................ 7 
3.2 Construction and Installation Schedule .................................................................. 8 
3.3 Proposed Project Operations ................................................................................... 9 

4.0 STATUS OF AFFECTED SPECIES................................................................................ 11 
4.1 Loggerhead Turtle ................................................................................................. 11 

4.1.1 Life History ............................................................................................... 11 
4.1.2 Status and Trends Rangewide ................................................................... 12 
4.1.3 Status in the Action Area .......................................................................... 13 
4.1.4 Environmental Baseline ............................................................................ 14 
4.1.5 Effects of the Action ................................................................................. 14 

4.2 Kemp’s Ridley Turtle ........................................................................................... 15 
4.2.1 Life History ............................................................................................... 15 
4.2.2 Status and Trends Rangewide ................................................................... 16 
4.2.3 Status in the Action Area .......................................................................... 16 
4.2.4 Environmental Baseline ............................................................................ 17 
4.2.5 Effects of the Action ................................................................................. 17 

4.3 Green Turtle .......................................................................................................... 18 
4.3.1 Life History ............................................................................................... 18 
4.3.2 Status and Trends Rangewide ................................................................... 19 
4.3.3 Status in the Action Area .......................................................................... 19 
4.3.4 Environmental Baseline ............................................................................ 20 
4.3.5 Effects of the Action ................................................................................. 20 

4.4 Leatherback Turtle ................................................................................................ 21 
4.4.1 Life History ............................................................................................... 21 
4.4.2 Status and Trends Rangewide ................................................................... 21 
4.4.3 Status in the Action Area .......................................................................... 21 
4.4.4 Environmental Baseline ............................................................................ 22 
4.4.5 Effects of the Action ................................................................................. 22 

5.0 LITERATURE CITED ..................................................................................................... 22 



 
BA:  Sea Turtles - 1 -  December 2019 
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BIOLOGICAL ASSESSMENT 

SEA TURTLES 
 
 
 
 
1.0 INTRODUCTION 

There are four species of sea turtles that are known to use the coastal waters of New 

York.  The Loggerhead Turtle (Caretta caretta), Kemp’s Ridley Turtle (Lepidochelys kempii), 

Green Turtle (Chelonia mydas), and Leatherback Turtle (Dermochelys coriacea) are known to 

use habitat in Long Island Sound and New York Harbor.  These turtles are protected by the 

Endangered Species Act (ESA) of 1973, as amended (16 U.S.C. 1531-1543).  Due to the 

relatively close proximity of the proposed Verdant Power Roosevelt Island Tidal Energy (RITE) 

Project in the East River, New York, a Biological Assessment is being prepared to analyze the 

potential for effects to protected species.  The RITE Project is proposed to deliver commercial 

electricity from Verdant Power's Free Flow Kinetic Hydropower System and generate clean 

renewable energy from the river's tidal currents. 

 

2.0 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 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.    

 

In February 2005, Verdant conducted a remote sensing survey to document surficial and 

subsurface riverbed features in the east channel in the area of the experimental units.  The survey 

was conducted using 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 
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collected from the survey and was included in the report, “Acoustic Remote Sensing Survey for 

Roosevelt Island Tidal Energy Project,” published in March 2005.  The study confirmed the 

presence of boulders and cobbles that were depicted on the side-scan sonar and sub-bottom 

records.  The video coverage did not show any evidence of fine grain soft sediments, thereby 

precluding any further requirement to obtain sediment samples for grain size and chemical 

analyses.  This was also later confirmed when Verdant drilled the six piles into the bedrock for 

the demonstration project.   

 

3.0 DESCRIPTION OF THE 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 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: 

• Install B-1:  Under current Pilot License Install three ‘Gen5’ KHPS turbines on one 
TriFrameTM  in 2020.  

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

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.   
 

1. Location and Layout 

The location of the Project extends from the Roosevelt Island Bridge northward along the 

east side of Roosevelt Island in the east channel of the East River.    
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The envisioned full buildout layout (Install C) of the 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 incremental buildouts of 

Install B-1, B-2, and C will encompass small subset areas of the total project boundary.   

  

2. KHPS Technology 

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

• Rotor with three fixed composite blades;   
• Nacelle (watertight), pylon and yaw mechanism;   
• Drivetrain generator and brake (within nacelle); and   
• Riverbed mounting system, (three KHPS turbines on one TriFrame mount).   

  
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 0.75 meters, and an axial length of approximately 0.5meters.  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 a5-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.   
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The KHPS turbine generator is a standard 480 VAC, 1,800 rpm (four-pole) induction 

motor with a maximum rated power of56kW, 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 40 rpm to that of the generator which will be approximately 1,800 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 Gen5 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.   

  

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 

56 kW 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.  
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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 4.3 meters.  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 40 revolutions per minute (rpm), 

with tip-speeds in the order of 35 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 

inner pylon, which has matching stainless bearing races. The pylons have yaw stop elements that 

limit the turbine yaw. 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 fixed 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 to170 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.   
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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 

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.  

 
Key KHPS Technology Parameters (RITE Gen5) 

 

ROTOR 
Rotor hub diameter: 1.0 m 

Rotor tip diameter: 5.0 m (minimum 10 m deployment depth) 

Number of blades: 3 - Gen5d  

Material of construction: Rotor: Composite (FRP) construction  
Rotor Hub: Nickel Aluminum Bronze 

Pitch control: No 

Yaw control: Passive (self-aligning through 165o arc)  

Ducted or open rotor: Open 

Solidity ratio: ~16% (based on blade frontal area / total rotor area) 

Rpm @ full load: ~32 rpm 

Rpm limit: no load 
Failsafe brake on any no-load condition.  On full-power transient, 
or 20% overspeed, brake stops rotation in less than a few 
seconds. 
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DRIVETRAIN 
Geared drive: Yes, planetary 
Shaft diameter: 6” 316 stainless steel  
Number of bearings: 2 on main shaft, tapered roller bearings 
Mechanical efficiency: ~93% 
Lubrication: Gearbox and bearings: forced, with synthetic (PAO) gear oil 
GENERATOR 
Power produced on both ebb 
and flood: tides: Yes 

Generator design: induction, NEMA design B 
Synchronous: Asynchronous (near-synchronous) 
Rpm: 1200 
Delivery voltage: 480VAC, 3 phase, 60 Hz  
Electrical efficiency: Nominal 94.5% 
Excitation: self (induction) 

TURBINE SYSTEM  
Turbine weight in air: 4,085 kg (including outer pylon only) 
Turbine weight in water: 2,746 kg 
Operating current: 1 m/s to 2.6 m/s (10 min. avg.) 
Survival current: 3.3 m/s 
Turbine design life: 20 years  
Turbine Service Interval: 3 to 5 years 

 
 

3.1 Underwater Cabling 

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 
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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. 

 
3.2 Construction and Installation Schedule 

For the subsequent RITE East Channel License, Verdant intends to use a staged 

installation procedure to ensure ongoing design validation. 

• 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.  

• 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. 

• 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.   
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3.3 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 170° 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 

Gen5 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 

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-
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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 Gen5 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:  

• 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. 

• 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 
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.  

• For maintenance, a periodic maintenance cycle of Retrieve and Replace 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 
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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.  

 
4.0 STATUS OF AFFECTED SPECIES 

4.1 Loggerhead Turtle 

4.1.1 Life History 

The Northwest Atlantic population of Loggerhead Turtles has an extensive home range 

with individuals found as far north as Nova Scotia (Ernst and Lovich, 2009).  These turtles 

inhabit different areas as they enter different life cycles.  Post-hatchlings frequent the waters 

along the continental shelf floating in accumulations of Sargassum, where they eat mostly 

hydroids and copepods (Witherington, 2002).  At approximately 2 to 5 years Loggerheads 

transition into shallow water as juveniles to feed in the continental shelf waters from Cape Cod 

to the Caribbean eating crabs and mollusks (Burke et al., 1993; Morreale and Standora, 1998).  

Juvenile turtles that arrive in the waters around Long Island in June or July and remain active 

through October.  As temperatures drop below 15oC the turtles are forced to migrate away from 

the North Atlantic coast (Morreale and Standora, 1998).  Those that do not leave the area will 

fall victim to the rapidly declining water temperatures and will become hypothermic, resulting in 

death.  This regularly occurs along Long Island and it would not be unusual to find over one 

hundred dead or dying turtles stranded on the beaches or floating in the waters due to cold shock 

(Morreale et al., 1992). 

 

Turtles in the Long Island population are in a transitional stage from the oceanic surface 

feeding phase as post-hatchlings to the juvenile benthic feeding stage.  The annual occurrence of 

juvenile Loggerhead Turtles is common within Long Island Sound and the eastern bays of Long 

Island.  While in the coastal waters the Loggerhead Turtle remains relatively confined in the 

shallower bays.  The turtles spend most of their time within areas that provide benthic 

crustaceans for forage.  The Loggerhead Turtle diet primarily consists of macrocrustaceans and 

they specifically forge for spider crabs (Libinia emarginata).  The abundant and highly 

productive foraging opportunities in Northeastern waters allow these turtles to rapidly grow and 

increase biomass before heading south (Morreale and Standora, 1998).    
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At the end of the foraging season in Long Island, Loggerhead Turtles make directed 

movements to eastern Long Island and travel south using one of two routes.  The turtles were 

documented by GPS tracking to either travel along the southern shore of Long Island or swim to 

deeper waters off the coast before heading south (Morreale and Standora, 1998).  Additional 

GPS tracking studies have demonstrated similar migration patterns away from Long Island 

Sound (RFMRP, 2010).  Rare occurrences of adult Loggerheads have shown that these turtles 

may return north to forage in future years.  The turtles will continue this north and south 

migration, following the warm waters, to forage until sexual maturity.  Once the turtles reach 

sexual maturity, they return to their natal nesting grounds in tropical climates (Morreale and 

Standora, 1998).  The population of turtles from the Northwest Atlantic nest primarily along the 

coast of the United States from southern Virginia through Alabama (Conant et al., 2009).  

 

The majority of nesting activity occurs from April through September, with a peak in 

June and July.  Five recovery units (subpopulations) have been identified based on genetic 

differences and a combination of geographic distribution of nesting densities and geographic 

separation.  These recovery units are: Northern Recovery Unit (Florida/Georgia border through 

southern Virginia), Peninsular Florida Recovery Unit (Florida/Georgia border through Pinellas 

County, Florida), Northern Gulf of Mexico Recovery Unit (Franklin County, Florida, through 

Texas), Greater Caribbean Recovery Unit (Mexico through French Guiana, The Bahamas, Lesser 

Antilles, and Greater Antilles), and Dry Tortugas Recovery Unit (islands located west of Key 

West, Florida) (NMFS and FWS, 2008).  Based on satellite telemetry studies and flipper tag 

returns the non-nesting adult females in the Long Island area are likely from the Northern 

Recovery Unit (Conant et al., 2009). 

 

4.1.2 Status and Trends Rangewide 

In 1978 the Loggerhead Turtle was listed as threatened throughout its worldwide range 

(43 FR 32800). There are nine distinct population segments (DPS) of Loggerhead Turtles. The 

population of Loggerhead Turtles found in the Long Island area is considered to be part of the 

Northwest Atlantic population.    

 

The population of ocean dwelling Loggerhead Turtles are unknown but based on the 

decline in nesting, it is assumed to also be declining.  Based on population models completed for 
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a 2009 review of the Loggerhead DPS, the Northwest Atlantic Ocean DPS is likely to continue 

declining, even under the scenario of the lowest anthropogenic mortality rates (Conant et al., 

2009).  These declines are largely due to mortality of juvenile and adult Loggerheads from 

fishery bycatch that occurs throughout the North Atlantic Ocean.   

 

The Northwest Atlantic DPS has been separated into five recovery units.  The turtles 

from Long Island are a component of the Northern Recovery Unit.  The Northern Recovery Unit 

is defined as Loggerheads originating from nesting beaches from the Florida-Georgia border 

through southern Virginia (the northern extent of the nesting range).  The Loggerhead nesting 

trend from daily beach surveys in the Northern Recovery Unit showed a significant decline of 

1.3% annually since 1983.  Nest totals from aerial surveys conducted by SCDNR showed a 1.9% 

annual decline in nesting in South Carolina since 1980.  Overall, there is strong statistical 

evidence to suggest the Northern Recovery Unit has experienced a long-term decline (NMFS and 

USFWS, 2008). 

 

4.1.3 Status in the Action Area 

The Long Island Sound is a seasonal home to both adult and juvenile Loggerhead Turtles.  

The juvenile age classes utilize the shallower bays of the Long Island Sound and eastern Long 

Island.  The adult Loggerhead Turtles are found along the southern coast of Long Island (Sadove 

and Cardinale, 1993).  The turtles will inhabit the Sound from June to October feeding mostly on 

spider crabs (Morreale and Standora, 1998; Burke et al., 1993).  The spider crab can be found in 

areas with fine substrates, indicative of calmer waters (Perry and Larson, 2004).  The East 

River's bed is predominantly comprised of ledge/rock and bolder substrates.  The lack of suitable 

substrate in the East River for the turtles most prolific food source would suggest that the turtles 

would not enter the river due to the lack of foraging habitat.  When water temperatures drop in 

the fall many juvenile turtles migrate away from the Sound and those that do not migrate 

succumb to hypothermia (Morreale et al., 1992).  Based on GPS tracking of several individual 

turtles in the Long Island Sound, the turtles migrate out to the Atlantic Ocean and either head out 

to the pelagic zone or south along the coast of Long Island (Morreale and Standora, 1998; 

RFMRP, 2010).  No migratory routes have been observed using the East River. 
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The population of turtles using the Long Island area is likely declining.  In a study 

conducted from 1987-1992, turtles were collected from established pound nets throughout Long 

Island Sound.  Additional research from 2002-2004 used a subset of the pound nets sampled 

during the earlier study period.  Comparisons across the two study periods reveal a sharp decline 

in the percentage of turtle captures that were Loggerheads from 59% of total captures from 1987-

1992 to less than 4% of total captures during 2002-2004.  In addition to the decline in relative 

proportions of Loggerheads, the absolute number of Loggerheads captured also declined - only 

two Loggerheads were captured over the entire 3-year period.  Potential explanations for this 

decline include shifts in Loggerhead foraging areas and/or increased mortality in pelagic or early 

benthic stage/age classes (Morreale et al., 2005). 

 
4.1.4 Environmental Baseline 

Environmental baselines include the past and present impacts of all state, federal or 

private actions and other human activities in the action area, the anticipated impacts of all 

proposed federal projects in the action area that have already undergone formal or early 

Section 7 consultation, and the impact of state or private actions that are contemporaneous with 

the consultation in process (50 CFR 402.02).  The environmental baseline for this biological 

assessment includes the effects of several activities that may affect the survival and recovery of 

the endangered species in the action area.  As with all the sea turtles, one of major causes of 

decline is incidental capture in fishing gear, primarily in longlines and gillnets, but also in trawls, 

traps and pots, and dredges.  In addition, the historic and present threat of direct harvest of 

Loggerhead Turtle eggs, juveniles, and adults for food is also a primary threat to this species 

(NMFS, 2010). 

 

4.1.5 Effects of the Action 

Loggerhead Turtle are not known to use the East River.  Studies have consistently shown 

that the species migrate south following foraging habitat along the Atlantic Coast of Long Island.  

This has been observed from GPS tracking of sea turtles, including Loggerhead Turtle, captured 

in Long Island Sound (Morreale and Standora, 1998; RFMRP, 2010).  The habitat in the East 

River is not likely suitable for foraging opportunities for the Loggerhead Turtle.  Therefore, the 

Verdant Project would not likely affect the habitat or individual Loggerhead Turtles. 
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4.2 Kemp’s Ridley Turtle 

4.2.1 Life History 

The Kemp’s Ridley Turtle has one of the smallest most restrictive home ranges among 

sea turtles with adults mainly inhabiting the Gulf of Mexico.  Juveniles however, have an 

extensive home range encompassing the waters from Mexico to Nova Scotia (Ernst and Lovich, 

2009; NMFS, 1992).  The primary nesting grounds for the Kemp’s Ridley Turtle include the 

western Gulf of Mexico, primarily in the Mexican state of Tamaulipas.  The turtle also regularly 

nests in Veracruz, Mexico, Texas and infrequently in a few other U.S. states (NMFS et al., 

1992).  

 

Once hatchlings emerge from these beaches in the Gulf of Mexico, they make their way 

to open ocean.  Hatchlings inhabit floating Sargassum beds in the open ocean, generally drifting 

with ocean currents.  While in this community the hatchlings feed on sargassum and 

invertebrates associated with the algae.  As they grow, they become juveniles that have been 

divided into two populations, one that remains in the northern Gulf of Mexico, and another that 

uses the Gulf Stream of the Western Atlantic.   

 

The juvenile turtles that use the Gulf Stream of the Western Atlantic will use the ocean 

habitats for approximately 2 years when they will move inshore to shallow waters and become 

benthic invertebrate feeders.  The main characteristics that define the areas inhabited during the 

juvenile near shore stage are somewhat protected, temperate waters, shallower than 50 m (NMFS 

et al., 1992).  The habitat usually contains sea grass beds and sandy to muddy substrates 

(Morealle and Standora, 1992).  These turtles will predominantly feed on crabs, mollusks, and 

benthic invertebrates (Ernst and Lovich, 2009; Burke et al., 2006).  This foraging behavior is 

known to occur as far north as New England, including Long Island Sound.  The distribution of 

Kemp’s Ridley is related to the availability of their primary food source.  In Long Island the 

primary food source is the nine-spined spider crab (Libinia emarginata) (Burke et al., 1993). 

 

Juvenile turtles that inhabit northern waters of the Atlantic Ocean are forced to migrate 

south when water temperatures decline.  Based on GPS tracking of several individual Kemp’s 

Ridley Turtles in the Long Island Sound, most migrate out to the Atlantic Ocean and either head 

out to the pelagic zone or south along the coast of Long Island (Morreale and Standora, 1998; 
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RFMRP, 2010).  No migratory routes have been observed using the East River.  Turtles that fail 

to migrate succumb to hypothermia and will die (Morreale et al., 1992).  The Kemp Ridley’s 

turtle will continue this north and south migration, following the seasonal warmer water 

temperatures to forage and grow until they are adults. 

 

The adult Kemp’s Ridley is rarely found outside the Gulf of Mexico (NMFS et al., 1992).  

The adults show similar foraging behavior as the juveniles.  The adults spend most of their time 

in near shore habitats feeding primarily on crabs, specifically spider crabs.  Adult turtles will 

mate near their natal nesting beaches and typically nest from April to July (NMFS et al., 1992). 

 

4.2.2 Status and Trends Rangewide  

The USFWS lists the Kemp’s Ridley Turtle as endangered throughout its entire range 

under the December 2, 1970 Endangered Species Act (35 FR 18319).  The primary nesting 

population is concentrated in the western Gulf of Mexico.  Nesting has been the primary 

indicator of species population success because oceanic populations are too difficult to census.  

Since the mid-1980s, the number of nests observed at Rancho Nuevo (Tamaulipas, Mexico) and 

nearby beaches has increased 14-16% per year.  In 2009, the total number of nests recorded at 

Rancho Nuevo and adjacent beaches exceeded 20,000, which represents about 8,000 females 

nesting during the 2009 nesting season.  For Texas, from 2002-2009, a total of 771 Kemp’s 

Ridley nests have been documented on the Texas coast.  This represents a large increase from the 

81 nests that were known from 1984-2001.  Population models predict the population will grow 

12-16% per year assuming current survival rates within each life stage remain constant.  The 

population could attain at least 10,000 nesting females in a season by 2015, which is the first 

recovery goal for the species (NMFS et al., 1992). 

 

4.2.3 Status in the Action Area 

Similarly to the Loggerhead Turtle, the Kemp’s Ridley has been known to inhabit the 

Long Island Sound in its juvenile stage, but has not been documented in the East River.  The 

heaviest used areas include the bays and inlets on the eastern side of Long Island, but other bays 

along the Long Island Sound and Atlantic coast are also used (Sadove and Cardinale, 1993).  As 

with the Loggerhead Turtle, the Kemp’s Ridley Turtle feeds primarily on spider crabs which 

prefer sandy muddy substrates (Perry and Larson, 2004; Burke et al., 1993).  These benthic 
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substrates are not readily available in the East River (Figure 2-1).  The lack of foraging habitat 

suggests that the turtle will avoid entering the East River.   

 

Although the nesting population of Kemp’s Ridley Turtles has increased, the juvenile 

population in the waters around Long Island has not yet grown.  In studies completed from 1987-

1992 Kemp’s Ridley Turtles were captured at a rate of 4-14 turtles per year.  During a 2003 

follow up study only six turtles were captured with a similar sampling effort (Morreale et al., 

2005).  The low capture rate was attributed to a shift in foraging territory or perhaps unknown 

mortalities to the post-hatchling and oceanic juvenile phase.  Kemp’s Ridley Turtle remains the 

second most abundant sea turtle in the Long Island area. 

 

4.2.4 Environmental Baseline 

Environmental baselines include the past and present impacts of all state, federal or 

private actions and other human activities in the action area, the anticipated impacts of all 

proposed federal projects in the action area that have already undergone formal or early 

Section 7 consultation, and the impact of state or private actions that are contemporaneous with 

the consultation in process (50 CFR 402.02).  The environmental baseline for this biological 

assessment includes the effects of several activities that may affect the survival and recovery of 

the endangered species in the action area.  Similar to the Loggerhead Turtle, one of major causes 

of decline is incidental capture in fishing gear, primarily in longlines and gillnets, but also in 

trawls, traps and pots, and dredges.  In addition, the historic and present threat of direct harvest 

of Kemp’s Ridley eggs, juveniles, and adults for food is also a primary threat to this species 

(NMFS, 2010). 

 

4.2.5 Effects of the Action 

Juvenile Kemp’s Ridley Turtles are known to forage in the Long Island Sound and along 

the Atlantic coast of Long Island; however, Kemp’s Ridley Turtle are not known to use the East 

River.  The species likely migrate south following foraging habitat along the Atlantic Coast of 

Long Island.  This has been observed from GPS tracking of sea turtles, including Kemp’s Ridley 

Turtle, captured in Long Island Sound (Morreale and Standora, 1998; RFMRP, 2010).  The 

habitat in the East River is not likely suitable for foraging opportunities for the Kemp’s Ridley 
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Turtle.  Therefore, the Verdant Project would not likely affect the habitat or individual Kemp’s 

Ridley Turtles. 

 
4.3 Green Turtle 

4.3.1 Life History 

Similar to the other sea turtles, Green Turtles (Chelonia mydas) emerge from beach nests 

and swim for pelagic waters to feed on small plants and animals near the surface of the ocean.  

Once the juveniles reach approximately 5 to 6 years, they leave the pelagic habitat and travel to 

nearshore foraging grounds.  It is juvenile turtles such as these that are feeding in the Long Island 

area (Morreale et al., 1992).  Unlike the other sea turtles, the Green Turtle is primarily an 

herbivore and will feed almost exclusively on sea grasses and algae (NMFS, 2010).  The 

distribution of the juvenile Green Turtles is likely related to submerged aquatic vegetation such 

as Ulva sp. and Codium sp. (Sadove and Cardinale, 1993).  Juvenile and adult foraging habitat 

are typically quiet, shallow (3-5 m), well-lit places, ideal for algal and sea grass production 

(Ernst and Lovich, 2009).  Juvenile turtles that inhabit northern waters of the Atlantic Ocean are 

forced to migrate south when water temperatures decline.  Turtles that fail to migrate succumb to 

hypothermia and will die without human intervention (Morreale et al., 1992).  Based on GPS 

tracking of several individual Green Turtles in the Long Island Sound, the Green Turtles migrate 

out to the Atlantic Ocean and either head out to the pelagic zone or south along the coast of Long 

Island (Morreale and Standora, 1998; RFMRP, 2010).  No migratory routes have been observed 

using the East River. 

 

As breeding adults, the Green Turtles will migrate between foraging grounds and nesting 

grounds every few years.  The largest nesting sites (≥500 nesting females per year) are located in 

Ascension Island, Australia, Brazil, Comoros Islands, Costa Rica, Ecuador, Guinea-Bissau, 

Eparces Islands, Indonesia, Malaysia, Oman, Philippines, Saudi Arabia, Seychelles Islands, 

Suriname, Hawaii.  The Green Turtles from Long Island are thought to primarily originate from 

the Florida nesting population (Morreale et al., 2005).  The Florida nesting population is an 

endangered sub-population that is currently growing (NMFS & USFWS, 2007a). 
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4.3.2 Status and Trends Rangewide  

The USFWS lists the Green turtle as threatened throughout its entire range under the 

July 28, 1978 Endangered Species Act (43 FR 32800).  The breeding populations in Florida and 

along the Pacific Coast of Mexico are listed as endangered.  Critical habitat has been designated 

for this species on Culebra Island, Puerto Rico.  The Green Turtle has a circumglobal distribution 

with major nesting beaches in more than 80 countries worldwide (NMFS & USFWS, 2007a) 

 

The overall nesting status of the Green Turtle population was evaluated during the 5-year 

review completed in 2007 (NMFS & USFWS, 2007a).  Nesting abundance was evaluated at 46 

nesting concentrations from 11 ocean regions worldwide.  The nesting abundance trends were 

evaluated using 23 populations that were representative of the rangewide population.  The study 

estimated that between 108,761 to 150, 521 females nest each year among the 46 sites.  The 

study found that from the 23 sites evaluated for nesting abundance trends that 10 nesting sites 

were increasing, nine were stable, and four were decreasing.  The data show that overall the 

nesting population is increasing, particularly in the Pacific, Western Atlantic, and Central 

Atlantic Ocean.  The breeding population in the Western Atlantic and Caribbean are all stable or 

increasing. 

 

4.3.3 Status in the Action Area 

Similar to the other hard-shelled sea turtles, the Green Turtle is primarily distributed in 

the eastern bays and inlets of Long Island (Sadove and Cardinale, 1993).  The population of 

Green Turtles has likely increased in the Long Island area.  During sea turtle studies of Long 

Island from 1987 to 1992 Green Turtles were caught at a rate of 0 to 9 individual per year.  In the 

2003 and 2004 seasons, Green Turtles were caught at a rate of 12 and 19 individuals, 

respectively.  This is likely an indication that the juvenile population of Green Turtle has 

increased around Long Island.  The increase in juveniles around Long Island may be a direct 

result of the increased nesting observed in Florida, from 1,700 in 1989 to 7,000 in 2002 

(Morreale et al., 2005). 

 

As with the other sea turtles, the Green Turtle must migrate from Long Island when water 

temperatures decline.  Based on GPS tracking of several individual sea turtles in the Long Island 

Sound, including Green Turtle, most migrate out to the Atlantic Ocean and either head out to the 



 
BA:  Sea Turtles - 20 -  December 2019 

pelagic zone or south along the coast of Long Island (Morreale and Standora, 1998; RFMRP, 

2010).  No migratory routes have been observed using the East River.  Turtles that fail to migrate 

succumb to hypothermia and will die (Morreale et al., 1992).  The Green Turtle will continue 

this north and south migration, following the seasonal warmer water temperatures to forage and 

grow until they are adults.  Once the Green Turtles are adults, they do not seem to use the Long 

Island area for habitat (Morreale et al., 2005). 

 

4.3.4 Environmental Baseline 

Environmental baselines include the past and present impacts of all state, federal or 

private actions and other human activities in the action area, the anticipated impacts of all 

proposed federal projects in the action area that have already undergone formal or early 

Section 7 consultation, and the impact of state or private actions that are contemporaneous with 

the consultation in process (50 CFR 402.02).  The environmental baseline for this biological 

assessment includes the effects of several activities that may affect the survival and recovery of 

the endangered species in the action area.  The principal cause of the population decline to Green 

Turtle is the harvesting of eggs and adults on nesting beaches and juveniles and adults on feeding 

grounds.  In addition, incidental capture of the sea turtles in fishing gear is also an ongoing threat 

to the species.  A disease known as fibropapillomatosis is also causing mortality in Green Turtles 

(NMFS, 2010). 

 

4.3.5 Effects of the Action 

The Green Turtles are known to forage in the Long Island Sound and along the Atlantic 

coast of Long Island.  The foraging opportunities for this turtle are concentrated in the bays on 

the north side of Long Island.  Similar to Kemp Ridley’s and Loggerhead Turtles, the Green 

Turtle migrate south or out to sea during the winter.  The migration routes observed from GPS 

tracking show that this turtle does not use the East River (Morreale and Standora, 1998; RFMRP, 

2010).  The habitat in the East River is not likely suitable for foraging opportunities and 

therefore the Green Turtle does not use this channel as a migration route.  The Verdant Project 

would likely not affect the habitat or individual Green Turtles because the East River does not 

provide suitable habitat for the Green Turtle. 
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4.4 Leatherback Turtle 

4.4.1 Life History 

The leatherback turtle is one of the most widely distributed reptiles in the world (NMFS, 

2008).  Like both the Kemp Ridley's and Loggerhead Turtles, leatherback hatchlings inhabit 

floating Sarassum beds found in the open ocean.  Unlike the other hard-shelled sea turtle species, 

leatherbacks do not move to the coastal waters when they mature, in fact they are rarely observed 

in shallow waters of bays and estuaries (Ernst and Lovich, 2009; Starbird et al., 1993).  Adult 

leatherback turtles can be found in open or coastal waters eating jellyfish in the coastal waters of 

the Eastern United States, including the Long Island Sound but will nest in the tropics (NMFS, 

2008).  One Leatherback caught in Long Island was tagged while nesting on Yalimapo Beach in 

French Guiana 2 years prior.  Leatherbacks found in Long Island are typically adults and are 

considered a rare occurrence (Morreale and Standora, 1998). 

 

4.4.2 Status and Trends Rangewide 

The USFWS listed the leatherback turtle as endangered throughout its entire range under 

the ESA on December 2, 1970 (35 FR 8491).  The NMFS has designated Sandy Point, St. Croix, 

United States Virgin Islands and areas off the United States west coast as designated critical 

habitat for this species (NMFS, 2010). 

 

An estimated 34,000-94,000 adult leatherback turtles use the North Atlantic.  

Leatherbacks foraging in the North Atlantic have been shown to originate from the western 

Atlantic breeding population.  The nesting populations in the western Atlantic Ocean has been 

increasing or stable.  Major nesting beaches in the western Atlantic Ocean occur in Florida; 

St. Croix, U.S. Virgin Islands; Puerto Rico; Costa Rica; Panama; Colombia; Trinidad and 

Tobago; Guyana; Suriname; French Guiana; and southern Brazil (NMFS and USFWS, 2007b). 

 

4.4.3 Status in the Action Area 

Leatherback Turtles are rarely found in the Long Island area.  The annual population off 

the coast of Long Island is likely only in the hundreds each year.  They are found off the coast 

mostly during the summer and early fall.  A larger population of leatherback turtles is seen 

further north in the Gulf of Maine.  Generally, the leatherback is a pelagic foraging species and 
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therefore is even more rarely seen in the Long Island Sound or in shallow waters where the 

Sound enters the East River (Sadove and Cardinale, 1993).  Since the leatherback turtle is a 

pelagic species, the East River would not be suitable habitat. 

 

4.4.4 Environmental Baseline 

Environmental baselines include the past and present impacts of all state, federal or 

private actions and other human activities in the action area, the anticipated impacts of all 

proposed federal projects in the action area that have already undergone formal or early 

Section 7 consultation, and the impact of state or private actions that are contemporaneous with 

the consultation in process (50 CFR 402.02).  The environmental baseline for this biological 

assessment includes the effects of several activities that may affect the survival and recovery of 

the endangered species in the action area.  Similar to the other sea turtles, one of major causes of 

decline is incidental capture in fishing gear, primarily in longlines and gillnets, but also in trawls, 

traps and pots, and dredges.  In addition, the historic and present threat of direct harvest of eggs, 

juveniles, and adults for food is also a primary threat to this species (NMFS, 2010). 

 

4.4.5 Effects of the Action 

The leatherback turtle is a pelagic turtle.  It has been observed using the open water areas 

of the Long Island Sound and off the coast of Long Island.  The shallow channel of the East 

River is likely not suitable habitat for this open water species.   
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VERDANT POWER 

ROOSEVELT ISLAND TIDAL ENERGY (RITE) PROJECT 

BIOLOGICAL ASSESSMENT 

ESSENTIAL FISH HABITAT 

 
 
 
 
1.0 INTRODUCTION 

The purpose of this document is to present the findings of the Essential Fish Habitat 

(EFH) assessment conducted for the proposed Verdant Power RITE Project in the East River, 

New York as required by the Magnuson-Stevens Fishery Conservation and Management 

Reauthorization Act of 2006 (MSA) (amended in 1976 and 1998).  This EFH assessment is 

based on the regulations implemented in the United States Department of Commerce, National 

Oceanic and Atmospheric Administration (NOAA) EFH Final Rule, 50 Code of Federal 

Regulations (CFR) Part 600 (NOAA 2002).  The objective of this EFH assessment is to describe 

how the actions of the proposed RITE Project may affect EFH and EFH-managed species within 

the area influenced by the proposed Project.  According to NOAA National Marine Fisheries 

Service (NMFS), EFH within the East River includes those waters and substrate necessary to fish 

for spawning, breeding, feeding, or growth to maturity.  

 

This report was prepared to meet the requirements described by the NMFS to comply 

with the MSA.  The EFH assessment includes a description of the proposed action; an analysis of 

the effects on EFH, EFH-managed species, and their major food sources; an evaluation of the 

effects of the proposed action on EFH and EFH-managed species; and proposed mitigation 

measures selected to minimize expected project effects if applicable. 

 

2.0 EFH-MANAGED SPECIES 

The MSA set forth a mandate for NMFS, regional Fishery Management Councils (FMC), 

and other federal agencies to identify and protect EFH for economically important marine and 

estuarine fisheries.  NOAA (2002) defines EFH as: 
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“those waters and substrate necessary to fish for spawning, breeding, 
feeding or growth to maturity. For the purpose of interpreting the 
definition of essential fish habitat: ‘Waters’ include aquatic areas and their 
associated physical, chemical, and biological properties that are used by 
fish and may include aquatic areas historically used by fish where 
appropriate; ‘substrate’ includes sediment, hardbottom, and structures 
underlying the waters, and associated biological communities; ‘necessary’ 
means the habitat required to support a sustainable fishery and the 
managed species’ contribution to a healthy ecosystem; and ‘spawning, 
breeding, feeding, or growth to maturity’ covers a species’ full life cycle.” 

 

EFH-designated species and life history stages in the proposed Project Waterway were 

identified based on a list in the NOAA Guide to Essential Fish Habitat Designations in the 

Northeastern United States (NOAA 2005). 

 

3.0 PROJECT DESCRIPTION 

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 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.    
 

In February 2005, Verdant conducted a remote sensing survey to document surficial and 

subsurface riverbed features in the east channel in the area of the experimental units.  The survey 

was conducted using 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 from the survey and was included in the report, “Acoustic Remote Sensing Survey for 

Roosevelt Island Tidal Energy Project,” published in March 2005.  The study confirmed the 

presence of boulders and cobbles that were depicted on the side-scan sonar and sub-bottom 

records.  The video coverage did not show any evidence of fine grain soft sediments, thereby 

precluding any further requirement to obtain sediment samples for grain size and chemical 

analyses.  This was also later confirmed when Verdant drilled the six piles into the bedrock for 

the demonstration project.   
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4.0 DESCRIPTION OF THE 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 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: 

• Install B-1:  Under current Pilot License Install three ‘Gen5’ KHPS turbines on one 
TriFrameTM in 2020.  

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

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.   
 

1. Location and Layout 

The location of the Project 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 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 incremental buildouts 

of Install B-1, B-2, and C will encompass small subset areas of the total project boundary.   
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2. KHPS Technology 

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

• Rotor with three fixed composite blades; 
• Nacelle (watertight), pylon and yaw mechanism; 
• Drivetrain generator and brake (within nacelle); and 
• Riverbed mounting system, (three KHPS turbines on one TriFrame mount). 

  
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 0.75 meters, and an axial length of approximately 0.5meters.  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 56 kW, 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 40 rpm to that of the generator which will be approximately 1,800 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 
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drivetrain components are designed to operate conservatively, in order to provide long 

maintenance cycles and long life. 

  

The Gen5 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.   

  

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 

56 kW 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 35 kW.  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 4.3 meters.  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 
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rotate at a relatively slow and constant speed of approximately 40 revolutions per minute (rpm), 

with tip-speeds in the order of 35 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 

inner pylon, which has matching stainless bearing races. The pylons have yaw stop elements that 

limit the turbine yaw. 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 fixed 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 to170 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.  
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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 

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.  

 
Key KHPS Technology Parameters (RITE Gen5) 

 
ROTOR 
Rotor hub diameter: 1.0 m 
Rotor tip diameter: 5.0 m (minimum 10 m deployment depth) 
Number of blades: 3 - Gen5d  

Material of construction: Rotor: Composite (FRP) construction  
Rotor Hub: Nickel Aluminum Bronze 

Pitch control: No 
Yaw control: Passive (self-aligning through 165o arc)  
Ducted or open rotor: Open 
Solidity ratio: ~16% (based on blade frontal area/total rotor area) 
Rpm @ full load: ~32 rpm 

Rpm limit: no load Failsafe brake on any no-load condition.  On full-power transient, 
or 20% overspeed, brake stops rotation in less than a few seconds. 

DRIVETRAIN 
Geared drive: Yes, planetary 
Shaft diameter: 6” 316 stainless steel  
Number of bearings: 2 on main shaft, tapered roller bearings 
Mechanical efficiency: ~93% 

Lubrication: Gearbox and bearings: forced, with synthetic (PAO) gear oil 

GENERATOR 
Power produced on both 
ebb and flood: tides: Yes 

Generator design: induction, NEMA design B 
Synchronous: Asynchronous (near-synchronous) 
Rpm: 1200 
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Delivery voltage: 480VAC, 3 phase, 60 Hz  
Electrical efficiency: Nominal 94.5% 
Excitation: self (induction) 

TURBINE SYSTEM  

Turbine weight in air: 4,085 kg (including outer pylon only) 
Turbine weight in water: 2,746 kg 
Operating current: 1 m/s to 2.6 m/s (10 min. avg.) 
Survival current: 3.3 m/s 
Turbine design life: 20 years  
Turbine Service Interval: 3 to 5 years 

 
 

4.1 Underwater Cabling 

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. 

 
4.2 Construction and Installation Schedule 

For the subsequent RITE East Channel License, Verdant intends to use a staged 

installation procedure to ensure ongoing design validation. 

• 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 
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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.  

• 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. 

• 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.   

 

4.3 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 170° 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 

Gen5 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.  



 
BA:  Essential Fish Habitat - 10 -  December 2019 

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 

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 Gen5 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.  
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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:  

• 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. 

• 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 
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.  

• For maintenance, a periodic maintenance cycle of Retrieve and Replace 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.  

 
5.0 LIFE HISTORY DESCRIPTIONS AND ASSESSMENTS OF EFH SPECIES 

In reviewing the proposed Project, designated EFH occurs in the area of the proposed 

RITE Project for various life stages (eggs, larvae, juveniles, adults) of 18 species.  Four species 

have designated EFH for every life stage; Windowpane Flounder, Winter Flounder, Scup and 

King Mackerel.  In addition, various life stages of Red Hake, Atlantic Herring, Bluefish, Atlantic 

Butterfish, Atlantic Mackerel, Summer Flounder, Black Sea Bass, Spanish Mackerel, Cobia, 

Sand Tiger Shark, Sandbar Shark, Clearnose Skate, Little Skate and Winter Skate have been 

identified as having EFH requirements in the area of the RITE Project.  None of these managed 
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stocks are federally or state-listed endangered or threatened.  Species having EFH requirements 

in the vicinity of RITE are summarized in Table 1 below and discussed in the following 

paragraphs.  Additional discussion on the duration and magnitude of potential impacts to EFH 

and designated species associated with construction and operation of the RITE development is 

also provided. 
 

Table 1.   Species identified as having EFH requirements in the vicinity of the Verdant 
Power Hydrokinetic project in the East River. 

Essential Fish Habitat Designated Species for the East River 

Species Eggs Larvae Juveniles Adults 
Red Hake (Urophycis chuss)  x x x 
Winter Flounder (Pseadopleuronectes americanus) x x x x 
Windowpane Flounder (Scopthalmus aquosus) x x x x 
Atlantic Herring (Clupea harengus)  x x x 
Bluefish (Pomatomus saltatrix)   x x 
Atlantic Butterfish (Peprilus triacanthus)  x x x 
Atlantic Mackerel (Scomber scombrus)   x x 
Summer Flounder (Paralicthys dentatus)  x x x 
Scup (Stenotomus chrysops) x x x x 
Black Sea Bass (Centropristus striatus)   x x 
King Mackerel (Scomberomorus cavalla) x x x x 
Spanish Mackerel (Scomberomorus maculatus)  x x x 
Cobia (Rachycentron canadum) x x x x 
Sand Tiger Shark ( Odontaspis taurus) x x   
Sandbar Shark (Chatcharinus plumbeus)  x  x 
Clearnose Skate (Raja eglanteria)   x x 
Little Skate (Leucoraja erinacea)   x x 
Winter Skate (Leucoraja ocellata)   x x 

 
 

An analysis of EFH for each fish species and life stage for the East River, including the 

likelihood that the species would occupy the project area, as shown in Table 1 is summarized 

below. 

 

5.1 Red Hake 

 Red Hake is a bottom-dwelling fish that lives on sand and mud bottoms along the 

continental shelf from southern Nova Scotia to North Carolina (concentrated from the 

southwestern part of the Georges Banks to New Jersey). The East River is designated as EFH for 
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larvae, juvenile, and adult Red Hake. Spawning adults and eggs are common in marine portions 

of most coastal bays between Rhode Island and Massachusetts. Spawning occurs from May to 

June in the New York Bight (Steimle et al., 1999a). Red Hake eggs are pelagic and range from 

the Middle Atlantic Bight to the Gulf of Maine. Eggs are found on the edge of the continental 

shelf during the cooler months and across the continental shelf during the warmer months. The 

characteristics of the habitat in which Red Hake eggs are commonly found are not well 

understood because Red Hake eggs occur with, and are indistinguishable from, the eggs of other 

hake species (Steimle et al., 1999a).   

 

 The typical habitat for Red Hake larvae is sea surface temperatures between 8 and 23°C, 

depths between 10 and 200 meters and salinities greater than 0.5 ppt. Larvae are most often 

observed from May through December, with peaks in September and October. Although larvae 

have been reported from the Hudson River Estuary, they are most abundant at the middle and 

outer continental shelf throughout the Middle Atlantic Bight (Steimle et al., 1999a). While Red 

Hake larvae do have the potential to occur in the East River, these individuals would be transient 

on the basis of habitat preferences. Shelter is a critical habitat requirement for Red Hake. In the 

autumn, young juveniles descend from the water column to the bottom and seek sheltering 

habitat in depressions in the sea floor. Juveniles are found on shell covered substrates, and prefer 

water temperatures below 16°C, depths of less than 100 meters, and a salinity range of 31 to 33 

ppt (Steimle et al., 1999a). This is greater salinity than is typical in the vicinity of the project site.  

In the Hudson- Raritan Estuary Red Hake were collected at depths between 5 and 50 meters.  

Red Hake are very sensitive to low DO (Steimle et al., 1999a). In particular, juveniles are 

sensitive to DO levels less than 4.2 mg/L and would likely not tolerate summer minima 

conditions that occur occasionally in the East River.  

 

 Adults are found in bottom habitats of sand and mud, and they prefer water temperatures 

below 14°C, depths from 15 to 365 meters, salinities between 31 and 34 ppt, and a more open 

water environment than the project areas. Red Hake adults are sensitive to hypoxia and prefer 

DO levels greater than 6 mg/L (Steimle et al., 1999a), and as noted for juveniles, may not 

tolerate summer minima conditions the project areas.  Amipods, decapods and polychaetes are 

dominant prey for this species (Collette and MacPhee 2002).  Lack of sediment in the project 

area would limit the availability of these prey items.   
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 Adult Red Hake were collected during impingement studies at the Ravenswood plant on 

the Queens side of the East River.  If present in the project area, adults of this species are 

expected to be transient, likely during the spring and fall when DO is above 4.2 mg/L, prior to 

winter migrations to deeper waters. The project area is likely at the upper portion of the 

geographic range for juveniles and adults and would constitute a small portion of the EFH for 

this species. Overfishing is not currently occurring for the southern stock of Red Hake, the stock 

that occurs within the New York/New Jersey Harbor (NMFS, 2002). No effects to EFH from the 

project are expected for any life stage of Red Hake. 

 

5.2 Winter Flounder 

 Winter Flounder can be found from Labrador to North Carolina but most commonly in 

estuaries from the Gulf of St. Lawrence to the Chesapeake Bay including the Lower Hudson 

(Collette and MacPhee, 2002).  It is a fairly small, thick flatfish that is abundant in the Lower 

Hudson Estuary, where it is a resident (Collette and MacPhee, 2002).  The East River is 

designated as EFH for eggs, larvae, juvenile, and adult Winter Flounder. 

 

 Habitat and environmental conditions in the East River are typical for all life stages of 

Winter Flounder. All life stages were collected during impingement and entrainment studies 

conducted at the Ravenswood plant.  All life stages are expected to occur at the Project site. 

Spawning adults and eggs are often observed from February to June, and larvae are observed 

from March to July. Eggs, juveniles, and adults prefer bottom habitats of mud or fine-grained 

sand, and larvae are found in both bottom habitats and in the water column (Collette and 

MacPhee, 2002).  Winter Flounder are particularly susceptible to pollution (Grosslein and 

Azarovitz, 1982).  The eggs are laid directly on the substrate and therefore any toxins in the 

sediment can affect their viability. This species' close association with sediments also potentially 

exposes the fish to sediment toxins. Grosslein and Azarovitz (1982) noted that few larvae 

survived in polluted estuaries, and that Winter Flounder were entirely absent from polluted 

sections of the New York/New Jersey Harbor. The primary prey for Winter Flounder is 

polychaetes (Collette and MacPhee, 2002), which would be limited in the project area because of 

the lack of sediment.   
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 Installation of TriFrame mounts for the turbines would disturb substrate habitat and the 

water column. These activities could result in a temporary increase in turbidity. However, Winter 

Flounder has adapted to relatively harsh estuarine conditions and can avoid highly turbid 

conditions that are temporary in nature. Because installation of turbines will occur over a short 

period of time, water quality is expected to return to existing conditions following installation. 

Due to current velocities within the East River dispersion of re-suspended sediments, if any, 

would likely occur quickly. In addition, the narrow dimensions of the proposed turbines at the 

site reduces the amount of habitat affected by shading, and proposed construction activities 

would not significantly alter the habitat used by fish.  Since Winter Flounder are found in bottom 

habitats and the turbines are proposed to be located off the bottom, turbine strikes are not 

expected for this species.  No impacts to EFH for Winter Flounder are anticipated from this 

project. 

 
5.3 Windowpane Flounder 

 Windowpane Flounder is found from the Gulf of St. Lawrence to South Carolina and has 

its maximum abundance in the New York Bight. Windowpane Flounder are generally found 

offshore on sandy bottoms in water between 50 and 80 meters deep, and close inshore in 

estuaries just below the mean low water mark. They migrate onshore in the shallow shoal water 

in the summer and early autumn as water temperatures increase and migrate offshore during the 

winter and early spring months when temperatures decrease (Chang et al., 1999). Habitat and 

environmental conditions in the East River are typical for all life stages of Windowpane 

Flounder. The East River is designated as EFH for eggs, larvae, and juvenile and adult 

Windowpane Flounder.  

 

 Windowpane Flounder eggs, larvae, juveniles, and adults were collected during 

impingement and entrainment studies conducted at the Ravenswood plant on the Queens side of 

the East River. Windowpane Flounder spawn within the mid-Atlantic Bight from April to 

December in the bottom waters with temperatures ranging from 8.5 to 13.5°C. Spawning peaks 

occur in May and then again in the autumn in the southern portion of the Bight. The buoyant 

eggs and larvae that settle to the bottom are found predominately in the estuaries and coastal 

shelf water for the spring spawned eggs, and in the coastal shelf waters alone for those eggs 

spawned in the autumn. Windowpane eggs are found floating in the water column at 
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temperatures of generally between 5 to 20°C; specifically at 4 to 16°C in spring (March through 

May), 10 to 16°C in summer (June through August), and 14 to 20°C in autumn (September 

through November), and within depths less than 70 meters (Chang et al., 1999). Larvae are 

typically found in the area of the estuary where salinity ranges from 18 to 30 ppt in the spring 

and on the shelf in the autumn. Juvenile Windowpane Flounder were found year-round in both 

the shelf waters and in the Hudson-Raritan Estuary. Larvae are found at similar temperature and 

depth as the egg stage of this species, particularly at 3 to 14°C in the spring, 10 to 17°C in the 

summer, and 13 to 19°C in the autumn (Chang et al., 1999). 

  

 Within the Hudson-Raritan estuary, juvenile fish were fairly evenly distributed but 

seemed to prefer the deeper channels in the winter and summer. They were most abundant where 

bottom water temperatures ranged from 5 to 23°C, depths ranged from 7 to 17 meters; salinities 

ranged from 22 to 30 ppt, and dissolved oxygen concentrations ranged from 7 to 11 mg/L. 

Similarly, adults were evenly distributed year-round, preferring deeper channels in the summer 

months. Adults were collected in bottom waters where temperatures ranged from 0 to 23°C, 

depths were less than 25 meters, salinity ranged from 15 to 33 ppt, and dissolved oxygen ranged 

from 2 to 13 mg/L.  Windowpane Flounder forage on activity swimming prey such as mysids 

(Collette and MacPhee, 2002).   

 

 As noted above for Winter Flounder, no significant adverse impacts are expected to occur 

from the installation of TriFrame mounts for the turbines, other than a temporary increase in 

turbidity.  Because installation of turbines would occur over a short period of time, water quality 

is expected to return to existing conditions following installation. Due to current velocities within 

the East River dispersion of re-suspended sediments would likely occur quickly. In addition, 

because the narrow dimensions of the proposed turbines at the site reduces the amount of habitat 

affected by shading, proposed construction activities would not significantly alter the habitat 

used by fish.  Since Windowpane Flounder are found in bottom habitats and the turbines are 

proposed to be located off the bottom turbine strikes are not expected for this species. No 

impacts to EFH for Windowpane Flounder are anticipated from this project. 
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5.4 Atlantic Herring 

 Atlantic Herring is a planktivorous marine species that occurs throughout the 

Northwestern Atlantic waters from Greenland to North Carolina. They are most abundant north 

of Cape Cod and relatively scarce in waters south of New Jersey.  Atlantic Herring rarely move 

into fresh water (Smith, 1985). Juvenile and adult herring undergo complex north-south 

migrations and inshore-offshore migration for feeding, spawning, and overwintering. They 

spawn once a year in late August to November, in the coastal ocean waters of Gulf of Maine and 

Georges Banks. This species never spawns in brackish water. Post-spawn, the adults migrate to 

the New York Bight to overwinter from December to April. The autumn migration to 

overwintering areas is done in tight schools while the spring migration to spawning areas is 

much more dispersed. NOAA (Stone et al., 1994) indicates that larvae, juvenile, and adult 

Atlantic Herring are common within the mixing zone portion of the Hudson River/Raritan Bay 

Estuary and are known to occur in the East River (NOAA, 2001). In addition, adults of this 

species were collected during impingement studies at the nearby Ravenswood plant in the East 

River. The East River is designated as EFH for larvae, juvenile, and adult Atlantic Herring. 

Larvae are generally found in pelagic waters with temperatures below 16°C, water depths from 

50 to 90 meters, and salinities of about 32 ppt.  Juveniles and adults prefer pelagic waters and 

bottom habitats with water temperatures below 10°C, at water depths of 15 to 135 meters and 10 

to 130 meters, respectively, and salinity ranges of over 26 ppt.  Juveniles overwinter in deep 

bays. In the Hudson- Raritan estuary NEFSC bottom trawl surveys, adults collected were most 

abundant at 3 to 6°C at depths ranging from 4.5 to 13.5 meters. Preferred salinities for the 

Atlantic Herring occur at 28 ppt and greater (Reid et al., 1999).  

 

 The Atlantic Herring stock complex in the northeastern United States is considered 

under-utilized with the exception of the portion in the Gulf of Maine (Reid et al., 1999) and is 

not overfished (NMFS, 2002). Habitat areas affected by the RITE Project make up a small 

portion of EFH for this species and potential impacts to these areas would not adversely affect 

the Atlantic Herring fishery.  Atlantic Herring are found in the water column, are planktonic 

filter feeders (Collette and MacPhee, 2002) and would not be disturbed by installation of the tri-

mount turbines. Impacts due to turbine strikes are not expected to be a concern for this species.  

No impacts to EFH for any life stage of Atlantic Herring are anticipated from this project. 
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5.5 Bluefish 

 Bluefish is a carnivorous marine fish that occurs in temperate and tropical waters on the 

continental shelf and in estuarine habitats around the world. In North America, Bluefish live 

along most of the Atlantic coastal waters from Nova Scotia south, around the tip of Florida, and 

along the Gulf Coast to Mexico (Fahay et al., 1999). The East River is designated as EFH for 

juvenile and adult Bluefish. 

 

 Bluefish often migrate to estuaries in the summer months, between April (adults) or May 

(juveniles), and October. Juveniles inhabit inshore estuaries from May to October, preferring 

temperatures between 15 and 30°C and salinities between 23 to 33 ppt. Although juvenile and 

adult Bluefish are moderately euryhaline, occasionally they will ascend well into estuaries where 

salinities may be less than 3 ppt. Juveniles use estuaries as nursery areas and can be found in 

sand, mud, silt, or clay substrates as well as Spartina or Fucus beds. Bluefish juveniles are 

sensitive to changes in temperature where thermal edges apparently serve as important cues to 

juvenile migration off shore in the winter season (Fahay et al., 1999). 

 

 Adult Bluefish are pelagic and highly migratory with a seasonal occurrence in Mid-

Atlantic estuaries from April to October. They prefer temperatures from 14 to 16°C but can 

tolerate temperatures from 11.8 to 30.4°C and salinities greater than 25 ppt. Adult Bluefish are 

not uncommon in bays and larger estuaries, as well as coastal waters (Fahay et al., 1999). 

Juvenile Bluefish may be abundant and adults are common within the mixing zone portion of the 

Hudson River/Raritan Bay Estuary (Stone et al., 1994).  

 

 Juvenile Bluefish are known to occur in the East River from June to October (NOAA, 

2001). Bluefish juveniles and adults were collected during impingement studies conducted at the 

Ravenswood plant in the East River. No spawning would occur within the project area. Because 

this species is pelagic and feed on pelagic prey (Collette and MacPhee 2002), occupying open 

water areas and not bottom habitat, potential impacts associated with temporary increases in 

turbidity due to installation of the TriFrames would not be significant. Researchers have tagged 

and tracked Bluefish populations off the East Coast. They found that most adult Bluefish with 

lengths great than 45 cm are found offshore, while smaller juveniles are more likely to be inshore 

(Shepard et al., 2006).  Habitat areas affected by the RITE Project make up a small portion of 
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EFH for this species and potential impacts to these areas would not adversely affect the Bluefish 

populations.   

 

5.6 Atlantic Butterfish 

 Butterfish occur from Newfoundland to Florida and are most abundant between southern 

New England and Cape Hatteras, North Carolina. Throughout its range, butterfish are found over 

the entire shelf, inshore and offshore. Cooling temperatures associated with late autumn trigger a 

migration offshore. Butterfish spawning takes place chiefly from May through October in Mid-

Atlantic Bight. The times and duration of spawning are closely associated with changes in 

surface temperatures (Cross et al., 1999). The East River is designated as EFH for larvae, 

juvenile, and adult Atlantic Butterfish.  Larvae are found at the surface or in the shelter of the 

tentacles of large jellyfish and are more nektonic than planktonic from 10 to 15 mm. Larvae are 

found at temperatures ranging from 7 to 26°C (although most abundant at 9 to 19°C and at 

depths less than 120 meters.  Both juveniles and adults have similar habitat characteristics. Both 

are eurythermal and euryhaline and are common often near the surface in sheltered bays and 

estuaries during the spring to fall months. Juvenile and adult butterfish also often prefer sandy 

and muddy substrates and temperatures from 3 to 28°C (Cross et al., 1999). 

 

 Juvenile and adult butterfish have the potential to occur in the East River site. Adult 

butterfish were collected during impingement studies conducted at the Ravenswood plant in the 

East River. Individuals of this species are less likely to be affected by the in-water activities 

construction and installation than more bottom dwelling fish. Butterfish stock is not overfished 

or approaching an overfished condition (Cross et al., 1999, NMFS, 2002) and it is considered an 

underexploited fishery (Cross et al., 1999). No impacts to EFH for any life stage of Atlantic 

Butterfish are anticipated from this project  

  

5.7 Atlantic Mackerel 

 Atlantic Mackerel is a pelagic marine fish that occurs in the western North Atlantic from 

Labrador to North Carolina. It sustains fisheries from the Gulf of St. Lawrence and Nova Scotia 

to the Cape Hatteras area. There may be two populations: one occurring in the northern Atlantic 

and associated with the New England and Maritime Canadian coast and another more southerly 

population inhabiting the mid-Atlantic coast. Both populations overwinter in the deep waters at 
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the edge of the continental shelf, generally moving inshore (in a northeastern direction) during 

the spring and reversing this migration in autumn.  The southern population begins its spawning 

migration by moving inshore between the Delaware Bay and Cape Hatteras and in a northeastern 

direction along the coast. The timing of the migration and spawn is a result of warming water 

temperatures. The peak spawn for the southern population occurs off New Jersey and Long 

Island Sound in April and May. Most spawning occurs in the shoreward half of the shelf and in 

waters from 7 to 14°C.  By June there are schools of juveniles off Massachusetts, and they move 

into the Gulf of Maine by June and July where they remain for the summer (Studholme et al., 

1999).  
 

The East River is designated EFH for juvenile and adult Atlantic Mackerel. In the 

Hudson-Raritan Estuary, juveniles are present from April to December, but are most common 

from April through June and October through November. Juvenile transformation includes 

swimming and schooling behaviors starting at 30 to 50 mm, and closely resemble adults when 

about 1 year of age. In the Hudson-Raritan Bay estuary, juveniles are present in the spring and 

summer months preferring depths from 4.9 to 9.8 meters, salinity ranges from 26 to 28.9 ppt, 

dissolved oxygen from 7.3 to 8.0 mg/L and temperatures from 17.6 to 21.7°C (Studholme et al., 

1999).  In the Hudson-Raritan Estuary, adults are present from April through June and from 

September through December, most commonly from April to May and from October to 

November (ACOE, 2000). Adults also prefer salinities of 25 ppt or greater (Studholme et al., 

1999).  Atlantic Mackerel are opportunistic filter feeders (Collette and MacPhee, 2002). 
 

 Juveniles and adults are the stages of Atlantic Mackerel with the greatest potential to 

occur within the project areas.  Spawning would not occur within this area.  Habitat found within 

the project area does not represent a significant portion of the EFH for this species. The Atlantic 

Mackerel fishery is no longer considered overfished and this stock is now considered 

underexploited (NMFS, 2002).  No impacts to EFH for any life stage of Atlantic Mackerel are 

anticipated from this project.   

 

5.8 Summer Flounder 

 Summer Flounder prefer the estuarine and shelf waters of the Atlantic Ocean and are 

found between Nova Scotia and southeastern Florida. They are most abundant from Cape Cod, 

Massachusetts, to Cape Hatteras, North Carolina. Summer Flounder usually appear in the inshore 
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waters of the New York Bight in April, continuing inshore in May and June, and reach their peak 

abundance during the warm summer months of July and August. Summer Flounder move 

offshore for the winter season (Packer et al., 1999).  The East River is designated as EFH for 

larvae, juvenile, and adult Summer Flounder.  Larvae occur in water from 0 to 22°C (32 to 72°F) 

and are transported to estuarine nurseries by currents.  Juvenile Summer Flounder are well 

adapted to the temperature and salinity ranges present in estuarine habitats. They are distributed 

throughout the New York/New Jersey Harbor Estuary prior to late summer and are more 

concentrated in sea grass beds as opposed to tidal marshes in the late summer and early autumn 

(ACOE, 2000). Salinity preference within the New Jersey area for this species was found 

between 20 to 30 ppt. In the Mid-Atlantic Bight, larvae were found at depths from 10 to 70 

meters (32.8 to 229.6 feet). Greater densities of young fish were found in or near inlets 

(Packer et al., 1999). 
 

Juvenile Summer Flounder are able to withstand a wide range of temperatures (greater 

than 11°C) and salinities from 10 to 30 ppt. Juveniles can be found on mud and sand substrates 

in flats, channels, salt marsh creeks, and eelgrass beds (Packer et al., 1999). Adults often feed in 

estuaries and shelf waters in the warmer months and are more active during daylight hours since 

they are primarily visual feeders that feed on fish primarily sand lance and crustaceans (Collette 

and MacPhee, 2002). Adults inhabit sand substrates usually at depths up to 25 meters, at 

temperatures ranging from 9 to 26°C in the autumn, 4 to 13°C in the winter, 2 to 20°C in the 

spring, and 9 to 27°C in the summer.  Salinity is known to have minimal effect on distribution in 

comparison to substrate preference (Packer et al., 1999). 
 

Juvenile and adult Summer Flounder are known to occur within the East River (NOAA, 

2001) and have the potential to occur within project area. Summer Flounder adults were 

collected during impingement studies conducted at the Ravenswood plant in the East River.  As 

discussed with respect to the other flounder EFH, Summer Flounder is a bottom dwelling species 

and therefore has a potential to be affected by the temporary increases in turbidity during 

installation of the TriFrames. As with Winter Flounder, any temporary changes associated with 

the project would not significantly impact this fishery since Summer Flounder are widely 

distributed in nearby habitats. Since Summer Flounder are found in bottom habitats and the 

turbines are proposed to be located off the bottom, turbine strikes are not expected for this 

species.  No impacts to EFH for Summer Flounder are anticipated from this project. 
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5.9 Scup 

Scup is a marine fish that occurs primarily on the continental shelf from Cape Cod, 

Massachusetts to Cape Hatteras, North Carolina. It migrates extensively from inshore summer 

grounds to offshore winter grounds. Scup arrive in the waters off New Jersey and New York by 

early May. During the summer months, older fish tend to stay in the inshore waters of the bays 

while the younger fish are found in the more saline waters of estuaries such as the Hudson-

Raritan Estuary. Spawning occurs in May through August with a peak in June and occurs in the 

estuaries of the New York and New Jersey. Juveniles grow quickly and migrate with the rest of 

the population to offshore wintering grounds starting in late October and are absent from inshore 

waters by the end of November (Collette and MacPhee, 2002). 
 

The East River is designated as EFH for eggs, larval, juvenile, and adult Scup. Scup eggs 

are buoyant and are rather small (0.8 to 1.0 mm), hatching in about 2 to 3 days depending on 

temperature. Most were collected from May-August at depths less than 50 meters (164 feet) and 

at temperatures ranging from 11 to 23°C (Steimle et al., 1999c). Newly hatched larvae are 

pelagic and approximately 2 mm long. In approximately three days, diagnostic characters of the 

species are evident and shortly afterwards the larvae abandon the pelagic phase and become 

bottom dwelling. They occur at water temperatures ranging from 14 to 22°C and occupy more 

saline (23 to 33 ppt) portions of bays. They are often found within the water column at depths 

less than 50 meters (164 feet) (Steimle et al., 1999c). Juveniles from are common during 

November. By the end of their first year they can reach up to 16 cm. Juveniles inhabit estuarine 

intertidal areas at depths of 5 to 12 meters particularly areas with sand and mud substrates or 

mussel and eelgrass beds. Juveniles prefer temperatures from about 9 to 27°C and salinities 

greater than 15 ppt (Steimle et al., 1999c). Scup males and females reach sexual maturity at age 

two and reach about 15.5 cm. From April to December, adults can be found inshore along silt, 

sand, and mud substrates at depths less than 30 meters. Temperature preferences for the adult 

species range from 6 to 27°C and salinities from 20 to 30 ppt are preferred (Steimle et al., 

1999c).  Scup are bottom feeders that feed on squid, polychaetes, crustaceans and fish (Collette 

and MacPhee, 2002).   
 

Juvenile and adult Scup are known to occur in the East River (NOAA, 2001) and have 

the potential to occur within the RITE project area, primarily in the summer and autumn. No 
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spawning would occur within the vicinity of the project area. Adults of the species were 

collected during impingement studies at the Ravenswood plant in the East River. Although Scup 

have been collected within the vicinity of the project area the EFH for this marine species is 

primarily in higher salinity areas (ACOE, 1999). Because juveniles and adults tend to occur 

toward the bottom, in-water construction activities have the potential to temporarily impact Scup 

EFH during the summer and autumn. As with other bottom dwelling fish, temporary habitat 

changes associated with the project would not impact this fishery since these fish are widely 

distributed in nearby habitats and the project area constitutes a small portion of the EFH for this 

species. Since Scup are found in bottom habitats and the turbines are proposed to be located off 

the bottom, turbine strikes are not expected for this species.  No impacts to EFH for Scup are 

anticipated from this project. 

 

5.10 Black Sea Bass 

Black Sea Bass is a marine species that occurs from Cape Cod, Massachusetts to Cape 

Canaveral, Florida. The fishery is divided into two populations: one major population above 

Cape Hatteras, North Carolina, and one below. The northern population migrates seasonally: 

inshore and north in the spring and offshore and south in the autumn. In the autumn, older fish 

move offshore sooner and overwinter in deeper waters (73 to 163 meters) than young-of-the-year 

fish (56 to 110 meters). Black Sea Bass can tolerate temperatures as low as 6°C but are most 

abundant in off-shore waters warmer than 9°C and between 20 to 60 meters deep. During the 

spring migration, adults move to spawning grounds and juveniles move into estuaries. For the 

northern population spawning generally takes place in the summer, in water 18 to 45 meters deep 

from the Chesapeake Bay to Montauk (Steimle et al., 1999b). The East River is designated as 

EFH for juvenile and adult Black Sea Bass. Larvae develop for the most part in continental shelf 

waters and are most abundant in the southern portion of the Middle Atlantic Bight.    
 

Young-of-the-year (YOY) fish in estuaries occupy bottom habitats with shells, amphipod 

tubes, and deep channel rubble and have been noted to appear on inshore jetties in late May to 

early June. In the Hudson River, YOY have been captured in open water and pier areas.  

Juveniles settle in estuaries and the inner continental shelf growing up to 19 cm. From July to 

September, YOY inhabit estuarine areas in the Mid-Atlantic Bight at depths from 1 to 38 meters. 

They prefer rough bottoms and shell patch substrates, and find shelter around manmade 
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structures. Juveniles can be found in water temperatures ranging from 6 to 30°C and salinities 

ranging from 8 to 38 ppt. The YOY are migratory during some portions of the first year. They 

migrate out of the estuary and away from inner continental shelf nursery areas during the autumn 

as water temperatures drop (Steimle et al., 1999b). 
 

Adult Black Sea Bass prefer habitats similar to juveniles and perform similar migratory 

patterns. Adults also find shelter around piers (Steimle et al., 1999b). NOAA (Stone et al., 1994) 

indicates that adult and juvenile Black Sea Bass are rare in the mixing zone portion of the 

Hudson River/Raritan Bay Estuary, but are known to occur in the East River from April to 

November (NOAA, 2001) and, therefore, have the potential to occur within the RITE project 

area. Adults were collected during impingement studies at the Ravenswood plant in the East 

River.  Black Sea Bass feed on crustaceans, fishes, and mollusks (Collette and MacPhee, 2002).  

The temporary increases in turbidity during the construction period in the project area should not 

affect this stock and the project area constitutes a small portion of the EFH for this species.    

Therefore, no effects to EFH are expected for any life stage of Black Sea Bass. 

 

5.11 King Mackerel 

King Mackerel is a marine fish that inhabits Atlantic coastal waters from the Gulf of 

Maine to Rio de Janeiro, Brazil, including the Gulf of Mexico. There may be two distinct 

populations of King Mackerel. One group migrates from waters near Cape Canaveral, Florida 

south to the Gulf of Mexico, making it there by spring and continuing along the western Florida 

continental shelf throughout the summer. A second group migrates to waters off the coast of the 

Carolinas in the summer, after spending the spring in the waters of southern Florida, and 

continues on in the autumn to the northern extent of the range. Overall, temperature appears to be 

the major factor governing the distribution of the species. The northern extent of its range is near 

Block Island, Rhode Island, near the 20°C isotherm and the 18-meter contour. The East River is 

designated as EFH for eggs, larvae, juvenile, and adult King Mackerel. King Mackerel spawn in 

the northern Gulf of Mexico and southern Atlantic coast. Larvae have been collected from May 

to October, with a peak in September. In the south Atlantic, larvae have been collected at the 

surface with salinities ranging from 30 to 37 ppt and temperatures from 22 to 28°C. Adults are 

normally found in water with salinity ranging from 32 to 36 ppt.  King Mackerel would occur 
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only as occasional transient individuals within the New York/New Jersey Harbor Estuary 

system, and thus EFH for this species would not be affected by this project. 

 

5.12 Spanish Mackerel 

Spanish Mackerel is a marine species that can occur in the Atlantic Ocean from the Gulf 

of Maine to the Yucatan Peninsula. It is most common between the Chesapeake Bay and the 

northern Gulf of Mexico from spring through autumn, and then heads south to overwinter in the 

waters of south Florida. These populations spawn in the northern extent of their ranges (along the 

northern Gulf Coast and along the Atlantic Coast). The East River is designated as EFH for eggs, 

larvae, juvenile, and adult Spanish Mackerel.  Spawning begins in mid-June in the Chesapeake 

Bay and in late September off Long Island, New York.  Temperature is an important factor in the 

timing of spawning and few spawn in temperatures below 26°C.  Studies indicate that Spanish 

Mackerel spawn over the Inner Continental Shelf in water 12 to 34 meters deep.  Spanish 

Mackerel eggs are pelagic and about 1 mm in diameter. Most larvae have been collected in 

coastal waters of the Gulf of Mexico and the east coast of the United States.  
 

Overall, temperature and salinity are indicated as the major factor governing the 

distribution of this species. The northern extent of their range is near Block Island, Rhode Island, 

near the 20°C isotherm and the 18-meter contour. During warm years, they can be found as far 

north as Massachusetts. They prefer water from 21 to 27°C and are rarely found in waters cooler 

than 18°C. Adult Spanish Mackerel generally avoid freshwater or low salinity (less than 32 ppt) 

areas such as the mouths of rivers.  Because this is a marine species that prefers higher salinity 

waters, only occasional individuals are likely to occur within the project areas. Therefore, EFH 

for this species would not be affected by this project. 

 

5.13 Cobia 

Cobia are large, migratory, coastal pelagic fish that occur from Massachusetts to 

Argentina, but are most common along the south Atlantic coast of the United States and in the 

northern Gulf of Mexico (Biesiot et al. 1994).  In the eastern Gulf, Cobia typically migrate from 

wintering grounds off south Florida into northeastern Gulf waters during early spring (Biesiot 

et al. 1994). They occur off northwest Florida, Alabama, Mississippi, and southeast Louisiana 

wintering grounds in the fall. Some Cobia overwinter in the northern Gulf at depths of 100 to 
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125 meters (Biesiot et al. 1994). The East River is designated as EFH for eggs, larvae, juvenile 

and adult Cobia. Information on the life history of Cobia from the Gulf and the Atlantic Coast of 

the United States is limited. The Gulf Stream is an essential fish habitat because it provides a 

mechanism to disperse coastal migratory pelagic larvae. Preferred temperatures are greater than 

20 and salinities are greater than 25 ppt.  Cobia are likely to occur only as occasional transient 

individuals within the project area due to its coastal migrations and salinity requirements. No 

effects to EFH for this species are anticipated.  

 

5.14 Sand Tiger Shark 

The sand tiger is a large, coastal species found in tropical and warm temperate waters 

throughout the world. It is often found in shallow coastal waters (Collette and MacPhee 2002).  

The East River is designated as EFH for Sand Tiger Shark larvae (neonates).  In North America, 

the sand tiger gives birth in March and April to two young. This species congregates in coastal 

areas in large numbers during the mating season This species is not expected to occur within the 

New York/New Jersey Harbor Estuary except as an occasional transient. Therefore, it is unlikely 

that this species would be found in the project area and EFH for Sand Tiger Shark would not be 

affected by the project. 

 

5.15 Sandbar Shark 

The Sandbar Shark is a common bottom-dwelling coastal shark in U.S. Atlantic waters 

(Collette and MacPhee 2002).  The East River is designated as EFH for Sandbar Shark larvae 

(neonates). The Sandbar Shark is a slow growing species. Both sexes reach maturity at about 

180 cm TL. Estimates of age of maturity range from 15 to 16 years (Collette and MacPhee 

2002). Young are born at about 60 cm TL from March to July (Collette and MacPhee 2002)  The 

gestation period lasts about a year and reproduction is biennial (Collette and MacPhee 2002).  In 

the United States, the Sandbar Shark uses estuarine nurseries in shallow coastal waters from 

Cape Canaveral, Florida, to the northern extent of the range at Great Bay, New Jersey. The EFH 

for Sandbar Shark neonates and early juveniles are shallow coastal areas; nursery areas in 

shallow coastal waters from Great Bay, New Jersey to Cape Canaveral, Florida, especially 

Delaware and Chesapeake Bays also shallow coastal waters up to a depth of 50 meters (164 feet) 

on the west coast of Florida and the Florida Keys. This species is not expected to occur within 

the New York/New Jersey Harbor Estuary except as occasional transient individuals. Therefore, 
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it is unlikely that this species would be found in the project area and EFH for Sandbar Shark will 

not be affected by the project. 

 

5.16 Clearnose Skate 

Clearnose Skate inhabit bottom habitats with a substrate of soft bottom along the 

continental shelf and rocky or gravelly bottom, ranging from the Gulf of Maine south along the 

continental shelf to Cape Hatteras, North Carolina. Generally, both juveniles and adults range 

from the shore to 400 to 500 meters, but they are most abundant at depths less than 111 meters. 

They occur over a temperature range of 9-30°C but are most abundant from 9-21°C in the 

northern part of its range and 19-30°C around North Carolina.  These skates feed primarily on 

polychaete, amphipods and mysid shrimp (Collette and MacPhee, 2002). 
 

Clearnose Skate are commercially important however NMFS determined that Clearnose 

Skate is not in an overfished condition, based on stock size assessment.  Because recent 

assessments determined that more information is needed to draw valid conclusions regarding the 

status of this stock, it is not known whether overfishing is occurring. For Clearnose Skate, 

essential fish habitat is described as those areas of coastal and offshore waters (out to the 

offshore U.S. boundary of the exclusive economic zone).  
  

 The East River has been designed as essential fish habitat for juvenile and adult 

Clearnose Skates.  However, only habitats with soft bottom, rocky or gravelly substrates that 

occur within the shaded areas would be designated as EFH for both juveniles and adults. As 

noted above for other benthic fish, no significant adverse impacts are expected to occur from the 

installation of TriFrame mounts for the turbines, other than a temporary increase in turbidity.  

Because installation of turbines would occur over a short period of time, water quality is 

expected to return to existing conditions following installation. Due to current velocities within 

the East River, dispersion of re-suspended sediments would likely occur quickly. In addition, 

because the narrow dimensions of the proposed turbines at the site reduces the amount of habitat 

affected by shading, proposed construction activities would not significantly alter the habitat 

used by fish.  Since Clearnose Skate are found in bottom habitats and the turbines are proposed 

to be located off the bottom turbine strikes are not expected for this species. No impacts to EFH 

for Clearnose Skate are anticipated from this project. 
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5.17 Little Skate 

Little Skate range from Georges Bank through the Mid-Atlantic Bight to Cape Hatteras, 

North Carolina. They inhabit bottom habitats with a sandy or gravelly substrate or mud.  Full 

range is from the shore to 137 meters, with the highest abundance from 73-91 meters. Most 

adults are found between 2-15°C while juveniles frequent areas with water temperatures between 

4-15°C.  These skates primarily feed on hydrozoan, gastropods and mysids (Collette and 

MacPhee, 2002). 

 

Little Skate are growing in commercial importance as a source of Skate’s wings and are 

also used to bait lobster traps.  NMFS determined that Little Skate is not in an overfished 

condition and that overfishing of this stock is not occurring, based on stock size assessment. For 

Little Skate, EFH is described as those areas of coastal and offshore waters out to the offshore 

U.S. boundary of the exclusive economic zone. 

 

 The East River has been designed as EFH for juvenile and adult Little Skates.  However 

only habitats with a sandy or gravelly substrate or mud substrates would be designated as EFH 

for both juveniles and adults.  As noted above for the Clearnose Skate, no significant adverse 

impacts are expected to occur from the installation of TriFrame mounts for the turbines, other 

than a temporary increase in turbidity.  In addition, because the narrow dimensions of the 

proposed turbines at the site reduces the amount of habitat affected by shading, proposed 

construction activities would not significantly alter the habitat used by fish.  Since Little Skate 

are found in bottom habitats and the turbines are proposed to be located off the bottom, turbine 

strikes are not expected for this species. No impacts to EFH for Little Skate are anticipated from 

this project. 

 

5.18 Winter Skate 

Winter Skate range from Cape Cod Bay, on Georges Bank, the southern New 

England shelf, and through the Mid-Atlantic Bight to North Carolina.  Range from shoreline to 

about 400 meters and most abundant at depths below 111 meters.  Juveniles are generally found 

in water temperatures that range from –1.2°C to around 20°C, with most found from 5-15°C, 

depending on the season.  Adults range from –1.2°C to around 20°C, with most found from 
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5-15°C, depending on the season.  These skates primarily feed on hydrozoan, gastropods and 

mysids (Collette and MacPhee, 2002). 

 

Winter Skate are a commercially important species and NMFS has determined that 

Winter Skate is in an overfished condition and that overfishing of this stock is occurring, based 

on stock size assessment. For Winter Skate, EFH is described as those areas of coastal and 

offshore waters out to the offshore U.S. boundary of the exclusive economic zone.  

 

The East River has been designed as EFH for juvenile and adult Little Skates.  However 

only habitats with a substrate of sand and gravel or mud would be designated as EFH for both 

juveniles and adults.  As noted above for the Clearnose Skate, no significant adverse impacts are 

expected to occur from the installation of TriFrame mounts for the turbines, other than a 

temporary increase in turbidity.  In addition, because the narrow dimensions of the proposed 

turbines at the site reduces the amount of habitat affected by shading, proposed construction 

activities would not significantly alter the habitat used by fish.  Since Winter Skate are found in 

bottom habitats and the turbines are proposed to be located off the bottom, turbine strikes are not 

expected for this species. No impacts to EFH for Winter Skate are anticipated from this project. 
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