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Photograph No. 1: Converter Station waterfront parcel from intersection of 
Edgewater Street and Clifton Avenue. 

Photograph No. 2: View within the waterfront parcel, facing northeast. 

Photograph No. 3: View of the dock within the waterfront parcel and Upper 
New York Bay to the north of the site, facing east. 

Photograph No. 4: Representative view of the buildings within the waterfront 
parcel, facing southeast. 

Photographs taken May 19, 2022 
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HERA POWER LINK ARTICLE VII APPLICATION 

Photograph No. 5: View within the waterfront parcel, facing west. Photograph No. 6: View of the new building on the upland parcel of the  
Converter Station, facing south on Edgewater Street. 

Photograph No. 7: View of the older buildings on the upland parcel of the  
Converter Station, facing west on Edgewater Street. 

Photograph No. 8: Representative view of the buildings on both the upland and 
waterfront parcels, facing southeast along Edgewater Street. 

Photographs taken May 19, 2022 and October 27, 2022 
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HERA POWER LINK ARTICLE VII APPLICATION 

Photograph No. 9: View of the storage area within the upland parcel, facing 
east. 

Photograph No. 10: Representative view of the public facility/open space use 
and residences to east and southeast of Converter Station, facing east from the 
intersection of Edgewater Street and Clifton Avenue. 

Photograph No. 11: View of the industrial use south-southeast of the Converter 
Station, facing south on Clifton Avenue. 

Photograph No. 12: Representative view of the residential uses to the south 
and east of the Converter Station, facing west on Edgewater Street. 

Photographs taken May 19, 2022 and October 27, 2022 
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Photograph No. 13: View of the commercial uses west of the waterfront parcel, 
facing north on Edgewater Street. 

Photograph No. 14: Representative view of the commercial use and vacant 
buildings west of the upland parcel, facing west along Edgewater Street. 

Photograph No. 15: View of the former religious use west of the upland parcel, 
facing east on Bay Street. 

Photograph No. 16: View of the utility property south of the upland parcel,  
facing northwest. 

Photographs taken May 19, 2022 
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HERA POWER LINK ARTICLE VII APPLICATION 

Photograph No. 17: Representative view of the Brooklyn Landfall, facing west 
from the intersection of 1st Avenue and 42nd Street. 

Photograph No. 18: Representative view of the buildings associated with Bush 
Terminal south of the Brooklyn Landfall, facing west from the intersection of 1st 
Avenue and 43rd Street. 

Photograph No. 19: Representative view of the proposed Con Edison Clean 
Energy Hub, facing north on Gold Street. 

Photograph No. 20: Representative view of the various industrial and  
residential buildings south of the proposed Con Edison Clean Energy Hub,  
facing north along Gold Street. 

Photographs taken October 28, 2022 
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Executive Summary 
Hitachi ABB Power Consulting was commissioned by the New York Independent System 
Operator (“NYISO”) to evaluate the impact of interconnecting the proposed NYC Offshore Wind 
Project (referred to hereafter as the “Project”) on the New York State Transmission System 
(“NYSTS”). The developer of the Project is Anbaric Development Partners, LLC. The proposed 
Point of Interconnection (“POI”) is Consolidated Edison Company of New York (“Con Edison”)’s 
Gowanus 345 kV substation in Brooklyn, New York. The Connecting Transmission Owner 
(“CTO”) is Con Edison. 

The Project Developer is proposing an offshore wind transmission system to be able to integrate 
up to 1,200 MW of offshore wind through an offshore collection system via HVDC transmission to 
the Con Edison system1. The Project will consist of a ±320-kV submarine DC cable 
(approximately 178-mile), connecting to a ±320-kV DC Voltage Source Converter (“VSC”) station 
located nearby and interconnected to the POI substation, via an approximately 5-mile 345 kV AC 
land cable.  

The Project is expected to allow for a maximum withdrawal of approximately 1,248 MW from the 
offshore wind collection system and an injection of 1,200 MW into POI with estimated losses of 
approximately 48 MW in total for summer and winter peak conditions. The Project has a proposed 
In-Service Date of July 2026, an initial Synchronization Date of November 2026, and a 
Commercial Operation Date of December 2026.  

 

1 While the Project proposes to have the capability of integrating up to 1,200 MW of offshore wind with the New York 
State Transmission System, there are no existing offshore wind facilities that could connect to this Project.  As a result, 
for purposes of this Study, the NYISO assumed that there would be 1,248 MW of offshore generation that could connect 
in the future.  However, future offshore wind facilities that seek to connect will still need to be studied through the 
NYISO’s interconnection procedures. 
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Since the rating of the proposed Project is greater than 20 MW, a full System Reliability Impact 
Study (“SRIS”) was necessary and therefore performed, per NYISO requirement. This report 
documents the methods, analyses and results of the SRIS which was performed to determine the 
expected impacts on the NYSTS.  

NYISO provided an approved scope for the SRIS that covered the models to be used in the study, 
study areas, prior-queued projects to be considered and the contingencies to be tested. The main 
objectives of this SRIS are to: i) assess the impact of the Project on the reliability of the existing 
system; and, ii) evaluate alternatives to eliminate adverse reliability impacts, if any, resulting from 
the proposed interconnection. 

To achieve these study objectives, the following analyses were performed: 

• Steady-state evaluation of the study system under system-intact conditions, single-
element contingencies, multiple-element and extreme contingencies. 

• N-1-1 analysis for selected prior-outages. 
• Assessment of incremental impacts on the transfer limits of the UPNY-ConEd (open and 

closed) interfaces. 
• Transient stability analysis under local faults and various design criteria contingencies. 
• Short-circuit analysis (three-phase, double-line-to-ground and single-line-to-ground 

faults).  
• Impact on the ABCJK Phase Angle Regulators. The B and C PARs are modeled as out-

of-service. 
• NPCC A-10 testing to identify whether new or existing stations in the project vicinity should 

be classified as BPS due to the addition of the Project. 
• Bus flow analysis to assess the adequacy of existing and proposed equipment (buswork, 

circuit breakers and disconnect switches) at the POI substation. 
• Physical feasibility analysis to identify physical feasibility of the proposed Project’s 

interconnection at the POI substation. 

Based on the results from these analyses, incremental impacts due to the Project were assessed. 
Study results which indicated system performance outside of established reliability criteria (e.g. 
thermal ratings, voltage levels, rotor angle stability, transient voltage etc.), if any, were identified 
without and with the proposed Project. Pre- and post-Project results were then compared and 
significant adverse impacts due to the proposed Project (i.e. incremental), if any, were identified.  

In accordance with the approved study scope (Appendix A), the SRIS was performed for 2024 
Summer Peak, Winter Peak and Light Load system conditions. The cases include projects that 
have already been cost allocated, up to and including Class Year 2017; the Hudson – Farragut 
PARs (“B” & “C”) are modeled out of service. The Study Area included transmission facilities rated 
115 kV and above in Millwood (Zone H), Dunwoodie (Zone I) and New York City (Zone J) in the 
New York ISO system. In addition, the Study Area also included the local and underlying 
transmission facilities in the electrical vicinity of the POI. 

The results and conclusions of this study are summarized below: 
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Steady State Analyses  

Steady-state analysis was performed to investigate whether the Project adversely impacts 
thermal loadings and bus voltages in the Study Area. The analysis was performed for 2024 winter 
peak load and 2024 summer peak load system conditions.  

The Project does not adversely impact thermal loadings and bus voltages in the Study Area. 
Furthermore, post-contingency facility loadings in the Con Edison system were also monitored 
with respect to the normal ratings (Rate A) as per Con Edison Transmission Planning Criteria [6]. 
As per Con Edison guidelines, mitigation measures were applied to bring the system within normal 
ratings (Rate A) by utilizing all available operating reserves and system controls. It is concluded 
that Project does not adversely impact steady-state performance. 

Results also show that for outages involving opening of breaker 14 or TBD2 at the Gowanus 345 
kV substation (see Figure 2-1), the output of the Project must be reduced in 10 minutes to ensure 
that after potential isolation on Gowanus 345/138 kV transformer T14 after a second contingency, 
the LTE rating of this transformer and applicable emergency ratings other transmission facilities 
in the Con Edison system are not exceeded, in consideration of N-1/-1 criteria. Similarly, for 
outages involving opening of breaker 4 or TBD1, the output of the Project must be reduced in 10 
minutes to ensure that after potential isolation on 345 kV cable 25 to Goethals after a second 
contingency, the STE rating of this cable and applicable emergency ratings other transmission 
facilities in the Con Edison system are not exceeded. The maximum power injected by the Project 
into the Gowanus 345 kV substation after the aforementioned breaker outages should be limited 
to 390 MW under winter peak load conditions and 325 MW under summer peak load conditions. 

N-1-1 Contingency Analyses  

N-1-1 analysis was performed for 2024 summer peak and winter peak load conditions. Results 
indicate that the Project has no adverse impact on facility loadings and bus voltages. 

Results also show that for the aforementioned breaker outages at the Gowanus 345 kV 
substation, the output of the Project must be reduced to ensure that the post-contingency loadings 
in the Con Edison transmission system are within their respective Normal ratings in consideration 
of N-1/-1/-0 criteria. The maximum power injected by the Project into the Gowanus 345 kV 
substation after the aforementioned breaker outages should be limited to 300 MW under winter 
peak load conditions and 260 MW under summer peak load conditions. 

Transfer Limit Analyses  
The incremental impact of the proposed Project on the transfer limits of the UPNY-ConEd, 
interface (open and closed definitions, as applicable) was computed.  

Results show that the Project adversely impacts the normal and emergency thermal transfer limits 
of the UPNY-ConEd interface. The degradation of the transfer limits was mitigated by reducing 
225 MW of generation at the Roseton power plant on a pre-contingency basis with a 
corresponding increase in the dispatch of the Linden Cogen power plant in New York City. 

The Project increases the voltage transfer limits of the UPNY-ConEd interface. 
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Stability transfer analysis confirms that operating the UPNY-ConEd interface higher than the more 
restrictive of its voltage-based and emergency thermal-based transfer limits does not adversely 
impact system stability performance.  

Stability Analyses 

Stability analysis was performed for 2024 summer peak load and light load conditions. Selected 
NYISO Design Criteria contingencies and local contingencies involving three-phase normally-
cleared faults and single-line-to-ground faults at and in the electrical vicinity of the POI were also 
simulated.  

All simulated local and design contingencies were seen to be stable in both the summer peak 
load and light load cases. The Q679 Project complies with FERC’s LVRT standard. 

Furthermore, the pre- and post-Project Critical Clearing Times and Gowanus, Goethals and 
Farragut 345 kV substations are greater than the clearing times of the existing protection. The 
interconnection of the proposed Project increases CCTs on the tested buses. 

Extreme Contingency Assessment 

Selected extreme contingencies in the Study Area were tested to evaluate system performance 
under 2024 summer peak load conditions. Steady state and stability analyses were performed. 

Results of the steady state analysis show that the Goethals to Linden 230 kV line was loaded 
above its STE rating for an extreme contingency at the Farragut 345 kV substation (EC44) in the 
post-Project case. Also, the post contingency low voltage of 0.905 pu at Dunwoodie South 138 
kV in the pre-Project case reduced to 0.900 pu in the post-Project case for an extreme 
contingency at Sprainbrook substation (EC45), thus the impact of the Project is significant. It 
should be noted that the extreme contingency analysis is performed for information purposes 
only; therefore, no attempt was made to resolve any identified overloads or voltage violations. 

Stability analysis show that Project Q679 does not adversely impact system stability following 
extreme contingencies. 

Short-Circuit Analyses  

Pre- and post-Project short-circuit levels were evaluated to identify detrimental impacts due to the 
Project on short-circuit currents in the Study Area. The calculated short-circuit currents were 
compared against the lowest breaker ratings (LBRs) at the impacted buses. Based on this 
comparison, it was found that the breakers at Gowanus 345 kV bus are not over-dutied. Results 
also show that at those buses whose lowest breaker ratings (LBRs) were available, the calculated 
short-circuit currents are well within the lowest breaker ratings at those buses. 

PAR Impact Analyses  

The Project’s impact on the ABCJK PAR schedule and control ranges was assessed based on 
the pre- and post-Project 2024 summer peak load cases. The B and C PARs were out of service 
in these cases. The analysis shows that each of the remaining PARs (A, J and K) are able to 
regulate MW flows within their controlled ranges and their phase shift angles are within the 
specified angle limits. 
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NPCC A-10 Testing 

A review of the NPCC Bulk Power System (“BPS”) classification was performed for the proposed 
Project’s 345 kV AC onshore bus. Based on the transient stability test, this bus does not need to 
be classified as a BPS facility. The Gowanus 345 kV bus is already classified as a BPS facility; 
therefore, A-10 testing was not performed on this bus. 

Bus Flow Analysis 

Bus flow analysis was performed by the CTO to determine thermal rating adequacy of equipment 
at the Gowanus 345 kV substation as a result of interconnecting the Project at this substation. 
The analysis shows that the interconnection of the Project does not cause any adverse thermal 
impact on the existing equipment at this substation. It is important to note that the bus flow 
analysis only assess the thermal rating adequacy of the substation bus equipment as a result of 
the Project interconnection, and in accordance with Developer’s current proposal and breaker 
one-line diagram.  The possible need for replacement of the substation equipment due to other 
reasons can be identified in separate studies at any stage of the interconnection process, up to 
and including detailed design studies.  

Interconnection Physical Feasibility Study 

Based on the Interconnection Physical Feasibility Study Report prepared by Con Edison, there 
are no apparent or obvious physical obstructions that would preclude the possibility of establishing 
the proposed POI. Detailed engineering and scope development will be part of the facility stage 
of the Project. The study also found that two (2) new breakers and five (5) disconnects (including 
a feeder disconnect) shown in red at the Gowanus Substation on Project Developer’s diagram 
[10] do not currently exist and will have to be constructed by the Project Developer. The 
Interconnection Physical Feasibility Study report also discusses feeder routing, environmental 
issues etc. 

Cost Estimates and Time to Construct 

The Project will be connecting a 345 kV feeder from the NYC Offshore Wind Project to the ring 
bus at Gowanus Transmission Station, in between existing circuit breakers 6 and 14. Based on 
the Interconnection Physical Feasibility Report prepared by Con Edison, the following System 
Upgrade Facilities (“SUF”) and Connecting Transmission Owner Attachment Facilities (“CTOAF”) 
are required to interconnect the proposed Project at the Gowanus 345 kV substation.  

• Two (2) new 345 kV breakers  
• Five (5) new disconnects  

The non-binding good faith cost estimates for the SUF and CTOAF is about $5.92 million in 2021 
dollars, from engineering design to commissioning. This estimate includes a 50% contingency. 
The estimated time to construct is 12 to 18 months. 

Note: The Connecting Transmission Owner (Con Edison) was not consulted in developing the 
aforementioned estimates. Con Edison does not acknowledge accuracy of the given cost 
estimates.  Con Edison provides cost estimates at the Facilities Study stage of the interconnection 
process. 
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The results of this study are based on available data and assumptions made at the time of 
conducting this study. The results provided in this report may not apply if any of the data and/or 
assumptions made in developing the study models change. 
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1 INTRODUCTION 
The purpose of this System Reliability Impact Study (“SRIS” or “Study”) is to evaluate the 
impact of interconnecting the proposed NYC Offshore Wind Project (“Project”), which is being 
developed by Anbaric Development Partners, LLC (“Developer”), on the reliability of the New 
York State Transmission System. The Study was performed in accordance with Attachment 
X of the NYISO Open Access Transmission Tariff (“OATT”). 

The proposed Point of Interconnection (“POI”) will be on Consolidated Edison Company of 
New York (“Con Edison”) Gowanus 345 kV substation located in Brooklyn, New York. The 
Connecting Transmission Owner (“CTO”) is Con Edison. The Project is a Class Year 
Transmission Project proposing to develop an offshore wind transmission system to be able 
to integrate up to 1,200 MW of offshore wind through an offshore collection system via HVDC 
transmission to the Con Edison system2.  The Project will consist of a ±320-kV DC, 
(approximately 178-mile) submarine DC cable, connecting to a ±320-kV DC Voltage Source 
Converter (“VSC”) station located nearby and interconnected to POI substation, via an 
approximately 5-mile 345 kV AC land cable.  

The Project is expected to allow for a maximum withdrawal of approximately 1,248 MW from 
the offshore wind collection system and an injection of 1,200 MW into POI with the estimated 
losses of 48 MW in total for summer and winter peak condition. The Project has a proposed 
In-Service Date of July 2026, an initial Synchronization Date of November 2026, and a 
Commercial Operation Date of December 2026.  

The New York Independent System Operator (“NYISO”) has commissioned Hitachi ABB Power 
Consulting to perform this SRIS. This study assessed the impact of the Project on the base case 
power system, including potentially Affected System, PJM Interconnection. The study also 
provided a list of facilities required, if any, to facilitate the interconnection, and non-binding good 
faith estimates of cost and time to construct such facilities. The study was conducted in 
accordance with the applicable NERC, NPCC, NYSRC, CTO and Affected System(s) reliability 
and design standards; and in accordance with applicable NYISO, CTO and Affected System(s) 
study guidelines, procedures and practices. This report documents the methods, analyses and 
results of the SRIS.   

The Study also provides a list of the facilities (CTO Attachment Facilities and System Upgrade 
Facilities) required to interconnect the Project reliably and non-binding good faith estimates of 
cost and time to construct those facilities.  

 
2 While the Project proposes to have the capability of integrating up to 1,200 MW of offshore wind with the New York 
State Transmission System, there are no existing offshore wind facilities that could connect to this Project.  As a result, 
for purposes of this Study, the NYISO assumed that there would be 1,248 MW of offshore generation that could connect 
in the future.  However, future offshore wind facilities that seek to connect will still need to be studied through the 
NYISO’s interconnection procedures. 
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1.1 General Study Requirements 
The NYISO provided an approved scope for the SRIS that covered the models to be used in the 
study, study areas, prior-queued projects to be considered and the contingencies to be tested. 
The approved scope document is included in Appendix A for ready reference. The main objectives 
of this SRIS are to: 

1 Confirm that the proposed facilities comply with applicable reliability standards. 
2 Assess the impact of the proposed Project on the reliability of the existing power system and 

on the transfer limits of the UPNY-ConEd (open and close) interfaces. 
3 Evaluate alternatives to eliminate adverse reliability impacts, if any, resulting from the 

proposed interconnection. 

In order to achieve the aforementioned objectives, system performance was assessed both prior 
to (without) and after (with) the addition of the NYC Offshore Wind Project for the following 
conditions: 

• System intact (all lines in service) 
• Single-element, multiple-element and extreme contingencies 
• Short circuit (three-phase and single-line-to-ground faults) 
• Transient stability 
• N-1-1 contingencies  
• NPCC A-10 testing 

This report is organized as follows: 

Section 3: Study methodology used for all analyses 

Section 4: Steady-state analyses 

Section 5: N-1-1 contingency analyses 

Section 6: Transfer limit analysis 

Section 7: Stability analysis 

Section 8: Short-circuit calculations 

Section 9: Extreme contingency analyses 

Section 10: NPCC A-10 testing 

Section 11: Phase Angle Regulator (PAR) Impacts 

Section 12: Feasibility analysis 

Section 13: Cost estimates and construction schedule 
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2 DESCRIPTION OF THE PROPOSED PROJECT 
The Project proposes to connect to Con Edison’s Gowanus 345 kV substation in Brooklyn, NY, 
with Con Edison being the CTO.  

The Project is a Class Year Transmission Project proposing to develop an offshore wind 
transmission system to be able to integrate up to 1,200 MW of offshore wind through an offshore 
collection system via a HVDC transmission system to the Con Edison system. The Project will 
consist of a ±320-kV DC, (approximately 178-mile) submarine DC cable, connecting to a ±320-
kV DC Voltage Source Converter (“VSC”) station located nearby and interconnected to POI 
substation, via an approximately 5-mile 345 kV AC land cable. The Project is expected to allow 
for a maximum withdrawal of approximately 1,248 MW from the offshore wind collection system 
and an injection of 1,200 MW into POI with the estimated losses of 48 MW in total for summer 
and winter peak condition.  

The Project has a proposed In-Service Date of July 2026, an initial Synchronization Date of 
November 2026, and a Commercial Operation Date of December 2026. Figure 2-1 shows an 
interconnection diagram of the proposed Project as provided by the Project Developer. 
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Figure 2-1: Project Developer’s Proposed One-line Diagram 
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3 STUDY METHODOLOGY, CRITERIA AND ASSUMPTIONS 
3.1 Methodology 
As discussed in Section 1, the purpose of the SRIS is to determine the impact of the Project on 
the reliability of the NYSTS. This objective was accomplished by determining system performance 
from the perspectives of steady-state, dynamic stability, and short-circuit performance without 
and with the Project in service and comparing results. The steady state and dynamic stability 
simulations were performed using the PSS/E®, PSS-MUST®, and TARA® programs. The short-
circuit calculations were performed using the ASPEN® One-Liner program. The system models 
and other data necessary for these simulations and calculations were provided by the NYISO. 

For each of the analysis categories, analysis was performed with the Project off-line (pre-Project 
conditions) and the results were evaluated using NYISO criteria. The effort was then repeated 
with the Project in-service (discharging and charging modes). The pre-Project results were then 
compared to the post-Project results. Any differences in results that indicated significant adverse 
impacts were noted. 

This study was conducted in accordance with the NYISO SRIS criteria and procedures as well as 
procedures and practices followed by the Connecting and Affected Transmission Owner(s). 

3.1.1 Steady-State Analyses 
Steady state analyses were performed to determine thermal overloads and voltage criteria 
violations under 2024 Summer Peak and 2024 Winter Peak conditions. The PSS/E®, PSS-MUST® 
and TARA® programs were used to perform base case (all-lines-in) and contingency case power 
flow simulations. These contingencies included contingencies in the local area, along with select 
contingencies from the NYISO database. A full list of contingencies used for the steady state 
analyses is included in Appendix B.  

For thermal overloads, each branch element (transformer, transmission line, or cable) in the Study 
Area was monitored and electrical flows above the branch rating (normal or Rate A for base cases; 
emergency or Rate B for contingency cases, Rate C for cables in the Con Edison area for 
contingency cases) were flagged (Scenarios A and E as per Section 4.1 of Con Edison’s 
Transmission Planning Criteria [6]). A change in power flow leading to greater than or equal to 
one (1) percentage point increase in overload between the pre-Project case and the post-Project 
case was reported.  

The steady-state analysis also included ensuring that facility loadings could be secured below 
normal branch ratings (Rate A) following contingencies (Scenarios B and F as per Section 4.1 of 
reference [6]). The TARA® program was used to perform Security Constrained Re-Dispatch 
(SCRD) on the post-Project post-contingency cases by allowing generation re-dispatch to secure  
facility loadings to below Rate A.  

For bus voltage violations, the pre- and post-contingency voltage limits shown in Table 3-1 were 
applied. Pre-to-post-contingency voltage change criteria of greater than or equal to 0.005 per unit 
was also applied.  
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Table 3-1: Voltage Criteria 

TO Pre-Contingency Post-Contingency 
Low High Low High 

Con Edison 0.95 1.05 0.95 1.05 
NYSEG 0.901/0.952 1.05 0.901/0.952 1.05 
NYPA * * * * 

 Note:  

1 – applicable to regulated (TO control) buses 

2 – applicable to non-regulated buses (distribution) 

* – according to OP1 limit [2] 
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3.1.2 N-1-1 Analyses 
As part of the N-1-1 analysis, N-1-0 contingencies were first simulated by removing a critical 
generator, transmission circuit, transformer, series or shunt compensating device, from the base 
case in accordance with NPCC Transmission Design Criteria and NYSRC Reliability Rules. These 
contingencies were solved by enabling transformer taps, switched shunts, as well as Phase Angle 
Regulators (“PARs”). 

Next, second contingencies that covered single outages of each line or transformer in the Study 
Area (Section 3.2), along with several design contingencies including stuck breaker, tower failure, 
and loss of generation contingencies, were tested on top of the N-1-0 contingencies. N-1-1 
contingencies were solved assuming transformer taps, switched shunts and PARs are non-
regulating. An iterative automated process was applied on each N-1-0 case to determine a set of 
preventive actions to mitigate N-1-0 and N-1-1 thermal overloads, to the extent possible. The 
preventive actions included re-dispatch of existing generation resources and adjustment of phase 
angle regulators (PARs) to mitigate all potential thermal overloads.  

In addition, Con Edison Transmission Planning Criteria require that loadings on facilities designed 
for “Second Contingency” in the Con Edison system be able to return to within their normal limits 
(Rate A) after the first (N-1-0) and second (N-1-1) contingencies have occurred using available 
operating reserves and system controls (Scenarios C and D in Section 4.1 of reference [6]). This 
requirement was verified in this analysis. 

An automated process from the TARA program was used to develop preventive actions for these 
N-1 cases to meet the normal facility ratings for N-1-0 conditions and LTE / STE as applicable for 
N-1-1 conditions). After the second contingency, corrective actions were identified to secure the 
system to the normal rating limits. 

3.1.3 Short-circuit Calculations 
For the purposes of these calculations, pre- and post-Project short-circuit models were provided 
by the NYISO. Three-phase, double-line-to-ground, and single-line-to-ground faults were 
simulated on these short-circuit models and the incremental fault levels due to the Project were 
computed. Impacts greater than or equal to 100 A were reported.  

3.1.4 Stability Simulations 
Stability simulations were performed using the PSS/E® dynamics program. Normally cleared 
single contingencies (three-phase and single-line-to-ground faults) and additional multiple 
contingencies (loss of entire substations, complete loss of right-of-way etc.) were simulated on 
the pre- and post-Project cases. Synchronous machine rotor angles, bus voltages and output 
(MW & MVAr) of generating units in the electrical vicinity of the proposed Project were monitored. 
The output (MW & MVAr) of the proposed Project were also monitored. 

Four separate power flow cases for 2024 Light Load and 2024 Summer Peak load, pre- and post-
Project, along with the corresponding dynamic set-up, were utilized for these simulations. Stability 
analysis was performed on the post-Project cases. If there are stability criteria violations, then the 
same simulation was performed on the pre-Project cases in order to assess the impact of Project 
on system stability.  



   

This Document Contains 
Critical Energy Infrastructure 

Information (CEII); 
DO NOT DISTRIBUTE 

Power Consulting, Hitachi ABB Power Grids 8 
NYISO / Q679 NYC Offshore Wind Project 

E 000717/Q679-F1 

 

Critical Clearing Time (“CCT”) analysis was performed to determine the critical clearing time of 
the proposed Project. For the purposes of this analysis, a three-phase was applied at the 345kV 
POI bus and adjacent 345 kV buses. The fault clearing time is then increased until angular 
instability was detected or the Project and/or nearby generating units tripped. The impact on the 
CCT at the adjacent substation(s) following the interconnection of the proposed Project was also 
determined.   

3.1.5 Extreme Contingency Analyses 
Extreme contingency analyses utilized the same procedures and methodologies as in the 
aforementioned Steady State and Stability analyses with a few notable exceptions. Post 
contingency thermal performance issues were reported for overloads exceeding 95% of the 
observed thermal limit. Extreme contingency thermal loadings were evaluated as a percentage of 
the Short Term Emergency (STE) Limit, or Rate C, as opposed to the Long Term Emergency 
(LTE) Limit, or Rate B, for N-1 and N-1-1 analyses. Transmission elements in the Study Area 
rated higher than 100 kV were monitored. This analysis was only performed on the Summer Peak 
case and is for informational purposes only; no attempt was made to resolve criteria violations 
following extreme contingencies. 

3.1.6 Transfer Limits Assessment 
The incremental impact of the proposed Project on the interface limits of the UPNY-ConEd, (open 
and closed interfaces, as applicable) was determined. Interface definitions can be found in 
Appendix B. Transfer limits were assessed based on computation of maximum allowable interface 
flows across the subject interfaces such that thermal, voltage and stability criteria are satisfied.  
The transfer limits obtained from the pre- and post-Project cases were then compared. 

Thermal transfer analysis was performed using the TARA® program. Incremental power transfers 
from designated source to sink were simulated and tested for contingencies in the Study Area. 
Contingencies studied are in accordance with the NPCC Basic Criteria and NYSRC Reliability 
rules. The analysis was conducted with phase-angle regulators maintaining their scheduled power 
flow pre-contingency but being fixed at their corresponding pre-contingency angle in the post-
contingency condition.  The Long Term Emergency (“LTE”) rating – Rate B was used to determine 
the normal thermal transfer limit and Short Term Emergency (“STE”) rating – Rate C was used to 
determine the emergency thermal transfer limit for relevant interfaces. The limiting power transfer, 
the transmission constraint and the contingency causing the limitation are recorded and compared 
with and without the Project. 

Voltage transfer analysis was performed using the TARA® program.  The monitored buses were 
then reviewed for performance issues in terms of post-contingency minimum voltage criteria 
and/or voltage collapse. The testing followed NYISO practices and procedures discussed in 
Attachment G of the NYISO Transmission Expansion and Interconnection Manual [1]. The MW 
transfers were increased until the point of voltage collapse was reached.  This point is the highest 
transfer level for which a solution can be achieved.  There is no solution beyond this transfer level 
because there are no more dispatchable reactive power resources available to support the 
transfer. Upon plotting the specific bus voltage (y-axis) against the pre-contingency MW transfer 
level (x-axis), the impending voltage collapse can be identified as the knee point on the PV curve. 
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Based on the maximum sustainable pre-contingency MW transfer (i.e. the transfer level for which 
a solution can be achieved post contingency; with any further increases in power transfer 
rendering the system un-solvable due to reactive power deficiency), a reduced pre-contingency 
transfer level based on a 5% safety margin is determined.   

This reduced transfer is then compared against the pre-contingency MW transfer level which 
corresponds to a pre/post-contingency voltage limit at the monitored buses.  In order to ensure 
that a voltage-based transfer limit is computed with a margin of safety, the lower of the two power 
transfers (i.e., 95% of that corresponding to voltage collapse point or that obtained by applying 
the relevant pre/post-contingency low voltage limit) is chosen as the voltage-limited interface 
maximum transfer level. The voltage based transfer limits are then compared and tabulated.  

Per NYISO Transmission Planning Guideline #3-1 (Attachment H [1]), a power flow case was 
developed with interface flows at least 10% higher than the identified transfer level limit (the more 
restrictive of the voltage-based limit or the emergency thermal-based limit).  A selected set of 
design criteria contingencies was simulated to identify the impact on stability performance of the 
bulk power system, system stability and generator unit stability as per NYISO Transmission 
Planning Guideline #3-1. 

3.1.7 NPCC A-10 Evaluations 
The Scope of this SRIS included a review of the NPCC Bulk Power System (BPS) classification 
of a limited number of existing and proposed stations for interconnection of the Project that could 
be classified as BPS. The Bulk Power System testing followed the NPCC A-10 criteria and 
requirements [5], as described below. 

This evaluation includes two tests:  

1. Transient Stability Test, and  

2. Steady State test. 

The transient stability test consists of two steps: 

• Step 1a is performed using generic clearing times associated with remote clearing of 
elements connected to the bus under test. 

• Step 1b is performed using design clearing times associated with remote clearing of 
elements connected to the bus under test. 

For the purposes of Step 1a, a three-phase fault was applied for 10 seconds at the test bus. The 
fault is assumed to be uncleared locally and none of the elements connected to the test bus were 
tripped for the duration of the fault. After 10 seconds, all terminals connected to each element 
connected to the test bus were tripped. In accordance with NPCC A-10 test procedures, 
transformers were also tripped. For any transformers between the bus under test and a non-BPS 
bus, the tripping of all terminals of each element connected to the non-BPS bus was simulated. 

The results of Step 1a were reviewed based on the Performance Requirements described in 
Section 3.3 of reference [5] to assess whether the test bus should be classified as a BPS. 
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If Step 1a resulted in a positive BPS determination for the test bus, Step 1b was performed. The 
Step 1b test includes repeating the Step 1a test assuming that the fault is uncleared locally and 
tripping remote terminals of all elements to clear the fault. In accordance with NPCC A-10 test 
procedures, remote clearing times should be based on design fault clearing times. This test 
assumes failure of the protection systems at the bus under test, including failure of communication 
facilities from the bus under test to the remote terminals. 

The results of Step 1b were reviewed based on the Performance Requirements described in 
Section 3.3 of reference [5] to assess whether the test bus should be classified as a BPS. 

For buses not classified as BPS in the Transient Stability Test, a Steady-State Test was 
performed. In this test, all elements that were disconnected by the end of the transient stability 
test, including generators that lost synchronism or are tripped due to voltage, frequency or other 
protection are removed. All automatic devices are assumed to operate. Steady-state system 
performance is assessed against the Performance Requirements in Section 3.3 of reference [5] 
following automatic actions. If the post contingency steady-state conditions fail to meet those 
Performance Requirements, the bus under test is classified as part of the BPS. 

The NPCC A-10 evaluation was performed on 2024 summer peak load case. 

3.1.8 Phase Angle Regulator (PAR) Impacts 
The Project’s impact on the ABCJK PAR schedule and control ranges was assessed to check if 
the relevant PARs may be at their angle control limits following the addition of the Project. It should 
be noted here that the B and C PARs were modeled out of service. The test was performed on 
the Summer Peak cases.  

3.1.9 Bus Flow Analysis 
The Bus Flow Analysis was performed by Con Edison to determine thermal rating adequacy of 
Gowanus 345 kV substation equipment as a result of the Project interconnection in accordance 
with Project Developer’s current proposal and breaker one-line diagram. 

3.1.10 Interconnection Physical Feasibility Analysis 
The Interconnection Physical Feasibility Analysis was performed by Con Edison to identify the 
physical feasibility of the Project’s interconnection at the Gowanus 345 kV substation in 
accordance with the one-line diagram provided by the Project Developer. 

3.2 Study Area 
This Study will evaluate the impact of the Project on the 115 kV and above portions of the NYSTS 
in the following NY load zones Millwood (Zone H), Dunwoodie (Zone I), New York City (Zone J) 
that are most likely to be affected by the Project; the Study will also evaluate the impact of the 
Project on the local (i.e., below 115 kV, as applicable) system in the electrical proximity to the 
POI. 
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3.3 Base Cases 
Based on the SRIS scope, the NYISO provided pre- and post-Project power flow, short-circuit 
and stability models. The generation dispatches as provided by the NYISO in the base cases 
were used in the study without any further modification.  

A total of eight (8) power flow cases (Winter Peak, Summer Peak and Light Load) were provided 
by the NYISO as shown in Table 3-2. As per the SRIS scope, the Winter Peak and Summer 
Peak cases were used for the steady state analyses whereas the Summer Peak and Light Load 
cases were used for stability analyses. Two additional summer peak cases were provided for 
performing transfer limit analysis. The NYISO provided two (2) dynamic databases, each 
conforming to the Light Load and Summer Peak conditions for conducting the stability analyses. 
Two ASPEN databases, without and with the Project were provided for performance of short 
circuit analyses.  

The names of the power flow cases, loading condition and the respective tasks of the study are 
listed in Table 3-2.  

Table 3-2: Base Cases 

Case ID Loading  Project  Study Task 

Q679_NYC_OSW_SLL24_SRIS_Off_v0.sav 
Light Load 

Q679 is offline 
1. Stability Analyses 

Q679_NYC_OSW_SLL24_SRIS_On_v0.sav Q679 is in-service 

Q679_NYC_OSW_win24_SRIS_Off_v0.sav Winter Peak 
Load 

Q679 is offline 1. Power Flow Analysis N-0;N-1 

Q679_NYC_OSW_win24_SRIS_On_v0.sav Q679 is in-service 2. N-1-1 Contingency Analyses 

Q679_NYC_OSW_sum24_SRIS_Off_v0.sav 

Summer Peak 
Load 

Q679 is offline 1. Power Flow Analyses N-0;N-1 

Q679_NYC_OSW_sum24_SRIS_On_v0.sav Q679 is in-service 

2. N-1-1 Contingency Analyses 

3. Stability Analyses 

4. Extreme Contingency Analysis 

5. NPCC A-10 Testing 

6. PAR Impact Analysis 

Q679_NYC_OSW_TL24_Off_v0.sav Q679 is offline 
Transfer Limit Analysis 

Q679_NYC_OSW_TL24_On_v0.sav Q679 is in-service 

Q679_NYC_OSW_sc24_Off_v0.olr 
All Lines in 

Q679 is offline 
Short Circuit Analysis 

Q679_NYC_OSW_sc24_On_v0.olr Q679 is in-service 

 

The generation dispatches in the local vicinity of the Project are shown in Table 3-3. The Project 
is redispatched against other generators in New York City (shown in bold in Table 3-3).The UPNY-
ConEd (Open and Closed) interface flows on all the cases are shown in  Table 3-4. 
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Table 3-3: Generation dispatch in NYC 

Plant Name 
Light Load Summer Peak Winter Peak 

Off On ∆ Off On ∆ Off On ∆ 
Q679_OSW    0.7000 0 1248 1248 0 1248 1248 0 1248 1248 
Q679INV     382.00 0 1204 1204 0 1204 1204 0 1204 1204 
Q679REC     382.00 0 -1217 -1217 0 -1217 -1217 0 -1217 -1217 
AK 3        22.000 0 0 0 466 141.5 -324 0 0 0 
AK 2        20.000 0 0 0 265 185.3 -80 0 0 0 
AST 2       13.800 88.6 28.6 -60 134 133.8 0 160 160.1 0 
AST 3       20.000 0 0 0 370.2 370.2 0 0 0 0 
AST 5       20.000 0 0 0 290 208.3 -81.7 379 380.1 1.2 
AST_E_GT    18.000 99.6 10.6 -89 155 154.7 0 180 94.9 -85 
AST_E_GT2   18.000 99.6 10.6 -89 155 154.7 0 180 94.9 -85 
AST_E_ST    18.000 143 12.2 -131 223 222.5 0 259 178.5 -80 
BAY_G1      13.800 0 0 0 56.8 46.8 -10 0 0 0 
BAY_G2      13.800 0 0 0 57.9 47.9 -10 0 0 0 
BAY_G3      13.800 0 0 0 55.2 55.2 0 0 0 0 
BAY_G4      13.800 0 0 0 56.5 51.5 -5 0 0 0 
BAY_G5      13.800 0 0 0 56.5 46.5 -10 0 0 0 
BAY_G6      13.800 0 0 0 56.4 46.4 -10 0 0 0 
BAY_G7      13.800 0 0 0 58.5 48.5 -10 0 0 0 
BAY_G8      13.800 0 0 0 57.8 47.8 -10 0 0 0 
BAYO_XFMR_LX13.800 0 0 0 60.2 60.2 0 56.5 56.5 0 
BAYO_XFMR_LY13.800 0 0 0 60.2 60.2 0 56.5 56.5 0 
COGENGT1    13.800 50.7 10.7 -40 56 31 -25 86.8 46.8 -40 
COGENGT2    13.800 52.3 12.3 -40 56 46 -10 89.6 49.6 -40 
COGENGT3    13.800 52.3 12.3 -40 56 46 -10 89.6 49.6 -40 
COGENGT4    13.800 52.3 12.3 -40 56 46 -10 89.6 49.6 -40 
COGENGT5    13.800 52.3 12.3 -40 56 46 -10 89.6 49.6 -40 
COGENST1    13.800 52.3 12.3 -40 56 46 -10 89.6 49.6 -40 
COGENST2    13.800 52.3 12.3 -40 56 46 -10 89.6 49.6 -40 
COGENST3    13.800 52.3 12.3 -40 56 46 -10 89.6 49.6 -40 
E74 GT1     13.800 0 0 0 14.4 14.4 0 0 0 0 
E74 GT2     13.800 0 0 0 14.4 14.4 0 0 0 0 
ER G6       13.200 0 0 0 126.2 126.2 0 139.5 139.5 0 
ER G7       13.200 0 0 0 182.5 182.5 0 0 0 0 
ERGT1       18.000 0 0 0 154.5 154.5 0 0 0 0 
ERGT2       18.000 0 0 0 153 118.1 -35 0 0 0 
GOWGT1A     13.800 0 0 0 62.1 62.1 0 0 0 0 
GOWGT1B     13.800 0 0 0 60.6 60.6 0 0 0 0 
GOWGT2B     13.800 0 0 0 63 63 0 0 0 0 
GOWGT3A     13.800 0 0 0 68.2 68.2 0 0 0 0 
GOWGT3B     13.800 0 0 0 67.8 67.8 0 0 0 0 
HUDSON 3-4-513.800 0 0 0 10.3 14.3 4 0 0 0 
KEYSPG-1    18.000 97 17 -80 141 111.9 -29 120 39.5 -80 
KEYSPST1    13.800 47 7 -40 68.2 68.2 0 57.8 17.8 -40 
NARRGT1B    13.800 0 0 0 73.3 73.3 0 0 0 0 
NARRGT2A    13.800 0 0 0 71 71 0 0 0 0 
NARRGT2B    13.800 0 0 0 69.2 69.2 0 0 0 0 
PAGTFOXH    13.800 40.9 5.9 -35 45.4 45.4 0 43.2 8.2 -35 
PAGTGOW1    13.800 35.6 10.6 -25 40 40 0 37.5 12.5 -25 
PAGTGOW2    13.800 35.5 10.5 -25 39.9 39.9 0 37.4 12.4 -25 
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Plant Name 
Light Load Summer Peak Winter Peak 

Off On ∆ Off On ∆ Off On ∆ 
PAGTHG11    13.800 0 0 0 39.9 39.9 0 0 0 0 
PAGTHG12    13.800 0 0 0 40 40 0 0 0 0 
PAGTHG41    13.800 0 0 0 39.9 39.9 0 0 0 0 
PAGTHG42    13.800 0 0 0 40 40 0 0 0 0 
PAGTVER1    13.800 0 0 0 40 40 0 0 0 0 
PAGTVER2    13.800 0 0 0 39.9 39.9 0 0 0 0 
PAGTVNGW    13.800 0 0 0 39.9 39.9 0 0 0 0 
POLETGT1    18.000 0 0 0 155 154.5 0 136 65 -71 
POLETGT2    18.000 0 0 0 155 104.5 -50 136 65 -71 
POLETSTG    18.000 0 0 0 162 101.8 -60 143 71.5 -71 
Q393BERRE-GT18.000 165 87.3 -78 169 169.3 0 159 86.9 -72 
Q393BERRE-GT18.000 0 0 0 169 169.3 0 159 86.9 -72 
Q393BERRE-GT18.000 0 0 0 169 169.3 0 159 86.9 -72 
RAV 1       20.000 0 0 0 348.5 348.5 0 345 345 0 
RAV 2       20.000 339 109.7 -229 372 371.8 0 304 304.4 0 
RAV 3       22.000 0 0 0 824 554.4 -270 241 240.6 0 
SCS18-G4    18.000 0 0 0 160 100 -60 0 0 0 
SCS18-G5    18.000 0 0 0 160 100 -60 0 0 0 
SCS18-G6    21.000 0 0 0 213.9 213.9 0 0 0 0 
YORK CT1    13.800 0 0 0 91.4 91.4 0 0 0 0 
YORK CT2    13.800 0 0 0 91.4 91.4 0 0 0 0 
YORK ST1    13.800 0 0 0 34.5 34.5 0 0 0 0 
YORK ST2    13.800 0 0 0 34.5 34.5 0 0 0 0 

 

Table 3-4: UPNY ConEd Interface Flow 

Interface 
Light Load Summer Peak Winter Peak Summer Peak (Transfer Cases) 

Off On ∆ Off On ∆ Off On ∆ Off On ∆ 

UPNY-CONED 3944 3981 37 5879 6137 259 5289 5285 -4 6944 6945 1 

UPNY-CON-CL 5005 5005 0 6940 6942 2 6320 6320 0 5883 6141 258 

 

3.4 Project Model 
In the power flow (steady state), the DC line was represented as two generators, one at the rectifier 
end and the other at the inverter end. The HVDC model is represented using Hitachi ABB’s user-
written model for VSC HVDC (HVDC Light®). A representative power flow single line diagram of 
the Project is shown below Figure 3-1. 
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Figure 3-1: Power Flow Representation for Q679 with Interconnections to the POI 

3.5 Assumptions 
The following assumptions were made for the study, in accordance with applicable reliability 
criteria: 

1. Phase angle regulators (“PARs”), switched shunts and LTC transformers are modeled as 
regulating pre-contingency and non-regulating post-contingency.  

2. SVC and FACTS devices are set to near zero pre-contingency and allowed to operate full 
range post-contingency. 
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4 STEADY STATE ANALYSES (N-0 & N-1) 
The impact of the proposed Project on monitored facilities in the Study Area (see Section 3.2) 
was evaluated under all lines and contingency case conditions. Contingencies included the 
following design criteria contingencies: 

• Single branch contingencies on branches rated 115 kV and higher  
• Series element contingencies 
• Bus contingencies 
• Stuck breaker contingencies 
• Tower contingencies 
• Generator contingencies 
• Local contingencies associated with Project, including loss of the Project 

In addition, specific contingencies associated with the interconnection of the Project were also 
evaluated. These included single branch and stuck breaker contingencies at Gowanus 345 kV, 
loss of Project etc. Appendix B.3 of this report includes the definitions for the aforementioned 
contingencies. 

The steady-state analyses were performed under NERC, NYSRC, NPCC (LTE or STE post-
contingency ratings, as applicable) and Con Edison (Normal post-contingency ratings) criteria. 

4.1 Thermal Analysis 
In order to obtain an understanding of how the proposed Project impacts loadings on monitored 
transmission facilities in the Study Area, pre- and post-Project loadings on these facilities were 
compared. For the purposes of this analysis, transmission facilities loaded 95% and above their 
applicable rating (Normal rating for system intact conditions; LTE rating for contingency case 
conditions for overhead lines, and STE rating for underground cables) were identified and 
tabulated. The impact of the proposed Project was determined by comparing thermal overloads 
observed with and without the Q679 Project (all lines in service as well as contingency case 
conditions), under 2024 Winter Peak and 2024 Summer Peak conditions. Impacts due to the 
Q679 Project were calculated.  

Incremental impacts due to the project that are 1%3 and above are reported here. Facilities are 
flagged with red bold font for loading above 100% of corresponding rating. The results are 
discussed in the following sections: 

4.1.1 Winter Peak Load Case 
Figure 4-1 and Figure 4-2 show the power flow diagrams for the 2024 Winter Peak base case 
(system intact) before and after the addition of the proposed Project, respectively. 

 

3 Delta Impact = (Post-Project MVA – Pre-Project MVA) / Facility Thermal Rating  
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4.1.1.1 Pre Contingency (N-0) 

In order to identify incremental impacts on facility loadings that may be attributable to the Project, 
facilities loaded above 20% of the Normal rating in the vicinity of the Project were monitored. The 
purpose of reducing the loading criteria to such a low value is to gain insight into how the power 
flows on the facilities are distributed and to identify impacts due to the Q679 Project. Table 4-1 
compares the pre- and post-Project branch loadings on Study Area transmission facilities against 
the Normal Rating. No facility is loaded above 95% of its Normal rating. 

Table 4-1: Thermal loadings in the Vicinity of the Project Location – Winter Peak 2024  
(Pre-contingency) 

Monitored Facility kVs Rating %Loading 
From # From Name To # To Name Ckt (MVA) Q679 Off Q679 On ∆ 
126287 GOWANUS 128344 Q679POI 1 345 1400                     - 87.6 87.6 
126590 GOWANUS 41SR 126645 FARRAGUT EAS 1 345 804 26.4 82.2 55.8 
126287 GOWANUS 126590 GOWANUS 41SR BY 345 804 26.3 81.9 55.6 
126591 GOWANUS 42SR 126644 FARRAGUT WES 1 345 804 26.1 81.6 55.5 
126287 GOWANUS 126591 GOWANUS 42SR BY 345 804 26.0 81.3 55.4 
126287 GOWANUS 128252 BAYONNE 1 345 630 25.4 26.5 1.1 
126282 FRESH KILLS 126283 GOTHLS 2 345 1069 23.4 23.4 0.0 
126285 GOW R4 126287 GOWANUS 1 345 591 26.6 26.4 -0.2 
126265 COGNTECH 126283 GOTHLS 1 345 748 68.8 47.3 -21.5 
126265 COGNTECH 126283 GOTHLS 2 345 748 68.8 47.3 -21.5 
126283 GOTHLS 126287 GOWANUS 1 345 590 52.7 28.2 -24.5 
126287 GOWANUS 999985 XMRF T2 1 345/138  413.8 27.6 27.0 -0.5 
126287 GOWANUS 126429 GOWNUST14 1 345/138  338 31.5 30.6 -0.8 
126282 FRESH KILLS 126420 FRKILLSR 1 345/138  412 59.4 59.4 0.0 
126282 FRESH KILLS 126424 21192 T 1 345/138  399 64.0 63.8 -0.3 
126434 GRENWOOD N 126454 KENTTAP 1 138 217 57.3 81.6 24.3 
126454 KENTTAP 126507 VERNON-W 1 138 217 58.3 82.0 23.7 
126416 FOXHLLS1 126521 WILOWBK2 1 138 229 57.5 61.0 3.5 
126418 FRESH KILLS 126521 WILOWBK2 1 138 230 63.4 66.8 3.4 
126420 FRKILLSR 126418 FRESH KILLS 1 138 412 58.6 58.6 0.1 
126419 FRKILLR2 126418 FRESH KILLS 1 138 399 63.2 62.9 -0.3 
126419 FRKILLR2 126424 21192 T 1 138 386 65.3 65.0 -0.3 
126427 GOWNUST2 126426 GOWNUSR2 1 138 440 25.6 25.1 -0.5 
126427 GOWNUST2 999985 XMRF T2 1 138 413.8 27.2 26.7 -0.5 
126426 GOWNUSR2 126646 GRENWOOD S 1 138 303 37.1 36.4 -0.7 
126429 GOWNUST14 126428 GOWNUSR14 1 138 338 31.0 30.2 -0.8 
126428 GOWNUSR14 126434 GRENWOOD N 1 138 303 34.5 33.6 -0.9 
126417 FOXHLLS2 126434 GRENWOOD N 1 138 217 43.4 40.5 -2.9 
126417 FOXHLLS2 126520 WILOWBK1 1 138 229 56.7 53.5 -3.1 
126418 FRESH KILLS 126520 WILOWBK1 1 138 230 63.2 59.9 -3.3 
126416 FOXHLLS1 126646 GRENWOOD S 1 138 217 41.2 31.0 -10.2 

“-“ Facilities do not exist in the pre Project case. 
 
4.1.1.2 Post Contingency (N-1) 
Table 4-2 compares the pre- and post-Project post-contingency branch loadings on Study Area 
transmission facilities against their emergency ratings (LTE or STE, as applicable). Transmission 
facilities that are loaded above 95% of the emergency ratings were identified.  
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A tower outage at Fresh Kills 345 kV (T:21&22) increases the loadings on the 138 kV cable 
between the Vernon East and Greenwood 138 kV substations from 85.4% in the pre-Project case 
to 97% in the post-Project case of its applicable STE rating. The impact of the Project is on the 
post contingency loading is about 12%. However, no overloads were observed under winter peak 
loading conditions. A list of all the identified facilities above 95% of the emergency ratings is 
provided in Appendix D.1. 

4.1.1.3 Post Contingency (N-1/-0)  
Con Edison transmission planning criteria [6] require that loadings on its facilities be returned to 
within their respective normal ratings (Rate A in PSS/E) using all available operating reserves and 
system controls. This requirement was verified on the pre- and post-Project cases by first 
comparing post-contingency branch loadings against their respective normal ratings. The SCRD 
functionality in TARA was used to determine the system adjustments (generation dispatch and 
phase shifter adjustments) needed to bring facility post-contingency loadings below their 
corresponding normal ratings. System adjustments following each contingency were found to be 
effective in bringing the pre- and post-contingency loadings on all monitored facilities below their 
respective normal ratings (refer to Table 4-3). A list of all the identified facilities above 95% of the 
normal ratings is provided in Appendix D.3. 

 
Table 4-2: Significant Thermal Impact of the Project for Winter Peak (N-1) 

Monitored Facility kVs Rating Contingency %Loading 
From # From Name To # To Name Ckt (MVA) Q679 Off Q679 On Diff 
126506 VERNON-E 126646 GRENWOOD S 1 138 344 T:21&22 85.4 97.0 11.6 

 
Table 4-3: Significant Thermal Impact of the Project for Winter Peak (N-1/0) 

Monitored Facility Contingency Rate A %SCD AC Loading 
(MVA) Q679 Off Q679 On Diff 

126590 GOWANUS 41SR  345  126645 FARRAGUT EAS  345  1   SB:FARR345_6W 804 48.9 99.0 50.2 
126591 GOWANUS 42SR  345  126644 FARRAGUT WES  345  1   SB:FARR345_6E 804 49.0 99.0 50.0 
126287 GOWANUS       345  126590 GOWANUS 41SR  345  BY  SB:FARR345_6W 804 48.6 98.7 50.1 
126287 GOWANUS       345  126591 GOWANUS 42SR  345  BY  SB:FARR345_6E 804 48.6 98.7 50.1 
126426 GOWNUSR2      138  126646 GRENWOOD S    138  1   SB:FARR345_6E 303 37.0 99.0 62.0 
126428 GOWNUSR14     138  126434 GRENWOOD N    138  1   SB:GOWANUS_4 303 33.5 99.0 65.5 
126434 GRENWOOD N    138  126454 KENTTAP       138  1   GW:P1_31231 217 83.7 98.8 15.1 
126454 KENTTAP       138  126507 VERNON-W      138  1   GW:P1_31231 217 84.0 99.0 15.0 
126266 DUNWOODIE     345  126600 REAC71        345  BY  126266 DUNWOODIE     345  126601 REAC72 345  BY 823 93.5 98.8 5.3 
126266 DUNWOODIE     345  126601 REAC72        345  BY  126266 DUNWOODIE     345  126600 REAC71 345  BY 823 92.5 98.1 5.6 
126600 REAC71        345  126641 MOTT HAVEN    345  3   126266 DUNWOODIE     345  126601 REAC72 345  BY 822 93.6 98.9 5.3 
126601 REAC72        345  126641 MOTT HAVEN    345  4   126266 DUNWOODIE     345  126600 REAC71  345  BY 822 92.7 98.2 5.6 
126282 FRESH KILLS   345  126424 21192 T       138  1   FRSHKILLS 345/138 TA1 399 84.0 97.9 13.9 
126298 SPRAINBROOK   345  126301 TREMONT       345  1   SB:GOWANUS_2 601 54.8 98.9 44.1 
126370 DUN NO1R      138  126483 S CREEK W     138  1   SB:GOWANUS_14 170 67.9 99.2 31.3 
126374 DUN SO1R      138  126385 E179 ST W     138  1   T:21&22 268 66.7 99.1 32.4 
126418 FRESH KILLS   138  126520 WILOWBK1      138  1   SB:GOWANUS_14 230 71.6 98.9 27.3 
126419 FRKILLR2      138  126418 FRESH KILLS   138  1   SB:FRES345_1 399 81.9 95.8 13.9 
126419 FRKILLR2      138  126424 21192 T       138  1   SB:FRES345_1 386 84.7 99.0 14.3 
126462 PARK TR1      138  126466 SECT 11       138  1   SB:FARR345_2E 300 92.6 95.2 2.6 
126463 PARK TR2      138  126467 SECT 12       138  1   SB:GOWANUS_2 305 49.6 98.9 49.4 
126506 VERNON-E      138  126646 GRENWOOD S    138  1   GW:P4_SB4S 217 96.8 99.3 2.5 
126442 HG  1         138  126647 E179 ST E     138  1   SB:FARR345_1E 208 81.9 98.5 16.6 
126446 HG  5         138  126649 ASTORIA W-S   138  1   FARRAGUTE - GOWANUS 41 345 209 29.6 98.9 69.3 
126643 RAINEY EAST   345  999967 XFMR 8E       138  1   T:21&22 311 30.2 99.0 68.7 
126819 RN-CR PAR     138  126820 RN-CRTIE      138  1   SB:GOWANUS_14 351.6 7.2 98.9 91.7 
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Furthermore, for outages involving opening of breaker 14 or TBD2 at the Gowanus 345 kV 
substation (see Figure 2-1), the output of the Project must be reduced in 10 minutes to ensure 
that after potential isolation on Gowanus 345/138 kV transformer T14 after a second contingency, 
the LTE rating of this transformer and applicable emergency ratings other transmission facilities 
in the Con Edison system are not exceeded. Similarly, for outages involving opening of breaker 
4 or TBD1, the output of the Project must be reduced in 10 minutes to ensure that after potential 
isolation on 345 kV cable 25 to Goethals after a second contingency, the STE rating of this cable 
and applicable emergency ratings other transmission facilities in the Con Edison system are not 
exceeded.  

The last column of Table 4-4 summarizes the maximum allowable injections from Project #Q679 
following the aforementioned prior-outages. These scenarios were simulated in PSS/E by moving 
the limiting facility (Gowanus 345/138 kV transformer or line 25 to Goethals, as appropriate) and 
the 345 kV on-shore cable of Project Q#679 to a new 345 kV bus that is connected to the 
Gowanus 345 kV bus by a zero-impedance line, and reducing the output of Project Q#679 prior 
to the second contingency and disconnection of the zero-impedance line. The maximum allowable 
injection is such that the post-contingency loadings on the limiting facility and all other facilities in 
the Con Edison system are within their emergency ratings.  

Table 4-4: Max. Allowable Injection of Project #Q679 for N-1/-0 Conditions at Gowanus 345 kV (Winter) 
Case Prior- 

Outage  
(N-1/-0) 

Second  
Contingency 

Limiting Facility Emergency  
Rating  
(MVA) 

Max. Allowable 
Output of Project 
#Q679 to Reduce 

Post-Cont Loadings 
below Emerg. Ratings  

(MW) 

Winter Peak 

Breaker  
14 

Line 25 to Goethals 

Gowanus  
345/138 kV tx. T14 402 390 

(Breakers 6 and 4 Open) 

Breaker 
TBD2 

Line 42 to Farragut 

(Breakers 14 and 16 Open) 

Winter Peak 

Breaker 
TBD1 

Line 41 to Farragut 

Line 25 to Goethals 1306 1200 

(Breakers 2 and 4 Open) 

Breaker  
4 

Gowanus 345/138 kV tx. T14 

(Breakers TBD1 and 14 Open) 

(Breakers TBD1 and 14 Open) 
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Figure 4-1: One-Line Diagram for Pre-Project Case (2024 Winter Peak) 
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Figure 4-2: One-Line Diagram for Post-Project Case (2024 Winter Peak) 

 
4.1.2 Summer Peak Load Case 
Figure 4-3 and Figure 4-4 show the power flow diagrams for the 2024 Summer Peak base case 
(system intact) before and after the addition of the proposed Project, respectively. 

4.1.2.1 Pre Contingency (N-0) 
As in Section 4.1.1.1, the impact of the Project on facilities in the vicinity of the Project are 
identified. Table 4-5 compares the pre- and post-Project branch loadings on Study Area 
transmission facilities against the Normal Rating. Gowanus 345/138 kV transformer T14 is loaded 
at 95.2% of its normal rating in the post-Project case. No other facility is loaded above 95% of its 
Normal rating. 
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Table 4-5: Thermal loadings in the Vicinity of the Project Location – Summer Peak 2024 
Monitored Facility kVs Rating %Loading 

From # From Name To # To Name Ckt (MVA) Q679 Off Q679 On Diff 
126287 GOWANUS 128344 Q679POI 1 345 1400 - 86.8 - 
126287 GOWANUS 126590 GOWANUS 41SR SR 345 706 78.0 90.2 12.2 
126287 GOWANUS 126591 GOWANUS 42SR SR 345 706 78.1 90.3 12.2 
126590 GOWANUS 41SR 126645 FARRAGUT EAS 1 345 706 78.0 90.2 12.2 
126591 GOWANUS 42SR 126644 FARRAGUT WES 1 345 706 78.1 90.3 12.2 
126285 GOW R4 126287 GOWANUS 1 345 518 30.0 29.6 -0.4 
126287 GOWANUS 128252 BAYONNE 1 345 630 91.7 84.9 -6.8 
126249 26T 126287 GOWANUS 1 345 518 76.6 48.8 -27.8 
126283 GOTHLS 126287 GOWANUS 1 345 518 78.5 50.0 -28.5 
126287 GOWANUS 126429 GOWNUST14 1 345/138  271 39.8 95.2 55.4 
126287 GOWANUS 999984 XMRF T2 1 345/138  344.5 29.9 73.7 43.9 
126282 FRESH KILLS 126420 FRKILLSR 1 345/138  342 71.9 71.6 -0.3 
126282 FRESH KILLS 126424 21192 T 1 345/138  309 83.1 82.5 -0.6 
128252 BAYONNE 128257 BAYONNE 1 345/138  610 76.2 66.0 -10.1 
126427 GOWNUST2 126426 GOWNUSR2 1 138 263 38.6 94.4 55.8 
126429 GOWNUST14 126428 GOWNUSR14 1 138 271 39.1 92.5 53.4 
126426 GOWNUSR2 126646 GRENWOOD S 1 138 282 36.0 87.7 51.7 
126428 GOWNUSR14 126434 GRENWOOD N 1 138 282 37.4 87.8 50.4 
126427 GOWNUST2 999984 XMRF T2 1 138 344.5 29.5 72.1 42.6 
126330 GOW 1&3 126434 GRENWOOD N 2 138 286 91.9 92.0 0.1 
126335 GOW 2&4 126646 GRENWOOD S 2 138 288 23.0 23.0 0.1 
126420 FRKILLSR 126418 FRESH KILLS 1 138 342 70.7 70.6 -0.2 
126419 FRKILLR2 126424 21192 T 1 138 345 73.2 72.9 -0.3 
126419 FRKILLR2 126418 FRESH KILLS 1 138 309 81.7 81.4 -0.4 
126418 FRESH KILLS 126521 WILOWBK2 1 138 202 99.7 80.3 -19.4 
126418 FRESH KILLS 126520 WILOWBK1 1 138 202 91.8 72.1 -19.7 
126434 GRENWOOD N 126454 KENTTAP 1 138 194 75.2 33.1 -42.0 

“-“ Facilities do not exist in the pre Project case. 
 
4.1.2.2 Post Contingency (N-1) 
Table 4-7 compares the pre- and post-project post-contingency branch loadings on Study Area 
transmission facilities against their emergency ratings (LTE or STE, as applicable).Transmission 
facilities that are loaded above 95% of the emergency ratings were identified. The loading on a 
facility impacted greater than 1% (significant adverse impact) are reported here. A list of all the 
identified facilities above 95% of the emergency ratings is provided in Appendix D.2. 

Initial contingency analysis results showed post-contingency post-Project overloads on the 
Gowanus 345/138 kV transformers T2 and T14. Post-contingency loadings were as high as 
108.9% on transformer T14 (following contingency 'SB:GOWANUS_2') and 106.3% on 
transformer T2 (following contingency ' SB:GOWANUS_14') based on transformer LTE ratings. 

The overloading on these transformers were mitigated by rescheduling the Fresh Kills PARs and 
Gowanus PARs (R2 and R14) on a pre-contingency basis as shown below: 
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Power flow data changed for two-winding transformer circuit "1" from 126418 [FRESH KILLS 138.00] to 126419 [FRKILLR2    
138.00]: 
 X--ORIGINAL--X  X-NEW VALUE--X  DATA ITEM 
    255.000         230.000      VMA1 
    245.000         220.000      VMI1 
 
 Power flow data changed for two-winding transformer circuit "1" from 126418 [FRESH KILLS 138.00] to 126420 [FRKILLSR    
138.00]: 
 X--ORIGINAL--X  X-NEW VALUE--X  DATA ITEM 
    245.000         230.000      VMA1 
    235.000         220.000      VMI1 
 
 Power flow data changed for two-winding transformer circuit "1" from 126426 [GOWNUSR2    138.00] to 126427 [GOWNUST2    
138.00]: 
 X--ORIGINAL--X  X-NEW VALUE--X  DATA ITEM 
    250.000         225.000      VMA1 
    245.000         215.000      VMI1 
 
 Power flow data changed for two-winding transformer circuit "1" from 126428 [GOWNUSR14   138.00] to 126429 [GOWNUST14   
138.00]: 
 X--ORIGINAL--X  X-NEW VALUE--X  DATA ITEM 
    250.000         225.000      VMA1 
    245.000         215.000      VMI1 

The loading on the facilities after rescheduling the above mentioned PARs are shown in the last 
column of Table 4-7 (column labeled “Mitigation”). 

4.1.2.3 Post Contingency (N-1/-0)  
As in the winter peak load system analysis (Section 4.1.1.3), the SCRD functionality in TARA was 
used to determine the system adjustments (generation dispatch and phase shifter adjustments) 
needed to bring facility post-contingency loadings below their normal ratings. A list of all the 
identified facilities above 95% of the normal rating where impact of the Project is more than 1% 
is provided in Table 4-8. As shown in the table system adjustments following each contingency 
were found to be effective in bringing the pre- and post-contingency loadings on all monitored 
facilities below their respective normal ratings. A list of all the facilities loaded above 95% of 
normal rating is shown in Appendix D.4. 

Furthermore, for outages involving opening of breaker 14 or TBD2 at the Gowanus 345 kV 
substation (see Figure 2-1), the output of the Project must be reduced in 10 minutes to ensure 
that after potential isolation on Gowanus 345/138 kV transformer T14 after a second contingency, 
the LTE rating of this transformer and applicable emergency ratings other transmission facilities 
in the Con Edison system are not exceeded. Similarly, for outages involving opening of breaker 
4 or TBD1, the output of the Project must be reduced in 10 minutes to ensure that after potential 
isolation on 345 kV cable 25 to Goethals after a second contingency, the STE rating of this cable 
and applicable emergency ratings other transmission facilities in the Con Edison system are not 
exceeded.  

The last column of Table 4-6 summarizes the maximum allowable injections from Project #Q679 
following the aforementioned prior-outages. These scenarios were simulated in PSS/E by moving 
the limiting facility (Gowanus 345/138 kV transformer or line 25 to Goethals, as appropriate) and 
the 345 kV on-shore cable of Project Q#679 to a new 345 kV bus that is connected to the 
Gowanus 345 kV bus by a zero-impedance line, and reducing the output of Project Q#679 prior 
to the second contingency and disconnection of the zero-impedance line. The maximum allowable 
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injection is such that the post-contingency loadings on the limiting facility and all other facilities in 
the Con Edison system are within their emergency ratings.  

Table 4-6: Max. Allowable Injection of Project #Q679 for N-1/-0 Conditions at Gowanus 345 kV (Summer) 
Case Prior- 

Outage  
(N-1/-0) 

Second  
Contingency 

Limiting Facility Emergency  
Rating  
(MVA) 

Max. Allowable 
Output of Project 
#Q679 to Reduce 

Post-Cont 
Loadings below 
Emerg. Ratings  

(MW) 

Summer 
Peak  

Breaker  
14 

Line 25 to Goethals 

Gowanus  
345/138 kV tx. T14 335 325 

(Breakers 6 and 4 Open) 

Breaker 
TBD2 

Line 42 to Farragut 

(Breakers 14 and 16 Open) 

Summer 
Peak  

Breaker 
TBD1 

Line 41 to Farragut 

Line 25 to Goethals 1275 1200 
(Breakers 2 and 4 Open) 

Breaker  
4 

Gowanus 345/138 kV tx. T14 

(Breakers TBD1 and 14 Open) 
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Table 4-7: Significant Thermal Impact of the Project for Summer Peak (N-1) 
Monitored Facility kVs Rating Contingency %Loading 

From # From Name To # To Name Ckt (MVA) Q679_Off Q679_On Diff Mitigation 
126287 GOWANUS 126429 GOWNUST14 1 345/138  335 SB:GOWANUS_2 51.0 108.9 57.9 99.7 
126287 GOWANUS 126429 GOWNUST14 1 345/138  335 T:21&22 34.5 107.4 72.9 95.1 
126287 GOWANUS 126429 GOWNUST14 1 345/138  335 GW:P4_SB4S 46.9 102.2 55.3 92.0 
126287 GOWANUS 126429 GOWNUST14 1 345/138  335 GW:P4_SB4N 50.8 96.0 45.2 87.6 
126287 GOWANUS 126429 GOWNUST14 1 345/138  335 SB:GREENWOOD_4N 50.8 96.0 45.2 87.6 
126287 GOWANUS 126429 GOWNUST14 1 345/138  271 Base Case  39.8 95.2 55.4 84.4 
126429 GOWNUST14 126428 GOWNUSR14 1 138 335 SB:GOWANUS_2 49.7 104.7 55.0 96.1 
126429 GOWNUST14 126428 GOWNUSR14 1 138 335 T:21&22 33.8 104.0 70.2 92.4 
126429 GOWNUST14 126428 GOWNUSR14 1 138 335 GW:P4_SB4S 45.7 98.2 52.5 88.6 
126427 GOWNUST2 126426 GOWNUSR2 1 138 321 SB:GOWANUS_14 49.8 106.3 56.5 97.6 
126427 GOWNUST2 126426 GOWNUSR2 1 138 321 T:21&22 33.8 106.1 72.4 94.2 
126427 GOWNUST2 126426 GOWNUSR2 1 138 321 GW:P4_SB3N 52.1 105.9 53.8 96.4 
126427 GOWNUST2 126426 GOWNUSR2 1 138 321 SB:GREENWOOD 3N 52.1 105.9 53.8 96.4 
126427 GOWNUST2 126426 GOWNUSR2 1 138 321 GW:P4_SB2N 44.7 95.1 50.5 85.8 

 
Table 4-8: Significant Thermal Impact of the Project for Summer Peak (N-1/0) 

Monitored Facility Contingency Rate Base %SCD AC Loading 
(MVA) Q679_Off Q679_On Diff 

126590 GOWANUS 41SR  345  126645 FARRAGUT EAS  345  1   GW:P4_SB1N 706 33.7 99.6 65.9 
126591 GOWANUS 42SR  345  126644 FARRAGUT WES  345  1   GW:P4_SB1N 706 33.8 99.6 65.9 
126287 GOWANUS       345  126429 GOWNUST14     138  1   GW:P4_SB6S 271 33.9 99.2 65.3 
126287 GOWANUS       345  126590 GOWANUS 41SR  345  SR  GW:P4_SB1N 706 32.7 99.6 66.8 
126287 GOWANUS       345  126591 GOWANUS 42SR  345  SR  GW:P4_SB1N 706 32.8 99.6 66.8 
126427 GOWNUST2      138  126426 GOWNUSR2      138  1   SB:GOWANUS_16 263 37.1 99.1 62.0 
126429 GOWNUST14     138  126428 GOWNUSR14     138  1   GW:P4_SB6S 271 33.3 96.4 63.1 
126418 FRESH KILLS   138  126520 WILOWBK1      138  1   GW:P4_SB8S 202 96.7 98.7 2.0 
126418 FRESH KILLS   138  126521 WILOWBK2      138  1   SB:FARR345_7W 202 84.8 98.8 14.0 
126419 FRKILLR2      138  126418 FRESH KILLS   138  1   SB:GOWANUS_2 309 74.3 97.2 22.8 
126420 FRKILLSR      138  126418 FRESH KILLS   138  1   GW:P4_SB4N 342 56.9 98.0 41.0 
126434 GRENWOOD N    138  126454 KENTTAP       138  1   T:21&22 194 97.2 98.9 1.7 
126282 FRESH KILLS   345  126420 FRKILLSR      138  1   GW:P4_SB4N 342 57.9 99.8 41.9 
126282 FRESH KILLS   345  126424 21192 T       138  1   VE:P1_RAV2 309 63.7 96.2 32.5 
126266 DUNWOODIE     345  126600 REAC71        345  BY  SB:MOTT345_7 786 81.3 98.2 16.9 
126266 DUNWOODIE     345  126601 REAC72        345  BY  SB:DUNW345_3 786 79.7 96.9 17.3 
126266 DUNWOODIE     345  128835 SHORE RD      345  1   SB:DUNW345_7 690 90.9 98.9 8.1 
126370 DUN NO1R      138  126483 S CREEK W     138  1   T:W72&Y94_UC34 154 52.5 99.0 46.5 
126371 DUN NO2R      138  126648 S CREEK E     138  1   SPRAINBROOK- DUN SO N7 210 45.5 98.7 53.2 
126374 DUN SO1R      138  126385 E179 ST W     138  1   SB:FARR345_1W 233 44.4 99.7 55.3 
126298 SPRAINBROOK   345  126301 TREMONT       345  1   T:W72&Y94_UC34 516 64.8 98.9 34.1 
126298 SPRAINBROOK   345  126369 DUN NO S6     138  6   GEN:POLETTIX 309 88.3 98.9 10.6 
126298 SPRAINBROOK   345  126517 REACM51       345  BY  SB:W49_5 845 89.8 97.2 7.3 
126298 SPRAINBROOK   345  126518 REACM52       345  BY  SB:W49_BTN 845 89.4 96.7 7.3 
126298 SPRAINBROOK   345  126847 ACADEMY       345  1   T:W72&Y94_UC34 527 58.6 95.3 36.6 
126600 REAC71        345  126641 MOTT HAVEN    345  3   SB:MOTT345_7 785 81.4 98.3 16.9 
126601 REAC72        345  126641 MOTT HAVEN    345  4   SB:DUNW345_3 785 79.8 97.1 17.3 
126642 RAINEY WEST   345  999970 XFMR 8W       138  1   SB:FARR345_3E 273 66.2 98.9 32.7 
126642 RAINEY WEST   345  999971 XFMR 7W       138  1   SB:RAIN345_2E 235 95.1 96.3 1.2 
126643 RAINEY EAST   345  999966 XFMR 8E       138  1   SB:FARR345_8W 258 49.7 96.5 46.8 
126272 E13ST 45      345  126645 FARRAGUT EAS  345  1   SB:FARR345_8W 828 87.5 97.5 9.9 
126272 E13ST 45      345  999989 XFMR 14       138  1   SB:W49_4 274 86.9 99.2 12.3 
126273 E13ST 46      345  126644 FARRAGUT WES  345  1   SB:FARR345_4E 844 91.2 98.9 7.7 
126274 E13ST 47      345  126870 E13 TX17 T   69.0  17  SB:FARR345_7W 249 61.9 98.9 37.0 
126274 E13ST 47      345  147829 ASTOR345      345  1   SB:E13TH_48 537 95.6 99.0 3.4 
126299 REACBUS       345  147857 DVNPT NK      345  1   T:21&22 708 95.0 96.9 1.8 
126301 TREMONT       345  126463 PARK TR2      138  1   SB:FARR345_1W 272 83.8 95.1 11.3 
126304 W 49 ST       345  126517 REACM51       345  1   SB:W49_3 844 89.8 97.1 7.3 
126304 W 49 ST       345  126518 REACM52       345  2   SB:SPRA345_RNS5 844 89.6 96.9 7.3 
126321 GOETHALS      230  218300 LINDEN        230  1   SB:GOWANUS_16 570 53.8 98.9 45.1 
126330 GOW 1&3       138  126434 GRENWOOD N    138  2   GW:P4_SB4S 286 97.3 98.9 1.6 
126334 ASTE-ERG      138  126445 HG  4         138  1   FARRAGUTW 345/138 10TR 193 89.4 98.9 9.4 
126352 ASTE-WRG      138  126442 HG  1         138  1   FARRAGUTW 345/138 10TR 194 88.8 98.1 9.3 
126463 PARK TR2      138  126467 SECT 12       138  1   FARRAGUTE 345/138 3TR 252 44.5 98.9 54.3 
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Monitored Facility Contingency Rate Base %SCD AC Loading 
(MVA) Q679_Off Q679_On Diff 

126334 ASTE-ERG      138  126363 CORONA-S      138  1   SB:FARR345_7W 193 83.2 98.9 15.7 
126334 ASTE-ERG      138  126363 CORONA-S      138  3   SB:FARR345_7W 193 83.0 98.7 15.7 
126352 ASTE-WRG      138  126415 CORONA-N      138  2   SB:FARR345_7W 193 79.8 96.9 17.1 
126364 CORONA1R      138  126455 JAMAICA       138  1   SB:FARR345_2W 159 36.6 98.8 62.1 
126365 CORONA2R      138  126455 JAMAICA       138  1   SB:FARR345_7W 159 48.5 98.9 50.4 
126385 E179 ST W     138  126470 38X01 T       138  1   SB:FARR345_3E 171 72.0 98.9 26.9 
126415 CORONA-N      138  126820 RN-CRTIE      138  1   SB:FARR345_2E 329 94.5 96.5 2.0 
126446 HG  5         138  126649 ASTORIA W-S   138  1   SB:FARR345_1W 178 87.2 99.6 12.4 
126452 HUDAVE E      138  126455 JAMAICA       138  1   SB:FARR345_2E 163 65.0 99.5 34.5 
126452 HUDAVE E      138  126455 JAMAICA       138  2   SB:FARR345_2E 163 65.0 99.5 34.5 
126454 KENTTAP       138  126507 VERNON-W      138  1   SB:FARR345_2E 194 36.6 95.7 59.1 
126471 38X02 T       138  126647 E179 ST E     138  1   SB:FARR345_3E 171 70.2 97.2 27.0 
126480 RAINEY8E      138  126506 VERNON-E      138  1   SB:FARR345_8W 258 50.0 97.2 47.2 
126480 RAINEY8E      138  999966 XFMR 8E       138  1   SB:FARR345_8W 258 50.0 97.2 47.2 
126481 RAINEY8W      138  126507 VERNON-W      138  1   SB:FARR345_3E 272 64.1 95.7 31.6 
126481 RAINEY8W      138  999970 XFMR 8W       138  1   SB:FARR345_3E 273 63.5 95.3 31.8 
126543 W49 ST 1      138  126551 ASTOR T5 TAP  138  1   SB:FARR345_1W 164.7 46.4 99.6 53.2 
126780 SCK-PARW      138  126848 331           138  1   T:W72&Y94_UC34 251 53.1 97.0 43.9 
126780 SCK-PARW      138  999964 XMFR TR1      138  1   T:W72&Y94_UC34 253 52.7 96.2 43.5 
126781 SCK-PARE      138  126849 332           138  1   T:W72&Y94_UC34 251 53.1 97.0 43.9 
126781 SCK-PARE      138  999965 XFMR TR8      138  1   T:W72&Y94_UC34 253 52.7 96.2 43.5 
126847 ACADEMY       345  999964 XMFR TR1      138  1   T:W72&Y94_UC34 253 53.5 99.2 45.7 
126847 ACADEMY       345  999965 XFMR TR8      138  1   T:W72&Y94_UC34 253 53.5 99.2 45.7 
137228 INGMS-CD      115  137886 INGHAM-E      115  1   T:W72&Y94_UC34 167 76.5 98.9 22.4 
128830 HMP HRBR      345  147857 DVNPT NK      345  1   SB:FARR345_1E 708 93.8 95.6 1.7 
126280 FARRAGUT TX9  345  126437 FGT_X9        138  1   FARRAGUTW 345/138 10TR 120 65.6 97.2 31.67 
126644 FARRAGUT WES  345  126451 FGT_X8        138  1   SB:FARR345_3E 120 93.8 95.9 2.11 
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Figure 4-3: One-Line Diagram for Pre-Project Case (2024 Summer Peak) 
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Figure 4-4: One-Line Diagram for Post-Project Case (2024 Summer Peak) 
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4.2 Voltage Evaluation  
The voltage evaluations are part of the steady state analyses and performed alongside the 
thermal evaluations. Bus voltages that did not meet the steady state voltage criteria were flagged. 
The results from the pre- and post-Project cases were tabulated and compared to determine 
impacts due to the proposed Project. Significant impacts i.e., change in voltage more than 0.005 
pu due to the Project, if any were identified. 

4.2.1 Winter Peak Load Case 
The Project does not adversely impact voltages in the Study Area. The post contingency voltages 
at the POI and at nearby substations are shown in the Table 4-9.  

Table 4-9: Voltages in the vicinity of the Project for Winter Peak (N-1) 

Bus#  Bus Name  Bus kV  Area  Zone Contingency 
Contingency Voltages 

Q679 Off Q679 On Diff 
126282 FRESH KILLS  345 NYC CE AREA 10 T:21&22 0.975 0.968 -0.007 
126330 GOW 1&3      138 NYC CE AREA 10 GW:P4_SBBT 0.986 0.980 -0.006 
126335 GOW 2&4      138 NYC CE AREA 10 T:21&22 0.988 0.981 -0.007 
126425 NYPAGOWA     138 NYC CE AREA 10 T:21&22 0.989 0.981 -0.007 
126434 GRENWOOD N   138 NYC CE AREA 10 GW:P4_SBBT 0.986 0.980 -0.006 
126646 GRENWOOD S   138 NYC CE AREA 10 T:21&22 0.988 0.981 -0.007 

 
4.2.2 Summer Peak Load Case 
The Project does not adversely impact voltages in the Study Area. The post-contingency voltages 
at the POI and at nearby substations are shown in the Table 4-10.  

 
Table 4-10: Voltages in the vicinity of the Project for Summer Peak (N-1) 

            Contingency Voltages 
Bus#  Bus Name  Bus kV  Area  Zone Contingency Q679 Off Q679 On Diff 

126287 GOWANUS      345 NYC CE AREA 10 126298 SPRAINBROOK   345  126299 REACBUS 345  SR 1.019 1.011 -0.008 
126265 COGNTECH     345 NYC CE AREA 10 126298 SPRAINBROOK   345  126299 REACBUS 345  SR 1.023 1.016 -0.007 
126282 FRESH KILLS  345 NYC CE AREA 10 126298 SPRAINBROOK   345  126299 REACBUS 345  SR 1.023 1.016 -0.007 
126283 GOTHLS       345 NYC CE AREA 10 126298 SPRAINBROOK   345  126299 REACBUS 345  SR 1.023 1.016 -0.007 
126299 REACBUS      345 DUN CE AREA 8 126298 SPRAINBROOK   345  126299 REACBUS 345  SR 1.109 1.101 -0.008 
126277 FARRAGUT     345 NYC CE AREA 10 126262 BUCHANAN N    345  126288 IP2 345       345  1 1.023 1.019 -0.004 
126321 GOETHALS     230 NYC CE AREA 10 T:69J&70K 1.027 1.026 -0.001 
126330 GOW 1&3      138 NYC CE AREA 10 GW:P4_SB2S 0.985 0.982 -0.003 
126335 GOW 2&4      138 NYC CE AREA 10 GW:P4_SB8N 0.971 0.970 0.000 
126425 NYPAGOWA     138 NYC CE AREA 10 GW:P4_SB8N 0.971 0.970 0.000 
126434 GRENWOOD N   138 NYC CE AREA 10 GW:P4_SB3N 0.983 0.980 -0.003 
126646 GRENWOOD S   138 NYC CE AREA 10 GW:P4_SB8N 0.970 0.970 0.000 

 

4.3 Summary of Steady State Analysis 
Based on the results of the preceding sections, the Project does not adversely impact the thermal 
overloads and voltages in the Study area. 
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5 N-1-1 CONTINGENCY ANALYSES 
NPCC and NYSRC Design Criteria also apply after loss of any single facility (critical generator, 
transmission circuit, transformer, series or shunt compensating device or HVdc pole) and a 
subsequent loss of a second single facility. For such N-1-1 contingencies, the rule allows 
preventive system adjustments after the first contingency (i.e., after the N-1-0) such that the 
system is secured both on a N-1-0 and N-1-1 basis. 

NYISO provided a contingency description file containing single contingencies in Con Edison’s 
operating area in New York City. A total of 19 critical contingencies close to the POI were selected 
as prior-outages (“N-1-0” or first-level contingencies) from this file. The contingency file is attached 
in Appendix B.3. Following each first-level contingency and system adjustments, approximately 
600 second-level contingencies were simulated (the second-level contingencies are the same 
contingencies which were simulated in the N-1 analysis section of this report).  

The TARA® software package was utilized for this analysis. For each of the first-level 
contingencies (N-1-0), the SCRD (Security Constrained Re-Dispatch) module in TARA® was 
used to adjust generator dispatches as well as MW schedules on PARs to mitigate base case (N-
1-0) and contingency case (N-1-1) overloads, to the extent possible. For N-1-0 conditions, facility 
normal ratings are applicable whereas for N-1-1 conditions, emergency ratings i.e., LTE ratings 
for overhead lines and transformers, and STE ratings limits for cables are applicable. It should be 
noted that this is a preventive redispatch i.e., an attempt is made to arrive at one single dispatch 
that not only mitigates the thermal overloads in the N-1-0 case but also mitigates the N-1-1 
overloads. If such a dispatch cannot be found, the resulting dispatch is such that as many 
overloads as possible are mitigated. A maximum of twenty iterations of this process were 
repeated for a better mitigation.  

In addition, Con Edison criteria require that facility loadings be returned to within their respective 
Normal ratings using all available operating reserves and system controls following the two non-
simultaneous design criteria contingencies of Category I Single Event, Contingency Events 1 and 
2, in accordance with Table B-1 of the NYSRC Reliability Rules (N-1-1-0) [9]. In order to comply 
with this requirement, the above-mentioned first-level single element contingencies were 
considered as prior outages, and selected single element outages from the previously-mentioned 
contingency file provided by NYISO were then simulated as second-level contingencies. The list 
of these selected contingencies is provided in Appendix B.3. For the purposes of the N-1-1-0 
analysis, preventive system controls and corrective actions were identified using available 
operating reserves and system controls to bring loadings on Con Edison transmission facilities to 
within their normal state limits. 

Furthermore, it should be noted the generation dispatch of Q679 was not adjusted in the initial N-
1-1 and N-1-1-0 analysis i.e., the Project is dispatched at its full output of 1200 MW (gross).  

The N-1-1 analysis was performed on 2024 summer peak and winter peak cases, without and 
with the proposed Project. Thermal and voltage violations were identified. 
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5.1 Winter Peak Load Conditions 
5.1.1 Thermal Analysis 
5.1.1.1 Post Contingency (N-1-1) 
Results of the N-1-1 analysis show that the Project does not significantly impact thermal loadings 
in the Study Area. Table 5-2 shows the top five most-severe combinations of contingencies for 
each monitored facility that resulted in post-contingency loadings greater than 95% of facility 
emergency ratings, where impact of the Project is more than 1% of its rating. Appendix E lists all 
combinations of contingencies for each monitored facility that resulted in post-contingency 
loadings greater than 95% of facility emergency ratings and impacts of 1% or higher.  

5.1.1.2 Post Contingency (N-1-1/-0) 
Results of the N-1-1/-0 analysis show that the post-contingency loadings on all monitored facilities 
can be brought below Rate A and the Project does not significantly impact thermal loadings in the 
Study Area. Table 5-3 shows the top five most-severe combinations of contingencies for each 
monitored facility that resulted in post-contingency loadings greater than 95% of Rate A, where 
impact of the Project is more than 1% of its rating. Appendix E lists all combinations of 
contingencies that resulted in post-contingency loadings above 95% of Rate A with incremental 
impacts of 1% or more due to the Project.  

Furthermore, for outages involving opening of breaker 14 or TBD2 at the Gowanus 345 kV 
substation (see Figure 2-1), the output of the Project must be reduced to ensure that after potential 
isolation on Gowanus 345/138 kV transformer T14 after a second contingency, the Normal rating 
of this transformer and those of other transmission facilities in the Con Edison system are not 
exceeded. Similarly, for outages involving opening of breaker 4 or TBD1, the output of the Project 
must be reduced to ensure that after potential isolation on 345 kV cable 25 to Goethals after a 
second contingency, the Normal rating of this cable and those of other transmission facilities in 
the Con Edison system are not exceeded.  

The last column of Table 5-1 summarizes the maximum allowable injections from Project #Q679 
following the aforementioned prior-outages. These scenarios were simulated in PSS/E by moving 
the limiting facility (Gowanus 345/138 kV transformer or line 25 to Goethals, as appropriate) and 
the 345 kV on-shore cable of Project Q#679 to a new 345 kV bus that is connected to the 
Gowanus 345 kV bus by a zero-impedance line, and reducing the output of Project Q#679 prior 
to the second contingency and disconnection of the zero-impedance line. The maximum allowable 
injection is such that the post-contingency loadings on the limiting facility and all other facilities in 
the Con Edison system are within their Normal ratings. 
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Table 5-1: Max. Allowable Injection of Project #Q679 for N-1-1/-0 Conditions at Gowanus 345 kV (Winter) 
Case Prior-

Outage 
(N-1/-0) 

Second  
Contingency 

Limiting Facility Normal  
Rating  
(MVA) 

Max. Allowable 
Output of Project 
#Q679 to Reduce 

Post-Cont 
Loadings below 
Normal Ratings  

(MW) 

Winter Peak 

Breaker  
14 

Line 25 to Goethals 

Gowanus  
345/138 kV tx. T14 338 300 

(Breakers 6 and 4 Open) 

Breaker 
TBD2 

Line 42 to Farragut 

(Breakers 14 and 16 Open) 

Winter Peak 

Breaker 
TBD1 

Line 41 to Farragut 

Line 25 to Goethals 590 550 
(Breakers 2 and 4 Open) 

Breaker  
4 

Gowanus 345/138 kV tx. T14 

(Breakers TBD1 and 14 Open) 

Summer 
Peak  

Breaker  
14 

Line 25 to Goethals 

Gowanus  
345/138 kV tx. T14 271 260 

(Breakers 6 and 4 Open) 

Breaker 
TBD2 

Line 42 to Farragut 

(Breakers 14 and 16 Open) 

Summer 
Peak  

Breaker 
TBD1 

Line 41 to Farragut 

Line 25 to Goethals 518 490 
(Breakers 2 and 4 Open) 

Breaker 4 
Gowanus 345/138 kV tx. T14 

(Breakers TBD1 and 14 Open) 

 

5.1.2 Voltage Analysis 
Results show that the Project does not significantly impact voltages in the Study Area.  

 

< The rest of this page is intentionally left blank > 
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Table 5-2: Thermal Loadings for Winter Peak (N-1-1 Contingencies; Emergency Ratings) 

Fr Bus Fr Name To Bus To Name CKT kVs Areas 
Rate 
Base 

(MVA) 

Rate 
Cont 

(MVA) 
First Level Contingency Second Level Contingency 

Project 
Off 

Project 
ON 

126590 
GOWANUS 

41SR 126645 FARRAGUT EAS 1 345 10 804 1506 GOWANUS 345/138 2TR SB:GOWANUS_14 - 97.6 

126274 E13ST 47 126870 E13 TX17 T 17 345/69  10 292 327 GOWANUS 345/138 2TR GEN:ERG6 - 97.5 

126287 GOWANUS 126590 GOWANUS 41SR BY 345 10 804 1506 GOWANUS 345/138 2TR SB:GOWANUS_14 - 97.2 

126645 
FARRAGUT 

EAS 126412 FGT_X5 1 345/138  10 143 151 GOWANUS 345/138 2TR SB:FARR345_1W 96.0 97.1 

126645 FARRAGUT 
EAS 126412 FGT_X5 1 345/138  10 143 151 GOWANUS 345/138 2TR SB:FARR345_2W 96.0 97.1 

126645 
FARRAGUT 

EAS 126412 FGT_X5 1 345/138  10 143 151 GOWANUS 345/138 2TR FARRAGUTW 345/138 4TR 95.8 96.9 

128248 ANNTRHIGH 147829 ASTOR345 1 345 10 319 353 GOWANUS 345/138 2TR SB:DUNW345_4 - 95.7 

128248 ANNTRHIGH 147829 ASTOR345 1 345 10 319 353 GOWANUS 345/138 2TR DNWDIE - SHORERD 345 Y50 - 95.7 

128248 ANNTRHIGH 147829 ASTOR345 1 345 10 319 353 GOWANUS 345/138 2TR 
126266 DUNWOODIE     345  
128835 SHORE RD      345  1 - 95.7 

128248 ANNTRHIGH 147829 ASTOR345 1 345 10 319 353 GOWANUS 345/138 2TR SB:SPRA345_RNS2 - 95.4 

“-” loading on the facility is below 95% of applicable rating 
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Table 5-3: Thermal Loadings for Winter Peak (N-1-1-0 Contingencies; Normal Ratings) 

Fr Bus Fr Name To Bus To Name CKT kVs Areas 
Rate 

A 
(MVA) 

First Level Contingency Second Level Contingency Project Off Project ON 

126590 GOWANUS 41SR 126645 FARRAGUT EAS 1 345 10 804 LINDEN VFT 345 FARRAGUTW - GOWANUS 345 42 - 97.6 

126591 GOWANUS 42SR 126644 FARRAGUT WES 1 345 10 804 LINDEN VFT 345 FARRAGUTE - GOWANUS 41 345 - 97.6 

126317 38M72 TAP 126551 ASTOR T5 TAP 1 138 10 210 LINDEN VFT 345 FARRAGUTE - GOWANUS 41 345 - 97.5 

126317 38M72 TAP 126551 ASTOR T5 TAP 1 138 10 210 LINDEN VFT 345 FARRAGUTW - GOWANUS 345 42 - 97.5 

126287 GOWANUS 126590 GOWANUS 41SR BY 345 10 804 LINDEN VFT 345 FARRAGUTW - GOWANUS 345 42 - 97.3 

126287 GOWANUS 126591 GOWANUS 42SR BY 345 10 804 LINDEN VFT 345 FARRAGUTE - GOWANUS 41 345 - 97.2 

126317 38M72 TAP 126551 ASTOR T5 TAP 1 138 10 210 LINDEN VFT 345 GOWANUS - GOETHALSS 26 345 - 96.7 

126317 38M72 TAP 126551 ASTOR T5 TAP 1 138 10 210 LINDEN VFT 345 GEN: AK3 - 96.6 

126317 38M72 TAP 126551 ASTOR T5 TAP 1 138 10 210 LINDEN VFT 345 Base Case  - 96.6 

“-” loading on the facility is below 95% of Rate A 
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5.2 Summer Peak Load Conditions 
5.2.1 Thermal Analysis 
5.2.1.1 Post Contingency (N-1-1) 
Results of the N-1-1 analysis show that the Project does not significantly impact thermal loadings 
in the Study Area. Table 5-5 shows the top five most-severe combinations of contingencies for 
each monitored facility that resulted in post-contingency loadings greater than 95% of facility 
emergency ratings, where the impact of the Project is more than 1% of its rating. Appendix E lists 
all combinations of contingencies that resulted in post-contingency loadings greater than 95% of 
facility emergency ratings and impacts of 1% or higher due to the Project.  

5.2.1.2 Post Contingency (N-1-1/-0) 
As discussed in Section 5.1, in addition to bringing loadings on facilities to within their applicable 
emergency ratings following N-1-1 contingencies, Con Edison criteria require that facility loadings 
be returned to within their respective Normal ratings (Rate A in PSS/E) using all available 
operating reserves and system controls. This requirement was verified in this section. Results of 
the N-1-1/-0 analysis show that the post-contingency loadings on all monitored facilities can be 
brought below Rate A. Table 5-6 shows the most-severe combinations of contingencies for each 
monitored facility that resulted in post-contingency loadings greater than 95% of Rate A, where 
impact of the Project is more than 1% of its rating. Appendix E lists all combinations of 
contingencies that resulted in post-contingency loadings above 95% of Rate A with incremental 
impacts of 1% or more due to the Project.  

Furthermore, for outages involving opening of breaker 14 or TBD2 at the Gowanus 345 kV 
substation (see Figure 2-1), the output of the Project must be reduced to ensure that after potential 
isolation on Gowanus 345/138 kV transformer T14 after a second contingency, the Normal rating 
of this transformer and those of other transmission facilities in the Con Edison system are not 
exceeded. Similarly, for outages involving opening of breaker 4 or TBD1, the output of the Project 
must be reduced to ensure that after potential isolation on 345 kV cable 25 to Goethals after a 
second contingency, the Normal rating of this cable and those of other transmission facilities in 
the Con Edison system are not exceeded.  

The last column of Table 5-4 summarizes the maximum allowable injections from Project #Q679 
following the aforementioned prior-outages. These scenarios were simulated in PSS/E by moving 
the limiting facility (Gowanus 345/138 kV transformer or line 25 to Goethals, as appropriate) and 
the 345 kV on-shore cable of Project Q#679 to a new 345 kV bus that is connected to the 
Gowanus 345 kV bus by a zero-impedance line, and reducing the output of Project Q#679 prior 
to the second contingency and disconnection of the zero-impedance line. The maximum allowable 
injection is such that the post-contingency loadings on the limiting facility and all other facilities in 
the Con Edison system are within their Normal ratings. 

  



 

   

This document contains 
Critical Energy Infrastructure 

Information (CEII);  
DO NOT DISTRIBUTE 

ABB Power Consulting 35 
NYISO / Q679 NYC Offshore Wind Project 

E 000717/Q679-F1 

2861FORM09 Rev: C  

Table 5-4: Max. Allowable Injection of Project #Q679 for N-1-1/-0 Conditions at Gowanus 345 kV (Summer) 
Case Prior-

Outage 
(N-1/-0) 

Second  
Contingency 

Limiting Facility Normal  
Rating  
(MVA) 

Max. Allowable 
Output of Project 
#Q679 to Reduce 

Post-Cont 
Loadings below 
Normal Ratings  

(MW) 

Summer 
Peak  

Breaker  
14 

Line 25 to Goethals 

Gowanus  
345/138 kV tx. T14 271 260 

(Breakers 6 and 4 Open) 

Breaker 
TBD2 

Line 42 to Farragut 

(Breakers 14 and 16 Open) 

Summer 
Peak  

Breaker 
TBD1 

Line 41 to Farragut 

Line 25 to Goethals 518 490 
(Breakers 2 and 4 Open) 

Breaker 4 
Gowanus 345/138 kV tx. T14 

(Breakers TBD1 and 14 Open) 

 

5.2.2 Voltage Analysis 
Results show that the Project does not significantly impact voltages in the Study Area. 

5.3 Summary of N-1-1 Analysis 
The N-1-1 analysis results concluded that following the preventive and corrective actions, the 
Project has no adverse impact on facility loadings and bus voltages. 
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Table 5-5: Thermal Loadings for Summer Peak (N-1-1 Contingencies; Emergency Ratings) 

Fr Bus Fr Name To Bus 
To 

Name CKT kVs Areas 
Rate 
Base 

(MVA) 

Rate 
Cont 

(MVA) 
First Level Contingency Second Level Contingency 

Project 
Off 

Project 
On 

126644 FARRAGUT WES 126436 FGT_X10 1 345/138  10 120 160 GOWANUS 345/138 2TR SB:FARR345_2W 96.8 98.2 

126644 FARRAGUT WES 126436 FGT_X10 1 345/138  10 120 160 GOWANUS 345/138 2TR SB:FARR345_1W 96.8 98.2 

126644 FARRAGUT WES 126436 FGT_X10 1 345/138  10 120 160 GOWANUS 345/138 2TR FARRAGUTW 345/138 4TR 96.7 98.1 

126645 FARRAGUT EAS 126412 FGT_X5 1 345/138  10 128 136 BAYONNE - GOWANUS G27 SB:FARR345_7W 96.8 98.1 

126645 FARRAGUT EAS 126412 FGT_X5 1 345/138  10 128 136 BAYONNE - GOWANUS G27 FARRAGUTW 345/138 10TR 96.8 98.0 

126645 FARRAGUT EAS 126412 FGT_X5 1 345/138  10 128 136 GEN: AK3 SB:FARR345_7W 96.7 98.0 

126645 FARRAGUT EAS 126412 FGT_X5 1 345/138  10 128 136 BAYONNE - GOWANUS G27 SB:FARR345_8W 96.7 98.0 

126645 FARRAGUT EAS 126412 FGT_X5 1 345/138  10 128 136 GEN: AK3 FARRAGUTW 345/138 10TR 96.7 97.9 

126644 FARRAGUT WES 126436 FGT_X10 1 345/138  10 120 160 GOWANUS 345/138 2TR SB:FARR345_2E 96.0 97.4 

126644 FARRAGUT WES 126436 FGT_X10 1 345/138  10 120 160 GOWANUS 345/138 2TR SB:FARR345_1E 96.0 97.4 
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  Table 5-6: Thermal Loadings for Summer Peak (N-1-1-0 Contingencies; Normal Ratings) 

Fr Bus Fr Name To Bus To Name CKT kVs Areas 
Rate A 
(MVA) First Level Contingency Second Level Contingency 

Project 
Off 

Project 
ON 

126427 GOWNUST2 126426 GOWNUSR2 1 138 10 263 FARRAGUTE - GOWANUS 41 345 FARRAGUTW - GOWANUS 345 42 - 99.7 

126321 GOETHALS 218300 LINDEN 1 230  10/231 570 FARRAGUTE - GOWANUS 41 345 FARRAGUTW - GOWANUS 345 42 - 99.6 

126591 GOWANUS 42SR 126644 FARRAGUT WES 1 345 10 706 FARRAGUTE - GOWANUS 41 345 GOETHALS - LINDEN A2253 345 - 99.6 

126287 GOWANUS 126591 GOWANUS 42SR SR 345 10 706 FARRAGUTE - GOWANUS 41 345 GOETHALS - LINDEN A2253 345 - 99.6 

126590 GOWANUS 41SR 126645 FARRAGUT EAS 1 345 10 706 FARRAGUTW - GOWANUS 345 42 GOETHALS - LINDEN A2253 345 - 99.6 

126287 GOWANUS 126590 GOWANUS 41SR SR 345 10 706 FARRAGUTW - GOWANUS 345 42 GOETHALS - LINDEN A2253 345 - 99.6 

126287 GOWANUS 126429 GOWNUST14 1 345/138  10 271 FARRAGUTE - GOWANUS 41 345 FARRAGUTW - GOWANUS 345 42 - 99.5 

126282 FRESH KILLS 126424 21192 T 1 345/138  10 309 FARRAGUTE - GOWANUS 41 345 FRSHKILLS 345/138 TA1 - 99.4 

126282 FRESH KILLS 126420 FRKILLSR 1 345/138  10 342 FARRAGUTE - GOWANUS 41 345 FRSHKILLS 345/138 TB1 - 98.1 

126419 FRKILLR2 126418 FRESH KILLS 1 138 10 309 FARRAGUTE - GOWANUS 41 345 FRSHKILLS 345/138 TA1 - 97.8 

126298 SPRAINBROOK 126369 DUN NO S6 6 345/138  9 309 BAYONNE - GOWANUS G27 GEN: AK3 96.6 97.7 

126371 DUN NO2R 126648 S CREEK E 1 138  9/10 210 GOETHALS - LINDEN A2253 345 LINDEN VFT 345 - 97.3 

126299 REACBUS 147857 DVNPT NK 1 345 9 708 BAYONNE - GOWANUS G27 GOETHALS - LINDEN A2253 345 95.1 97.0 

126429 GOWNUST14 126428 GOWNUSR14 1 138 10 271 FARRAGUTE - GOWANUS 41 345 FARRAGUTW - GOWANUS 345 42 - 96.2 

126420 FRKILLSR 126418 FRESH KILLS 1 138 10 342 FARRAGUTE - GOWANUS 41 345 FRSHKILLS 345/138 TB1 - 96.2 

126304 W 49 ST 126517 REACM51 1 345  10/9 844 FARRAGUTE - GOWANUS 41 345 FARRAGUTW - GOWANUS 345 42 - 95.5 

126304 W 49 ST 126518 REACM52 2 345  10/9 844 FARRAGUTE - GOWANUS 41 345 FARRAGUTW - GOWANUS 345 42 - 95.5 

126298 SPRAINBROOK 126517 REACM51 BY 345 9 845 FARRAGUTE - GOWANUS 41 345 FARRAGUTW - GOWANUS 345 42 - 95.4 

126298 SPRAINBROOK 126518 REACM52 BY 345 9 845 FARRAGUTE - GOWANUS 41 345 FARRAGUTW - GOWANUS 345 42 - 95.4 

“-” loading on the facility is below 95% of Rate A 
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6 TRANSFER LIMIT ANALYSIS 
Transfer limit analysis was conducted to determine the incremental impact of the Project on the 
normal and emergency transfer limits of the UPNY- ConEd (Open/Closed) interfaces for 2024 
Summer Peak system conditions. A transfer limit is the maximum allowable interface flow across 
a subject interface such that there are no thermal, voltage or stability constraint(s).  

6.1 Thermal Transfer Analysis 
In the thermal transfer analysis, all facilities rated 115 kV and above in the vicinity of the subject 
interfaces were monitored. In accordance with NPCC Criteria and NYSRC Reliability Criteria, the 
following types of contingencies were simulated in the NYISO Transmission System. 

• Single branch contingencies on branches rated 115 kV and higher  
• Series element contingencies 
• Bus contingencies 
• Stuck breaker contingencies 
• Tower contingencies 
• Generator contingencies 

The above contingencies were considered in determining the normal transfer limits. Tower and 
stuck breaker contingencies were not considered when determining emergency thermal transfer 
limits. Appendix B.3.1 of this report documents all contingencies simulated in this analysis.  

The pre- and post-Project normal and emergency transfer limits on the studied interfaces were 
computed. The normal transfer limit is the transfer level at which: 

• a branch is loaded at its normal rating for pre-contingency conditions, or  
• a line is loaded at its LTE rating (STE rating for cables) following a contingency 

The emergency transfer limit is the transfer level at which: 

• a branch is loaded at its normal rating for pre-contingency conditions, or  
• a branch is loaded at its STE rating following a contingency 

Thermal transfer limits were calculated for 2024 summer peak conditions without and with the 
Project. The normal and emergency thermal transfer limits are summarized in Table 6-1 and Table 
6-2 respectively. Degradations greater than 25 MW in the thermal transfer limits are considered 
significant.  
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Table 6-1: Summer Peak 2024 - Normal Thermal Transfer Limits 

  Interface 
Pre Project Q679 Post Project Q679 

Impact (MW) 
Limit Facility Limit Facility 

  UPNY-Coned (Open) 7053 A 7042 A -11 

  UPNY-Coned (Close) 8114 A 7846 A -268 

  
Reduce Roseton generation by 225 MW with a corresponding increase in the dispatch of the Linden Cogen power plant 

  UPNY-Coned (Open) - - 7311 A 258 

  UPNY-Coned (Close) - - 8115 A 1 

Notes:      
A. Roseton - East Fishkill 345 kV at 2666 MW LTE for L/O Rock Tavern - Ramapo 1 & 2  (T:76&77) 

 

Table 6-2: Summer Peak 2024 - Emergency Thermal Transfer Limits 

  Interface 
Pre Project Q679 Post Project Q679 

Impact (MW) 
Limit Facility Limit Facility 

  UPNY-Coned (Open) 9194 A 9192 A -2 

  UPNY-Coned (Close) 10254 A 9997 A -257 

  
Reduce Roseton generation by 225 MW with a corresponding increase in the dispatch of the Linden Cogen power plant 

  UPNY-Coned (Open) - - 9608 A 414 

   UPNY-Coned (Close) - - 10412 A 158 

Notes:      
A. Roseton - East Fishkill 345 kV at 1936 MW Normal Rating for pre-contingency loading 

 

Key observations from these results are listed below: 

• The impact of the Project on the normal thermal transfer limits is as follows (Table 6-1):  

 UPNY-ConEd (Open): The transfer limit decreased by 11 MW.  

 UPNY-ConEd (Closed): The transfer limit decreased by 268 MW.  

• The impact of the Project on the emergency thermal transfer limits is as follows (Table 6-2):  

• UPNY-ConEd  (Open): The transfer limit decreased by 2 MW.  

• UPNY-ConEd (Closed): The transfer limit decreased by 257 MW.  

The results show that the Project adversely impacts the normal and emergency thermal transfer 
limits of the UPNY- ConEd (Open/Closed) interfaces. Detailed results can be found in Appendix 
F.1. 
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Mitigation : 

The degradation of the transfer limits was mitigated by reducing 225 MW of generation at the 
Roseton power plant with a corresponding increase in the dispatch of the Linden Cogen power 
plant in NYC in post-Project case. 

• Normal thermal transfer limits 

• UPNY-ConEd (Open): The transfer limit increased by 258 MW.  

• UPNY-ConEd (Closed): The transfer limit increased by 1 MW.  

• Emergency thermal transfer limits:  

• UPNY-ConEd (Open): The transfer limit increased by 414 MW.  

• UPNY-ConEd (Closed): The transfer limit increased by 158 MW.  

6.2 Voltage Transfer Analysis 
This analysis was performed using the TARA program. A set of power flow cases with increasing 
transfer levels were developed from the 2024 Summer Peak transfer cases. To start with, transfer 
cases were developed using 100 MW transfer increments. Later, the transfers were reduced to 
small increments (e.g., 10 MW) as the system neared voltage collapse conditions. Switched shunt 
capacitors in the vicinity of the study region were maximized in these pre-contingency solutions 
in accordance with NYISO practices. The MW transfers were increased until the point of voltage 
collapse was reached. This point is the highest transfer level at which a solution can be achieved. 
There is no solution beyond this transfer level because there are no more dispatchable reactive 
power resources available to support the transfer.  

The voltage-constrained transfer limit is determined to be lesser of (a) the pre-contingency 
interface flow at which the post-contingency voltage falls below the applicable voltage criteria, or, 
(b) the pre-contingency interface flow at which the pre-contingency voltage falls below the pre-
contingency limit, or, (c) 95% of the pre-contingency interface flow at the “nose” of the post-
contingency PV-curve. The “nose” is the point at which the slope of the PV curve becomes infinite 
(vertical) and reaches the point of voltage collapse. This operating point occurs when the reactive 
capability supporting the power transfer becomes exhausted. Therefore, the voltage-constrained 
transfer limit is intended to ensure adequate post-contingency voltage and avoid operating within 
this region of voltage instability.  

Pre- and post-contingency voltages were monitored at critical buses in the vicinity of the UPNY-
ConEd (Open) interfaces. Table 6-3 and Table 6-4 list monitored buses and contingencies for the 
voltage transfer analysis respectively. Voltages at the Pleasant Valley, Rock Tavern, Millwood 
and Ramapo 345 kV buses were used in the computation of the voltage transfer limit. 
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Table 6-3: Monitored Buses for Voltage Transfer Analysis  

Bus # Name kV 

126294 PLTVLLEY  345 

125001 ROCK TAVERN 345 

126291 MILLWOOD 345 

126297 RAMAPO 345 

126266 DUNWOODIE 345 

126298 SPRAINBROOK 345 

 

Table 6-4: Contingencies Simulated for Voltage Transfer Analysis 

ID Description 

log09 L/O Ravenswood #3 

uc02 TWR Y86/Y87 

uc04 Stuck Breaker 9 at Buchanan N (W93/W95) 

uc18a TWR Y88 (Ladentown - N. Rockland 345) / Y94 (Ramapo - Buchanan N 345) 

uc18b TWR Y88 (N. Rockland - Buchanan S 345) / Y94 (Ramapo - Buchanan N 345) 

uc20 TWR W89/W90 

uc21 TWR 30/31 

uc25 Stuck breaker 376512 at Rock Tavern 345 (44/76) 

uc27 SBK Rock T. 345 (77/CCRT-42) 

uc28 TWR 77&76 

uc31 TWR 34&42 

uc32 TWR 34&44 

uc33 TWR W97/W98 

Table 6-5 shows the calculated voltage transfer limits on the UPNY-ConEd (Open) interface. The 
corresponding PV curves are shown in Figure 6-1 to Figure 6-2. The Project does not adversely 
impact the voltage transfer limits. Detailed results can be found in Appendix L.2. 
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Table 6-5: Voltage-Constrained Transfer Limits 

Interface 

Pre Project Q679 Post Project Q679 

Limit Facility 
Knee LV  

Limit Facility 
Knee  LV  

Impact  
 (A) Crossover (B) (A) Crossover (B) 

UPNY-ConEd  
7219 2 7545 1 7219 2 7213 2 7582 1 7213 2 -6 

(Open) 

Notes:      
 

     
  

1. 95% of PV nose occurs for T:Y88&Y94_UC18_B 

2. Rock Tavern 345  pre-contingency low voltage limit 1.009 pu 

 

 

Figure 6-1: PV Plots for UPNY-ConEd Open (Q679 OFF) 
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Figure 6-2: PV Plots for UPNY-ConEd Open (Q679 ON) 

 

6.3 Consolidation of Thermal and Voltage Transfer Limits 
The thermal (emergency) and voltage transfer limits for the UPNY-ConEd (Open) interface are 
consolidated in Table 6-6. The most limiting of the two transfer limits for both pre- and post-Project 
cases is the voltage-constrained transfer limit. The consolidated transfer limit is 7219 MW (pre-
Project) and 7213 MW (post-Project).  

Table 6-6: Consolidation of Thermal and Voltage Transfer Limits 

Interface 

Pre Project Q679 Post Project Q679 110% of 
Min(T,V) 

Emergency 
Thermal 

Transfer Limit 
(MW) 

Voltage 
Transfer 

Limit (MW) 

Min(Thermal, 
Voltage) 

Emergency  
Thermal 
Transfer 

Limit (MW) 

Voltage 
Transfer 

Limit (MW) 

Min(Thermal, 
Voltage) Pre Q679 

UPNY ConEd (Open) 9194 7219 7219 (V) 9608 7213 7213 (V) 8013 7934 
           

Notes:           
(T) = Thermally-constrained 
(V) = Voltage-constrained 
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6.4 Stability Transfer Analysis 
Stability transfer analysis was performed to check whether the flow on the UPNY-ConEd (Open) 
interface is restricted by stability constraints as a result of interconnecting the proposed Project. 
The design criteria faults listed in Table 7-2 were simulated in this analysis.  

In accordance with NYISO study procedures to determine stability transfer limits (see Appendix 
H of reference [1]), power flow cases were developed with the UPNY-ConEd (Open) interface flow 
at a transfer level equal to the 110% of limiting  transfer limit. Table 6-7 summarizes the interface 
flows for the stability transfer analysis. The UPNY-ConEd (Open) interface flow in post-Project 
case for this analysis is required to be no less than 7934 MW. Stability simulations were performed 
at the transfer level of 7939 MW. The faults listed in Table 7-2 were simulated. Simulation results 
showed no stability issues for all faults. 

Table 6-7: Basis for Determining the Interface Flows for Stability Analysis 

Interface 
110% of Minimum of In actual case 

Post-Project Post-Project 

UPNY ConEd (Open) 7934 7939 

Therefore, it is concluded that the transfer level at the UPNY-ConEd (Open) interface will not be 
restricted by stability constraint.  Simulation plots can be found in Appendix L.3. 

6.5 Summary of Transfer Limit Analysis 
Thermal Transfer Limit analysis results show that the Project adversely impacts the normal and 
emergency transfer limits of the UPNY-ConEd interface. The degradation of the transfer limits 
was mitigated by reducing 225 MW of generation at the Roseton power plant with a corresponding 
increase in the dispatch of the Linden Cogen power plant in NYC in post-Project case. 

The Project increases the voltage transfer limits of the UPNY-ConEd interface. 

Stability transfer analysis confirms that operating the UPNY-ConEd interfaces higher than the 
more restrictive of their voltage-based and emergency thermal-based transfer limits does not 
adversely impact system stability performance.  
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7 STABILITY ANALYSIS 
The purpose of stability analysis is to determine whether the system will meet system stability 
criteria following the addition of proposed Q679 Project. Dynamic stability simulations were 
performed for summer peak and light load system conditions for the year 2024 with the proposed 
Project in service. 

7.1 Modeling Assumptions 
NYISO provided two dynamic simulation packages for stability analysis – one package is for 2024 
light load system conditions, while the other is for 2024 summer peak load system conditions. The 
packages include snapshot files, converted cases, load/generator conversion scripts, library files 
for user-written models, auxiliary files for running simulations etc.  

The proposed Project is represented using PSS/E standard models of wind turbine-generators 
and associated controls (REGCAU1 REECAU1, REPCAU1 & WTDTAU1 models). The HVDC 
model is represented using Hitachi ABB’s user-written model for VSC HVDC (HVDC Light®) 

Figure 2-1 shows an interconnection diagram of the proposed Q679 Project provided by the 
Project Developer. 

7.2 Low Voltage Ride Through (LVRT) Analysis 
The analysis was performed to evaluate the Q679 Project’s compliance with FERC’s Post-
transition Period Low Voltage Ride-Through Standard (LVRT). In this analysis, a three-phase 9 
cycle self-cleared fault at the POI was simulated under summer peak and light load conditions. It 
was found that the Q679 Project WTGs and converters were able to ride through the fault without 
tripping on under-voltages (or over-voltages). Therefore, the Q679 Project complies with FERC’s 
LVRT standard.  

The plots showing the response of Q679 Project and the voltage recovery at the Project’s 345 kV 
bus and POI bus (Gowanus 345 kV) following a 9 cycle 3 phase fault at the Gowanus 345 kV for 
light load and summer peak load system conditions are shown in Figure 7-1 and Figure 7-2 
respectively. 
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Figure 7-1: Q679 Response Following LVRT testing (2024 Light Load) 

 

 
Figure 7-2: Q679 Response Following LVRT testing (2024 Summer Peak) 
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7.3 Stability Contingencies 
Contingencies involving normally-cleared three-phase / single-phase faults, and breaker-failure 
faults at the POI (refer to Figure 2-1) and at adjacent 345 kV and 138 kV stations were defined. 
The list of these contingencies is shown in Table 7-1. In addition, a limited number of design 
criteria contingencies close to the Project location were also simulated (refer to Table 7-2). 

Table 7-1: List of Local Faults  

# ID Description 

1 NC-3PH-GOW-GREN 

Gowanus 345 kV, 3 Phase Fault on Bus Section TBD1-14, 
Normal Clearing 

Cycles Sequence of Events 
0 Three phase fault on Bus Section TBD1-14 
4 Breakers #TBD1 & #14 @ Gowanus OPEN 

9.5 Breakers #2N & #3N @ Greenwood OPEN 
Fault Cleared 

2 NC-3PH-GOW-Q679 

Gowanus 345 kV, 3 Phase Fault on Bus Section TBD1-TBD2, 
Normal Clearing 

Cycles Sequence of Events 
0 Three phase fault on Bus Section  TBD1-TBD2 
4 Breakers # TBD1 & # TBD2 @ Gowanus OPEN 
4 Disconnect Q679 

Fault Cleared 

3 NC-3PH-Q679-GOW 

Q679 345 kV, 3 Phase Fault on Bus Section 1-2, 
Normal Clearing 

Cycles Sequence of Events 
0 Three phase fault on Bus Section 1-2 
4 Breakers #1 & #2 @ On-Shore Substation OPEN 
4 Breakers # TBD1 & # TBD2 @ Gowanus OPEN 

Fault Cleared 

4 NC-3PH-GOW-GRES 

Gowanus 345 kV,3 Phase Fault on Bus Section 2-22, 
Normal Clearing 

Cycles Sequence of Events 
0 Three phase fault on Bus Section 2-22 
4 Breakers #2 & #22 @ Gowanus OPEN 

9.5 Breakers #2S & 4S @ Greenwood OPEN 
Fault Cleared 

5 NC-3PH-GOW-BAYE 

Gowanus 345 kV, 3 Phase Fault on Bus Section 20-22, 
Normal Clearing 

Cycles Sequence of Events 
0 Three phase fault on Bus Section 20-22 

4 
Breakers #20 & #22 @ Gowanus OPEN 
Breakers 52T6, 52T7 and 52R7 @ Bayonne OPEN 

Fault Cleared 

6 NC-3PH-GOW-GOET 

Gowanus 345 kV, 3 Phase Fault on Bus Section 16-18, 
Normal Clearing 

Cycles Sequence of Events 
0 Three phase fault on Bus Section 16-18 
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# ID Description 

4 
Breakers #16 & #18  @ Gowanus OPEN 
Reactor R26 @ Goethals DISCONNECT 
Breakers #8 & #9 @ Goethals OPEN 

Fault Cleared 

7 NC-3PH-GOW-FARR 

Gowanus 345 kV,3 Phase Fault on Bus Section 14-16, 
Normal Clearing 

Cycles Sequence of Events 
0 Three phase fault on Bus Section 14-16 

4 
Breakers #14 & #16 @ Gowanus OPEN 
Reactor R16 @ Gowanus DISCONNECT 
Breakers #6W & #7W @ Farragut OPEN 

Fault Cleared 

8 NC-3PH-GRES-GOW 

Greenwood 138 kV, 3 Phase Fault on Bus Section 2S-4S, 
Normal Clearing 

Cycles Sequence of Events 
0 Three phase fault on Bus Section 2S-4S 

7.5 
Breakers #2S & #4S @ Greenwood OPEN 
Breakers #2 & #22 @ Gowanus OPEN 

Fault Cleared 

9 SB-1PH-GOW-GREN-FARR 

Gowanus 345 kV, SLG Fault on Bus Section TBD1-14, 
Stuck Breaker #14 

Cycles Sequence of Events 
0 Single Line to Ground fault on Bus Section TBD1-14 
4 Breaker #TBD1 @ Gowanus OPEN 

11.9 Breakers 6W & 7W @ Farragut OPEN 
15.5 Breakers 2N & 3N @ Greenwood OPEN 

23 
Breaker #16 @ Gowanus OPEN 
Reactor R16 @ Gowanus DISCONNECT 

Fault Cleared 

10 SB-1PH-GOW-Q679-GREN 

Gowanus 345 kV, SLG Fault on Bus Section TBD1&2, 
Stuck Breaker #TBD1 

Cycles Sequence of Events 
0 Single Line to Ground fault on Bus Section  TBD1&2 
4 Breaker #TBD2 @ Gowanus OPEN 
4 Breakers #1 & #2 @ Q679 On-Shore Substation OPEN 

15.5 Breakers 2N & 3N Greenwood OPEN 
23 Breaker #14 @ Gowanus OPEN 

Fault Cleared 

11 SB-1PH-GOW-Q679 

Gowanus 345 kV, SLG Fault on Bus Section TBD1&2, 
Stuck Breaker #TBD2 

Cycles Sequence of Events 
0 Single Line to Ground fault on Bus Section  TBD1&2 
4 Breaker #TBD1 @ Gowanus OPEN 
4 Breakers #1 & #2 @ Q679 On-Shore Substation OPEN 
23 Breaker #6 @ Gowanus OPEN 

Fault Cleared 
12 SB-1PH-GOW-GRES-FARR Gowanus 345 kV, SLG Fault on Bus Section 2-22, 
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# ID Description 
Stuck Breaker #2 

Cycles Sequence of Events 
0 Single Line to Ground fault on Bus Section 2-22 
4 Breaker #22 @ Gowanus OPEN 

9.5 Breakers 2S & 4S @ Greenwood OPEN 
11.9 Breakers 6E & 7E @ Farragut OPEN 

23 
Breakers #4 & CS-R4 @ Gowanus OPEN 
Reactor R4 @ Gowanus DISCONNECT 

Fault Cleared 

13 SB-1PH-GOET-COGN-GOW 

Goethals 345 kV, SLG Fault on Bus Section 8-9, 
Stuck Breaker #9 

Cycles Sequence of Events 
0 GOETHALS 345:  SLG fault on 345 kV Bus Section 8-9 

5 
Open bus breaker 8 (normal) 
Bus breaker 9 STUCK BREAKER 

11 Open bus breaker 7 (delayed) 

15 
Open remote Linden Co-Gen. breakers 52-6 and 52-8 (estimated) 
Trip feeder G23L (Linden Co-Gen. end) 

23 
Open remote Gowanus 345 feeder 26T/26 bus breakers 16 and 18 
(delayed) 
Trip feeders 26T/26 (Gowanus end) 

Fault Cleared 

14 
SB-1PH-GOW-GOET-

FARRW 

Gowanus 345 kV, SLG Fault on Bus Section 16-18, 
Stuck Breaker #16 

Cycles Sequence of Events 
0 Single Line to Ground fault on Bus Section 16-18 
4 Breakers #18 @ Gowanus OPEN 

4.2 
Breakers #8 & #9 @Goethals OPEN 
Reactor R26 @ Goethals DISCONNECT 

11.9 Breakers 6W & 7W @ Farragut OPEN 

23 
Breaker #14 @ Gowanus OPEN 
Reactor R16 @ Gowanus DISCONNECT 

Fault Cleared 
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Table 7-2: List of Simulated NYISO Design Criteria Faults  

PSAS ID# Design Criteria Contingency Description 
UC06 SLG-STK@DUNWODIE (BKR#8) – L/O DUNWODIE-PL VILLW (W90) / BKUP CLR#72 
UC09 SLG-STK@MILLWOOD (BKR#16) – L/O MILLWOOD-SPRAIN (W99/W64) / BKUP CLR#W98 
UC11 SLG-STK@SPRAIN (BKR#RNS6) – L/O SPRAIN-TREMONT (X28) / BKUP CLR#W93/W79 
UC19 3PH@MILLWOOD - L/O MILLWOOD-SPRAINBROOK (W82/W65 & W85/W78) DCT W/RCL 

TE03-UC03 3PH@SPRAINBROOK – L/O MILLWOOD/BUCHANAN-SPRAINBROOK DCT W/RCL 
TE03-UC03(LLG) LLG@SPRAINBROOK – L/O MILLWOOD/BUCHANAN-SPRAINBROOK DCT W/RCL 

TE20-UC20 3PH@DUNWOODIE  – L/O W89/W90 PLEASANTVILLE-DUNWD DCT W/RCL 
TE20-UC20(LLG) LLG@DUNWOODIE – L/O W89/W90 PLEASANTVILLE-DUNWD DCT W/RCL 

LIPA-NC02 3PH FAULT AT EGC 345KV - Y-49 
LIPA-NC03 3PH FAULT AT SHORE RD - Y-50 

 

7.4 Stability Simulation Results 
Simulation results obtained from the 2024 light load case and 2024 summer peak load case show 
that the proposed Project rides through all the tested faults without tripping. Results are 
summarized in Table 7-3. All the simulated local contingencies and NYISO design criteria 
contingencies were seen to be stable under summer peak load and light load conditions. 

The plots for all these simulations are included in Appendix G. 

 
Table 7-3: Stability Simulation Results  

# ID 
2024 Summer Peak 2024 Light Load 

Q679 OFF Q679 ON Q679 OFF Q679 ON 

1 NC-3PH-GOW-GREN - Stable - Stable 
2 NC-3PH-GOW-Q679 - Stable - Stable 
3 NC-3PH-Q679-GOW - Stable - Stable 
4 NC-3PH-GOW-GRES - Stable - Stable 
5 NC-3PH-GOW-BAYE - Stable - Stable 
6 NC-3PH-GOW-GOET - Stable - Stable 
7 NC-3PH-GOW-FARR - Stable - Stable 
8 NC-3PH-GRES-GOW - Stable - Stable 
9 SB-1PH-GOW-GREN-FARR - Stable - Stable 

10 SB-1PH-GOW-Q679-GREN - Stable - Stable 
11 SB-1PH-GOW-Q679 - Stable - Stable 
12 SB-1PH-GOW-GRES-FARR - Stable - Stable 
13 SB-1PH-GOET-COGN-GOW - Stable - Stable 
14 SB-1PH-GOW-GOET-FARRW - Stable - Stable 
            

15 UC06 - Stable - Stable 
16 UC09 - Stable - Stable 
17 UC11 - Stable - Stable 
18 UC19 - Stable - Stable 
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# ID 
2024 Summer Peak 2024 Light Load 

Q679 OFF Q679 ON Q679 OFF Q679 ON 

19 TE03-UC03 - Stable - Stable 
20 TE03-UC03(LLG) - Stable - Stable 
21 TE20-UC20 - Stable - Stable 
22 TE20-UC20(LLG) - Stable - Stable 
23 LIPA-NC02 - Stable - Stable 
24 LIPA-NC03 - Stable - Stable 

 
Summary plots showing the response of the Project and the voltage at the POI bus following Fault 
#1 are shown in Figure 7-3 and Figure 7-4 for light load conditions and summer peak load system 
conditions respectively. The fault is applied at the POI at 0.1 seconds and cleared by opening 
Gowanus breakers after 4.0 cycles whereas Greenwood North breakers were opened 9.5 cycles 
after fault inception. The MW output of the Project’s onshore converter station reaches its pre-
fault level after the fault is cleared.  
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Figure 7-3: Q679 Response Following Fault #1 – NC-3PH-GOW-GREN (2024 Light Load) 
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Figure 7-4: Q679 Response Following Fault #1 – NC-3PH-GOW-GREN (2024 Summer Peak) 

 
The plots for all simulations are included in Appendix G:  
 

• Section G.1: Summer Peak  
• Section G.2: Light Load 

7.5 Critical Clearing Time Analysis 
A Critical Clearing Time (CCT) Analysis was performed to determine the impact of  the Project on 
critical clearing times in the local area. The analysis was conducted both on the pre- and post-
Project summer peak and light load cases.  

The buses that were tested included the Gowanus 345 kV, Farragut 345 kV and Goethals 345 kV 
buses. CCTs were determined at each of the tested buses by simulating a three-phase fault at 
that bus (faults were not cleared and were simulated until angular instability was detected or the 
Project and/or nearby generating units tripped).  
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The results of the CCT analysis are tabulated in Table 7-4.  
 

Table 7-4: Results of Critical Clearing Time Analysis 

Bus (Fault) 
Critical Clearing Time, Cycles 

Summer Peak Light Load 

Pre-Project Post-Project Pre-Project Post-Project 

Gowanus [126287] 345 kV  101 112 131 >30 

Goethals [126283] 345 kV 112 142 151 >30 

Farragut [126277] 345 kV 183 193 131 254 

[1] MACHINE 1 AT BUS 147810 [PAGTFOXH    13.800]   
[2] MACHINES 1-8  AT BAYONNE POWER PLANT   
[3] MACHINE 1  AT BUS 148710 [AST_E_ST    18.000]    
[4] MACHINE 1  AT BUS 126359 [PEEK13.8    13.800] in Millwood  

 
Based on the above results, the following conclusions are drawn: 
 

• Gowanus 345 kV bus: With the Project in service, the CCTs increase by 1 cycle in the 
summer peak load case and more than 17 cycles in the light load case. 

• Goethals 345 kV bus: With the Project in service, the CCTs increase by 3 cycles in the 
summer peak load case and more than 15 cycles in the light load case.  

• Farragut 345 kV bus: With the Project in service, the CCTs increase by 1 cycle in the 
summer peak load case and more than 12 cycles in the light load case. 

 
The response of a few generating units in the local area are shown in Appendix G.3. It is concluded 
that there are no concerns associated with the interconnection of the proposed Project on CCTs 
in the local area. 

7.6 Summary of Stability Analysis 
All simulated local and design criteria contingencies were seen to be stable in the summer peak 
load and light load cases. The Project rides through all faults without tripping. Furthermore, results 
show that there are no concerns associated with Critical Clearing Times (CCTs) in the local area 
following the interconnection of the Project, and no adverse impact due the Project on the CCTs 
of the tested buses.  
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8 SHORT CIRCUIT ANALYSIS 
The pre- and post-Project short-circuit cases were provided by NYISO in ASPEN® format. The 
ASPEN One Liner program was used to perform the short-circuit analysis on monitored facilities 
in the Study Area. All transmission system elements were assumed to be accurately represented 
in the cases provided and therefore no further modeling efforts were expended. The proposed 
Offshore wind is modeled as a voltage controlled current source in the short-circuit cases. The 
maximum fault current was assumed to be 150% of the rated current of the Project. 

The procedures discussed in the NYISO Guideline for Fault Current Assessment [7] were 
employed for short-circuit computations. The calculation assumed the following system 
conditions: 

• All loads, shunts and transformer magnetizing branches are ignored. 
• All generating units are assumed in service. Generators are modeled using sub-transient 

saturated reactance and the internal voltages of all generators are set to 1.00 per unit and no 
phase displacement due to load (i.e., “Linear Network Solution” pre-fault starting conditions 
assumed), with the angle set by the reference bus (Marcy 345 kV). 

• All faults were assumed with zero-impedance (bolted fault) with no current limiting effect due 
to the fault itself. 

The following fault types were studied:  

• Three-phase  
• Double-line-to-ground 
• Single-line-to-ground 

Table 8-1 summarizes the pre- and post-Project short-circuit levels. The table shows the 
computed short-circuit levels for three-phase (3PH), double-line-to-ground fault (2LG) and single-
line-to-ground (1LG) bus faults under normal system conditions. The lowest breaker ratings 
(LBRs) at several buses were provided by Con Edison. The following observations are made:  

• Short-circuit currents at the Gowanus 345 kV bus is not over-dutied based on their LBRs. 

• At all other buses, the calculated short-circuit currents are well within the lowest breaker 
ratings at those buses. 

The complete list of fault current levels for all the buses (including Con Edison’s buses) can be 
found in Appendix G. 
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Table 8-1: Short-Circuit Impacts Due to the Interconnection of the Project  
Bus Lowest Breaker without Project (kA) with Project (kA) Incremental (A) 

Name kV Ratings (kA) 3LG 2LG 1LG Max Duty % 3LG 2LG 1LG Max Duty % 3LG 2LG 1LG Max 
GOWANUS 345 63 26.9 28.9 29.1 29.1 46% 30.1 29.9 29.6 30.1 48% 3160 1044 503 3160 
GOTHLS 345 63 27.1 29.2 29.9 29.9 47% 29.1 29.6 30.2 30.2 48% 2007 427 340 2007 
FRESH KILLS 345 63 25.8 27.2 27.1 27.2 43% 27.3 27.5 27.4 27.5 44% 1461 340 290 1461 
FOXHLLS1 138 63 28.6 29.7 26.0 29.7 47% 28.6 29.8 26.2 29.8 47% 69 57 277 277 
FARRAGUT 345 63 55.0 58.8 58.1 58.8 93% 55.1 58.9 58.2 58.9 94% 89 120 98 120 
MILLWOOD 345 63 45.6 43.9 34.8 45.6 72% 45.6 43.9 34.9 45.6 72% 39 30 115 115 
E13ST 46 345 63 51.3 54.5 51.3 54.5 87% 51.4 54.6 51.4 54.6 87% 95 114 86 114 
E13ST 45 345 63 51.4 54.5 51.5 54.5 86% 51.5 54.6 51.6 54.6 87% 95 114 86 114 
FOXHLLS2 138 40 28.2 29.3 25.1 29.3 73% 28.2 29.4 25.3 29.4 73% 71 61 112 112 
E13ST 47 345 63 49.9 53.0 50.0 53.0 84% 50.0 53.1 50.1 53.1 84% 95 112 84 112 
E13ST 48 345 63 49.5 52.5 49.3 52.5 83% 49.6 52.6 49.4 52.6 83% 95 112 84 112 
W 49 ST 345 63 52.0 54.8 51.4 54.8 87% 52.1 55.0 51.4 55.0 87% 91 105 78 105 
CORONA-N 138 63 50.6 59.0 54.2 59.0 94% 50.7 59.1 54.2 59.1 94% 101 100 0 101 
CORONA-S 138 63 50.6 59.0 54.2 59.0 94% 50.7 59.1 54.2 59.1 94% 101 100 0 101 
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9 EXTREME CONTINGENCY ANALYSES 
Selected extreme contingencies (from the list of extreme contingencies provided by the NYISO) in New 
York City were tested to assess the impact of the Project on the performance of the system. See Table 
9-1. Steady-state and stability analyses were conducted for 2024 summer peak load conditions. 

Table 9-1: List of Extreme Contingencies 

Cont. 
ID Description 

EC27 L/O ASTORIA GENERATION 

EC28 L/O RAVENSWOOD GENERATION 

EC40 L/O GOWANUS 345KV SUBSTATION 

EC42 L/O DUNWOODIE 345KV SUBSTATION 

EC44 L/O FARRAGUT SUBSTATION 

EC45 L/O SPRAINBROOK SUBSTATION 

EC53 L/O GOETHALS SUBSTATION AND COGENTECH 

9.1 Steady-State Analysis Results 
Steady-state analysis was performed using the summer peak load pre- and post-Project cases provided 
by NYISO. 

9.1.1 Thermal Evaluation 
Table 9-2 compares post-contingency branch loadings on Study Area transmission facilities rated 100 
kV and above in the pre- and post-Project cases against their respective Short-Term Emergency (STE) 
ratings. Facilities that were loaded above their STE ratings are shown. 

The Goethals to Linden 230 kV line was loaded above its STE rating for an extreme contingency at the 
Farragut 345 kV substation (EC44). The overloading issue can be mitigated by rescheduling the Goethals 
PAR from 266 MW (to PJM) to 121 MW on a pre-contingency basis. 

9.1.2 Voltage Evaluation 
Table 9-3 compares post-contingency voltages on Study Area buses rated 100 kV and above in the pre- 
and post-Project cases. Buses that exhibit voltage violations with impacts greater than 0.005 pu are 
reported. The post contingency low voltage of 0.905 pu at Dunwoodie South 138 kV in the pre-Project 
case reduced to 0.900 pu in the post-Project case, thus the impact of the Project is significant. 

It should be noted that the extreme contingency analysis is performed for information purposes only; 
therefore, no attempt was made to resolve the voltage violations. 

9.2 Stability Analysis Results 
Extreme contingencies were also tested by running dynamic simulations. This analysis was performed 
using the post-Project summer peak load stability model provided by the NYISO.  Faults listed in Table 
9-1 were run and the simulation results are summarized in Table 9-4. The system is stable for all the 
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extreme contingencies tested on the pre- and post-Project case. The plots for each contingency 
simulated are included in Appendix I.  

9.3 Summary of Extreme Contingency Analysis 
The Project has significant impact on the thermal overloads and voltage violations. No adverse impact 
was noted from the stability analysis. 
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Table 9-2: Thermal Impacts Due to the Project on the Summer Peak Case (Extreme Contingency) 

Monitored Facility 
kVs 

Rating 
Contingency 

%Loading 

From # From Name To # To Name Ckt (MVA) Q679 Off Q679 On Diff Mitigation 

126321 GOETHALS 218300 LINDEN 1 230 890 EC44:L/O FARRAGUT SUBSTATION 69.1 111.7 42.6 99.0 

126321 GOETHALS 999985 XFMR 1 1 230 1052 EC44:L/O FARRAGUT SUBSTATION 60.4 96.5 36.1 85.6 

126283 GOTHLS 126284 GOTHLS R 1 345 1052 EC44:L/O FARRAGUT SUBSTATION 60.6 96.2 35.7 85.3 

126284 GOTHLS R 999985 XFMR 1 1 345/230  1052 EC44:L/O FARRAGUT SUBSTATION 60.1 95.1 35.1 84.4 

Mitigation: Reschedule Linden (Goethals PAR) to 121 MW towards PJM on a pre-contingency basis. 

 

Table 9-3: Voltage Impacts Due to the Project on the Summer Peak Case (Extreme Contingency) 
          Limits Contingency Contingency Voltages 

Bus#  Bus Name  Bus kV  Area  Zone Low High Q679 Off Q679 On Diff Mitigation 
126372 DUN SO       138 DUNWOODI CE AREA 8 0.95 1.05 EC45:L/O SPRAINBROOK SUBSTATION 0.905 0.900 -0.005 0.902 

Mitigation: Reschedule Linden (Goethals PAR) to 121 MW towards PJM  on a pre-contingency basis. 
 

Table 9-4: Extreme Contingency Stability Analysis Results  

# ID 
2024 Summer Peak 

Q679 Off Q679 On 
1 EC27 - Stable 

2 EC28 - Stable 

3 EC40 - Stable 

4 EC42 - Stable 

5 EC44 - Stable 

6 EC45 - Stable 

7 EC53 - Stable 
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10 NPCC A-10 TESTING 
The scope of this SRIS included a review of the NPCC Bulk Power System (BPS) classification 
of existing and proposed new stations as related to the interconnection of the Project. The Bulk 
Power System testing followed the NPCC A-10 criteria and requirements [5] as described below. 

The A-10 verification was performed on the post-Project 2024 Summer Peak load case. The 
verification included two tests: i) transient stability test, and ii) steady-state test. These tests are 
described in Section 3.1.7 and were performed on the Project’s 345 kV AC onshore bus (see 
Table 10-1). The Gowanus 345 kV bus is already classified as a BPS facility and therefore, A-10 
tests were not performed on that bus.  

Table 10-1: Selected Buses for A-10 Testing 

Bus # Bus Name Bus kV 

128344 Q679POI 345 

 

10.1 Transient Stability Test 
A transient stability analysis was performed by applying a three-phase fault at the test bus for 10 
seconds (simulations were run out to 20 seconds). After 10 seconds the fault is cleared at the 
remote terminals of each transmission line connected to the test bus (the remote clearing times 
assume no communication from the station under test to the remote terminals).  

The NPCC A-10 test on the Q679 HV 345 kV resulted in numerical instability at around 2.3 
seconds. The Bayonne, Linden Cogen, Arthur Kills 3 and NYPA generators in Staten island 
tripped prior to numerical instability. The generation loss is more than the NYISO operating 
reserves (currently 1310 MW). As described in Section 10, due to the conservative nature of the 
above test, the test was repeated using a clearing time of 5 cycles. The 5 cycle fault shows no 
tripping of local generation (the test bus was tripped at fault clearing). Since the 5-cycle test 
passed, the Q679 345 kV bus may not be classified as a BPS facility based on the transient 
stability test. The results of stability simulations in Appendix J. 

10.2 Steady State Test 
The steady-state test was performed on the aforementioned post-Project 2024 summer peak load 
case. In this test, the tested bus was disconnected. The resulting case is solved with transformer 
taps, phase angle regulators and switched shunts enabled. In accordance with reference [5], the 
solved post-contingency case was screened for facilities loaded above their respective Short 
Term Emergency (STE) ratings (Rate C in PSS/E). Also, facilities were screened for severe pre- 
to post-contingency voltage rise/drop (± 9%). No facility in the Study Area was loaded above its 
STE limits and the pre-to-post contingency voltage rise/drop of all the buses is below (± 9%) 
therefore, it is concluded that the tested bus need not to be classified as a BPS bus. 
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10.3 Summary of NPCC A-10 Testing 
Based on the results of the transient stability and steady-state tests, it is concluded that the test 
bus is not required to be classified as a BPS bus.  
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11 PHASE ANGLE REGULATOR (PAR) IMPACTS 
The Project’s impact on the ABCJK PAR schedule and control ranges was assessed to check if 
any PAR reaches its angle control limits due to the addition of the Project. The test was performed 
using the pre- and post-Project 2024 Summer Peak cases. It should be noted that the B and C 
PARs were out of service in these cases. 

Table 11-1 summarize the results of this assessment. The results show that each of these PARs 
is able to regulate MW flows within their controlled ranges and their phase shift angles are within 
the specified angle limits.  
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Table 11-1: Summary of PARs in the Summer Peak Cases 

PAR Info Summer Peak Off Summer Peak On 

ID From Bus     To Bus     CKT 
MW Actual 

Angle 

Angle Limits  
MW Actual 

Angle 

Angle Limits  

  No. Name kV No. Name kV    Max Min   Max Min  

Linden to Goethals PAR ("A" PAR) 126283 GOTHLS   345 126284 GOTHLS R   345 1 10.1 18.8 37.8 -37.8 267.1 3.5 37.8 -37.8 

Hudson - Farragut PARs  126278 B3402 PAR1 345 126645 FARRAGUT EAS 345 1 Out of service 

("B" and "C" PARs) 126279 C3403 PAR2 345 127100 B44 345 1 Out of service 

Waldwick PARs  ("J", "K" PARs) 

217062 WALDWICK 230 216971 WALDWICK_O 230 1 7.7 21.1 32 -32 7.8 10.9 32 -32 

217062 WALDWICK 230 217064 WALDWICK_E 230 1 6.9 21.0 30 -30 7 10.8 30 -30 

217062 WALDWICK 230 217068 WALDWICK_F 230 1 7 21.4 32 -32 7.2 11.3 32 -32 
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12 FEASIBILITY ANALYSIS  
Bus Flow Analysis and Physical Feasibility Analysis were performed by the CTO. The following is a 
summary of the CTO’s findings. 

12.1 Bus Flow Analysis 
The Bus Flow Analysis for the interconnection of the proposed Project was performed by Con Edison. 
This analysis shows that the Project does not cause any adverse thermal impacts on the existing 
equipment of the Gowanus 345 kV substation under pre- and post-contingency conditions. It is important 
to note that the bus flow analysis only assesses the thermal rating adequacy of the substation bus 
equipment as a result of the Project interconnection, and in accordance with the Developer’s current 
proposal and breaker one-line diagram. The possible need for replacement of the substation equipment 
due to other reasons can be identified in separate studies at any stage of the interconnection process, 
up to and including detailed design studies. For more details, please refer to Appendix K. 

12.2 Interconnection Physical Feasibility Study 
The Interconnection Physical Feasibility Study for the interconnection of the proposed Project was 
performed by Con Edison. The study has found no adverse or obvious physical obstructions that would 
preclude the possibility of establishing the proposed POI. Detailed engineering and scope development 
will be part of the facility stage of the Project. The study found that two (2) new breakers and five (5) 
disconnects (including a feeder disconnect) and will have to be constructed by the Developer at Gowanus 
345 kV. The Interconnection Physical Feasibility Study report also discusses feeder routing, 
environmental issues, etc. For more details, please refer to Appendix L.  
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13 COST ESTIMATES AND TIME TO CONSTRUCT 
This section provides a description and non-binding good faith cost estimates for the System Upgrade 
Facilities (“SUF”) and Connecting Transmission Owner Attachment Facilities (“CTOAF”) needed to 
interconnect the proposed Project. As described in reference [7], the Project will be connecting a 345 kV 
feeder from the NYC Offshore Wind Project to the ring bus at Gowanus Transmission Station, in 
between existing circuit breakers 6 and 14. The following SUF and CTOAF are required to interconnect 
the proposed Project at the Gowanus 345 kV substation.  

• Two (2) new 345 kV breakers 

• Five (5) new disconnects 

The non-binding good faith cost estimates for the SUF and CTOAF are as follows: 

Table 13-1: Material Cost 

Component Quantity  Voltage  
(kV) Type Continuous  

Rating (A) 
Short circuit  
Rating (kA) Price  Total 

Circuit breaker  2 345 AIS 3000 63 $349,670  $699,340  

Motor Operated Disconnect Switch 5 345 AIS 3000 - $96,160  $480,800  

Total: $1,180,140  

 

Miscellaneous Materials (in addition to those listed above): 

Quantity  Price each/per ft Bus Work (ft) Type Use Description Total Price 

1 $50  350 Al Tube Bus Work   $17,500  

1 $8  1000 AC Conductor Cable  2153kCMIL (Bluebird) $8,000  

60 $150  1 Clamps     $9,000  

3 $20,000  1 CT/PT Combo Metering Trench  $60,000  

4 $30,000 1 Protection Panel     $120,000  

1 $30,000  1 Metering     $30,000  

1 $500,000  1 Steel    Foundation/Structures etc. $500,000  

1 $500,000  1 Design Engineering     $500,000  

1 $300,000  1 Commissioning     $300,000  

Total: $1,544,500  

 

Table 13-2: Labor and Management Costs 

Labor and Management Total Price 
Project Management, site construction, electrical construction, civil construction, 
site management  etc. $1,216,465 

 

The total cost estimate to perform the described substation modifications is estimated to be about $5.92 
million in 2021 dollars, from engineering design to commissioning. This estimate includes a 50% 
contingency. Table 13-3 shows a summary of the costs. It should be noted here that these cost estimates 
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cover the cost of the upgrades made to the substation, and do not include any costs for construction of 
the new transmission line or any transmission line modifications. The time to design and construct the 
substation modifications is estimated to be 12-18 months.  

 

Table 13-3: Breakdown of Cost Estimates 

Cost Categories Price 
Material  $2,724,640  
Labor  $1,216,465  
Sub total  $3,941,105  
Contingency (+50%)  $1,970,553  
Total  $5,911,658  

 

The Connecting Transmission Owner (Con Edison) was not consulted in developing the aforementioned 
estimates. Con Edison does not acknowledge accuracy of the given cost or schedule estimates. Con 
Edison provides cost estimates at the Facilities Study stage of the interconnection process. 
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14 CONCLUSIONS 
Based on the steady-state, dynamic stability and short-circuit analyses, it is concluded that the proposed 
Project does not have a significant adverse impact on the reliability of the existing transmission system.  

Transfer limit analysis was performed to determine the impact of the Project on the UPNY-ConEd 
interface. Results the Project adversely impacts the normal and emergency thermal transfer limits of the 
UPNY-ConEd interface. The degradation of the transfer limits was mitigated by reducing 225 MW of 
generation at the Roseton power plant on a pre-contingency basis with a corresponding increase in the 
dispatch of the Linden Cogen power plant in NYC in post-Project case. The Project increases the voltage 
transfer limits of the UPNY-ConEd interfaces. Stability transfer analysis confirms that operating the 
UPNY-ConEd interfaces higher than the more restrictive of their voltage-based and emergency thermal-
based transfer limits does not adversely impact system stability performance.  

Results of the extreme contingency analysis showed that the proposed Project has no adverse impact 
on thermal overloads; however, it adversely impacts voltage performance following extreme 
contingencies. Results also show that stability performance is not impacted following such contingencies. 

Results of the NPCC A-10 testing indicate that the 345 kV AC onshore bus of the proposed Project should 
not be classified as a BPS facility. 

Bus Flow Analysis and Physical Feasibility Analysis were performed by the CTO. The Bus Flow Analysis 
shows that the Project does not cause any adverse thermal impact on the existing equipment of the 
Gowanus 345 kV substation under pre- and post-contingency conditions. Similarly, the Interconnection 
Physical Feasibility Study the study has found no adverse or obvious physical obstructions that would 
preclude the possibility of establishing the proposed POI. 
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Executive Summary 

This report documents the methods and results of a noise impact analysis conducted in support of the 
application by Anbaric Development Partners, LLC for a Certificate of Environmental Compatibility and 
Public Need pursuant to Article VII of the New York Public Service Law. Anbaric proposes to construct 
the Hera Power Link Facility (Facility), which consists of a proposed 1,200-megawatt (MW) submarine 
cable system and a Converter Station that will use Voltage Source Converter-HVDC (VSC-HVDC) 
technology to convert power from DC to High Voltage Alternating Current (HVAC) to be located on a 
waterfront parcel on the eastern shoreline of Staten Island, New York.  A high-level summary of the 
results of the analysis of potential noise impacts from the proposed Facility is as follows: 

1. Regarding applicable noise regulations, Article VII does not address noise specifically. Nor does 
the Article VII policy document The Certification Review Process For Major Electric and Fuel Gas 
Transmission Facilities issued by the New York State Department of Public Service (NYDPS), 
which administers Article VII permit applications. In assessing noise impacts, Article VII permit 
applications have historically employed the policy of the New York State Department of 
Environmental Conservation (NYSDEC), which is described in Section 3.2. In 2020 NYDPS 
released their general recommendations for noise for applications for facilities such as converter 
stations. NYDPS recommends a limit of 35 dBA at residences, which is well below existing 
nighttime noise levels near the Facility. As a result, this analysis assessed noise impact according 
to the NYSDEC guidelines primarily, but also applicable New York City requirements. 

2. Converter stations are not particularly loud relative to other power generation and industrial 
facilities. For those components that do produce noise, mitigation measures are available that are 
physically feasible and economically reasonable. The three most significant noise-producing 
components are the converter transformers, the converter hall (main building), and building and 
equipment cooling systems.  

a. Noise emissions from converter transformers, which are located outside, can be controlled 
through a combination of the use of quieter equipment than that assumed in this analysis, 
enclosing portions of the units inside a building, and/or by constructing acoustical barriers 
around them. The latter mitigation measure was modeled as part of this analysis to 
demonstrate feasibility and is shown to effectively reduce predicted off-site noise levels. 

b. The Converter Station building (Converter Hall) will need to be made from materials with 
greater soundproofing than a standard metal building to adequately contain noise from the 
equipment located inside. Also, as designed, there will be no ventilation openings or other 
building penetrations. If any are determined to be necessary, they must be acoustically 
treated. This noise mitigation measure was modeled as part of this analysis and is 
considered feasible for this Facility. 

c. For this analysis, barrier walls were modeled for the following: 

i. Along the boundaries of the properties comprising the Converter Station (along 
both the upland parcel and waterfront parcel) and would range in height from 
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approximately 16 to 40 ft, with the tallest wall segments provided along the 
southern and western property boundaries of the upland parcel. 

ii. 35-foot-tall noise barriers along three sides of the transformers and reactors on the 
waterfront parcel. 

iii. A 25-foot-tall noise barrier between the shunt reactors and reactor coolers on the 
waterfront parcel. 

3. The Converter Station is located an urban, industrial setting where existing noise levels are 
consistently greater than 40 dBA due to traffic, and urban and industrial activities. Similarly, the 
Land Cable Route is in a is a heavily developed and urbanized area. The average measured 
nighttime Leq at the Converter Station is 47 dBA.  As NYSDEC policy recognizes, the degree of 
impact that a new source of noise (the Facility) has on its environment depends on its noise 
emissions versus that of existing noise levels. NYSDEC guidelines define a significant increase 
in noise levels as more than 6 dBA. Aside from two receptor locations, predicted noise levels 
would be lower than existing ambient conditions in the surrounding area once the Converter 
Station is operational. Specifically, sound levels would increase at two nearby noise sensitive 
receptors: an increase by 0.5 dBA (overall predicted sound level of 54.6 dBA) and at by 0.1 
(overall predicted sound level of 55.2 dBA). This meets the NYSDEC requirement of an increase 
of no more than 3 dBA ideally and no more than 6 dBA in any case. Additionally, the projected 
noise levels would not exceed the requirement of 65 dBA in industrial or commercial areas with a 
high end of approximately 79 dBA. Sound levels would decrease at the remaining eight receptor 
locations that were modeled. This is because converter stations are not particularly loud relative 
to other power generation and industrial facilities such as the existing industrial facility (Reynolds 
Shipyard) at the overall Converter Station property.  

4. The Converter Station has been designed to minimize noise impacts on the surrounding area by 
locating the most noise-producing equipment on the waterfront parcel and on the west side of the 
Converter Hall, away from nearby residences. Additionally, louder equipment will be located 
inside of the Converter Hall. 

5. Noise will be generated by construction of the converter station over the course of a 40-to-55-
week period. Noise levels at nearby residences will vary greatly depending on the phase of 
construction, proximity of construction activities, and other factors. For example, a loud day would 
be during demolition of existing buildings (which is one of the louder construction activities), 
whereas many days there might be little to no activity and therefore no noise at all. All construction 
activities will be conducted between the hours of 7:00 a.m. and 6:00 p.m. on weekdays, in 
accordance with the City Administrative Code. Construction activities may not conform to Section 
24-228 of the City Administrative Code, which allows for an increase of up to 15 dBA above the 
ambient noise level and requires construction noise levels not to exceed 85 dBA as measured 50 
or more ft from the source or sources on a public right-of-way. The Applicant is requesting that 
the Commissioner of the NYCDEP not apply this local law, as it is unreasonably restrictive to the 
extent that construction activities may result in transient and temporary occurrences of these 
conditions.  Noise impacts associated with construction activities are unavoidable but will be 
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localized, temporary and mitigated to the extent practicable. All construction equipment will be 
located on the Converter Station property as far as possible from nearby noise sensitive receptors 
to the extent feasible. Potential mitigation options such as temporary noise barriers, perimeter 
fencing with acoustical insulation, pile cap/cushion and/or nose shrouds will be installed 
throughout the Converter Station property. As the Facility construction plans progress and are 
refined, the Applicant will evaluate the need for noise mitigation to minimize offsite impacts. These 
mitigation measures will be outlined in a Noise Mitigation Plan and detailed in the EM&CP as 
required by City Administrative and under Article VII. BMPs will also be implemented to the extent 
necessary and will be detailed within the Noise Mitigation Plan and the EM&CP. 

6. Construction activities will also be required for the Land Cable System, which will be installed 
within transition vaults on disturbed/developed landing sites and within existing paved roads and 
ROWs via conventional cut and cover. Transition from the HVAC Submarine Cable to the HVAC 
Land Cable will be installed underground via HDD technology. Underground vaults, manholes 
and other terrestrial infrastructure as necessary to accommodate the transmission cables and 
accessory infrastructure will be installed at the Brooklyn Landfall. For the HDD at the Brooklyn 
Landfall, construction duration is anticipated to occur over a one-month period. Noise levels 
resulting from construction activities will vary greatly depending on factors such as the type of 
equipment and the operations being performed and could be periodically audible from off-site 
locations at certain times. The HVAC Land Cable Route is a heavily developed and urbanized 
area and trenching would only take place in any one area for a few days at a time. Additionally, 
the Brooklyn Landfall is in an urban, industrial setting. Similar to construction of the Converter 
Station, construction activities associated with HDD and installation of the HVAC Land Cable may 
not conform to Section 24-228 of the City Administrative Code. The Applicant is requesting that 
the Commissioner of the NYCDEP not apply this local law, as it is unreasonably restrictive to the 
extent that construction activities may result in transient and temporary occurrences of these 
conditions. Construction will be conducted between the hours of 7:00 a.m. and 6:00 p.m. on 
weekdays, in accordance with the City Administrative Code. A Noise Mitigation Plan will also be 
prepared and included in the EM&CP prior to construction. To further minimize potential 
construction impacts, adjacent landowners will be provided timely information with respect to the 
planned construction activities and schedule, and the Applicant will coordinate with NYCDOT prior 
to commencement of construction activities. As the Facility construction plans progress and are 
refined, the Applicant will evaluate the need for site-specific noise mitigation to minimize offsite 
impacts.
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1.0 INTRODUCTION 

This report documents the methods and results of a noise impact analysis conducted in support of the 
application by Anbaric Development Partners, LLC (the Applicant) for a Certificate of Environmental 
Compatibility and Public Need pursuant to Article VII of the New York Public Service Law. The Applicant 
proposes to construct the Hera Power Link Facility, a proposed 1,200-megawatt (MW) submarine cable 
system that will connect offshore wind areas in Federal Waters to the New York Independent System 
Operator’s (NYISO) Zone J (Facility). The Facility will include a Converter Station that will use Voltage 
Source Converter-HVDC (VSC-HVDC) technology to convert power from DC to High Voltage Alternating 
Current (HVAC) to be located on the eastern shoreline of Staten Island, New York.  

Noise will be emitted during the construction and operation of the Facility. This report describes the 
potential impact of this noise, assessed according to the requirements and guidelines of the New York 
State Department of Environmental Conservation’s (NYSDEC) policy Assessing and Mitigating Noise 
Impacts (revised 2001), applicable portions of the New York State Department of Public Service’s 
(NYDPS) General Recommendations for Applications for Substations, Stations, and Converter Stations 
under Article VII (2020), and local New York City noise requirements. This report is organized as follows: 

1. Section 2 describes the Project noise sources associated with the operation and construction of 
the Facility, and the location of noise-sensitive receptors (e.g., residences) in the area. 

2. Section 3 summarizes the specific laws, regulations, and acoustical standards applicable to the 
operation and construction of the Facility. 

3. Section 4 describes results of the ambient noise measurement survey conducted at and 
surrounding the Converter Station in August 2022. 

4. Section 5 describes the results of the assessment of noise from the operation of the Facility. This 
includes the method and input data used in the noise level predictions, the location of receptors 
where levels from operation are predicted, a comparison of predicted noise levels to the New York 
City noise requirements, and recommended minimization and mitigation measures. 

5. Section 6 discusses construction noise levels, including the input data and methods used to 
predict construction noise levels, predicted construction levels at representative distances, and 
recommended construction noise minimization and mitigation measures. 

6. Noise terminology and concepts used in this report are provided in Attachment A. 
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2.0 PROPOSED FACILITY AND SURROUNDING LAND USES 

This section describes the location of the Facility, the noise sources associated with the operation of the 
Facility, the location of these sources with respect to external property boundaries, and the location of 
noise-sensitive land uses located near the Facility. 

2.1 Location of Proposed Facility 

The Converter Station will be located on a waterfront parcel (4.7 acres) and an adjoining industrial upland 
parcel (1.7 acres) at 200 Edgewater Street in Staten Island. The Preliminary Converter Station Drawings 
in Attachment B depicts the layout of the proposed Converter Station. The overall Converter Station 
property is bordered by commercial and industrial uses and vacant land to the north; residential uses, a 
utility property and a public facility/open space use to the south; Upper New York Bay to the east; and 
residential uses and a former religious use to the west.  

2.2 Operational Noise Sources 

Noise generation operational equipment to be located at the Converter Station includes the following: 

1. Converter transformers and associated coolers: located outside at-grade on the waterfront parcel 
(three transformers total and two coolers per transformer for a total of 6 coolers). 

2. Converter Hall Building: noise from DC reactors, filters, and converter power electronic equipment 
located inside the building will transmit through the solid walls of the building to some degree. The 
building is comprised of the power electronics (valve) hall, indoor DC yard, and services building 
for the facility auxiliary equipment. The building will be completely sealed and kept under positive 
pressure to keep out dust and dirt. Therefore, there will be no vents directly to the exterior. 

3. Valve cooling tower: located outside on the western portion of the upland parcel. 

4. Climate systems: six air handler units, situated west, east and south of the converter building. 

5. Shunt reactors: located outside on the waterfront parcel, east of the transformers and cooling 
fans. 

6. Shunt reactor coolers: located outside and east of the reactors. 

7. Pre-insertion resistor area and gas-insulated switchgear (GIS) building (are not sources of audible 
noise and were not included as part of the standard operational noise analysis). 

8. Backup diesel generator: this will only operate in emergency situations and routine testing and 
was not included as part of the operational noise analysis. 

9. DC chopper units (are not a source of audible noise, will only operate momentarily and were not 
included as part of the standard operational noise analysis). 
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2.3 Noise-Sensitive Receptors Near Facility 

Noise impacts were assessed at noise-sensitive receptors (e.g., residences) within the surrounding 
community. A total of nine (9) noise measurement locations were selected as representative of sensitive 
receptors in the surrounding areas. These receptors are shown in Figure 1 and are provided in Table 1 
with associated distances from the Converter Station. All distance were measured from the closest 
property boundary of either the upland parcel or the waterfront parcel associated with the Converter 
Station to the noise sensitive receptor’s center point.  

Table 1 – Nearest Noise-Sensitive Receptors 

Designation Location Approximate Distance from 
Upland Parcel (Feet) 

Approximate Distance from 
Waterfront Parcel (Feet) 

A 296 Edgewater Street 550 260 

B Intersection of Clifton Avenue 
and Edgewater Street 365 80 

C 254 Edgewater Street 150 40 

D Intersection of Sylva Lane and 
Edgewater Street 50 75 

E Sylva Lane 35 245 

F Wiman Place 40 400 

G Church Lane 80 500 

H Intersection of Sylvaton 
Terrace and Church Lane 70 380 

I Intersection of Edgewater 
Street and Sylvaton Terrace 130 360 

2.4 Construction Noise Sources 

Construction of the Facility will involve demolition of existing structures, site clearing and grading, 
installation of underground structures and foundations, building and equipment erection, and final site 
improvements/restoration. As discussed in more detail in Section 6, constructions activities and cable 
installation will utilize diesel-powered construction equipment such as excavators, cranes, forestry 
equipment, and front-end loaders 

The HVAC Land Cable System will be installed primarily beneath paved public roadways from the 
Submarine Cable System landing at a pier located at 4100 1st Street (Brooklyn Landfall) to extend to the 
existing Gowanus Substation and the Con Edison Brooklyn Clean Energy Hub (BCEH). Given the urban 
setting and the high ambient noise levels of the area where the Facility occurs(especially in downtown 
Brooklyn and proximate to major thoroughfares and bridges), construction noise levels were not projected 
or analyzed along the HVAC Land Cable Route. Additionally, as the properties surrounding the BCEH 
and Gowanus Substation are primarily industrial uses, transportation facilities and utilities which generate 
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higher ambient and are not considered noise-sensitive receptors, noise levels were not analyzed at the 
BCEH or the Gowanus Substation.  
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3.0 APPLICABLE LAWS, STANDARDS, AND REGULATIONS 

Article VII does not address noise specifically. Nor does the Article VII policy document The Certification 
Review Process For Major Electric and Fuel Gas Transmission Facilities issued by the NYDPS, which 
administers Article VII permit applications. In assessing noise impacts, Article VII permit applications 
have historically employed the policy of the NYSDEC, which is described in Section 3.2. This guidance 
was used to establish the primary noise goals for the Facility. In 2020 NYDPS released a draft of their 
proposed noise impact guidelines for facilities such as HVDC converter stations. However, as discussed 
in Section 3.3, DPS recommends a limit of 35 dBA at residences, which is below existing nighttime noise 
levels near the Project. Average noise levels associated with a typical urban area range between 60 to 
70 dBA, while noise levels on a sidewalk by a passing heavy truck or bus could be 90 dBA (Cowan, 1994; 
Egan, 1988).  The following sections summarize the operational noise policies and regulatory standards 
that are applicable to the Facility. A summary of the applicable operational noise standards further 
discussed in this section is provided in Table 2. 

Table 2 – Summary of Applicable Noise Standards 

Agency/ 
Jurisdiction Operational Noise Criteria Standard/Source 

NYSDEC Ambient (45 dBA) + 6 dBA  Assessing and Mitigating Noise 
Impacts (2001) 

NYSDEC 
65 dBA in industrial or 

commercial areas with a high 
end of approximately 79 dBA 

Assessing and Mitigating Noise 
Impacts (2001) 

NYDPS 45 dBA Leq at boundary 
35 dBA Leq at residences 

General Recommendations for 
Applications for Substations, 

Stations, and Converter Stations 
under Article VII (2020) 

NYC 
M3 zoning district noise 

pressure level general and 
reduction requirements 

Sections 42-213 and 214 of the 
City Zoning Resolution 

NYC  

Ambient (45 dBA) + 7 dBA 
during the nighttime hours of 

10:00 p.m. to 7:00 a.m. at any 
receiving property 

Section 24-218 of the City 
Administrative Code 

NYC 
Maximum noise pressure levels 
for residential and commercial 

receiving properties 

Section 24-232 of the City 
Administrative Code 

3.1 Federal 

Although there are no federal community noise regulations that are applicable to the Facility, the EPA 
has established a set of noise criteria and published a report entitled Information on Levels of 
Environmental Noise Requisite to Protect Public Health and Welfare with an Adequate Margin of Safety, 
which explains the impact of noise on humans. The EPA report establishes that keeping the maximum 
24-hour average noise level below 70 A-weighted decibels (dBA) would protect most people from hearing 
loss (USEPA, 1974). Additionally, the EPA recommends an average noise level at or below a day-night 
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average noise (Ldn) of 55 dBA outdoors and an indoor noise of 45 dBA Ldn to prevent interference with 
daily human activities and annoyance.  

3.2 NYSDEC 

The NYSDEC’s Assessing and Mitigating Noise Impacts policy document was prepared to evaluate noise 
levels and characteristics from existing or proposed facilities. Environmental effects of noise and human 
perceptions of noise are defined in the NYSDEC document by the following: significant noise pressure 
levels (Lp) or perceived loudness, which is expressed in dB or dBA; frequency or perceived pitch; 
duration; and Pure tone which is comprised of a single frequency. Another term defined in the policy 
document is the Equivalent Noise Level (Leq) which relates to fluctuating noise levels over a period of 
time. Noise is likely to be a concern to residents or users of adjacent uses when the area surrounding an 
existing or proposed facility contain residential, recreational, institutional or commercial uses. The 
NYSDEC’s policy document generally establishes the following thresholds: 

1. Increases from 0 to 3 dBA should have no substantial effects on proximate noise receptors. 

2. Increases from 3 to 6 dBA may only have the potential for adverse noise impact when the most 
sensitive of noise receptors are present.  

3. Increases of more than 6 dBA may require closer an impact analysis depending on the existing 
noise setting and character of surrounding land uses.  

4. An increase of 10 dBA warrants avoidance and mitigation measures in most cases. 

The NYSDEC policy document further states that the addition of any noise source in non-industrial 
settings should not raise the ambient noise level above a maximum of 65 dBA. In industrial and 
commercial areas, the ambient noise levels may exceed 65 dBA with a high-end level of approximately 
79 dBA. Noise generated from construction must also be considered in any noise assessment including 
noise generated from different types of construction equipment. Mitigation measures listed in the 
NYSDEC policy document when an assessment concludes that significant noise effects may or will occur. 
These minimization measures/best management practices include limiting construction hours, erecting 
noise barriers, utilizing quieter machinery than conventional construction equipment and increasing 
setback distances. As stated in the NYSDEC policy document, an increase of 10 dBA justifies 
consideration of avoidance and minimization measures in most cases.  

3.3 NYSDPS 

The New York State Department of Public Service (NYSDPS) has issued the noise impact 
recommendations listed below. These requirements are preliminary and have not been adopted in 
regulation. The 35 dBA limit is well below even the quietest of existing noise levels in the vicinity of the 
Converter Station and is therefore not considered relevant. The limit of 45 dBA is similar to the lowest 
ambient levels in this area (47 dBA) and is also overly stringent for this location. The NYSDPS general 
recommendations document details specifications for computer noise modeling, tonality assessment, 
and specific design goals as follows: 
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5. 35 dBA Leq-1-hour maximum equivalent continuous average noise level from the station outside 
any residence within the 35 dBA noise contour from any tonal noise sources, (e.g., transformers), 
on the presumption that a 5 dBA prominent tone penalty applies to a basic design goal of 40 dBA. 

6. 40 dBA Leq-1-hour maximum equivalent continuous average noise level from the station outside 
any residence from any other operational noise sources associated with the station not included 
in (1) above. If the noise emissions from these sources are found to contain a prominent discrete 
tone at any residence whether through modeling, calculation, or pre-construction field testing, 
then the noise levels at the receptors will be subject to a 5 dBA penalty; thus, a reduction in the 
permissible noise level to 35 dBA Leq-1- hour. Tonality evaluation should follow the guideline 
recommendations. If no manufacturer’s information or pre-construction field tests are available, 
noises should be assumed to be tonal for those noise sources. 

7. 45 dBA Leq-1-hour maximum equivalent continuous average noise level from the station across 
all properties, except for delineated wetlands and utility rights of way. This should be 
demonstrated with modeled noise contours and discrete noise levels at worst-case locations. No 
penalties for prominent tones should be added in this assessment. 

3.4 New York City Noise Requirements 

As the Converter Station will be in Staten Island and the BCEH, Gowanus Substation and HVAC Land 
Cable Route will be located in Brooklyn, the noise requirements provided in the New York City 
Administrative Code and the New York City Zoning Resolution are the local noise requirements governing 
the Facility. The local noise requirements further discussed below will be followed unless otherwise 
authorized by NYSDPS. 

3.4.1 Construction 

Title 24, Chapter 2 of the New York City Administrative Code (City Administrative Code), entitled Noise 
Control, is a public policy to reduce ambient noise levels in the City and sets standards to prohibit 
unreasonable noise from certain uses and activities.  To limit construction related noise impacts, the 
Noise Control regulations require that all construction be conducted between the hours of 7:00 a.m. and 
6:00 p.m. on weekdays and in accordance with a noise mitigation plan. The Noise Control regulations 
also limit unreasonable noise between the hours of 10 p.m. and 7 a.m. As required by Title 24, Chapter 
2, a Construction Noise Mitigation Plan must be in place and an after-hours construction permit must be 
obtained from either the New York City Department of Buildings (NYC DOB) or New York City Department 
of Transportation (NYC DOT) before any work takes place outside of the permitted construction hours. 
The following provisions regarding construction devises are provided in the City Administrative Code: 

§24-228 Construction devices 

(a)  No person shall operate or use or cause to be operated or used a construction device or 
combination of devices in such a way as to create an unreasonable noise. For the purposes of 
this section unreasonable noise shall include but shall not be limited to noise that exceeds the 
following prohibited noise levels: 
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(1)   Noise, other than impulsive noise, attributable to the source or sources, that exceeds 85 
dB(A) as measured 50 or more feet from the source or sources at a point outside the property 
line where the source or sources are located or as measured 50 or more feet from the source or 
sources on a public right-of-way. 

(2)    Impulsive noise, attributable to the source, that is 15 dB(A) or more above the ambient 
noise level as measured at any point within a receiving property or as measured at a distance of 
15 feet or more from the source on a public right-of-way. Impulsive noise levels shall be 
measured in the A-weighting network with the noise level meter set to fast response. The ambient 
noise level shall be taken in the A-weighting network with the noise level meter set to slow 
response. 

If after-hours work is required and a waiver is granted, the Facility would be subject to the provisions of 
Section 24-223, as follows:  

§24-223 Construction devices 

(d)  During the time that an after hours authorization is in effect, notwithstanding full compliance 
with the noise mitigation plan the department shall issue an advisory or a violation where 
aggregate noise levels from the site exceed the following limits: 

(1)   8dB(A), and on or after January 1, 2020, 7 dB(A) above the ambient noise level as measured 
in any residential receiving property dwelling unit with windows and doors that may affect the 
measurement closed, or 

(2)   The noise levels specified in section 24-228(a) of this code on a construction site that is not 
within 200 feet of a residential receptor, or 

(3)   Except as provided in paragraph (4) of this subdivision, 80dB(A), and on or after January 1, 
2020, 75 dB(A) as measured 50 or more feet from the source or sources at a point outside the 
property line where the source or sources are located or as measured 50 or more feet from the 
source or sources on a public right-of-way when that source is within 200 feet of a residential 
receptor, or 

(4)   85dB(A) as measured 50 or more feet from the source or sources at a point outside the 
property line where the source or sources are located, or as measured 50 or more feet from the 
source or sources on a public-right-of-way when the source is street construction. 

3.4.2 Operation 

The City Administrative Code includes octave-band limits which restrict noise in different frequency bands 
(i.e., high-pitched or low-pitched noises). These octave band limits apply to both residential and 
commercial receiving properties as measured from inside of a room with the windows open. The median 
outdoor-indoor noise level difference for an open window is generally 10 dB (Locher et al., 2018). As the 
City Administrative Code octave band limits for residential and commercial receiving properties are based 
on interior noise levels with an open window and the noise assessment conducted for the Facility predicts 
exterior noise levels at a property boundary, 10 dB was added to each octave band limit to allow for a 
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reasonable comparison. Table 3 presents the octave band limits for both residential and commercial 
receiving properties and the associated exterior limits based on the interior limits plus 10 dB.    

Table 3 – City Administrative Code Octave Band Limits (dBA) 

Octave Band 
Frequency (Hz)  

Maximum Noise 
Pressure Levels to 

be Achieved – 
Residential 

Receiving Property 
(dB) 

Residential 
Exterior Limits 
to be Achieved 

(dB) 

Maximum Noise 
Pressure – 

Commercial 
Receiving Property 

(dB) 

Commercial 
Exterior Limits 
to be Achieved 

(dB) 

31.5 70 80 74 84 
63 61 71 64 74 
125 53 63 56 66 
250 46 56 50 60 
500 40 50 45 55 

1,000 36 46 41 51 
2,000 34 44 39 49 
4,000 33 43 38 48 
8,000 32 42 37 47 

The incremental limits in Section 24-218 of the City Administrative Code prohibit an increase in the 
“ambient noise level” of 7 dBA or more during the nighttime hours of 10:00 p.m. to 7:00 a.m. at any 
receiving property. Ambient noise is defined in Section 24-203 of Administrative Code as the total noise 
level “at a location that exists” excluding “extraneous noises,” which are defined as “intense, intermittent” 
noises. Although the City Administrative Code does not assign noise metric to the term “ambient noise,” 
the standard convention in acoustical assessment is to represent this condition as the average (Leq) noise 
level. 

In addition to the City Administrative Code, the City Zoning Resolution provides specific regulations for 
Manufacturing Districts that relate to noise and apply to the Facility. The Gowanus Substation, BCEH 
and Converter Station are all located in the M3-1 zoning district. Section 42-213 of the City Zoning 
Resolution provides limits on octave band noise levels from operation of a facility in all Manufacturing 
Districts. However, these limits vary by district. As noted in Section 42-214 of the City Zoning Resolution, 
when a manufacturing district adjoins a residential district (at any point at the district boundary or within 
the residential district), the maximum permitted decibel levels in all octave bands must be reduced by six 
decibels. Table 4 presents the maximum permitted noise pressure for the M3 zoning district and the 
required six decibel reduction. 

Table 4 – Maximum Permitted Noise Pressure Levels in NYC Manufacturing Districts 

Octave Band Frequency (Hz)  M3 District General Levels 
to be Achieved (dB) 

M3 District Reduction 
Levels to be Achieved (dB) 

31.5 80 74 
63 80 74 
125 75 69 
250 70 64 
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Octave Band Frequency (Hz)  M3 District General Levels 
to be Achieved (dB) 

M3 District Reduction 
Levels to be Achieved (dB) 

500 64 58 
1,000 58 52 
2,000 53 47 
4,000 49 43 
8,000 46 40 

3.5 Converter Station Noise Level Design Goals 

The applicable noise regulations and land use guidelines for the Converter Station, as discussed in 
Sections 3.2 through 3.4 of this report are summarized in Table 5 below. Ambient noise levels are 
discussed further in Section 4.0 of this report. 

Table 5 – Operational Noise Goals 

Agency/Jurisdiction Operational Noise Criteria 

NYSDEC Ambient (45 dBA) + 6 dBA 

NYSDEC 
65 dBA in industrial or commercial 

areas with a high end of approximately 
79 dBA 

NYDPS1 45 dBA Leq at boundary 
35 dBA Leq at residences 

NYC Zoning 
Resolution (Section 

42-214) 1 

M3 Zoning District Noise Pressure 
Level Reduction Requirements 

NYC Zoning 
Resolution (Section 

42-213) 

M3 Zoning District Noise Pressure 
Level General Requirements 

NYC Administrative 
Code (Section 24-218) 

Ambient (45 dBA) + 7 dBA during the 
nighttime hours of 10:00 p.m. to 7:00 

a.m. at any receiving property 

NYC Administrative 
Code (Section 24-232) 

Maximum noise pressure levels 
(octave band frequencies) for 
residential receiving properties 

NYC Administrative 
Code (Section 24-232) 

Maximum noise pressure levels 
(octave band frequencies) for  

commercial receiving properties 
1As the Converter Station is located within an urban setting with surrounding industrial 
uses, ambient noise levels are consistently and sufficiently higher than the prescribed 
design goal. The ambient acoustic environment within the surrounding area is also 
largely influenced by vehicular traffic. 

3.6 Construction Noise Standards 

Construction noise is regulated by different standards due to its temporary nature and the fact that it is 
primarily a daytime issue (limited sleep disturbance). There are no federal or state limits for noise from 
construction activities other than time-of-day restrictions. The U.S. Federal Highway Administration and 
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Federal Transit Administration have published guidelines for construction noise, with recommended 
upper levels of 67 dBA (Leq(1hr)) and 70 dBA (Lmax) at the exterior of a residence.  
As noted in Section 3.4.2, Title 24, Chapter 2 of the City Administrative Code provides noise limitations 
for construction devices. Section 24-228 of the City Administrative Code allows for an increase of up to 
15 dBA above the ambient noise level and requires construction noise levels not to exceed 85 dBA as 
measured 50 or more feet from the source or sources on a public right-of-way.  
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4.0 AMBIENT NOISE LEVELS 

Existing ambient noise levels were measured at and in the vicinity of the proposed Converter Station 
from August 30, 2022, through September 1, 2022, to determine the location of nearby noise sensitive 
receptors, the baseline noise levels proximate to the Converter Station and the sources of existing noise 
levels. Specifically, short-term noise measurements were conducted on August 31, 2022, and long-term 
noise measurements were conducted from August 30, 2022 to September 1, 2022.This data was then 
compared to noise emissions anticipated from operation of the Converter Station, which was projected 
through acoustic modeling as further discussed in Section 5. This section describes the standards 
followed in the design and execution of the survey, the locations where ambient noise levels were 
measured, the measurement equipment and methods employed, measurement data processing 
methods, and the results of the analysis of the measured data. 

4.1 Measurement Equipment and Standards 

To characterize existing ambient conditions at the Converter Station, baseline noise measurements were 
conducted with an operator present for twenty minutes during daytime and nighttime periods. Noise levels 
were measured using Quest NoisePro DL-1 noise meters with wind screen meeting ANSI Type 1 
specifications. Field calibrations were conducted before and after the long-term measurements and 
before and after each set of short-term measurements. Calibration certificates and records are available 
upon request. The noise meters were mounted on tripods and positioned approximately five feet above 
the ground and at a minimum of 10 feet away from any noise-reflective surfaces. Meteorological 
conditions (e.g., wind & temperature) were measured using a Kestrel 2000 Wind Meter. Long-term 
meteorological data was obtained from through weatherunderground.com. Image 1 shows a photograph 
of the long-term monitoring equipment. Attachment C provides photographs of the ambient noise 
measurement locations. 

Image 1: Long-Term Noise Monitor 
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4.2 Measurement Locations 

As noted in Section 2.3, a total of nine (9) noise measurement locations were selected as representative 
of sensitive receptors in the surrounding areas, which are shown in Figure 1. The closest residential 
receptors included in the analysis are on Sylva Lane, Church Street, Wiman Place and Edgewater Steet 
(Locations A, C, D, E, F, G). Locations A and B also encompass the open space/public facility use 
immediately east of the Converter Station. 

A description of each location in Table 1 in Section 2.3 of this report is provided below.  

• Location A: A residential neighborhood approximately 550 ft southeast from the upland parcel 
and 260± ft southeast of the waterfront parcel. Measurements were taken immediately north of a 
single-family residence at 296 Edgewater Steet.  

• Location B: At the southwest corner of Clifton Avenue and Edgewater Street adjacent to an 
industrial building. This site is 365± ft southeast of the upland parcel and 80 ft south of the 
waterfront parcel.  

• Location C: A townhouse community at the intersection of Sylva Lane and Edgewater Street, 
approximately 150 ft southeast of the upland parcel and 40± ft south of the waterfront parcel. 
Measurements were taken on the northern side of the complex, at a residential building located 
at 254 Edgewater Street. 

• Location D: A shared driveway between a townhouse community and multi-family residential 
complex, located at the intersection of Sylva Lane and Edgewater Street, 50± ft southeast of the 
upland parcel and 75± ft south of the waterfront parcel.  

• Location E: Immediately north of a multi-family residential complex on Sylva Lane. This complex 
is 35± ft south of the upland parcel and 245± ft west of the waterfront parcel. Measurements were 
taken immediately north of 32 Sylva Lane. 

• Location F: Wiman Place – A residential neighborhood along Wiman Place to the west of the 
upland parcel (approximately 40 ft) and 400± ft west of the waterfront parcel. Measurements were 
taken immediately west of a utility property (natural gas pipeline), and east of a single-family 
residence located at 20 Wiman Place. 

• Location G: At a parking lot on Church Lane associated with a former church property (St Mary's 
Church). This location is immediately west of the upland parcel (approximately 80 ft) and 500± ft 
west-northwest of the waterfront parcel. Measurements were taken at the northwestern site 
boundary. 

• Location H: At the southeast corner of Sylvaton Terrace and Church Lane adjacent vacant land. 
The vacant property to the west of this location is currently under construction. This site is 70± ft 
west of the upland parcel and 380± ft northwest of the waterfront parcel. 

• Location I: At the northwest corner of Edgewater Street and Sylvaton Terrace, adjacent to a 
commercial office building located at 110 Edgewater Street. This location is approximately 130± 
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ft north of the upland parcel and 360± ft northwest of the waterfront parcel associated with the 
Converter Station. 

Noise levels were measured, and audible sources of noise were noted over a period of two days at each 
site. The ambient acoustic environment within the surrounding area is largely influenced by vehicular 
traffic, construction in the surrounding area and insects (see Table 6 below). Localized traffic is steady 
during the daytime hours, with fewer cars traversing local roads at night. Additional sources included 
idling trucks, garbage collection, backup alarms, motorcycle engines, helicopters, jets, air condition units, 
and pedestrian activity. Natural noises from birds and waves crashing along the shoreline are also minor 
noise sources in the area. 

4.3 Measured Ambient Noise Levels 

Short-term daytime measurements were taken between 7:00 a.m. and 10 a.m. and nighttime 
measurements were taken between 3:30 a.m. and 7:00 a.m. on August 31, 2022. Long-term monitoring 
(LTM) measurements were taken at the waterfront parcel of the Converter Station over a period of 48 
hours beginning at 9:18 a.m. on August 30, 2022, and ending at 9:19 a.m. on September 1, 2022. An 
operator inspected the long-term monitor after 24 hours (on August 31, 2021) to ensure the monitor was 
functioning sufficiently.  

Table 6 – Ambient Noise Level Monitoring Results 

Location Site Description Time 
Period 

Background Ambient Noise Description Noise Level Metrics 
(dBA) 

Dominant Noise 
Sources 

Additional Noise 
Sources Leq L90 

A 296 Edgewater 
Street 

Daytime Traffic 

Waves crashing on 
adjacent shore from 

ship; garbage 
collection; helicopter 

flyover 

61.5 49.8 

Nighttime Traffic on nearby 
bridge; insects 

Garbage collection; 
intermittent talking 54.9 52.6 

B 

Intersection of 
Clifton Avenue 
and Edgewater 

Street 

Daytime 
Waves crashing on 

adjacent shore; 
insects 

Pedestrians; birds; 
medium truck backing 

up 
66.2 50.2 

Nighttime 
Waves crashing on 

adjacent shore; 
insects 

Garbage collection 52.9 45.3 

C 254 Edgewater 
Street 

Daytime Air conditioner units; 
insects Pedestrians 64.7 47.4 

Nighttime Air conditioner units; 
insects  61.7 50.5 

D 
Intersection of 

Sylva Lane and 
Edgewater Street 

Daytime Air conditioner units; 
birds Motorcycle engine 58.5 49.3 

Nighttime Air conditioner units;  54.1 48.1 
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Location Site Description Time 
Period 

Background Ambient Noise Description Noise Level Metrics 
(dBA) 

Dominant Noise 
Sources 

Additional Noise 
Sources Leq L90 

insects 

E Sylva Lane 
Daytime Traffic on Edgewater 

Street; insects 
Air conditioner units; 

birds 57.6 50.7 

Nighttime Insects  55.1 54.5 

F Wiman Place 
Daytime Construction on 

adjacent property Jet flyover 60.5 48.0 

Nighttime Insects  49.1 48.15 

G Church Lane 
Daytime 

Traffic on Bay Street; 
construction on 

adjacent property; 
insects 

Birds 52.4 46.9 

Nighttime Traffic on Bay Street; 
insects Birds 48.7 44.7 

H 
Intersection of 

Sylvaton Terrace 
and Church Lane 

Daytime 

Traffic on Edgewater 
Street; construction 

on adjacent property; 
insects 

Birds 55.3 48.6 

Nighttime Insects Birds 56.5 51.4 

I 

Intersection of 
Edgewater Street 

and Sylvaton 
Terrace 

Daytime General construction 
in surrounding area  61.8 49.8 

Nighttime Insects Truck backup alarm; 
truck idling 59.6 50.8 

It should be noted that the long-term monitor was positioned on the northeastern portion of the parcel, 
along the waterfront with large warehouse buildings separating the long-term monitor from Edgewater 
Street. Therefore, minimal vehicle traffic noise on Edgewater Street was detected by the long-term 
monitor compared to the short-term monitoring locations in the surrounding area.  

Table 7 – Ambient Noise Levels at LTM 

Leq Daytime (dBA) Leq Nighttime (dBA) L90 Daytime (dBA) L90 Nighttime (dBA) 

55 47 52 45 

Consistent with the Converter Station’s location in an urban, industrial setting, completed long-term 
measurements depict existing daytime and nighttime L90 levels range from approximately 45 dBA to 52 
dBA and Leq levels range from approximately 47 dBA to 55 dBA. The time history plot of the long-term 
measurement data collected at the Converter Station is provided in Attachment D. 



  

16 

 

4.4 Calculation of Operational Noise Level Goals 

As the Converter Station is located within an urban setting with surrounding industrial uses, the NYSDEC 
noise guidelines and the NYC Administrative Code noise regulations are the most appropriate noise level 
goals for the Facility. The NYSDPS noise impact recommendations (i.e., a 35 dBA limit at residences 
and a 45 dBA limit at the property boundary) are well below even the quietest of existing noise levels in 
the vicinity of the Facility and are similar to the lowest existing ambient levels. Therefore, the NYSDPS 
recommendations are overly stringent for this location and are not considered relevant. Operational noise 
will not entirely conform to the provisions of NYC Zoning Resolution, as the Converter Station would not 
meet the reduction requirements for maximum permitted noise pressure levels for designated octave 
bands for the M3 Zoning District (i.e., six decibel reduction is required when a manufacturing district 
adjoins a residential district). However, the Converter Station would meet the general (no reduction) 
octave band noise level limits for the M3 zoning district, as further discussed in Section 5.0. 
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5.0 PREDICTED NOISE LEVELS FROM OPERATION 

Noise levels from the operation of the proposed Converter Station were predicted using a mathematical 
model of noise emissions created using NoisePLAN (v8.2), an internationally recognized acoustical 
modeling software package. The layout of the site was based on drawings provided by the planned 
Converter Station as shown in Attachment B. The following provides descriptions of the standards and 
input data used to make these predictions, as well as a summary of compliance with the Facility’s noise 
goals.  

5.1 Noise Propagation Standard 

Acoustic modeling was conducted to assess the impacts associated with operations activities associated 
with the Converter Station using a mathematical model of noise emissions created using NoisePLAN 8.2, 
an internationally recognized acoustical modeling software package. NoisePLAN utilizes the International 
Organization for Standardization (ISO) Standard 9613-2:1993 “Attenuation of Noise During Propagation 
Outdoors - Part 2: General method of calculation”. This method assumes optimal acoustic propagation 
in all directions, specifically that a “well-developed, moderate ground-based temperature inversion” is 
present or, equivalently, and that all receptors are always downwind of all noise sources.  

5.2 Terrain and Ground Effect 

The acoustical effect of the ground was modeled using the ISO 9613-2 General Method. This method 
requires the selection of ground factors for the ground near the source, near the receiver, and in between. 
A ground factor of 0.0 represents a completely reflective surface such as pavement, which results in 
higher levels of noise reaching a receiver. A ground factor of 1.0 represents absorptive ground such as 
thick grass or fresh snow, resulting in lower levels of noise. 

For the Facility, a ground factor of 0.0 was used. Elevation data for the analysis was obtained from the 
Digital Elevation Model from the New York City Department of Department of Information Technology 
and Telecommunications (generated from Light Detection and Ranging [LiDAR] data).  

5.3 Atmospheric Conditions 

The air temperature, relative humidity, and atmospheric pressure were set to standard conditions of 10°C 
(50°F), 70%, and 1 atmosphere (1013 mbar), respectively. Per ISO 9613-1, these values result in the 
least amount of atmospheric noise absorption and the highest levels of noise reaching the receptors.  

5.4 Receptors 

In the NoisePLAN model a prediction point was located at each of the nine (9) noise-sensitive receptors. 
In addition, 71 receivers were placed 15 feet behind the proposed noise barriers along the perimeter of 
the Converter Station (24 receivers at the waterfront parcel and 47 receivers at the upland parcel). In 
accordance with ISO 9613-2 and ANSI S12.9 Part 2, all receptor and receiver heights were set to 5 feet 
above the ground. 

5.5 Operational Noise Sources 

The noise sources associated with the operation of the Facility are listed in Table 8. The location of the 
sources is shown in Figure 1. Noise emission levels were provided by the project engineer (PSC North 
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America). The provided data was found to be consistent with that used for HVDC noise models on other 
projects. It should be noted that all the information provided is considered indicative at this time as it is 
not based on any project specific preliminary designs and is subject to change. Each source was modeled 
as follows: 

1. AC phase reactors: base elevation of 25 feet. 

2. Air handler units: base elevation of 17 feet. 

3. Cooling tower: base elevation of 25 feet. 

4. Converter transformers: base elevation of 14 feet. 

5. Transformer coolers: base elevation of 19 feet. 

6. Shunt Rectors: base elevation of 14 feet. 

7. Shunt Coolers:  base elevation of 25 feet. 

8. Converter Hall Building: finished floor level of 14 feet.  

A significant portion of the acoustically significant operational equipment, including the phase reactor hall, 
valve hall and auxiliary equipment will be in the Converter Hall Building. The construction of the building 
is anticipated to be steel fabricated with some noise-dampening characteristics. As such, building envelop 
transmission loss data was factored into the noise model, as provided in Table 9. 

5.6 Reflections and Barrier Effects 

For installations with many obstacles, such as the Facility, reflected energy components can be 
considerable. For example, the location of the converter building can act as a noise barrier for the nearest 
residences, shielding them from a significant amount of noise emitted from the outdoor equipment. A 
security wall will be constructed along the perimeter of the Converter Station property, which would also 
function as a noise barrier for the nearest residences. Additionally, 35-foot-tall noise barriers would be 
constructed along three sides of the transformers and reactors and a 25-foot-tall noise barrier would be 
installed between the shunt reactors and reactor coolers on the waterfront parcel.  The images below 
depict the conceptual noise barrier walls in the NoisePLAN model of the Facility.  
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Image 2: Noise Barrier Walls in the NoisePLAN Model, South-Southwest View 

 

Image 3: Noise Barrier Walls in the NoisePLAN, Northwest View 

5.7 Directivity 

Noise sources, and more specifically their frequency characteristics, are not always emitted evenly in all 
directions into the atmosphere. For this model no directivity was applied, and all point sources were 
assumed to radiate evenly in all directions. 

5.8 Operating Periods and Capacity  

The analysis assumes the full operation of the Facility under normal conditions (full load) and does not 
include any upset or emergency operational conditions. 
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Table 8 – Noise Emission Factors 

Equipment Type 
(Quantity) 

Octave Band Noise Emission Levels (dB) Overall Noise 
Emission 

Level (dBA) 
31.5 
Hz 

63 
Hz 

125 
Hz 

250 
Hz 

500 
Hz 

1,000 
Hz 

2,000 
Hz 

4,000 
Hz 

8,000 
Hz 

HVDC VSC Converter Hall 116.0 96.0 94.0 90.0 75.0 62.0 50.0 48.0 37.0 84.3 

Condenser Building 96.1 70.1 84.1 80.1 70.1 42.1 27.1 33.1 18.1 74.2 

Convert Cooler/Cooling 
Tower 

79 97 92 89 89 85 82 73 63 90.4 

Air Handler Unit 48 T 
(2/Spare) 

 -- 97 88 84 83 81 77 73 67 85.8 

Air Handler Unit 60 T 
(1/Spare) 

96 99 99 99 96 96 91 86 82 99.8 

Air Handler Unit 100 T 
(1/Spare) 

98 98 99 99 99 98 92 85 80 101.5 

Converter Transformer (3) 86 86 103 100 99 81 76 80 72 97.8 

Transformer Cooler (6) 78 95 91 88 88 83 81 71 61 89.1 

Shunt Reactor (2)  85 85 102 99 98 80 75 79 71 96.8 

Shunt Reactor Cooler (6) 77 94 90 87 87 82 80 70 60 88.1 

As the Converter Hall building is anticipated to be steel fabricated and would have some noise-
dampening characteristics, building envelop transmission loss was utilized when modeling the noise 
producing equipment within the Converter Hall building, as provided in Table 9. 

Table 9 – Building Transmission Loss (dB) 

31.5 Hz 63 Hz 125 Hz 250 Hz 500 Hz 1,000 Hz 2,000 Hz 4,000 Hz 8,000 Hz 

5 31 34 35 44 54 63 62 68 
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5.9 Predicted Noise Levels  

The noise model was used to simulate noise sources at the Converter Station and calculate noise level 
contour lines within and outside of the Converter Station, during normal operation at maximum power 
(see Figure 2). For each of the receptor locations, Table 10 lists the ambient nighttime noise level, the 
predicted noise levels from the Converter Station and the resulting increase or decrease in ambient noise 
level. Spectral noise pressure level data for each receiver location is provided in Attachment E. 

Table 10 – Loudest Predicted Operation Noise Levels at Noise Sensitive Receptors 

Location Description 

Ambient 
Nighttime 

Noise Levels 
(dBA) 

Predicted 
Noise Levels 

(dBA) 

Change over 
Ambient Noise 

(dBA) 

A 296 Edgewater Street 54.9 45.9 -9 

B Intersection of Clifton Avenue and Edgewater 
Street  52.9 48.1 -4.8 

C 254 Edgewater Street 61.7 52.5 -9.2 

D Intersection of Sylva Lane and Edgewater Street 54.1 54.6 +0.5 

E Sylva Lane 55.1 55.2 +0.1 

F Wiman Place 49.1 44.4 -4.7 

G Church Lane 48.7 47.2 -1.5 

H Intersection of Sylvaton Terrace and Church Lane 56.5 50.9 -5.6 

I Intersection of Edgewater Street and Sylvaton 
Terrace  59.6 49.1 -10.5 

As shown in Table 10 above, aside from Location G, predicted noise levels would be lower than existing 
ambient conditions once the Converter Station is operational. This is because converter stations are not 
particularly loud relative to other power generation and industrial facilities such as the existing industrial 
facility (Reynolds Shipyard) at the overall Converter Station property. In accordance with NYSDEC’s 
policy document described above, increases from 0 to 3 dBA should have no substantial effects on 
proximate noise receivers. As such, the proposed increases at Location D (0.5 dBA increase) and 
Location E (0.1 dBA increase) are nominal and should have no substantial effects on proximate noise 
receivers. 

Noise pressure levels were modeled along the Converter Station property boundaries to determine 
compliance with Sections 42-213 and 42-214 of the City Zoning Resolution. A total of 71 receptors were 
placed 15 ft behind the proposed noise barriers along the exterior perimeter of the Converter Station (i.e., 
within the property limits of adjacent parcels).  Table 11 provides the highest noise level estimates at the 
waterfront parcel and upland parcel (representing the worst-case locations), and Figure 3 depicts these 



  

22 

 

receptor locations (receptor numbers 7 and 28). Attachment F provides complete noise pressure level 
results for all 71 receptors modeled at the Converter Station. 

Table 11 – Conformance with Maximum Permitted Noise Pressure Levels  

Octave Band 
Frequency (Hz) M3 Requirements 

M3 District 
General Levels 
to be Achieved 

(dB) 

M3 District 
Reduction Levels to 

be Achieved (dB) 

Predicted 
Waterfront Parcel 
Maximum Levels 

(dB) 
31.5 80 74 75.2 74.4 
63 80 74 58.2 62.5 

125 75 69 61.0 62.0 
250 70 64 55.6 60.2 
500 64 58 52.3 58.4 

1,000 58 52 40.8 55.5 
2,000 53 47 36.4 47.1 
4,000 49 43 32.4 36.8 
8,000 46 40 22.0 26.9 

The model results indicate that noise pressure levels at the waterfront parcel would exceed the 31.5 
octave band frequency requirements for the M3 zoning district reduction requirements at receptor 7. This 
occurred at two other receptor locations modeled at the waterfront parcel; however, 75.2 dB is the highest 
increase, which is a 1.2 dB increase above the M3 zoning district reduction requirements. Although there 
are two additional receptor locations at the waterfront parcel where M3 zoning district 31.5 octave band 
frequency reduction requirements are exceeded (by 0.5 dB), receptor 7 as depicted in Table 11 above 
represents the worst-case scenario increase (i.e., greatest exceedance of the 31.5 Hz requirement for 
the M3 district) at the waterfront parcel.  

At the upland parcel, noise pressure levels would exceed four octave band frequency reduction 
requirements at receptor 28 as follows: 31.5, 500, 1,000 and 2,000. While there are 12 additional receptor 
locations at the upland parcel where M3 zoning district noise pressure level requirements are exceeded, 
the results in Table 11 represent the worst-case scenario (i.e., exceedance across several octave band 
frequency requirements). The 12 additional receptor locations only exceed the M3 zoning district 31.5 
octave band frequency reduction requirements. Although noise pressure level reduction requirements for 
the M3 zoning district are exceeded at 16 locations throughout the overall Converter Station property 
(three locations on the waterfront parcel and at 13 locations on the upland parcel), the Converter Station 
would not exceed the M3 zoning district maximum permitted noise pressure levels (excluding the 
reduction requirements), as illustrated in Table 11.  

As previously noted, the NYSDEC policy document states that increases from 0 to 3 dBA will have no 
substantial effects on proximate noise receptors and increases from 3 to 6 dBA may only have the 
potential for adverse noise impact when the most sensitive of noise receptors are present. Receptor 28 
and the additional receptors where increases between 3 dBA and 6 dBA would occur (receptors 65 
through 71) on the upland parcel are adjacent vacant land, commercial and industrial uses such that no 
sensitive land uses are present. Furthermore, the 16 locations where the M3 district octave band 
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frequency reduction requirements are exceeded are not adjacent to any sensitive land uses (i.e., 
residences, institutions, community facilities or open space/recreational uses).  

Octave band limits were predicted at the nearest noise-sensitive receiver locations to determine 
conformance with Section 24-232 of the NYC Administrative Code. Table 12 compares the predicted 
noise levels at residentially zoned receiving properties to the maximum noise pressure levels for 
residential receiving property requirements. Table 13 compares the predicted noise levels at the receiving 
properties within the manufacturing district to the maximum noise pressure levels for commercial 
receiving property requirements. 

Table 12 – Conformance with Octave Band Limits for Residential Receiving Properties  

Octave Band 
Frequency (Hz)  

Maximum Noise Pressure 
Levels to be Achieved – 
Residential Receiving 
Property with Exterior 

Limit (dB) 

Location A Location C Location D Location E Location 
G1 

31.5 80 54.3 62.1 63.4 67.2 66.0 
63 71 50.6 61.1 59.1 56.1 52.8 
125 63 53.0 59.6 60.4 56.9 50.3 
250 56 48.3 54.8 56.9 55.4 47.4 
500 50 45.8 51.7 53.0 52.9 45.7 

1,000 46 36.8 44.3 48.8 51.4 42.9 
2,000 44 31.4 39.4 41.3 44.2 34.6 
4,000 43 18.7 30.5 33.5 35.8 23.0  
8,000 42 -6.5 17.8 24.0 24.5 7.9 

1 As Location G is a parking lot associated with a former church property and is a residentially zoned property, this receptor was considered a 
residential receiving property for the purposes of this assessment. 

 

Table 13 – Conformance with Octave Band Limits for Commercial Receiving Properties  

Octave Band 
Frequency (Hz)  

Maximum Noise Pressure 
Levels to be Achieved – 
Commercial Receiving 
Property with Exterior 

Limit (dB) 

Location B Location F1 Location H2 Location I 

31.5 84 58.1 68.0 69.5 69.6 
63 74 54.2 55.0 55.3 54.8 

125 66 55.0 49.4 52.9 53.9 
250 60 50.1 45.1 49.6 49.3 
500 55 47.8 43.1 48.9 47.1 

1,000 51 39.4 38.5 47.2 45.0 
2,000 49 34.4 32.6 39.6 36.5 
4,000 48 22.3 22.1 29.5 25.3 
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Octave Band 
Frequency (Hz)  

Maximum Noise Pressure 
Levels to be Achieved – 
Commercial Receiving 
Property with Exterior 

Limit (dB) 

Location B Location F1 Location H2 Location I 

8,000 47 2.9 7.6 16.9 12.7 
1 As Location F is a utility property in the M3 zoning district, this receptor was considered a commercial receiving property for the purposes of 
this assessment. 
 

As shown in Table 13 above, the Facility would comply with the maximum noise pressure levels for the 
commercial receiving properties based on the modeled operation noise levels at the nearest noise 
sensitive receptors. While the Facility would exceed the maximum noise pressure levels for certain octave 
bands at Locations C, D and E (residential receiving properties), it is anticipated that the elevated existing 
ambient noise levels in the surrounding area from neighboring industrial and commercial properties, as 
well as vehicular traffic, would continue to dominate the area surrounding the Converter Station. Thus, 
operational noise from the Converter Station would be integrated into the existing ambient noise 
environment such that Converter Station noise would be noticeable or perceived.  

Maintenance and repair of the Converter Station will be conducted on an as-needed basis. Noise from 
these activities would primarily be related to vehicles accessing the property for inspections or 
maintenance as well as any equipment needed. Given the infrequent nature of maintenance and repair 
activities, noise impacts would be negligible. 

5.10 Noise Mitigation Measures 

Based on the analysis described herein, the following noise mitigation measures, or equivalent, must be 
implemented to achieve the Project’s goals based on the current design of the Facility: 

1. The analysis is based on the general arrangement of noise-producing components shown in 
Figure 2. Significant changes to the site plan may require changes to the noise mitigation 
measures required to achieve the Project’s noise goals. 

2. The noise power levels shown in Table 8 were used in this analysis. Significant changes to these 
emission levels may require changes to mitigation measures. 

3. The building transmission loss of the Converter Hall must meet the values shown in Table 9, 
which are more significant than those of a standard industrial building. Also, the Converter Hall 
building are assumed to have no penetrations, and if any are necessary, they must be acoustically 
treated. Any changes to the materials used for the Converter Hall may require additional analyses 
and changes to mitigation measures. 

4. Noise barriers were used in this analysis, which would generally follow the boundaries of the 
properties comprising the Converter Station (along both the upland parcel and waterfront parcel) 
and would range in height from approximately 16 to 40 ft, with the tallest wall segments provided 
along the southern and western property boundaries of the upland parcel. Significant change in 
height may require additional analyses and changes to mitigation measures. 
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5. 35-foot-tall noise barriers along three sides of the transformers and reactors on the waterfront 
parcel were used in this analysis. Changes in height and/or configuration may require additional 
analyses and changes to mitigation measures. 

6. A 25-foot-tall noise barrier between the shunt reactors and reactor coolers on the waterfront parcel 
was used in this analysis. Changes in height and/or configuration may require additional analyses 
and changes to mitigation measures. 
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6.0 CONSTRUCTION NOISE LEVELS 
 
6.1 Converter Station Construction  

During construction of the Facility, the effects of noised at nearby residences will vary greatly depending 
on the phase of construction, proximity of construction activities, and a host of other factors. Construction 
of the Converter Station is expected to be completed during a period of up to 55-weeks, with the heaviest 
construction occurring during the first three to four months when all existing industrial buildings and 
structures associated with the existing use at the site will be demolished and site preparation and 
excavation activities would be undertaken. For the purposes of this analysis construction of the Facility 
was divided into the five main phases listed in Table 14, which also lists the estimated total length of time 
for each phase and the duration of peak activity. Peak activity is when there is a potential for all the 
equipment associated with a phase to be running at the same time. 

Table 14 – Converter Station Construction Schedule 

Site Activity Total Construction 
(Weeks) Peak Activity (Weeks) 

Site Clearing 2-4 2-3 
Site Grading 6-8 4-6 
Foundations and Underground 
Facilities 13-16 8-12 

Building and Equipment Erection 17-20 8-10 
Final Site Work 3-6 1-2 

Cable installation will utilize bulldozers, excavators, and associated support equipment. The demolition 
and construction activities at the Converter Station will noticeably increase ambient noise levels for 
residences nearest the construction activity (townhouses on Edgewater Street and the apartment 
complex on Sylva Lane). All construction activities will be conducted between the hours of 7:00 a.m. and 
6:00 p.m. on weekdays, in accordance with the City Administrative Code. If construction activities must 
be performed outside of these hours or on weekends, an after-hours construction permit must be obtained 
from either the Department of Buildings or NYCDOT before any work takes place outside of the permitted 
construction hours.  

A list of construction equipment that is anticipated to be employed during construction of the Facility, the 
percentage of time that each piece of equipment is expected to be used at full capacity (usage factor) 
and the average noise pressure level of the equipment at a fifty-foot distance (Lmax) is provided in Table 
15.1 Construction noise emission levels are based the published by the Federal Highway Administration’s 
(FHWA) Highway Construction Noise Handbook 

 

1 All construction equipment noise levels in Table 15 are based on information provided in the Federal Highway 
Administration’s (FHWA) Roadway Construction Noise Handbook (August 2006).  
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Table 15 – Potential Construction Equipment on Converter Station Site During Construction 

Construction Equipment Usage Factor (%) Noise Level at 50 FT 
(dBA) 

Backhoe 40 78 
Compactor (ground) 20 83 
Concrete Mixer Truck 40 79 
Concrete Pump Truck 20 81 
Crane 16 81 
Dozer 40 82 
Dump Truck 40 76 
Excavator 40 81 
Front End Loader 40 79 
Generator 50 81 
Jackhammer 20 89 
Man Lift 20 75 
Paver 50 77 
Roller 20 80 

Noise impacts associated with construction activities are unavoidable but will be localized, temporary and 
mitigated to the extent practicable. All construction equipment will be located on the Converter Station 
property as far as possible from nearby noise sensitive receptors to the extent feasible.  

Considering the temporary nature of construction activities, the fact that most construction will take place 
during the daytime, and the fact that a majority of the time the noise levels will be less than the predicted 
levels described herein, construction noise from the Facility can be reasonably controlled and mitigated 
to minimize the impacts to nearby receptors by taking the following measures: 

1. Utilize temporary noise barriers walls where necessary and feasible. These walls should be large 
enough in height and width to block the line of sight from nearby sensitive receptors from 
construction equipment.  

2. Perimeter fencing with acoustical insulation. 

3. Pile cap/cushion and/or nose shrouds. 

4. Maintain equipment to manufacturers’ specifications, particularly mufflers. 

5. Use ambient controlled broadband backup alarms versus tonal backup alarms if using mobile 
equipment at night. 

6. Minimize backing up on site of delivery trucks to the degree practicable. 

7. Educate contractors and subcontractors on the need to minimize noise emissions. 

8. Provide a 24-hour telephone complaint number for residents to use if needed. 

9. Contact all complainants and attempt to resolve any legitimate problems or issues in a prompt 
manner. 
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10. Notify residents of the expected construction schedule. 

Construction activities may not conform to Section 24-228 of the City Administrative Code, which allows 
for an increase of up to 15 dBA above the ambient noise level and requires construction noise levels not 
to exceed 85 dBA as measured 50 or more feet from the source or sources on a public right-of-way. The 
Applicant is requesting that PSC not apply this local law, as it is unreasonably restrictive to the extent 
that construction activities may result in transient and temporary occurrences of these conditions. As the 
Facility construction plans progress and are refined, the Applicant will evaluate the need for noise 
mitigation to minimize offsite impacts. These mitigation measures will be outlined in a Noise Mitigation 
Plan and detailed in the EM&CP as required by City Administrative and under Article VII. BMPs will also 
be implemented as necessary, and will be detailed within the Noise Mitigation Plan and the EM&CP. 

6.2 Horizontal Directional Drilling and Trenching  

Submarine Cable Landing will be accomplished via HDD at the Brooklyn Landfall and will require 
installation of  transition vaults where the submarine cable will be spliced to  the land cable.  From the 
Landfall, the Land Cable System will be installed beneath existing paved roads and ROWs via open 
trench methods. Facility installation will require cutting and removal of pavement and use of standard 
earthmoving machinery, including excavators and backhoes, and will be performed in accordance with 
applicable standards (e.g., New York City Department of Transportation (NYCDOT) highway work permit 
conditions) and the generation and effect of noise will be minor, short-term, and localized.   

Transition from HVAC Submarine Cable to the HVAC Land Cable will be installed underground via HDD 
technology. Underground vaults, manholes and other terrestrial infrastructure as necessary to 
accommodate the transmission cables and accessory infrastructure will be installed at the Brooklyn 
Landfall. For the HDD at the Brooklyn Landfall, construction duration is anticipated to occur over a one-
month period. A temporary increase in noise levels near these activities will occur due to use of as a 
result of using the construction equipment. Noise levels resulting from construction activities will vary 
greatly depending on factors such as the type of equipment and the operations being performed and 
could be periodically audible from off-site locations at certain times.  

The areas surrounding the HVAC Land Cable Route is a heavily developed and urbanized and trenching 
would only take place in any one area for a few days at a time. Additionally, the Brooklyn Landfall is 
located in an urban, industrial setting. Similar to construction of the Converter Station, construction 
activities associated with HDD and installation of the HVAC Land Cable may not conform to Section 24-
228 of the City Administrative Code. The Applicant is requesting that the Commissioner of the NYCDEP 
not apply this local law, as it is unreasonably restrictive to the extent that construction activities may result 
in transient and temporary occurrences of these conditions.  

Construction will be conducted between the hours of 7:00 a.m. and 6:00 p.m. on weekdays, in accordance 
with the City Administrative Code. A Noise Mitigation Plan will also be prepared and included in the 
EM&CP prior to construction. To further minimize potential construction impacts, adjacent landowners 
will be provided timely information with respect to the planned construction activities and schedule, and 
the Applicant will coordinate with NYCDOT prior to commencement of construction activities. As the 
Facility construction plans progress and are refined, the Applicant will evaluate the need for site-specific 
noise mitigation to minimize offsite impacts.  
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Figure 2: Noise Contour Results
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ATTACHMENT A 
  



• Noise is generally defined as loud, unpleasant, unexpected, or undesired sound that 
interferes or disrupts normal human activities, such as talking and sleeping. Although 
exposure to high noise levels has been demonstrated to cause hearing loss, annoyance 
is the principal human response to environmental noise. The reaction of individuals to 
similar noise events is diverse and is influenced by several factors, such as the type of 
noise, its perceived importance, the time of day during which the noise occurs, and its 
duration, frequency, and level. 

• Decibel (dB) is a logarithmic unit of any measured physical quantity and commonly used 
in quantifying sound and vibration. Whenever the word “level” is used (e.g., “sound level” 
versus just "sound”), this logarithmic quantity is implied. The logarithmic scale is used to 
compress an otherwise very large range of numbers into a more manageable and 
relatable range. For example, humans can detect a very wide range of pressure 
fluctuations in the air, from 20x10- 6 to 200 Pascals. When expressed on the logarithmic 
scale this reduces to approximately 0 to 140 dB. Figure A1 shows the relative decibel 
levels of some familiar sources of sound (note that the levels in the figure are A-weighted, 
which is discussed below). 

• Weighted Decibels (dBA and dBC): Human hearing is more sensitive to high frequency 
sound (e.g., 1,000 Hz) than to low frequency sound. However, microphones are designed 
to measure sound at all frequencies equally (within their stated range). To approximate 
human hearing the A-weighting scale was developed to mimic human hearing at moderate 
levels and can be applied to both measured and predicted noise levels. Most sound level 
meters have the capability to measure both un-weighted (also called “linear” and 
sometimes “Z-weighted”) noise levels and A-weighted noise levels. Similarly, measured 
or predicted noise levels can be expressed on a C weighted scale. This scale represents 
human hearing at higher levels, where sensitivity to low frequency noise becomes greater. 
This metric is often used to assess the potential impact of low frequency noise. 

o The weighting process is illustrated in Figure A2, which shows a representative 
measured environmental noise frequency spectrum. The black trace represents 
the unweighted levels measured in each of nine standard octave bands (defined 
bands of frequency). The area under the black trace represents the total energy of 
the sound. The blue trace shows the octave band levels after being adjusted by 
the C-weighting filter, and the orange trace shows the levels adjusted by the A-
weighting filter. The overall sound level (representative of the total energy across 
the entire audible frequency spectrum) for each weighting can be calculated by 
logarithmically adding the noise level in the individual octave band levels. In this 
example, the overall levels are 61 dB (unweighted), 59 dBC, and 45 dBA. Table 
A1 below shows the octave band weighting values (specified by the American 
National Standards Institute, ANSI) and the weighted and unweighted octave band 
levels for this example. 

• Equivalent Level (Leq): The Leq is the most commonly used metric for predicting, regulating, 
and measuring noise. It is the quantity referenced or required by relevant acoustic 
standards, such as ANSI S12.9 Part 3 and ISO 9613-2:1996. It can be expressed on any 
of the weighting scales discussed above (but typically A-weighted) and requires a stated 
time interval, with one-hour being commonly. The Leq has the same acoustic energy as 
the time-varying sound level over the interval. The Leq accounts for noise fluctuations from 
moment to moment by averaging the louder and quieter moments and giving more weight 
to the louder moments. 



• Statistical Descriptors: The most common statistical descriptors are the L10, L50, and L90, 
which are the level exceeded 10, 50, and 90% of the time, respectively, over a stated 
interval. These can be expressed using any weighting scale and over any time interval. 

o The L90 is representative of the lower, constant noise levels in an environment. It 
is often used to quantify the ambient or background noise level. It is used mainly 
as a noise measurement tool, in that it can filter the higher, varying noises in an 
environment. It is not often used as a standard. 

o The L50 is the median level and is used as a standard in some applications or 
jurisdictions. 

o The L10 is representative of the louder sounds in an environment, such as passing 
cars, barking dogs, gusts of wind, etc. This is often used in local regulations. 

• Frequency-Specific Descriptors: Almost all noise standards in the U.S. are inclusive of all 
frequencies across the human audible spectrum, such as the overall A-weighted noise 
level (dBA). Noise levels can also be predicted, measured, and assessed in individual 
bands of frequency. 

o ANSI has divided the human hearing range into nine standard octave bands. New 
York City regulates noise on an octave band basis. Octave band noise levels are 
commonly expressed as unweighted decibels but can also be expressed on any 
scale (e.g., A or C). 

o Octave bands can be divided into one-third octave band noise levels. One-third 
octave band levels can also be expressed on any scale. 
 

  



Figure A-1: Noise Levels of Typical Sources (dBA) 
Source: NYCDEP 

  



Source: Hankard Environmental, August 2022. 
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HERA POWER LINK                           1 
ARTICLE VII APPLICATION 
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Photograph No. 1: Location of short-term noise monitor at Receptor A. Photograph No. 2: Location of short-term noise monitor at Receptor B. 

  
Photograph No. 3: Location of short-term noise monitor at Receptor C. Photograph No. 4: Location of short-term noise monitor at Receptor D. 
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Photograph No. 5: Location of short-term noise monitor at Receptor E. Photograph No. 6: Location of short-term noise monitor at Receptor G. 

 

 

Photograph No. 7: Location of short-term noise monitor at Receptor I.  
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Logged Data Table

Date/Time L10-1 L90-1 Leq-1 Leq-2 Time Temperature Humidity Wind Speed
8/30/2022 9:19:12 62.00 53.90 60.20 72.00 8/29/2022 8:51 79 72 6
8/30/2022 9:20:12 60.50 53.90 58.20 73.30 8/29/2022 9:51 81 65 3
8/30/2022 9:21:12 61.40 54.10 59.20 73.60 8/29/2022 10:15 82 62 0
8/30/2022 9:22:12 74.40 58.20 69.90 77.50 8/29/2022 10:51 82 60 7
8/30/2022 9:23:12 59.90 51.20 56.20 71.10 8/29/2022 11:51 83 58 10
8/30/2022 9:24:12 50.90 48.40 49.50 66.00 8/29/2022 12:51 84 56 14
8/30/2022 9:25:12 52.70 47.90 50.60 66.10 8/29/2022 13:51 86 55 9
8/30/2022 9:26:12 48.60 46.10 47.40 64.50 8/29/2022 14:51 86 55 12
8/30/2022 9:27:12 53.30 48.30 51.30 65.00 8/29/2022 15:51 86 55 16
8/30/2022 9:28:12 52.40 48.00 49.70 67.90 8/29/2022 16:51 84 56 16
8/30/2022 9:29:12 49.60 47.60 48.70 65.40 8/29/2022 17:51 83 56 17
8/30/2022 9:30:12 53.10 47.20 50.40 64.90 8/29/2022 18:51 80 67 18
8/30/2022 9:31:12 49.50 47.20 48.30 62.20 8/29/2022 19:51 79 72 13
8/30/2022 9:32:12 48.40 44.40 45.60 60.80 8/29/2022 20:51 78 76 13
8/30/2022 9:33:12 50.50 44.20 47.40 60.60 8/29/2022 21:51 78 76 14
8/30/2022 9:34:12 50.20 47.20 48.70 62.50 8/29/2022 22:51 78 74 8
8/30/2022 9:35:12 55.90 46.10 51.60 69.60 8/29/2022 23:51 78 68 13
8/30/2022 9:36:12 52.00 45.30 48.20 61.50 8/30/2022 0:51 77 74 7
8/30/2022 9:37:12 49.40 47.30 48.40 61.10 8/30/2022 1:51 77 74 7
8/30/2022 9:38:12 55.70 46.70 52.00 65.20 8/30/2022 2:51 76 76 8
8/30/2022 9:39:12 56.00 50.00 52.70 67.10 8/30/2022 3:51 76 79 7
8/30/2022 9:40:12 49.10 46.00 47.40 60.80 8/30/2022 4:18 75 82 9
8/30/2022 9:41:12 49.30 44.70 46.80 60.90 8/30/2022 4:51 75 84 8
8/30/2022 9:42:12 52.20 45.00 48.80 62.10 8/30/2022 5:51 76 82 6
8/30/2022 9:43:12 50.20 46.90 48.60 61.50 8/30/2022 6:28 77 79 9
8/30/2022 9:44:12 50.70 47.20 49.00 61.00 8/30/2022 6:51 77 79 8
8/30/2022 9:45:12 49.50 46.60 48.20 60.40 8/30/2022 7:51 77 76 9
8/30/2022 9:46:12 49.40 46.40 47.80 60.50 8/30/2022 8:28 78 74 8
8/30/2022 9:47:12 50.70 46.60 49.00 61.70 8/30/2022 8:48 79 74 9
8/30/2022 9:48:12 57.30 48.20 54.20 67.90 8/30/2022 8:51 79 72 10
8/30/2022 9:49:12 58.20 51.30 55.50 66.80 8/30/2022 9:51 81 65 10
8/30/2022 9:50:12 51.70 47.20 49.70 63.60 8/30/2022 10:51 84 58 8
8/30/2022 9:51:12 49.00 45.40 46.80 59.40 8/30/2022 11:51 86 53 7
8/30/2022 9:52:12 48.20 45.00 46.70 60.90 8/30/2022 12:51 86 57 9
8/30/2022 9:53:12 49.80 46.20 47.60 60.90 8/30/2022 13:51 86 59 12
8/30/2022 9:54:12 47.30 44.50 45.90 59.50 8/30/2022 14:51 87 59 14
8/30/2022 9:55:12 49.70 46.80 48.10 60.80 8/30/2022 15:51 88 46 15
8/30/2022 9:56:12 51.80 48.60 50.20 61.80 8/30/2022 16:51 85 55 22
8/30/2022 9:57:12 50.10 46.80 48.80 61.30 8/30/2022 17:51 83 60 18
8/30/2022 9:58:12 51.20 47.70 49.60 62.10 8/30/2022 18:51 81 69 21
8/30/2022 9:59:12 52.40 47.20 50.00 61.80 8/30/2022 19:51 80 71 18
8/30/2022 10:00:12 52.50 48.30 50.60 63.20 8/30/2022 20:51 80 74 15
8/30/2022 10:01:12 50.80 45.90 49.30 63.00 8/30/2022 21:47 82 62 15
8/30/2022 10:02:12 52.50 47.80 50.40 63.20 8/30/2022 21:51 80 64 16
8/30/2022 10:03:12 52.10 48.10 50.90 65.70 8/30/2022 22:51 75 82 10
8/30/2022 10:04:12 63.70 53.70 59.70 77.70 8/30/2022 23:51 76 79 6
8/30/2022 10:05:12 59.20 47.50 54.30 66.50 8/31/2022 0:51 75 82 7
8/30/2022 10:06:12 52.70 47.80 50.20 63.50 8/31/2022 1:51 75 76 10
8/30/2022 10:07:12 48.50 45.80 47.20 61.30 8/31/2022 2:51 75 73 12
8/30/2022 10:08:12 51.50 47.80 50.30 62.00 8/31/2022 3:51 74 79 9
8/30/2022 10:09:12 49.80 46.00 48.10 60.60 8/31/2022 4:51 73 73 10
8/30/2022 10:10:12 52.80 48.20 50.40 62.30 8/31/2022 5:51 73 71 8
8/30/2022 10:11:12 51.40 47.50 49.50 62.30 8/31/2022 6:51 73 71 9
8/30/2022 10:12:12 50.10 47.70 48.80 62.90 8/31/2022 7:51 73 71 13
8/30/2022 10:13:12 50.30 47.60 49.10 61.30 8/31/2022 8:51 74 71 12
8/30/2022 10:14:12 52.10 49.10 50.60 62.60 8/31/2022 9:51 77 62 10
8/30/2022 10:15:12 55.20 50.10 52.80 65.70
8/30/2022 10:16:12 64.90 52.60 60.10 73.70
8/30/2022 10:17:12 59.00 51.00 55.70 68.80
8/30/2022 10:18:12 56.80 51.90 54.50 69.00
8/30/2022 10:19:12 57.60 50.80 55.80 67.30
8/30/2022 10:20:12 52.50 48.10 51.40 64.30
8/30/2022 10:21:12 53.80 49.40 51.60 63.40
8/30/2022 10:22:12 59.80 51.70 57.30 71.80
8/30/2022 10:23:12 61.90 58.20 60.20 70.80
8/30/2022 10:24:12 71.30 58.40 67.00 76.30
8/30/2022 10:25:12 71.60 53.00 67.90 76.00
8/30/2022 10:26:12 57.50 55.90 56.50 69.30
8/30/2022 10:27:12 59.00 55.80 57.60 70.10
8/30/2022 10:28:12 60.80 55.70 59.10 72.60
8/30/2022 10:29:12 66.90 57.40 63.40 76.50
8/30/2022 10:30:12 63.30 59.20 61.30 74.30
8/30/2022 10:31:12 59.80 59.00 59.20 71.10
8/30/2022 10:32:12 60.20 58.80 59.40 71.50
8/30/2022 10:33:12 65.40 49.70 59.90 72.00
8/30/2022 10:34:12 54.40 49.80 52.60 65.60
8/30/2022 10:35:12 59.20 54.10 57.00 70.40
8/30/2022 10:36:12 62.80 51.00 58.00 68.30
8/30/2022 10:37:12 54.40 49.90 52.20 66.40
8/30/2022 10:38:12 54.30 49.30 53.50 65.00
8/30/2022 10:39:12 56.90 46.60 53.10 65.20
8/30/2022 10:40:12 53.70 49.50 51.90 65.40
8/30/2022 10:41:12 70.40 49.60 64.50 72.10
8/30/2022 10:42:12 74.00 54.70 69.20 77.50
8/30/2022 10:43:12 56.80 52.40 55.20 71.80
8/30/2022 10:44:12 70.60 55.30 65.50 75.80
8/30/2022 10:45:12 60.30 49.70 56.60 67.20
8/30/2022 10:46:12 55.20 51.20 53.50 65.10
8/30/2022 10:47:12 54.00 49.10 51.80 64.80
8/30/2022 10:48:12 58.20 49.70 54.80 65.40
8/30/2022 10:49:12 52.70 48.70 50.80 64.10
8/30/2022 10:50:12 53.90 48.20 51.20 64.00
8/30/2022 10:51:12 53.90 49.00 51.20 63.80
8/30/2022 10:52:12 48.40 46.70 48.80 63.90
8/30/2022 10:53:12 56.60 52.90 54.80 66.80
8/30/2022 10:54:12 63.40 55.40 60.30 73.10
8/30/2022 10:55:12 56.90 52.60 55.00 66.50
8/30/2022 10:56:12 58.40 52.90 56.90 67.10
8/30/2022 10:57:12 58.00 52.30 55.30 67.60
8/30/2022 10:58:12 56.70 53.10 55.20 66.50
8/30/2022 10:59:12 57.20 53.60 55.80 66.60
8/30/2022 11:00:12 54.80 52.40 53.70 66.30
8/30/2022 11:01:12 67.10 56.10 63.30 73.30
8/30/2022 11:02:12 56.30 47.60 53.70 64.10
8/30/2022 11:03:12 52.60 48.90 50.80 62.80
8/30/2022 11:04:12 53.10 48.00 51.10 63.00
8/30/2022 11:05:12 55.00 51.80 53.50 66.60
8/30/2022 11:06:12 54.60 49.60 52.30 63.20
8/30/2022 11:07:12 57.00 50.00 53.70 64.40
8/30/2022 11:08:12 53.80 49.00 51.60 63.40
8/30/2022 11:09:12 52.90 48.60 51.00 63.20
8/30/2022 11:10:12 57.70 48.70 53.80 64.10
8/30/2022 11:11:12 54.80 49.50 52.50 64.80
8/30/2022 11:12:12 52.30 49.10 50.80 64.20
8/30/2022 11:13:12 51.50 48.40 49.70 63.10
8/30/2022 11:14:12 56.50 48.40 55.30 65.30
8/30/2022 11:15:12 57.90 49.80 53.70 64.60
8/30/2022 11:16:12 59.00 48.30 53.80 65.20
8/30/2022 11:17:12 55.80 49.10 54.50 64.50
8/30/2022 11:18:12 52.50 47.60 50.20 62.70
8/30/2022 11:19:12 53.50 47.50 50.70 63.00
8/30/2022 11:20:12 52.20 47.20 50.20 63.80
8/30/2022 11:21:12 60.30 51.40 57.80 68.50
8/30/2022 11:22:12 55.30 50.80 53.30 64.50
8/30/2022 11:23:12 56.90 49.80 54.00 66.00
8/30/2022 11:24:12 53.50 49.50 51.80 65.00
8/30/2022 11:25:12 51.40 48.40 50.00 63.60
8/30/2022 11:26:12 51.40 48.20 49.80 63.90
8/30/2022 11:27:12 50.10 46.80 48.70 66.40
8/30/2022 11:28:12 52.60 48.10 50.50 67.50
8/30/2022 11:29:12 48.20 46.80 47.50 66.00
8/30/2022 11:30:12 53.30 46.90 51.40 66.20
8/30/2022 11:31:12 55.80 50.90 53.40 66.60
8/30/2022 11:32:12 51.80 46.90 49.90 65.20
8/30/2022 11:33:12 53.00 47.70 50.40 63.90
8/30/2022 11:34:12 51.90 46.70 49.60 63.50
8/30/2022 11:35:12 50.00 46.80 48.60 63.40
8/30/2022 11:36:12 52.00 47.20 49.40 64.90
8/30/2022 11:37:12 56.80 49.40 53.70 65.70
8/30/2022 11:38:12 50.30 47.90 48.90 63.50
8/30/2022 11:39:12 55.30 51.10 53.10 64.40
8/30/2022 11:40:12 51.50 49.70 50.50 62.80
8/30/2022 11:41:12 58.80 49.70 55.70 72.60
8/30/2022 11:42:12 50.80 47.90 49.40 63.40
8/30/2022 11:43:12 50.70 47.20 48.70 63.40
8/30/2022 11:44:12 56.00 49.30 52.50 63.60
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8/30/2022 11:45:12 50.30 48.40 49.20 63.40
8/30/2022 11:46:12 51.00 48.70 49.80 63.90
8/30/2022 11:47:12 51.60 48.80 50.10 63.30
8/30/2022 11:48:12 52.00 49.10 50.50 63.10
8/30/2022 11:49:12 56.70 50.20 53.10 63.90
8/30/2022 11:50:12 51.40 49.00 50.20 64.00
8/30/2022 11:51:12 52.60 49.70 51.10 64.20
8/30/2022 11:52:12 56.30 49.30 52.40 64.80
8/30/2022 11:53:12 53.20 48.90 50.60 64.30
8/30/2022 11:54:12 53.20 49.60 51.10 65.60
8/30/2022 11:55:12 54.00 49.30 52.20 64.90
8/30/2022 11:56:12 51.80 49.50 50.50 65.20
8/30/2022 11:57:12 51.20 49.90 50.40 64.40
8/30/2022 11:58:12 51.70 49.60 50.60 64.50
8/30/2022 11:59:12 52.80 49.90 50.80 65.10
8/30/2022 12:00:12 66.80 52.40 61.50 69.00
8/30/2022 12:01:12 76.90 52.30 71.20 73.80
8/30/2022 12:02:12 60.80 51.80 57.70 69.90
8/30/2022 12:03:12 60.50 51.60 57.50 69.90
8/30/2022 12:04:12 60.70 52.30 57.80 70.90
8/30/2022 12:05:12 56.10 50.60 54.10 68.80
8/30/2022 12:06:12 59.60 49.90 55.50 69.20
8/30/2022 12:07:12 68.60 56.00 64.50 77.00
8/30/2022 12:08:12 69.80 57.50 65.20 76.10
8/30/2022 12:09:12 59.90 50.70 56.80 68.60
8/30/2022 12:10:12 51.60 50.10 50.80 66.80
8/30/2022 12:11:12 52.10 50.90 51.40 67.20
8/30/2022 12:12:12 59.90 51.70 55.80 69.10
8/30/2022 12:13:12 64.70 53.60 60.80 75.40
8/30/2022 12:14:12 52.80 51.00 51.80 68.00
8/30/2022 12:15:12 52.30 50.70 51.60 72.20
8/30/2022 12:16:12 65.40 54.40 62.50 79.20
8/30/2022 12:17:12 56.20 51.60 53.70 68.60
8/30/2022 12:18:12 52.70 51.30 52.00 67.10
8/30/2022 12:19:12 55.90 53.10 54.30 68.20
8/30/2022 12:20:12 54.50 51.10 52.70 67.20
8/30/2022 12:21:12 67.30 52.50 63.30 72.40
8/30/2022 12:22:12 70.70 66.50 68.90 77.20
8/30/2022 12:23:12 68.00 59.60 63.60 74.90
8/30/2022 12:24:12 59.10 54.00 56.30 70.80
8/30/2022 12:25:12 59.80 54.10 57.00 72.60
8/30/2022 12:26:12 61.50 54.00 58.00 73.80
8/30/2022 12:27:12 64.50 55.30 60.00 75.30
8/30/2022 12:28:12 60.20 57.20 58.60 72.60
8/30/2022 12:29:12 57.00 50.40 54.00 70.20
8/30/2022 12:30:12 58.80 50.70 55.00 68.70
8/30/2022 12:31:12 56.60 50.20 53.40 66.40
8/30/2022 12:32:12 55.40 49.80 52.70 67.70
8/30/2022 12:33:12 59.30 56.60 58.00 71.40
8/30/2022 12:34:12 55.90 50.00 52.90 66.60
8/30/2022 12:35:12 50.90 49.40 50.10 65.50
8/30/2022 12:36:12 57.60 49.40 53.40 65.70
8/30/2022 12:37:12 53.20 51.40 52.20 66.50
8/30/2022 12:38:12 54.90 50.60 52.60 67.10
8/30/2022 12:39:12 51.70 49.50 50.60 67.00
8/30/2022 12:40:12 57.40 50.40 53.90 66.80
8/30/2022 12:41:12 56.00 50.90 53.10 67.60
8/30/2022 12:42:12 59.20 50.30 54.50 68.60
8/30/2022 12:43:12 55.10 50.60 52.20 68.70
8/30/2022 12:44:12 59.00 54.00 56.90 68.90
8/30/2022 12:45:12 57.40 49.00 52.80 66.50
8/30/2022 12:46:12 50.90 49.50 50.10 66.30
8/30/2022 12:47:12 54.30 49.80 52.10 69.00
8/30/2022 12:48:12 54.50 50.20 51.80 67.60
8/30/2022 12:49:12 52.70 50.60 51.50 67.50
8/30/2022 12:50:12 52.90 50.10 51.40 68.70
8/30/2022 12:51:12 52.30 50.00 51.20 68.70
8/30/2022 12:52:12 54.70 52.30 53.60 70.40
8/30/2022 12:53:12 59.50 53.80 57.20 70.20
8/30/2022 12:54:12 57.20 50.50 53.10 70.90
8/30/2022 12:55:12 64.50 53.50 60.60 72.90
8/30/2022 12:56:12 52.50 49.60 51.20 66.50
8/30/2022 12:57:12 51.50 49.40 50.50 65.80
8/30/2022 12:58:12 58.70 50.50 55.00 66.50
8/30/2022 12:59:12 54.20 49.90 52.90 65.10
8/30/2022 13:00:12 54.10 51.10 52.70 67.40
8/30/2022 13:01:12 54.80 50.10 52.20 66.90
8/30/2022 13:02:12 60.40 49.40 55.90 67.10
8/30/2022 13:03:12 53.20 49.20 51.60 66.50
8/30/2022 13:04:12 52.90 48.20 50.20 66.20
8/30/2022 13:05:12 54.50 49.20 51.40 65.80
8/30/2022 13:06:12 51.00 48.10 49.60 65.40
8/30/2022 13:07:12 53.50 48.40 50.90 65.50
8/30/2022 13:08:12 51.10 48.50 49.70 65.90
8/30/2022 13:09:12 54.00 48.50 51.30 66.10
8/30/2022 13:10:12 56.50 49.10 52.50 66.80
8/30/2022 13:11:12 52.30 49.20 50.40 66.00
8/30/2022 13:12:12 50.70 49.00 49.90 67.00
8/30/2022 13:13:12 50.70 49.20 49.80 66.70
8/30/2022 13:14:12 51.80 49.00 50.40 65.70
8/30/2022 13:15:12 57.80 51.60 54.50 68.90
8/30/2022 13:16:12 51.10 48.80 50.00 65.80
8/30/2022 13:17:12 58.90 49.80 55.20 67.60
8/30/2022 13:18:12 50.50 49.20 49.80 65.50
8/30/2022 13:19:12 54.30 50.00 52.50 66.20
8/30/2022 13:20:12 57.10 49.50 53.60 66.80
8/30/2022 13:21:12 50.50 48.40 49.30 65.70
8/30/2022 13:22:12 53.80 48.50 51.70 66.80
8/30/2022 13:23:12 52.80 49.30 51.00 66.90
8/30/2022 13:24:12 51.00 50.10 50.40 67.70
8/30/2022 13:25:12 55.90 51.50 53.80 68.90
8/30/2022 13:26:12 60.00 52.40 57.30 71.60
8/30/2022 13:27:12 58.10 51.00 54.40 68.30
8/30/2022 13:28:12 50.80 49.20 49.70 66.10
8/30/2022 13:29:12 54.70 49.90 52.90 70.30
8/30/2022 13:30:12 50.60 49.40 50.00 71.20
8/30/2022 13:31:12 55.60 49.50 53.00 70.30
8/30/2022 13:32:12 53.10 49.10 51.40 68.40
8/30/2022 13:33:12 51.60 49.10 50.20 66.30
8/30/2022 13:34:12 54.50 49.90 52.30 65.50
8/30/2022 13:35:12 51.80 49.80 50.70 66.10
8/30/2022 13:36:12 70.20 51.70 64.10 70.40
8/30/2022 13:37:12 70.80 63.20 68.70 75.80
8/30/2022 13:38:12 64.70 63.80 64.10 75.80
8/30/2022 13:39:12 65.30 64.30 64.80 78.30
8/30/2022 13:40:12 67.70 65.10 66.20 79.60
8/30/2022 13:41:12 67.60 67.10 67.30 79.90
8/30/2022 13:42:12 67.60 67.00 67.20 79.30
8/30/2022 13:43:12 67.60 67.00 67.20 79.40
8/30/2022 13:44:12 74.70 56.10 68.90 78.20
8/30/2022 13:45:12 57.50 55.90 56.60 73.40
8/30/2022 13:46:12 56.10 55.40 55.70 71.30
8/30/2022 13:47:12 55.90 55.10 55.30 72.70
8/30/2022 13:48:12 59.20 55.50 57.30 72.80
8/30/2022 13:49:12 55.90 55.10 55.40 70.50
8/30/2022 13:50:12 56.80 55.30 55.90 68.20
8/30/2022 13:51:12 55.90 54.90 55.30 67.80
8/30/2022 13:52:12 58.70 55.40 56.80 68.30
8/30/2022 13:53:12 63.30 55.30 59.60 69.20
8/30/2022 13:54:12 63.70 58.30 61.60 74.10
8/30/2022 13:55:12 65.60 59.60 62.60 72.50
8/30/2022 13:56:12 77.10 61.80 71.30 81.30
8/30/2022 13:57:12 65.30 61.90 63.90 82.30
8/30/2022 13:58:12 66.10 62.70 64.70 83.20
8/30/2022 13:59:12 75.20 62.20 70.40 82.60
8/30/2022 14:00:12 65.30 57.00 61.40 73.10
8/30/2022 14:01:12 62.10 57.20 59.90 73.80
8/30/2022 14:02:12 64.50 57.40 61.10 74.50
8/30/2022 14:03:12 62.60 56.20 60.10 74.10
8/30/2022 14:04:12 62.90 57.10 60.80 73.70
8/30/2022 14:05:12 64.60 56.80 62.00 74.80
8/30/2022 14:06:12 62.40 55.90 60.10 74.70
8/30/2022 14:07:12 61.40 56.80 61.10 75.00
8/30/2022 14:08:12 70.80 53.50 64.90 75.90
8/30/2022 14:09:12 61.90 53.10 58.40 70.40
8/30/2022 14:10:12 57.00 53.20 55.20 69.60
8/30/2022 14:11:12 54.60 53.20 53.80 69.70
8/30/2022 14:12:12 54.10 52.90 53.50 69.90
8/30/2022 14:13:12 59.70 52.10 56.70 71.40
8/30/2022 14:14:12 56.30 50.20 53.50 67.20



8/30/2022 14:15:12 52.00 50.10 51.00 67.00
8/30/2022 14:16:12 52.30 50.80 51.40 66.60
8/30/2022 14:17:12 56.30 50.20 53.20 67.70
8/30/2022 14:18:12 58.80 56.00 57.30 70.00
8/30/2022 14:19:12 62.10 54.40 58.60 67.90
8/30/2022 14:20:12 59.50 54.00 58.20 72.00
8/30/2022 14:21:12 61.30 58.30 59.80 72.70
8/30/2022 14:22:12 60.10 57.90 58.90 71.30
8/30/2022 14:23:12 64.70 58.10 60.80 70.10
8/30/2022 14:24:12 61.60 57.60 59.30 71.30
8/30/2022 14:25:12 60.70 57.80 59.00 72.50
8/30/2022 14:26:12 60.50 58.00 59.30 69.60
8/30/2022 14:27:12 59.10 58.40 58.60 68.40
8/30/2022 14:28:12 59.40 58.50 58.90 68.40
8/30/2022 14:29:12 59.90 59.00 59.40 70.30
8/30/2022 14:30:12 60.10 58.10 58.90 69.90
8/30/2022 14:31:12 58.30 57.80 58.00 68.00
8/30/2022 14:32:12 58.00 50.80 53.80 67.40
8/30/2022 14:33:12 61.20 52.50 58.10 71.00
8/30/2022 14:34:12 58.60 57.40 57.90 71.10
8/30/2022 14:35:12 57.40 56.80 57.00 68.80
8/30/2022 14:36:12 57.20 56.80 56.90 68.60
8/30/2022 14:37:12 59.10 56.30 57.60 70.20
8/30/2022 14:38:12 56.70 56.00 56.20 68.90
8/30/2022 14:39:12 56.90 56.10 56.40 68.60
8/30/2022 14:40:12 59.30 57.10 58.40 68.90
8/30/2022 14:41:12 56.70 56.20 56.40 67.10
8/30/2022 14:42:12 57.20 56.00 56.40 67.70
8/30/2022 14:43:12 58.10 56.60 57.10 68.90
8/30/2022 14:44:12 61.40 57.50 59.70 73.90
8/30/2022 14:45:12 60.00 56.60 58.20 70.80
8/30/2022 14:46:12 58.40 56.80 57.40 70.40
8/30/2022 14:47:12 57.50 56.60 57.00 69.20
8/30/2022 14:48:12 57.00 56.30 56.60 68.20
8/30/2022 14:49:12 64.60 57.20 60.80 75.70
8/30/2022 14:50:12 63.90 56.80 60.40 73.00
8/30/2022 14:51:12 60.10 57.80 59.00 72.60
8/30/2022 14:52:12 58.00 56.00 56.80 69.70
8/30/2022 14:53:12 60.40 56.30 58.20 71.70
8/30/2022 14:54:12 57.90 56.60 57.10 69.60
8/30/2022 14:55:12 58.00 56.20 57.10 69.50
8/30/2022 14:56:12 58.30 56.50 57.40 70.90
8/30/2022 14:57:12 58.60 57.50 57.90 72.20
8/30/2022 14:58:12 57.40 56.10 56.70 68.70
8/30/2022 14:59:12 63.40 57.00 60.30 71.30
8/30/2022 15:00:12 58.90 56.50 57.50 76.00
8/30/2022 15:01:12 60.90 56.90 59.00 73.30
8/30/2022 15:02:12 61.00 56.60 59.80 72.20
8/30/2022 15:03:12 59.60 56.60 57.70 69.90
8/30/2022 15:04:12 58.70 57.10 57.80 71.00
8/30/2022 15:05:12 71.70 57.30 66.30 78.20
8/30/2022 15:06:12 68.90 56.50 63.50 71.30
8/30/2022 15:07:12 63.90 56.20 59.70 74.70
8/30/2022 15:08:12 62.50 56.60 59.60 72.10
8/30/2022 15:09:12 58.30 56.70 57.40 69.20
8/30/2022 15:10:12 57.90 56.50 57.00 69.90
8/30/2022 15:11:12 58.00 56.10 56.90 68.50
8/30/2022 15:12:12 57.70 56.60 57.00 72.10
8/30/2022 15:13:12 58.70 56.90 57.80 69.30
8/30/2022 15:14:12 61.50 55.80 58.70 71.60
8/30/2022 15:15:12 59.30 56.10 57.10 68.40
8/30/2022 15:16:12 57.00 55.60 56.20 68.00
8/30/2022 15:17:12 57.70 56.00 56.60 68.80
8/30/2022 15:18:12 57.20 56.10 56.50 68.90
8/30/2022 15:19:12 58.40 56.40 57.30 69.60
8/30/2022 15:20:12 60.40 56.30 58.80 70.10
8/30/2022 15:21:12 57.00 56.00 56.30 68.10
8/30/2022 15:22:12 57.40 56.10 56.80 69.20
8/30/2022 15:23:12 58.40 56.30 57.20 68.30
8/30/2022 15:24:12 59.10 56.60 57.60 68.90
8/30/2022 15:25:12 58.60 56.60 57.50 69.00
8/30/2022 15:26:12 59.80 57.10 58.50 69.40
8/30/2022 15:27:12 60.00 57.30 58.60 69.60
8/30/2022 15:28:12 58.30 56.90 57.40 70.00
8/30/2022 15:29:12 59.30 56.80 57.70 73.80
8/30/2022 15:30:12 59.70 58.00 58.70 73.00
8/30/2022 15:31:12 58.00 57.00 57.50 71.30
8/30/2022 15:32:12 57.70 56.60 57.10 69.60
8/30/2022 15:33:12 59.00 57.00 58.10 69.20
8/30/2022 15:34:12 59.80 57.40 58.70 72.50
8/30/2022 15:35:12 57.50 56.30 56.90 69.80
8/30/2022 15:36:12 59.60 56.80 58.40 71.20
8/30/2022 15:37:12 59.10 56.20 57.20 73.40
8/30/2022 15:38:12 57.80 56.30 57.00 70.00
8/30/2022 15:39:12 57.80 56.30 56.90 69.30
8/30/2022 15:40:12 57.80 56.70 57.10 69.00
8/30/2022 15:41:12 57.70 56.70 57.10 69.40
8/30/2022 15:42:12 59.00 56.50 57.80 69.70
8/30/2022 15:43:12 58.10 56.50 57.30 69.30
8/30/2022 15:44:12 58.00 55.80 56.80 69.10
8/30/2022 15:45:12 57.20 55.80 56.50 68.50
8/30/2022 15:46:12 57.70 56.30 56.90 69.10
8/30/2022 15:47:12 57.10 55.70 56.40 67.90
8/30/2022 15:48:12 57.50 55.90 56.60 67.50
8/30/2022 15:49:12 57.20 56.20 56.70 67.90
8/30/2022 15:50:12 57.40 56.30 56.70 68.00
8/30/2022 15:51:12 57.70 56.30 56.80 69.40
8/30/2022 15:52:12 57.40 56.50 56.90 68.20
8/30/2022 15:53:12 61.10 57.40 59.00 72.70
8/30/2022 15:54:12 59.40 56.10 58.10 69.10
8/30/2022 15:55:12 58.70 56.60 57.70 67.90
8/30/2022 15:56:12 58.80 57.90 58.20 69.90
8/30/2022 15:57:12 58.80 57.80 58.30 68.00
8/30/2022 15:58:12 59.50 58.10 58.70 70.40
8/30/2022 15:59:12 65.10 58.30 62.10 70.80
8/30/2022 16:00:12 63.40 57.90 60.30 71.00
8/30/2022 16:01:12 62.10 58.10 59.90 70.90
8/30/2022 16:02:12 58.30 57.40 57.80 67.60
8/30/2022 16:03:12 58.40 58.00 58.10 68.70
8/30/2022 16:04:12 58.40 57.90 58.10 68.40
8/30/2022 16:05:12 58.80 54.30 57.30 72.50
8/30/2022 16:06:12 55.70 53.30 54.80 68.80
8/30/2022 16:07:12 55.50 52.20 54.20 68.00
8/30/2022 16:08:12 52.30 51.10 51.60 65.50
8/30/2022 16:09:12 51.10 49.90 50.50 64.00
8/30/2022 16:10:12 55.40 50.30 52.40 64.50
8/30/2022 16:11:12 53.60 50.50 52.30 65.30
8/30/2022 16:12:12 53.80 51.00 52.30 68.00
8/30/2022 16:13:12 59.90 52.10 56.80 67.10
8/30/2022 16:14:12 52.80 50.50 51.80 65.10
8/30/2022 16:15:12 52.70 51.30 52.00 65.80
8/30/2022 16:16:12 52.60 51.10 51.80 64.90
8/30/2022 16:17:12 53.10 50.60 51.60 68.70
8/30/2022 16:18:12 55.40 52.00 53.50 67.90
8/30/2022 16:19:12 53.70 52.40 53.00 68.70
8/30/2022 16:20:12 53.00 51.70 52.30 66.50
8/30/2022 16:21:12 52.60 50.70 51.70 65.80
8/30/2022 16:22:12 52.80 51.10 51.90 66.20
8/30/2022 16:23:12 55.00 51.90 53.10 66.20
8/30/2022 16:24:12 54.50 51.60 52.90 68.40
8/30/2022 16:25:12 57.60 52.30 54.70 68.90
8/30/2022 16:26:12 53.20 50.60 51.80 68.50
8/30/2022 16:27:12 51.10 50.10 50.60 65.30
8/30/2022 16:28:12 57.20 51.10 54.20 67.30
8/30/2022 16:29:12 52.70 50.80 51.60 67.40
8/30/2022 16:30:12 54.00 50.70 52.30 65.70
8/30/2022 16:31:12 54.30 50.50 52.40 70.40
8/30/2022 16:32:12 51.30 49.30 50.20 64.30
8/30/2022 16:33:12 53.00 51.30 52.10 67.50
8/30/2022 16:34:12 52.80 50.60 51.80 65.70
8/30/2022 16:35:12 67.40 50.80 61.90 77.20
8/30/2022 16:36:12 62.30 51.40 58.20 69.50
8/30/2022 16:37:12 63.00 54.10 59.60 71.20
8/30/2022 16:38:12 52.00 50.20 51.00 64.30
8/30/2022 16:39:12 55.50 51.30 53.70 66.00
8/30/2022 16:40:12 53.20 50.90 52.00 65.00
8/30/2022 16:41:12 54.30 52.00 53.10 66.80
8/30/2022 16:42:12 52.90 50.10 51.50 66.60
8/30/2022 16:43:12 52.50 50.20 51.30 64.80
8/30/2022 16:44:12 51.60 50.30 50.80 67.60



8/30/2022 16:45:12 51.40 50.20 50.80 64.50
8/30/2022 16:46:12 52.20 51.30 51.70 68.00
8/30/2022 16:47:12 55.70 52.00 54.10 70.20
8/30/2022 16:48:12 62.40 52.90 58.80 71.60
8/30/2022 16:49:12 52.40 50.90 51.60 65.20
8/30/2022 16:50:12 53.20 50.50 51.60 64.40
8/30/2022 16:51:12 54.30 50.70 52.50 67.00
8/30/2022 16:52:12 53.80 50.90 52.00 64.50
8/30/2022 16:53:12 52.30 49.60 51.10 63.80
8/30/2022 16:54:12 53.30 50.90 52.00 64.80
8/30/2022 16:55:12 53.60 51.30 52.40 64.50
8/30/2022 16:56:12 59.80 52.50 56.50 69.00
8/30/2022 16:57:12 61.40 51.60 56.40 69.00
8/30/2022 16:58:12 57.30 51.50 54.40 65.90
8/30/2022 16:59:12 59.00 52.30 55.30 71.30
8/30/2022 17:00:12 53.30 51.10 52.10 70.60
8/30/2022 17:01:12 52.40 51.10 51.70 67.20
8/30/2022 17:02:12 51.70 50.30 51.00 66.20
8/30/2022 17:03:12 55.60 52.10 53.80 66.40
8/30/2022 17:04:12 59.10 52.00 55.90 71.00
8/30/2022 17:05:12 61.40 52.90 57.10 70.70
8/30/2022 17:06:12 52.80 51.00 51.80 65.00
8/30/2022 17:07:12 52.30 50.60 51.30 64.30
8/30/2022 17:08:12 51.70 50.10 50.80 64.00
8/30/2022 17:09:12 55.10 51.70 53.30 66.50
8/30/2022 17:10:12 54.00 52.30 53.00 65.20
8/30/2022 17:11:12 56.50 51.60 53.90 66.30
8/30/2022 17:12:12 60.70 51.40 56.20 67.50
8/30/2022 17:13:12 52.10 49.90 51.00 64.70
8/30/2022 17:14:12 51.90 50.10 51.00 64.40
8/30/2022 17:15:12 53.60 50.70 52.00 64.60
8/30/2022 17:16:12 54.20 51.60 52.70 64.60
8/30/2022 17:17:12 51.60 49.40 50.50 63.70
8/30/2022 17:18:12 51.60 50.10 50.90 64.30
8/30/2022 17:19:12 52.00 50.20 51.10 63.90
8/30/2022 17:20:12 52.80 50.90 51.80 66.10
8/30/2022 17:21:12 54.70 52.10 53.40 68.90
8/30/2022 17:22:12 55.80 51.80 53.50 67.70
8/30/2022 17:23:12 53.50 52.10 52.80 69.40
8/30/2022 17:24:12 52.90 51.00 51.70 66.30
8/30/2022 17:25:12 52.10 50.10 50.80 64.80
8/30/2022 17:26:12 51.70 50.50 51.10 65.00
8/30/2022 17:27:12 54.00 51.30 52.40 65.50
8/30/2022 17:28:12 56.70 50.50 53.30 65.10
8/30/2022 17:29:12 51.20 49.60 50.40 63.90
8/30/2022 17:30:12 54.60 50.20 52.70 65.20
8/30/2022 17:31:12 53.60 51.30 52.40 65.90
8/30/2022 17:32:12 53.10 50.90 51.90 65.40
8/30/2022 17:33:12 55.00 52.00 53.20 66.40
8/30/2022 17:34:12 55.90 52.70 54.70 65.80
8/30/2022 17:35:12 63.80 52.00 61.20 71.70
8/30/2022 17:36:12 61.60 58.20 61.40 72.20
8/30/2022 17:37:12 59.20 50.40 56.90 69.40
8/30/2022 17:38:12 58.70 50.50 54.50 67.20
8/30/2022 17:39:12 58.00 50.00 53.50 66.10
8/30/2022 17:40:12 50.90 49.00 49.90 65.00
8/30/2022 17:41:12 51.60 50.10 50.90 68.30
8/30/2022 17:42:12 54.20 51.20 52.70 66.00
8/30/2022 17:43:12 52.40 50.80 51.60 67.20
8/30/2022 17:44:12 57.60 51.80 54.90 69.10
8/30/2022 17:45:12 56.50 52.10 53.90 67.70
8/30/2022 17:46:12 55.30 50.60 52.40 66.10
8/30/2022 17:47:12 55.00 50.70 52.60 66.80
8/30/2022 17:48:12 64.90 54.10 60.60 75.70
8/30/2022 17:49:12 59.90 51.70 56.00 67.70
8/30/2022 17:50:12 62.90 53.30 60.50 71.60
8/30/2022 17:51:12 54.60 52.00 53.50 66.70
8/30/2022 17:52:12 60.00 52.00 56.70 69.80
8/30/2022 17:53:12 58.10 50.90 54.40 66.70
8/30/2022 17:54:12 53.50 50.50 51.70 64.90
8/30/2022 17:55:12 53.80 51.90 52.70 66.30
8/30/2022 17:56:12 51.90 50.20 51.00 64.40
8/30/2022 17:57:12 56.10 51.30 53.70 67.50
8/30/2022 17:58:12 62.90 51.10 57.90 71.20
8/30/2022 17:59:12 63.80 51.20 60.50 71.50
8/30/2022 18:00:12 52.30 50.60 51.40 64.00
8/30/2022 18:01:12 52.00 49.70 50.80 64.20
8/30/2022 18:02:12 52.40 50.70 51.40 64.60
8/30/2022 18:03:12 51.60 50.00 50.90 63.80
8/30/2022 18:04:12 51.60 49.50 50.70 63.10
8/30/2022 18:05:12 52.60 50.30 51.50 63.80
8/30/2022 18:06:12 52.80 50.80 51.80 63.90
8/30/2022 18:07:12 58.20 52.20 55.40 65.80
8/30/2022 18:08:12 58.10 52.30 55.50 68.50
8/30/2022 18:09:12 60.30 51.30 56.50 68.00
8/30/2022 18:10:12 52.30 50.60 51.50 65.30
8/30/2022 18:11:12 53.40 50.50 52.10 65.20
8/30/2022 18:12:12 57.20 51.60 54.60 68.40
8/30/2022 18:13:12 52.20 50.40 51.20 67.70
8/30/2022 18:14:12 54.30 51.20 52.70 67.50
8/30/2022 18:15:12 52.80 51.20 51.90 66.80
8/30/2022 18:16:12 58.00 52.60 55.70 68.70
8/30/2022 18:17:12 54.60 51.10 52.50 64.70
8/30/2022 18:18:12 54.10 50.90 52.30 64.70
8/30/2022 18:19:12 53.30 51.30 52.30 65.00
8/30/2022 18:20:12 53.00 50.90 51.90 65.60
8/30/2022 18:21:12 55.60 51.00 52.90 64.90
8/30/2022 18:22:12 55.10 51.80 53.20 65.40
8/30/2022 18:23:12 55.40 51.70 54.20 65.50
8/30/2022 18:24:12 53.50 51.70 52.60 66.00
8/30/2022 18:25:12 54.00 52.00 53.10 65.80
8/30/2022 18:26:12 53.50 52.00 52.70 66.60
8/30/2022 18:27:12 53.30 51.80 52.60 66.50
8/30/2022 18:28:12 53.80 52.30 53.00 66.20
8/30/2022 18:29:12 55.50 52.00 53.50 66.40
8/30/2022 18:30:12 54.90 51.40 52.90 66.10
8/30/2022 18:31:12 55.90 52.60 54.00 66.60
8/30/2022 18:32:12 53.80 52.00 52.70 66.30
8/30/2022 18:33:12 57.40 53.20 54.80 67.80
8/30/2022 18:34:12 53.30 51.80 52.50 66.20
8/30/2022 18:35:12 53.70 51.40 52.40 67.00
8/30/2022 18:36:12 52.80 51.30 52.00 65.70
8/30/2022 18:37:12 55.10 52.20 53.70 68.70
8/30/2022 18:38:12 53.00 51.60 52.10 67.20
8/30/2022 18:39:12 58.60 51.20 54.40 69.20
8/30/2022 18:40:12 52.50 50.90 51.70 65.70
8/30/2022 18:41:12 52.20 50.90 51.60 66.80
8/30/2022 18:42:12 52.90 51.10 51.90 65.80
8/30/2022 18:43:12 52.20 50.60 51.30 65.10
8/30/2022 18:44:12 54.70 51.20 52.70 65.90
8/30/2022 18:45:12 52.00 50.80 51.30 66.10
8/30/2022 18:46:12 52.20 51.20 51.60 65.80
8/30/2022 18:47:12 55.70 50.60 52.90 67.30
8/30/2022 18:48:12 60.30 52.20 57.50 75.70
8/30/2022 18:49:12 52.90 51.20 51.80 66.90
8/30/2022 18:50:12 52.10 50.50 51.30 66.00
8/30/2022 18:51:12 52.00 50.80 51.30 65.70
8/30/2022 18:52:12 52.30 51.30 51.70 66.30
8/30/2022 18:53:12 52.70 51.00 51.80 66.10
8/30/2022 18:54:12 54.10 52.50 53.20 68.70
8/30/2022 18:55:12 57.10 51.30 54.50 66.00
8/30/2022 18:56:12 54.00 51.20 52.30 65.50
8/30/2022 18:57:12 52.60 50.70 51.60 65.00
8/30/2022 18:58:12 52.10 50.30 51.10 64.90
8/30/2022 18:59:12 52.00 50.60 51.40 65.80
8/30/2022 19:00:12 52.40 49.80 50.90 65.50
8/30/2022 19:01:12 53.90 51.30 52.50 65.90
8/30/2022 19:02:12 52.30 49.90 51.20 64.50
8/30/2022 19:03:12 53.10 49.90 51.30 65.10
8/30/2022 19:04:12 52.10 50.30 51.10 65.40
8/30/2022 19:05:12 56.10 50.20 52.90 64.90
8/30/2022 19:06:12 52.10 49.00 50.50 64.50
8/30/2022 19:07:12 52.20 49.80 50.90 67.00
8/30/2022 19:08:12 51.80 50.20 50.90 65.00
8/30/2022 19:09:12 53.00 49.60 51.10 64.70
8/30/2022 19:10:12 51.50 49.70 50.60 65.40
8/30/2022 19:11:12 61.90 50.10 56.80 70.40
8/30/2022 19:12:12 51.00 49.60 50.10 65.30
8/30/2022 19:13:12 51.50 49.80 50.60 64.80
8/30/2022 19:14:12 50.70 49.40 50.00 64.80



8/30/2022 19:15:12 50.50 48.30 49.60 64.90
8/30/2022 19:16:12 50.60 49.10 49.90 65.10
8/30/2022 19:17:12 50.70 48.40 49.60 64.00
8/30/2022 19:18:12 50.60 49.50 50.00 64.40
8/30/2022 19:19:12 51.60 48.90 50.40 64.80
8/30/2022 19:20:12 52.90 49.90 51.30 64.70
8/30/2022 19:21:12 51.00 49.70 50.30 64.20
8/30/2022 19:22:12 52.00 49.50 50.80 64.20
8/30/2022 19:23:12 53.10 49.90 51.50 64.80
8/30/2022 19:24:12 55.10 48.50 51.60 67.50
8/30/2022 19:25:12 50.60 49.60 50.00 64.40
8/30/2022 19:26:12 50.30 48.60 49.30 63.80
8/30/2022 19:27:12 51.20 48.90 50.00 65.40
8/30/2022 19:28:12 50.30 48.80 49.40 65.30
8/30/2022 19:29:12 50.30 48.50 49.40 64.30
8/30/2022 19:30:12 50.90 48.60 49.80 63.80
8/30/2022 19:31:12 50.90 48.90 50.10 65.00
8/30/2022 19:32:12 50.40 48.20 49.40 63.90
8/30/2022 19:33:12 66.40 49.40 61.10 71.00
8/30/2022 19:34:12 51.50 48.80 50.30 64.20
8/30/2022 19:35:12 53.10 50.80 51.80 65.70
8/30/2022 19:36:12 50.60 48.70 49.60 63.70
8/30/2022 19:37:12 50.00 49.20 49.50 64.00
8/30/2022 19:38:12 55.70 49.70 52.80 64.30
8/30/2022 19:39:12 51.20 49.70 50.40 64.10
8/30/2022 19:40:12 52.10 49.50 50.70 64.00
8/30/2022 19:41:12 50.90 48.90 49.90 64.00
8/30/2022 19:42:12 50.20 48.50 49.00 64.10
8/30/2022 19:43:12 52.60 48.90 50.90 64.10
8/30/2022 19:44:12 51.60 49.60 50.50 64.50
8/30/2022 19:45:12 50.60 49.40 49.90 64.70
8/30/2022 19:46:12 51.30 48.40 49.70 63.90
8/30/2022 19:47:12 54.10 50.00 52.50 67.80
8/30/2022 19:48:12 51.40 49.40 50.10 64.90
8/30/2022 19:49:12 51.30 49.10 50.10 64.80
8/30/2022 19:50:12 53.30 48.20 50.60 65.00
8/30/2022 19:51:12 52.60 49.00 51.00 65.50
8/30/2022 19:52:12 52.90 49.80 51.20 64.50
8/30/2022 19:53:12 50.10 48.90 49.60 63.70
8/30/2022 19:54:12 51.50 49.70 50.40 63.60
8/30/2022 19:55:12 50.90 49.10 49.90 63.20
8/30/2022 19:56:12 56.20 49.10 52.30 66.30
8/30/2022 19:57:12 58.80 48.70 54.30 65.60
8/30/2022 19:58:12 52.90 49.50 51.50 65.90
8/30/2022 19:59:12 50.90 49.30 50.00 63.00
8/30/2022 20:00:12 50.40 48.00 49.40 62.60
8/30/2022 20:01:12 50.50 47.80 49.30 63.10
8/30/2022 20:02:12 52.80 48.50 50.40 66.40
8/30/2022 20:03:12 50.50 48.20 49.30 64.00
8/30/2022 20:04:12 50.00 48.50 49.30 63.80
8/30/2022 20:05:12 51.90 49.20 50.40 63.80
8/30/2022 20:06:12 54.00 48.40 50.80 64.20
8/30/2022 20:07:12 50.20 47.90 48.90 63.10
8/30/2022 20:08:12 51.80 48.20 51.00 66.50
8/30/2022 20:09:12 50.90 48.50 49.60 64.60
8/30/2022 20:10:12 50.30 47.60 48.90 62.30
8/30/2022 20:11:12 48.90 47.10 48.10 62.20
8/30/2022 20:12:12 49.20 46.50 47.90 62.50
8/30/2022 20:13:12 50.00 48.00 49.20 63.00
8/30/2022 20:14:12 50.60 48.50 49.60 62.40
8/30/2022 20:15:12 49.70 48.00 48.80 63.60
8/30/2022 20:16:12 51.60 48.70 50.20 64.70
8/30/2022 20:17:12 50.90 48.40 49.60 63.50
8/30/2022 20:18:12 54.00 49.70 51.60 65.70
8/30/2022 20:19:12 50.50 47.80 49.20 63.50
8/30/2022 20:20:12 51.00 47.80 49.20 65.60
8/30/2022 20:21:12 50.20 48.40 49.30 63.20
8/30/2022 20:22:12 50.60 48.30 49.40 63.50
8/30/2022 20:23:12 49.40 48.00 48.50 63.30
8/30/2022 20:24:12 53.80 50.00 52.40 70.40
8/30/2022 20:25:12 52.20 49.20 50.60 67.30
8/30/2022 20:26:12 49.40 47.70 48.50 64.80
8/30/2022 20:27:12 49.20 47.60 48.20 64.50
8/30/2022 20:28:12 49.30 47.30 48.20 62.60
8/30/2022 20:29:12 48.80 46.80 47.80 63.00
8/30/2022 20:30:12 48.00 46.50 47.20 61.70
8/30/2022 20:31:12 49.10 47.60 48.20 62.60
8/30/2022 20:32:12 48.70 47.40 48.00 63.30
8/30/2022 20:33:12 49.10 47.10 48.10 62.80
8/30/2022 20:34:12 48.80 47.00 47.90 63.20
8/30/2022 20:35:12 48.10 46.70 47.30 62.60
8/30/2022 20:36:12 50.60 46.70 48.40 63.70
8/30/2022 20:37:12 49.10 46.70 47.80 62.90
8/30/2022 20:38:12 48.30 46.70 47.30 63.60
8/30/2022 20:39:12 48.90 46.00 47.40 63.60
8/30/2022 20:40:12 49.40 47.00 48.10 63.50
8/30/2022 20:41:12 50.30 47.80 48.90 64.10
8/30/2022 20:42:12 49.10 46.10 47.80 63.80
8/30/2022 20:43:12 49.50 47.40 48.20 64.00
8/30/2022 20:44:12 49.50 48.00 48.80 63.80
8/30/2022 20:45:12 49.30 47.60 48.40 63.30
8/30/2022 20:46:12 53.00 47.70 51.20 66.80
8/30/2022 20:47:12 50.40 47.40 49.00 64.00
8/30/2022 20:48:12 49.10 47.40 48.20 63.90
8/30/2022 20:49:12 49.30 46.50 47.70 63.30
8/30/2022 20:50:12 48.80 47.00 48.60 62.90
8/30/2022 20:51:12 50.00 46.90 48.10 63.90
8/30/2022 20:52:12 48.40 46.90 47.60 64.10
8/30/2022 20:53:12 58.20 48.90 54.90 67.80
8/30/2022 20:54:12 49.00 47.10 48.00 64.40
8/30/2022 20:55:12 48.60 46.80 47.50 64.10
8/30/2022 20:56:12 49.50 47.00 48.20 63.40
8/30/2022 20:57:12 48.90 47.10 47.90 63.60
8/30/2022 20:58:12 48.70 47.10 47.80 63.00
8/30/2022 20:59:12 49.70 46.70 48.20 61.80
8/30/2022 21:00:12 51.70 46.60 49.00 63.30
8/30/2022 21:01:12 48.10 46.10 47.00 61.30
8/30/2022 21:02:12 47.80 46.00 46.90 61.20
8/30/2022 21:03:12 48.60 46.20 47.20 61.70
8/30/2022 21:04:12 49.00 46.00 47.70 62.20
8/30/2022 21:05:12 51.20 46.10 48.70 62.00
8/30/2022 21:06:12 56.70 47.30 52.70 74.70
8/30/2022 21:07:12 49.70 46.70 47.90 62.80
8/30/2022 21:08:12 52.70 47.90 50.20 65.00
8/30/2022 21:09:12 49.20 46.70 47.80 64.20
8/30/2022 21:10:12 51.00 46.00 48.30 62.30
8/30/2022 21:11:12 48.80 45.50 47.20 63.00
8/30/2022 21:12:12 51.40 45.20 48.50 69.80
8/30/2022 21:13:12 51.00 46.40 49.10 66.50
8/30/2022 21:14:12 50.10 46.90 48.40 66.70
8/30/2022 21:15:12 49.90 46.60 48.50 62.50
8/30/2022 21:16:12 48.80 46.20 47.60 62.70
8/30/2022 21:17:12 48.30 46.20 47.20 60.90
8/30/2022 21:18:12 48.90 46.40 47.50 61.00
8/30/2022 21:19:12 50.90 46.40 48.60 65.90
8/30/2022 21:20:12 48.70 46.50 47.70 63.10
8/30/2022 21:21:12 49.50 47.20 48.20 61.30
8/30/2022 21:22:12 49.00 47.10 47.90 63.10
8/30/2022 21:23:12 48.00 45.40 46.70 65.70
8/30/2022 21:24:12 47.70 45.80 46.60 62.00
8/30/2022 21:25:12 47.30 45.20 46.00 61.20
8/30/2022 21:26:12 48.20 45.20 46.60 60.90
8/30/2022 21:27:12 46.90 44.20 45.70 60.40
8/30/2022 21:28:12 48.90 45.20 46.80 61.90
8/30/2022 21:29:12 49.10 45.00 46.60 61.00
8/30/2022 21:30:12 47.30 44.40 45.90 60.60
8/30/2022 21:31:12 47.60 45.00 46.60 61.80
8/30/2022 21:32:12 57.80 50.70 55.00 62.40
8/30/2022 21:33:12 59.20 50.00 56.10 62.60
8/30/2022 21:34:12 51.90 46.50 49.20 60.20
8/30/2022 21:35:12 54.00 46.50 50.70 62.30
8/30/2022 21:36:12 48.40 46.00 47.10 62.00
8/30/2022 21:37:12 48.90 46.00 47.20 61.30
8/30/2022 21:38:12 48.70 44.90 46.50 62.10
8/30/2022 21:39:12 52.00 47.30 49.20 63.20
8/30/2022 21:40:12 51.50 48.60 49.80 62.90
8/30/2022 21:41:12 50.20 47.80 48.90 61.60
8/30/2022 21:42:12 49.80 47.60 48.80 61.00
8/30/2022 21:43:12 48.70 46.80 47.70 60.10
8/30/2022 21:44:12 48.40 47.20 47.70 60.50



8/30/2022 21:45:12 50.30 46.80 48.80 61.00
8/30/2022 21:46:12 50.00 45.90 47.60 60.30
8/30/2022 21:47:12 46.90 45.60 46.10 60.20
8/30/2022 21:48:12 48.30 47.00 47.60 60.60
8/30/2022 21:49:12 50.80 47.60 49.00 59.30
8/30/2022 21:50:12 53.60 51.50 52.40 60.80
8/30/2022 21:51:12 53.30 51.20 52.20 60.30
8/30/2022 21:52:12 54.50 52.60 53.40 61.50
8/30/2022 21:53:12 53.00 49.70 51.10 61.30
8/30/2022 21:54:12 52.50 50.60 51.60 61.20
8/30/2022 21:55:12 54.30 49.60 52.40 61.40
8/30/2022 21:56:12 49.80 48.30 49.00 59.60
8/30/2022 21:57:12 49.80 48.40 49.00 60.90
8/30/2022 21:58:12 51.40 48.60 50.00 60.30
8/30/2022 21:59:12 49.40 48.00 48.60 60.50
8/30/2022 22:00:12 51.50 48.80 50.00 59.90
8/30/2022 22:01:12 52.10 50.10 51.10 60.40
8/30/2022 22:02:12 54.00 52.30 53.20 61.20
8/30/2022 22:03:12 52.80 50.20 51.60 61.60
8/30/2022 22:04:12 53.60 50.10 51.40 61.70
8/30/2022 22:05:12 54.10 51.40 52.90 62.80
8/30/2022 22:06:12 55.50 53.60 54.60 62.30
8/30/2022 22:07:12 57.50 55.90 56.70 63.40
8/30/2022 22:08:12 58.40 57.30 57.80 64.60
8/30/2022 22:09:12 57.40 54.30 55.50 62.70
8/30/2022 22:10:12 60.10 55.60 58.30 62.90
8/30/2022 22:11:12 58.50 57.20 57.60 63.90
8/30/2022 22:12:12 56.50 55.50 55.80 62.50
8/30/2022 22:13:12 56.50 55.70 56.00 63.20
8/30/2022 22:14:12 56.40 54.40 55.30 62.50
8/30/2022 22:15:12 57.50 54.40 56.10 62.30
8/30/2022 22:16:12 57.30 56.00 56.50 63.90
8/30/2022 22:17:12 56.60 55.50 55.90 65.10
8/30/2022 22:18:12 54.70 52.00 53.10 64.80
8/30/2022 22:19:12 54.20 53.30 53.60 63.40
8/30/2022 22:20:12 56.30 55.00 55.70 64.30
8/30/2022 22:21:12 55.90 54.10 55.10 64.50
8/30/2022 22:22:12 58.30 53.20 55.60 72.70
8/30/2022 22:23:12 57.30 51.40 53.40 68.40
8/30/2022 22:24:12 50.30 49.10 49.70 63.00
8/30/2022 22:25:12 51.10 47.90 49.60 61.00
8/30/2022 22:26:12 51.30 48.00 49.50 63.50
8/30/2022 22:27:12 48.50 45.40 47.00 60.20
8/30/2022 22:28:12 47.50 45.40 46.20 59.70
8/30/2022 22:29:12 48.30 46.70 47.40 60.40
8/30/2022 22:30:12 48.30 46.20 47.20 60.20
8/30/2022 22:31:12 50.50 45.30 47.90 61.70
8/30/2022 22:32:12 50.60 45.60 47.30 60.00
8/30/2022 22:33:12 46.60 44.60 45.60 61.30
8/30/2022 22:34:12 48.70 45.90 47.10 61.00
8/30/2022 22:35:12 48.30 45.20 46.80 61.20
8/30/2022 22:36:12 52.10 47.70 49.80 61.00
8/30/2022 22:37:12 51.60 48.20 50.10 59.80
8/30/2022 22:38:12 56.00 51.20 53.60 61.40
8/30/2022 22:39:12 58.30 55.20 56.70 62.10
8/30/2022 22:40:12 59.00 55.20 57.30 62.10
8/30/2022 22:41:12 55.90 52.90 54.90 61.50
8/30/2022 22:42:12 57.40 48.20 53.70 61.80
8/30/2022 22:43:12 49.50 47.50 48.50 61.40
8/30/2022 22:44:12 53.90 48.20 51.50 62.60
8/30/2022 22:45:12 49.30 47.10 47.90 60.60
8/30/2022 22:46:12 49.10 46.50 47.60 60.60
8/30/2022 22:47:12 47.60 45.20 46.40 59.70
8/30/2022 22:48:12 56.20 45.80 50.30 62.00
8/30/2022 22:49:12 53.70 46.40 50.00 63.40
8/30/2022 22:50:12 47.90 45.10 46.60 60.20
8/30/2022 22:51:12 47.60 45.00 46.20 60.00
8/30/2022 22:52:12 53.10 45.90 50.10 63.30
8/30/2022 22:53:12 54.10 46.40 50.30 61.80
8/30/2022 22:54:12 46.60 44.20 45.20 60.90
8/30/2022 22:55:12 49.70 45.40 47.50 61.60
8/30/2022 22:56:12 49.60 46.30 47.40 62.60
8/30/2022 22:57:12 47.70 45.50 46.80 60.40
8/30/2022 22:58:12 46.30 45.20 45.70 60.30
8/30/2022 22:59:12 47.80 45.00 46.40 60.50
8/30/2022 23:00:12 51.20 47.40 49.10 61.70
8/30/2022 23:01:12 48.30 46.40 47.30 61.90
8/30/2022 23:02:12 56.50 47.00 52.40 63.20
8/30/2022 23:03:12 52.60 47.70 49.60 63.00
8/30/2022 23:04:12 53.90 48.90 51.20 64.10
8/30/2022 23:05:12 49.10 46.90 48.00 60.90
8/30/2022 23:06:12 57.00 47.40 52.90 62.80
8/30/2022 23:07:12 49.90 46.40 47.90 61.60
8/30/2022 23:08:12 52.50 47.70 50.20 63.20
8/30/2022 23:09:12 51.10 47.50 49.40 63.80
8/30/2022 23:10:12 50.80 48.20 49.30 62.80
8/30/2022 23:11:12 49.10 47.60 48.20 62.80
8/30/2022 23:12:12 49.40 45.60 47.50 62.20
8/30/2022 23:13:12 47.10 45.50 46.20 61.90
8/30/2022 23:14:12 49.70 45.20 47.60 61.30
8/30/2022 23:15:12 49.60 46.70 48.40 61.90
8/30/2022 23:16:12 49.80 47.10 48.40 62.60
8/30/2022 23:17:12 54.50 48.40 51.20 63.00
8/30/2022 23:18:12 50.90 47.60 48.80 61.50
8/30/2022 23:19:12 50.00 48.40 49.10 62.00
8/30/2022 23:20:12 48.60 46.80 47.70 62.30
8/30/2022 23:21:12 51.70 46.80 49.00 62.50
8/30/2022 23:22:12 48.10 46.20 47.00 62.80
8/30/2022 23:23:12 48.40 44.70 47.10 62.10
8/30/2022 23:24:12 49.00 46.70 47.90 62.90
8/30/2022 23:25:12 49.80 46.60 47.90 62.40
8/30/2022 23:26:12 51.20 47.40 49.40 61.80
8/30/2022 23:27:12 49.70 46.70 48.20 62.00
8/30/2022 23:28:12 47.80 46.90 47.20 62.70
8/30/2022 23:29:12 52.40 47.80 50.20 62.70
8/30/2022 23:30:12 50.70 47.00 48.90 63.00
8/30/2022 23:31:12 48.40 47.10 47.70 63.00
8/30/2022 23:32:12 48.00 45.70 46.90 63.00
8/30/2022 23:33:12 50.10 46.50 48.10 62.60
8/30/2022 23:34:12 50.00 47.20 48.50 63.10
8/30/2022 23:35:12 50.80 46.70 48.30 62.60
8/30/2022 23:36:12 51.90 46.50 48.80 63.00
8/30/2022 23:37:12 48.90 46.80 47.80 63.40
8/30/2022 23:38:12 55.60 48.80 52.80 64.00
8/30/2022 23:39:12 50.60 48.40 49.50 63.50
8/30/2022 23:40:12 49.50 48.00 48.70 63.00
8/30/2022 23:41:12 50.40 46.80 49.00 63.80
8/30/2022 23:42:12 49.80 46.90 48.30 63.30
8/30/2022 23:43:12 50.80 46.90 49.00 62.60
8/30/2022 23:44:12 49.40 47.10 48.40 62.30
8/30/2022 23:45:12 54.40 47.70 51.10 63.40
8/30/2022 23:46:12 49.40 46.10 47.90 62.10
8/30/2022 23:47:12 49.30 47.00 48.00 62.10
8/30/2022 23:48:12 48.60 46.60 47.50 62.00
8/30/2022 23:49:12 55.00 49.30 52.50 66.60
8/30/2022 23:50:12 53.50 50.50 51.80 69.90
8/30/2022 23:51:12 51.20 47.90 49.80 65.20
8/30/2022 23:52:12 53.60 47.50 51.20 67.00
8/30/2022 23:53:12 50.80 46.20 49.00 63.00
8/30/2022 23:54:12 52.10 48.10 49.90 62.30
8/30/2022 23:55:12 51.00 48.20 49.70 62.50
8/30/2022 23:56:12 49.40 46.90 48.00 62.20
8/30/2022 23:57:12 49.50 46.60 48.20 62.40
8/30/2022 23:58:12 50.90 47.50 49.50 62.60
8/30/2022 23:59:12 50.20 47.00 48.30 62.10
8/31/2022 0:00:12 51.50 46.70 49.20 62.30
8/31/2022 0:01:12 55.90 47.00 51.60 63.70
8/31/2022 0:02:12 49.60 46.00 47.90 61.90
8/31/2022 0:03:12 48.80 46.30 47.50 62.70
8/31/2022 0:04:12 47.60 45.20 46.60 63.20
8/31/2022 0:05:12 49.70 47.40 48.40 62.50
8/31/2022 0:06:12 52.30 48.40 50.00 63.40
8/31/2022 0:07:12 51.30 46.20 48.30 62.40
8/31/2022 0:08:12 59.60 49.20 55.40 64.60
8/31/2022 0:09:12 51.60 46.80 49.30 63.70
8/31/2022 0:10:12 50.20 46.90 48.10 63.10
8/31/2022 0:11:12 49.20 46.60 47.80 63.50
8/31/2022 0:12:12 49.30 47.10 48.00 63.90
8/31/2022 0:13:12 49.30 46.80 48.10 64.10
8/31/2022 0:14:12 48.80 46.70 47.70 63.50



8/31/2022 0:15:12 48.90 46.80 48.00 63.90
8/31/2022 0:16:12 49.30 46.80 48.00 62.90
8/31/2022 0:17:12 49.30 45.90 47.70 62.90
8/31/2022 0:18:12 49.50 46.90 48.10 62.60
8/31/2022 0:19:12 49.60 46.40 48.10 63.00
8/31/2022 0:20:12 49.60 46.90 48.30 63.40
8/31/2022 0:21:12 49.50 46.80 48.20 63.50
8/31/2022 0:22:12 48.90 46.50 47.70 63.20
8/31/2022 0:23:12 49.50 46.70 47.90 62.80
8/31/2022 0:24:12 53.00 47.50 50.30 63.30
8/31/2022 0:25:12 48.00 47.00 47.40 63.40
8/31/2022 0:26:12 49.20 46.40 47.50 63.00
8/31/2022 0:27:12 53.70 46.10 50.40 63.20
8/31/2022 0:28:12 56.60 45.60 51.80 64.00
8/31/2022 0:29:12 47.80 45.40 46.60 62.00
8/31/2022 0:30:12 48.20 46.90 47.60 62.50
8/31/2022 0:31:12 48.20 46.50 47.20 62.20
8/31/2022 0:32:12 48.30 46.10 47.30 62.00
8/31/2022 0:33:12 49.30 47.40 48.20 62.20
8/31/2022 0:34:12 48.20 45.90 47.00 61.80
8/31/2022 0:35:12 48.10 45.90 47.10 61.30
8/31/2022 0:36:12 49.30 45.90 47.40 61.50
8/31/2022 0:37:12 48.30 46.00 47.20 62.30
8/31/2022 0:38:12 49.70 46.20 47.80 62.40
8/31/2022 0:39:12 49.80 46.40 48.00 62.30
8/31/2022 0:40:12 48.60 45.50 46.90 62.60
8/31/2022 0:41:12 49.20 44.90 46.90 62.10
8/31/2022 0:42:12 49.30 45.80 47.90 62.40
8/31/2022 0:43:12 52.40 46.00 49.60 62.90
8/31/2022 0:44:12 48.80 45.60 47.20 63.10
8/31/2022 0:45:12 48.60 45.60 47.00 62.90
8/31/2022 0:46:12 48.70 45.60 47.20 62.80
8/31/2022 0:47:12 50.40 46.40 48.50 66.70
8/31/2022 0:48:12 49.10 45.70 47.40 63.30
8/31/2022 0:49:12 51.00 45.50 48.40 62.50
8/31/2022 0:50:12 57.80 45.00 53.70 64.20
8/31/2022 0:51:12 48.30 45.20 46.80 62.90
8/31/2022 0:52:12 47.80 44.00 45.90 61.60
8/31/2022 0:53:12 46.60 44.00 45.10 62.90
8/31/2022 0:54:12 46.20 43.70 44.50 61.30
8/31/2022 0:55:12 47.90 44.30 46.10 62.00
8/31/2022 0:56:12 47.60 44.30 46.00 62.90
8/31/2022 0:57:12 56.40 44.20 52.10 63.90
8/31/2022 0:58:12 45.80 43.10 44.40 61.50
8/31/2022 0:59:12 46.30 43.90 45.10 62.40
8/31/2022 1:00:12 45.70 43.30 44.30 62.40
8/31/2022 1:01:12 46.40 42.90 44.40 62.50
8/31/2022 1:02:12 44.80 43.50 44.00 62.30
8/31/2022 1:03:12 45.20 43.40 44.90 61.80
8/31/2022 1:04:12 45.50 43.40 44.30 62.40
8/31/2022 1:05:12 45.40 42.20 43.80 61.90
8/31/2022 1:06:12 46.30 43.20 44.70 61.90
8/31/2022 1:07:12 45.80 42.00 43.50 61.40
8/31/2022 1:08:12 56.50 44.80 52.60 63.30
8/31/2022 1:09:12 45.40 43.50 44.30 61.90
8/31/2022 1:10:12 44.40 42.90 43.60 61.60
8/31/2022 1:11:12 45.90 43.70 44.80 62.10
8/31/2022 1:12:12 45.40 43.20 44.00 61.60
8/31/2022 1:13:12 46.40 44.20 45.30 62.50
8/31/2022 1:14:12 45.20 43.50 44.20 62.00
8/31/2022 1:15:12 45.00 43.50 44.10 62.30
8/31/2022 1:16:12 45.00 43.10 44.00 62.30
8/31/2022 1:17:12 44.80 43.30 43.80 62.00
8/31/2022 1:18:12 44.20 42.70 43.50 62.00
8/31/2022 1:19:12 44.00 42.90 43.40 62.50
8/31/2022 1:20:12 44.90 42.90 43.50 62.30
8/31/2022 1:21:12 48.40 43.40 45.70 63.10
8/31/2022 1:22:12 46.40 44.10 45.00 62.80
8/31/2022 1:23:12 45.20 44.10 44.60 63.00
8/31/2022 1:24:12 44.40 43.20 43.60 63.00
8/31/2022 1:25:12 45.00 43.50 44.10 62.60
8/31/2022 1:26:12 44.90 43.40 44.20 62.90
8/31/2022 1:27:12 45.20 43.60 44.40 62.70
8/31/2022 1:28:12 45.90 44.50 45.10 63.00
8/31/2022 1:29:12 46.20 44.40 45.10 62.60
8/31/2022 1:30:12 45.30 44.40 44.70 62.60
8/31/2022 1:31:12 46.20 44.60 45.20 63.70
8/31/2022 1:32:12 45.80 44.50 45.00 63.00
8/31/2022 1:33:12 45.90 44.70 45.20 63.40
8/31/2022 1:34:12 46.80 44.80 45.90 63.30
8/31/2022 1:35:12 46.20 45.20 45.70 64.00
8/31/2022 1:36:12 47.20 44.70 45.70 63.90
8/31/2022 1:37:12 47.00 45.30 45.90 63.70
8/31/2022 1:38:12 46.80 44.70 45.80 63.60
8/31/2022 1:39:12 50.20 44.60 47.90 64.30
8/31/2022 1:40:12 47.60 44.80 46.00 65.50
8/31/2022 1:41:12 46.90 45.30 46.20 64.10
8/31/2022 1:42:12 45.50 44.40 44.90 63.70
8/31/2022 1:43:12 45.40 44.50 44.90 63.00
8/31/2022 1:44:12 45.40 44.00 44.60 62.80
8/31/2022 1:45:12 45.20 43.60 44.40 62.20
8/31/2022 1:46:12 46.20 44.50 45.20 62.70
8/31/2022 1:47:12 44.80 43.90 44.30 62.30
8/31/2022 1:48:12 44.80 43.90 44.30 62.00
8/31/2022 1:49:12 45.20 43.90 44.40 62.40
8/31/2022 1:50:12 45.60 43.80 44.60 61.90
8/31/2022 1:51:12 44.20 43.50 43.80 62.00
8/31/2022 1:52:12 44.10 42.90 43.40 61.40
8/31/2022 1:53:12 44.10 43.10 43.40 61.40
8/31/2022 1:54:12 43.90 42.80 43.30 61.50
8/31/2022 1:55:12 43.60 42.90 43.20 61.20
8/31/2022 1:56:12 44.50 43.00 43.70 61.20
8/31/2022 1:57:12 43.40 42.30 42.80 60.80
8/31/2022 1:58:12 44.00 42.80 43.30 61.10
8/31/2022 1:59:12 44.40 43.50 43.80 61.60
8/31/2022 2:00:12 46.70 43.50 44.70 62.60
8/31/2022 2:01:12 49.40 45.60 47.40 61.90
8/31/2022 2:02:12 45.70 43.90 44.70 61.10
8/31/2022 2:03:12 44.90 43.90 44.30 61.60
8/31/2022 2:04:12 46.70 44.10 45.80 61.80
8/31/2022 2:05:12 45.50 43.60 44.30 61.00
8/31/2022 2:06:12 47.70 43.40 45.50 61.50
8/31/2022 2:07:12 46.00 43.70 44.70 61.40
8/31/2022 2:08:12 44.50 43.30 43.90 61.10
8/31/2022 2:09:12 44.50 43.00 43.70 60.90
8/31/2022 2:10:12 44.80 43.40 43.90 61.10
8/31/2022 2:11:12 44.20 43.40 43.70 61.30
8/31/2022 2:12:12 44.00 43.00 43.40 60.90
8/31/2022 2:13:12 44.60 43.30 43.70 60.80
8/31/2022 2:14:12 44.60 43.50 43.90 60.70
8/31/2022 2:15:12 44.80 43.40 43.90 60.90
8/31/2022 2:16:12 44.30 43.20 43.70 60.40
8/31/2022 2:17:12 44.20 43.20 43.60 60.30
8/31/2022 2:18:12 43.90 42.80 43.40 60.40
8/31/2022 2:19:12 44.90 42.90 43.70 60.60
8/31/2022 2:20:12 44.00 42.90 43.40 60.60
8/31/2022 2:21:12 44.00 42.80 43.20 60.70
8/31/2022 2:22:12 44.70 43.00 43.90 60.80
8/31/2022 2:23:12 44.30 42.90 43.40 60.30
8/31/2022 2:24:12 43.70 42.40 43.00 60.90
8/31/2022 2:25:12 43.10 42.20 42.60 60.40
8/31/2022 2:26:12 44.30 43.00 43.50 62.70
8/31/2022 2:27:12 43.40 42.70 42.90 61.80
8/31/2022 2:28:12 46.40 43.00 44.40 62.00
8/31/2022 2:29:12 44.90 43.10 43.80 60.90
8/31/2022 2:30:12 44.60 43.10 43.70 61.50
8/31/2022 2:31:12 43.90 42.70 43.10 60.70
8/31/2022 2:32:12 43.90 42.20 42.90 60.60
8/31/2022 2:33:12 44.70 42.70 43.60 61.90
8/31/2022 2:34:12 44.00 42.90 43.40 60.50
8/31/2022 2:35:12 43.90 42.80 43.20 60.60
8/31/2022 2:36:12 44.00 42.90 43.40 60.30
8/31/2022 2:37:12 45.20 42.90 43.90 60.60
8/31/2022 2:38:12 43.90 42.90 43.30 60.30
8/31/2022 2:39:12 43.80 42.80 43.20 60.40
8/31/2022 2:40:12 44.80 42.90 44.20 60.80
8/31/2022 2:41:12 44.70 42.90 43.70 60.50
8/31/2022 2:42:12 47.10 43.90 45.30 60.80
8/31/2022 2:43:12 46.00 42.80 44.10 60.80
8/31/2022 2:44:12 43.40 42.30 42.80 60.70



8/31/2022 2:45:12 44.90 42.80 43.60 60.90
8/31/2022 2:46:12 43.80 42.90 43.10 61.60
8/31/2022 2:47:12 43.40 42.20 42.70 60.80
8/31/2022 2:48:12 43.40 42.30 42.80 61.60
8/31/2022 2:49:12 43.80 42.30 43.10 61.30
8/31/2022 2:50:12 43.90 42.80 43.20 61.30
8/31/2022 2:51:12 44.40 42.80 43.40 61.10
8/31/2022 2:52:12 42.90 42.10 42.40 60.50
8/31/2022 2:53:12 43.50 42.20 42.80 60.60
8/31/2022 2:54:12 43.20 42.20 42.70 60.80
8/31/2022 2:55:12 44.00 42.20 43.10 60.70
8/31/2022 2:56:12 46.80 43.20 44.50 60.90
8/31/2022 2:57:12 43.70 42.20 42.90 60.20
8/31/2022 2:58:12 43.90 41.50 43.00 61.20
8/31/2022 2:59:12 44.50 42.90 43.70 62.60
8/31/2022 3:00:12 45.50 42.90 44.30 62.90
8/31/2022 3:01:12 44.80 42.80 43.80 60.40
8/31/2022 3:02:12 46.50 43.20 44.60 60.90
8/31/2022 3:03:12 46.40 44.00 45.10 61.10
8/31/2022 3:04:12 44.50 43.60 44.10 61.50
8/31/2022 3:05:12 45.10 43.50 44.30 62.20
8/31/2022 3:06:12 45.10 43.10 44.10 60.70
8/31/2022 3:07:12 44.50 43.40 43.80 61.00
8/31/2022 3:08:12 45.80 43.40 44.40 60.30
8/31/2022 3:09:12 45.50 44.00 44.80 60.20
8/31/2022 3:10:12 46.40 44.40 45.40 60.30
8/31/2022 3:11:12 47.50 44.60 46.10 61.10
8/31/2022 3:12:12 44.70 43.10 44.00 61.20
8/31/2022 3:13:12 44.80 43.20 44.00 60.80
8/31/2022 3:14:12 44.70 42.70 43.70 60.70
8/31/2022 3:15:12 45.50 43.40 44.40 61.30
8/31/2022 3:16:12 44.20 42.80 43.30 61.10
8/31/2022 3:17:12 44.30 42.70 43.40 61.30
8/31/2022 3:18:12 47.30 44.40 45.70 63.00
8/31/2022 3:19:12 47.90 45.20 46.60 64.20
8/31/2022 3:20:12 46.70 44.40 45.60 62.60
8/31/2022 3:21:12 46.00 43.00 44.20 61.20
8/31/2022 3:22:12 44.90 43.10 43.70 61.10
8/31/2022 3:23:12 45.60 43.80 44.70 61.10
8/31/2022 3:24:12 45.80 44.00 45.00 60.60
8/31/2022 3:25:12 46.90 45.30 45.80 60.30
8/31/2022 3:26:12 47.70 45.40 46.20 60.10
8/31/2022 3:27:12 46.10 44.90 45.50 60.60
8/31/2022 3:28:12 45.90 45.20 45.40 60.70
8/31/2022 3:29:12 45.80 44.80 45.10 59.90
8/31/2022 3:30:12 45.70 44.70 45.10 59.70
8/31/2022 3:31:12 45.60 44.80 45.00 60.20
8/31/2022 3:32:12 45.70 45.10 45.30 60.00
8/31/2022 3:33:12 46.10 45.10 45.40 60.00
8/31/2022 3:34:12 46.10 45.20 45.50 60.50
8/31/2022 3:35:12 46.40 45.40 45.70 60.50
8/31/2022 3:36:12 45.90 45.10 45.40 60.10
8/31/2022 3:37:12 45.20 42.90 44.20 60.70
8/31/2022 3:38:12 45.20 42.90 43.80 60.40
8/31/2022 3:39:12 46.20 44.10 45.20 60.10
8/31/2022 3:40:12 45.50 43.70 44.40 61.00
8/31/2022 3:41:12 45.00 43.60 44.40 60.40
8/31/2022 3:42:12 45.50 43.60 44.50 59.70
8/31/2022 3:43:12 45.90 44.10 45.00 59.70
8/31/2022 3:44:12 46.20 44.70 45.60 60.50
8/31/2022 3:45:12 47.10 45.60 46.30 61.00
8/31/2022 3:46:12 46.90 45.70 46.20 60.60
8/31/2022 3:47:12 47.10 45.50 46.20 60.50
8/31/2022 3:48:12 46.50 45.90 46.10 60.20
8/31/2022 3:49:12 46.70 45.80 46.20 60.10
8/31/2022 3:50:12 46.90 46.10 46.40 59.80
8/31/2022 3:51:12 46.30 45.40 45.80 59.70
8/31/2022 3:52:12 45.60 42.90 44.10 60.00
8/31/2022 3:53:12 44.40 43.10 43.70 61.10
8/31/2022 3:54:12 44.00 43.40 43.60 60.70
8/31/2022 3:55:12 46.00 43.40 44.40 60.80
8/31/2022 3:56:12 44.40 43.40 43.80 60.40
8/31/2022 3:57:12 47.30 44.00 45.70 61.50
8/31/2022 3:58:12 44.40 43.40 43.70 60.20
8/31/2022 3:59:12 45.20 43.50 44.40 60.10
8/31/2022 4:00:12 47.70 45.10 46.70 60.50
8/31/2022 4:01:12 47.30 46.30 46.70 61.90
8/31/2022 4:02:12 47.70 46.40 47.00 61.70
8/31/2022 4:03:12 47.20 46.30 46.80 62.10
8/31/2022 4:04:12 46.60 45.70 46.10 62.10
8/31/2022 4:05:12 46.90 46.20 46.50 62.70
8/31/2022 4:06:12 46.70 46.00 46.30 62.20
8/31/2022 4:07:12 47.20 46.20 46.60 62.60
8/31/2022 4:08:12 46.60 45.90 46.20 62.20
8/31/2022 4:09:12 46.60 45.90 46.20 62.00
8/31/2022 4:10:12 46.50 45.50 45.90 62.10
8/31/2022 4:11:12 46.30 45.20 45.80 62.40
8/31/2022 4:12:12 46.00 44.20 45.30 61.00
8/31/2022 4:13:12 46.00 45.20 45.40 60.60
8/31/2022 4:14:12 45.80 45.20 45.40 60.00
8/31/2022 4:15:12 45.80 45.10 45.30 60.30
8/31/2022 4:16:12 46.20 45.60 45.80 59.80
8/31/2022 4:17:12 46.50 45.50 45.90 60.30
8/31/2022 4:18:12 45.90 42.30 43.80 60.60
8/31/2022 4:19:12 44.20 42.80 43.30 60.20
8/31/2022 4:20:12 44.50 42.60 43.20 60.40
8/31/2022 4:21:12 43.30 42.80 42.90 61.00
8/31/2022 4:22:12 46.60 42.80 44.30 60.10
8/31/2022 4:23:12 43.50 42.80 43.00 59.60
8/31/2022 4:24:12 43.50 42.40 42.80 59.20
8/31/2022 4:25:12 48.20 42.20 44.80 59.40
8/31/2022 4:26:12 43.50 42.20 43.10 58.90
8/31/2022 4:27:12 43.10 42.20 42.40 58.90
8/31/2022 4:28:12 44.60 42.20 43.30 59.50
8/31/2022 4:29:12 44.70 42.20 43.50 59.60
8/31/2022 4:30:12 44.00 42.90 43.30 60.60
8/31/2022 4:31:12 47.40 42.90 45.00 62.60
8/31/2022 4:32:12 48.90 44.40 46.30 64.40
8/31/2022 4:33:12 47.10 44.20 45.70 63.70
8/31/2022 4:34:12 48.90 44.00 46.40 64.00
8/31/2022 4:35:12 49.30 45.60 47.50 62.90
8/31/2022 4:36:12 49.40 46.30 47.70 63.90
8/31/2022 4:37:12 51.40 47.00 49.30 65.50
8/31/2022 4:38:12 50.20 46.20 48.40 64.50
8/31/2022 4:39:12 48.90 46.10 47.60 63.60
8/31/2022 4:40:12 50.10 46.10 47.90 63.50
8/31/2022 4:41:12 50.20 45.50 47.60 63.30
8/31/2022 4:42:12 49.70 47.10 48.30 63.80
8/31/2022 4:43:12 47.20 45.60 46.50 62.80
8/31/2022 4:44:12 49.20 45.40 47.40 63.50
8/31/2022 4:45:12 48.30 44.80 46.40 62.80
8/31/2022 4:46:12 52.60 45.00 47.90 64.00
8/31/2022 4:47:12 50.30 44.70 47.80 64.80
8/31/2022 4:48:12 47.00 44.50 45.80 63.10
8/31/2022 4:49:12 45.20 43.50 44.10 62.10
8/31/2022 4:50:12 45.50 44.00 44.60 62.10
8/31/2022 4:51:12 45.40 43.90 44.40 62.10
8/31/2022 4:52:12 51.30 43.40 46.70 62.80
8/31/2022 4:53:12 47.10 44.20 45.70 61.80
8/31/2022 4:54:12 47.40 46.40 46.70 61.60
8/31/2022 4:55:12 46.90 45.90 46.30 62.10
8/31/2022 4:56:12 46.50 45.70 46.00 61.20
8/31/2022 4:57:12 47.80 46.10 46.80 61.60
8/31/2022 4:58:12 46.70 44.40 45.80 62.10
8/31/2022 4:59:12 45.80 43.80 44.50 62.60
8/31/2022 5:00:12 46.70 43.60 45.20 62.80
8/31/2022 5:01:12 47.20 44.20 45.70 63.50
8/31/2022 5:02:12 45.20 43.90 44.50 62.60
8/31/2022 5:03:12 47.00 43.50 46.00 62.10
8/31/2022 5:04:12 45.60 43.90 44.50 62.00
8/31/2022 5:05:12 47.60 44.80 46.00 62.70
8/31/2022 5:06:12 45.90 44.10 44.80 62.30
8/31/2022 5:07:12 46.10 44.50 45.30 63.50
8/31/2022 5:08:12 46.10 44.50 45.20 62.90
8/31/2022 5:09:12 45.20 44.10 44.60 62.80
8/31/2022 5:10:12 45.60 44.00 44.60 62.40
8/31/2022 5:11:12 45.20 43.70 44.30 62.30
8/31/2022 5:12:12 46.10 44.40 45.00 62.90
8/31/2022 5:13:12 46.00 44.40 45.00 62.90
8/31/2022 5:14:12 47.80 44.00 45.50 62.50



8/31/2022 5:15:12 46.20 43.80 44.60 62.80
8/31/2022 5:16:12 46.20 43.90 44.90 62.90
8/31/2022 5:17:12 48.80 43.50 45.50 62.50
8/31/2022 5:18:12 47.10 43.50 44.80 62.70
8/31/2022 5:19:12 45.00 44.10 44.50 62.90
8/31/2022 5:20:12 44.60 44.00 44.20 62.50
8/31/2022 5:21:12 45.20 44.00 44.60 62.80
8/31/2022 5:22:12 48.20 44.40 45.80 63.10
8/31/2022 5:23:12 46.60 44.90 45.60 63.10
8/31/2022 5:24:12 45.00 44.20 44.50 62.30
8/31/2022 5:25:12 44.60 43.90 44.10 62.20
8/31/2022 5:26:12 48.40 43.90 45.70 62.30
8/31/2022 5:27:12 45.80 44.00 44.70 62.20
8/31/2022 5:28:12 46.60 44.00 45.20 62.40
8/31/2022 5:29:12 45.60 44.40 45.00 62.00
8/31/2022 5:30:12 45.20 44.00 44.70 62.00
8/31/2022 5:31:12 52.90 44.80 48.60 64.60
8/31/2022 5:32:12 49.30 45.60 47.00 64.10
8/31/2022 5:33:12 48.20 45.30 46.60 63.40
8/31/2022 5:34:12 48.40 45.70 46.90 63.70
8/31/2022 5:35:12 49.00 45.20 46.80 63.20
8/31/2022 5:36:12 47.20 45.20 46.00 63.80
8/31/2022 5:37:12 47.70 45.70 46.60 65.20
8/31/2022 5:38:12 45.40 44.80 45.00 64.00
8/31/2022 5:39:12 46.50 45.00 45.60 64.20
8/31/2022 5:40:12 48.30 45.80 47.30 64.40
8/31/2022 5:41:12 46.50 44.90 45.60 64.10
8/31/2022 5:42:12 48.70 45.60 47.10 64.50
8/31/2022 5:43:12 54.90 45.50 51.50 64.80
8/31/2022 5:44:12 46.90 45.20 45.90 64.20
8/31/2022 5:45:12 46.20 45.50 45.70 64.40
8/31/2022 5:46:12 49.30 45.30 46.90 64.80
8/31/2022 5:47:12 47.60 45.50 46.20 64.70
8/31/2022 5:48:12 45.60 44.90 45.20 64.80
8/31/2022 5:49:12 45.90 45.20 45.50 64.50
8/31/2022 5:50:12 46.30 44.30 45.20 64.10
8/31/2022 5:51:12 47.20 44.40 45.40 64.00
8/31/2022 5:52:12 46.70 44.40 45.20 64.10
8/31/2022 5:53:12 47.60 44.90 45.90 64.80
8/31/2022 5:54:12 46.90 45.20 46.00 64.30
8/31/2022 5:55:12 45.50 44.50 44.80 64.10
8/31/2022 5:56:12 47.00 44.80 45.50 63.70
8/31/2022 5:57:12 48.20 45.00 46.90 64.50
8/31/2022 5:58:12 46.30 44.60 45.30 64.50
8/31/2022 5:59:12 46.30 45.00 45.40 64.80
8/31/2022 6:00:12 46.50 44.50 45.50 63.70
8/31/2022 6:01:12 50.20 45.80 48.90 65.00
8/31/2022 6:02:12 57.90 47.80 54.40 69.00
8/31/2022 6:03:12 48.70 45.60 47.70 64.70
8/31/2022 6:04:12 47.80 44.90 46.10 64.10
8/31/2022 6:05:12 47.50 44.80 45.90 65.20
8/31/2022 6:06:12 46.20 44.90 45.50 64.10
8/31/2022 6:07:12 57.20 47.60 53.90 67.00
8/31/2022 6:08:12 55.10 45.90 50.50 64.60
8/31/2022 6:09:12 45.80 44.50 45.10 63.30
8/31/2022 6:10:12 46.10 44.50 45.20 64.20
8/31/2022 6:11:12 45.60 44.80 45.10 63.80
8/31/2022 6:12:12 45.70 44.50 45.00 63.70
8/31/2022 6:13:12 45.50 44.50 44.90 63.70
8/31/2022 6:14:12 47.30 44.80 45.90 63.80
8/31/2022 6:15:12 46.30 45.00 45.60 63.80
8/31/2022 6:16:12 51.00 45.70 48.70 64.90
8/31/2022 6:17:12 50.00 45.00 47.90 65.20
8/31/2022 6:18:12 46.80 44.80 45.70 64.50
8/31/2022 6:19:12 46.00 44.80 45.30 64.30
8/31/2022 6:20:12 47.20 45.30 46.20 65.10
8/31/2022 6:21:12 46.10 44.50 45.00 65.10
8/31/2022 6:22:12 49.50 46.30 48.10 65.90
8/31/2022 6:23:12 48.80 47.10 48.00 65.80
8/31/2022 6:24:12 47.80 46.20 46.80 65.40
8/31/2022 6:25:12 46.10 45.10 45.50 65.00
8/31/2022 6:26:12 48.70 45.80 47.10 65.40
8/31/2022 6:27:12 48.80 45.80 47.10 65.00
8/31/2022 6:28:12 48.20 45.20 46.40 65.30
8/31/2022 6:29:12 47.20 46.00 46.50 65.20
8/31/2022 6:30:12 48.30 45.70 47.00 64.70
8/31/2022 6:31:12 49.30 44.90 48.20 64.40
8/31/2022 6:32:12 50.90 46.80 49.50 65.20
8/31/2022 6:33:12 48.10 45.90 46.80 65.30
8/31/2022 6:34:12 48.70 45.70 47.20 64.10
8/31/2022 6:35:12 47.50 45.40 46.30 63.50
8/31/2022 6:36:12 51.90 45.70 48.80 64.20
8/31/2022 6:37:12 51.30 45.70 48.00 64.40
8/31/2022 6:38:12 49.60 45.90 47.60 65.10
8/31/2022 6:39:12 50.10 47.80 48.70 66.60
8/31/2022 6:40:12 56.20 47.60 52.60 66.90
8/31/2022 6:41:12 56.00 48.30 52.10 66.60
8/31/2022 6:42:12 64.10 47.80 59.70 67.40
8/31/2022 6:43:12 56.70 47.20 51.90 65.90
8/31/2022 6:44:12 54.60 47.10 50.80 66.10
8/31/2022 6:45:12 58.00 47.80 53.30 66.90
8/31/2022 6:46:12 54.60 47.40 51.80 66.80
8/31/2022 6:47:12 51.90 48.10 50.20 68.30
8/31/2022 6:48:12 57.40 50.50 54.30 70.40
8/31/2022 6:49:12 62.20 51.90 58.30 71.50
8/31/2022 6:50:12 55.20 48.90 52.20 69.70
8/31/2022 6:51:12 50.40 46.80 48.40 66.10
8/31/2022 6:52:12 50.60 47.50 49.20 66.70
8/31/2022 6:53:12 59.50 47.60 55.30 68.50
8/31/2022 6:54:12 50.30 48.00 49.00 67.30
8/31/2022 6:55:12 50.20 48.00 49.00 65.40
8/31/2022 6:56:12 51.40 47.00 49.20 65.40
8/31/2022 6:57:12 48.90 47.00 47.90 65.20
8/31/2022 6:58:12 52.20 47.60 49.90 66.20
8/31/2022 6:59:12 51.80 47.30 49.50 65.90
8/31/2022 7:00:12 50.50 48.00 49.30 65.60
8/31/2022 7:01:12 53.10 49.30 51.30 66.10
8/31/2022 7:02:12 53.30 48.20 50.80 66.00
8/31/2022 7:03:12 57.80 47.40 53.60 65.70
8/31/2022 7:04:12 49.20 47.50 48.20 65.20
8/31/2022 7:05:12 50.70 47.70 49.20 65.60
8/31/2022 7:06:12 51.20 46.80 49.00 65.30
8/31/2022 7:07:12 48.80 46.40 47.30 64.80
8/31/2022 7:08:12 51.30 46.20 48.60 66.80
8/31/2022 7:09:12 51.20 47.20 49.00 65.90
8/31/2022 7:10:12 55.40 48.60 52.20 66.10
8/31/2022 7:11:12 49.50 47.10 48.20 65.60
8/31/2022 7:12:12 51.90 48.20 50.00 68.60
8/31/2022 7:13:12 52.00 47.80 49.80 66.00
8/31/2022 7:14:12 50.20 47.20 48.50 65.90
8/31/2022 7:15:12 49.30 46.00 47.60 65.90
8/31/2022 7:16:12 50.70 46.10 47.90 65.60
8/31/2022 7:17:12 52.00 47.00 49.40 65.60
8/31/2022 7:18:12 50.60 47.00 48.60 65.60
8/31/2022 7:19:12 48.70 46.20 47.10 65.60
8/31/2022 7:20:12 59.80 46.80 55.10 66.60
8/31/2022 7:21:12 69.70 49.50 66.40 71.90
8/31/2022 7:22:12 55.80 49.20 52.40 67.30
8/31/2022 7:23:12 49.30 46.50 49.00 66.20
8/31/2022 7:24:12 61.40 46.40 57.70 67.10
8/31/2022 7:25:12 53.50 48.30 51.00 67.00
8/31/2022 7:26:12 56.60 48.60 53.30 67.70
8/31/2022 7:27:12 53.70 47.20 50.00 69.70
8/31/2022 7:28:12 56.60 53.00 55.20 74.10
8/31/2022 7:29:12 55.90 50.40 53.50 72.40
8/31/2022 7:30:12 54.70 46.90 50.80 65.90
8/31/2022 7:31:12 51.10 47.30 49.40 66.20
8/31/2022 7:32:12 48.80 47.10 48.00 66.50
8/31/2022 7:33:12 52.60 48.50 50.60 67.00
8/31/2022 7:34:12 49.90 47.30 48.70 66.50
8/31/2022 7:35:12 52.30 47.50 49.90 67.30
8/31/2022 7:36:12 50.80 47.50 49.10 66.60
8/31/2022 7:37:12 52.10 47.80 50.40 67.20
8/31/2022 7:38:12 51.20 47.50 49.40 67.90
8/31/2022 7:39:12 54.30 48.10 51.50 67.70
8/31/2022 7:40:12 53.50 46.40 50.60 66.80
8/31/2022 7:41:12 57.70 47.00 52.70 66.90
8/31/2022 7:42:12 68.10 47.30 63.80 71.20
8/31/2022 7:43:12 71.00 54.30 64.80 75.10
8/31/2022 7:44:12 55.10 48.90 53.10 67.10



8/31/2022 7:45:12 55.00 47.70 51.70 65.80
8/31/2022 7:46:12 54.70 47.70 50.90 65.60
8/31/2022 7:47:12 50.30 47.10 48.70 65.30
8/31/2022 7:48:12 56.60 46.90 52.90 65.50
8/31/2022 7:49:12 48.80 47.20 48.00 65.70
8/31/2022 7:50:12 53.70 48.80 51.30 67.00
8/31/2022 7:51:12 57.30 49.30 54.00 69.60
8/31/2022 7:52:12 52.70 48.40 50.40 67.20
8/31/2022 7:53:12 60.10 47.80 55.60 66.90
8/31/2022 7:54:12 50.60 47.00 48.50 66.30
8/31/2022 7:55:12 54.90 46.80 51.20 67.00
8/31/2022 7:56:12 53.30 48.90 51.60 67.60
8/31/2022 7:57:12 50.30 46.50 48.20 66.50
8/31/2022 7:58:12 50.30 46.80 48.10 66.50
8/31/2022 7:59:12 60.80 47.50 57.50 69.20
8/31/2022 8:00:12 71.90 49.30 66.80 78.00
8/31/2022 8:01:12 59.00 48.40 54.10 69.80
8/31/2022 8:02:12 60.30 53.60 57.80 73.60
8/31/2022 8:03:12 53.50 47.30 51.30 68.30
8/31/2022 8:04:12 49.50 47.20 48.40 66.60
8/31/2022 8:05:12 53.00 47.70 50.50 66.80
8/31/2022 8:06:12 49.50 47.40 48.30 67.20
8/31/2022 8:07:12 55.20 47.10 51.10 67.50
8/31/2022 8:08:12 59.60 49.20 55.80 70.80
8/31/2022 8:09:12 68.80 55.00 62.70 75.20
8/31/2022 8:10:12 66.40 49.10 60.50 72.50
8/31/2022 8:11:12 56.90 50.90 54.60 69.30
8/31/2022 8:12:12 58.80 49.40 55.00 71.80
8/31/2022 8:13:12 56.90 47.80 53.50 69.20
8/31/2022 8:14:12 55.20 46.40 51.70 66.40
8/31/2022 8:15:12 55.60 54.50 55.00 67.30
8/31/2022 8:16:12 55.40 54.20 54.60 68.00
8/31/2022 8:17:12 56.70 54.30 55.60 69.00
8/31/2022 8:18:12 56.40 54.70 55.50 68.40
8/31/2022 8:19:12 55.60 54.30 55.00 68.10
8/31/2022 8:20:12 56.60 53.60 54.90 69.40
8/31/2022 8:21:12 55.80 49.90 53.90 71.90
8/31/2022 8:22:12 58.70 47.60 55.00 71.20
8/31/2022 8:23:12 52.90 48.00 51.20 68.60
8/31/2022 8:24:12 53.70 49.10 51.60 69.50
8/31/2022 8:25:12 64.10 51.40 59.30 71.60
8/31/2022 8:26:12 52.50 47.40 49.80 66.40
8/31/2022 8:27:12 78.70 57.00 73.30 81.90
8/31/2022 8:28:12 55.10 48.60 52.00 68.60
8/31/2022 8:29:12 56.20 50.10 53.50 68.10
8/31/2022 8:30:12 60.10 47.60 54.90 69.90
8/31/2022 8:31:12 55.90 49.10 53.10 70.10
8/31/2022 8:32:12 50.10 47.40 48.80 66.50
8/31/2022 8:33:12 56.10 47.20 52.40 66.40
8/31/2022 8:34:12 49.60 46.70 48.00 65.60
8/31/2022 8:35:12 52.90 47.10 50.40 66.40
8/31/2022 8:36:12 51.80 48.00 49.80 66.50
8/31/2022 8:37:12 54.60 47.10 51.20 66.20
8/31/2022 8:38:12 50.10 46.90 48.80 65.90
8/31/2022 8:39:12 58.40 54.00 55.90 68.00
8/31/2022 8:40:12 57.40 55.20 56.00 67.40
8/31/2022 8:41:12 57.30 55.20 57.40 68.40
8/31/2022 8:42:12 58.50 54.60 56.90 68.60
8/31/2022 8:43:12 56.40 54.90 55.50 67.30
8/31/2022 8:44:12 58.30 55.10 56.50 68.10
8/31/2022 8:45:12 56.00 54.20 55.10 67.10
8/31/2022 8:46:12 55.80 54.40 54.90 67.00
8/31/2022 8:47:12 56.40 54.70 55.20 66.80
8/31/2022 8:48:12 55.50 54.20 54.70 66.50
8/31/2022 8:49:12 56.10 54.40 55.20 66.90
8/31/2022 8:50:12 54.50 53.50 53.90 66.70
8/31/2022 8:51:12 60.20 49.70 56.10 66.50
8/31/2022 8:52:12 51.40 49.10 50.20 65.80
8/31/2022 8:53:12 61.70 50.20 56.30 68.80
8/31/2022 8:54:12 65.10 61.50 63.70 76.70
8/31/2022 8:55:12 67.30 61.50 64.20 77.20
8/31/2022 8:56:12 64.10 61.10 62.50 74.50
8/31/2022 8:57:12 65.50 61.50 63.70 75.70
8/31/2022 8:58:12 63.30 62.20 62.80 75.80
8/31/2022 8:59:12 67.00 61.40 64.00 77.10
8/31/2022 9:00:12 66.00 62.10 64.30 77.20
8/31/2022 9:01:12 64.80 62.00 63.40 77.70
8/31/2022 9:02:12 68.50 64.60 66.60 78.70
8/31/2022 9:03:12 67.20 65.00 66.00 77.60
8/31/2022 9:04:12 67.50 65.80 66.70 77.60
8/31/2022 9:05:12 67.90 64.30 66.60 77.50
8/31/2022 9:06:12 67.60 63.50 66.50 77.40
8/31/2022 9:07:12 67.70 66.40 67.00 77.80
8/31/2022 9:08:12 68.00 67.20 67.50 78.90
8/31/2022 9:09:12 67.80 65.10 67.00 78.30
8/31/2022 9:10:12 67.50 66.30 66.90 79.00
8/31/2022 9:11:12 67.50 61.90 65.20 77.90
8/31/2022 9:12:12 65.80 52.00 59.70 76.80
8/31/2022 9:13:12 64.30 56.00 61.20 79.30
8/31/2022 9:14:12 60.40 55.60 58.80 77.90
8/31/2022 9:15:12 60.30 55.20 58.80 76.10
8/31/2022 9:16:12 55.50 52.50 53.90 77.40
8/31/2022 9:17:12 53.30 51.30 52.30 76.70
8/31/2022 9:18:12 51.80 50.30 51.00 78.70
8/31/2022 9:19:12 60.70 50.90 58.40 77.80
8/31/2022 9:20:12 59.70 51.60 56.80 77.30
8/31/2022 9:21:12 56.00 51.70 53.70 77.50
8/31/2022 9:22:12 54.90 51.40 53.20 68.00
8/31/2022 9:23:12 52.00 50.70 51.20 66.30
8/31/2022 9:24:12 52.10 50.60 51.30 65.90
8/31/2022 9:25:12 53.00 51.10 52.10 66.80
8/31/2022 9:26:12 54.40 51.80 53.20 68.40
8/31/2022 9:27:12 55.20 50.90 54.00 67.00
8/31/2022 9:28:12 57.90 52.10 56.10 70.40
8/31/2022 9:29:12 66.80 55.30 61.60 72.70
8/31/2022 9:30:12 69.30 58.40 66.30 77.20
8/31/2022 9:31:12 59.80 54.80 57.30 72.20
8/31/2022 9:32:12 63.20 55.80 59.20 72.80
8/31/2022 9:33:12 56.00 54.60 55.30 70.20
8/31/2022 9:34:12 55.20 54.50 54.80 69.70
8/31/2022 9:35:12 57.20 54.90 56.30 70.70
8/31/2022 9:36:12 57.80 55.20 56.40 70.60
8/31/2022 9:37:12 60.30 53.90 57.20 69.80
8/31/2022 9:38:12 59.10 52.50 55.50 69.40
8/31/2022 9:39:12 59.10 51.80 56.20 72.80
8/31/2022 9:40:12 61.90 56.50 59.90 77.10
8/31/2022 9:41:12 60.80 54.30 59.10 73.80
8/31/2022 9:42:12 60.70 57.90 59.30 71.20
8/31/2022 9:43:12 60.50 51.80 58.10 72.60
8/31/2022 9:44:12 53.20 47.00 50.30 65.50
8/31/2022 9:45:12 61.50 49.90 58.20 70.90
8/31/2022 9:46:12 60.50 55.00 58.50 72.40
8/31/2022 9:47:12 66.80 59.30 63.80 71.50
8/31/2022 9:48:12 75.80 53.00 71.20 76.40
8/31/2022 9:49:12 56.80 52.00 54.30 72.70
8/31/2022 9:50:12 58.60 48.60 55.50 66.10
8/31/2022 9:51:12 51.10 47.00 49.00 65.90
8/31/2022 9:52:12 60.40 49.50 56.30 71.40
8/31/2022 9:53:12 59.50 51.40 56.30 71.90
8/31/2022 9:54:12 59.20 55.50 57.50 72.10
8/31/2022 9:55:12 55.70 48.90 52.60 66.60
8/31/2022 9:56:12 54.30 47.80 51.60 67.60
8/31/2022 9:57:12 55.10 48.40 52.70 68.10
8/31/2022 9:58:12 61.10 52.30 59.20 72.00
8/31/2022 9:59:12 61.20 52.40 57.60 68.80
8/31/2022 10:00:12 55.30 51.80 53.90 69.20
8/31/2022 10:01:12 62.10 54.10 58.30 70.70
8/31/2022 10:02:12 61.50 54.10 60.30 74.40
8/31/2022 10:03:12 56.30 52.50 54.50 72.20
8/31/2022 10:04:12 56.50 50.90 54.30 69.90
8/31/2022 10:05:12 55.20 50.90 53.00 73.60
8/31/2022 10:06:12 57.60 52.60 55.50 72.50
8/31/2022 10:07:12 72.90 58.50 68.60 75.80
8/31/2022 10:08:12 71.30 59.50 68.20 77.90
8/31/2022 10:09:12 64.60 58.80 62.10 78.50
8/31/2022 10:10:12 60.70 57.10 60.00 74.30
8/31/2022 10:11:12 61.40 56.90 59.30 73.10
8/31/2022 10:12:12 59.10 57.30 58.30 73.50
8/31/2022 10:13:12 61.50 57.90 59.30 74.40
8/31/2022 10:14:12 63.60 56.90 60.30 73.20



8/31/2022 10:15:12 61.60 56.80 59.20 72.40
8/31/2022 10:16:12 57.20 52.50 55.20 71.00
8/31/2022 10:17:12 58.20 53.80 56.10 73.20
8/31/2022 10:18:12 60.60 54.10 57.70 73.80
8/31/2022 10:19:12 59.20 53.70 56.30 73.10
8/31/2022 10:20:12 58.30 53.90 56.10 74.30
8/31/2022 10:21:12 69.70 57.40 66.00 75.30
8/31/2022 10:22:12 72.20 65.20 69.10 76.00
8/31/2022 10:23:12 75.70 65.10 71.50 78.80
8/31/2022 10:24:12 65.80 64.60 65.20 74.00
8/31/2022 10:25:12 66.70 64.70 65.70 75.70
8/31/2022 10:26:12 68.40 65.70 67.20 79.40
8/31/2022 10:27:12 67.70 64.70 66.10 75.30
8/31/2022 10:28:12 65.90 64.70 65.30 73.40
8/31/2022 10:29:12 66.10 54.50 61.50 70.20
8/31/2022 10:30:12 49.30 46.80 47.90 67.40
8/31/2022 10:31:12 49.30 47.50 48.20 70.70
8/31/2022 10:32:12 56.00 47.60 53.60 70.60
8/31/2022 10:33:12 57.00 53.70 56.10 66.90
8/31/2022 10:34:12 55.80 52.60 54.10 65.60
8/31/2022 10:35:12 64.70 53.10 59.70 66.20
8/31/2022 10:36:12 55.40 53.70 54.50 66.70
8/31/2022 10:37:12 56.20 53.90 55.00 68.40
8/31/2022 10:38:12 62.10 54.60 58.80 69.30
8/31/2022 10:39:12 77.50 60.90 77.40 77.70
8/31/2022 10:40:12 70.40 68.20 69.60 74.90
8/31/2022 10:41:12 68.60 68.30 68.40 74.10
8/31/2022 10:42:12 68.80 68.30 68.50 74.10
8/31/2022 10:43:12 68.70 68.30 68.40 73.90
8/31/2022 10:44:12 69.10 68.20 69.70 74.50
8/31/2022 10:45:12 69.30 68.40 68.70 74.50
8/31/2022 10:46:12 68.90 68.40 68.50 74.20
8/31/2022 10:47:12 69.10 68.50 68.70 74.20
8/31/2022 10:48:12 69.90 68.70 69.30 75.20
8/31/2022 10:49:12 69.60 68.50 69.00 74.20
8/31/2022 10:50:12 69.40 68.70 68.90 74.70
8/31/2022 10:51:12 69.10 68.60 68.70 73.80
8/31/2022 10:52:12 69.70 68.70 69.00 74.30
8/31/2022 10:53:12 70.10 68.70 69.40 75.80
8/31/2022 10:54:12 69.80 68.70 69.10 74.90
8/31/2022 10:55:12 69.30 68.60 68.90 74.40
8/31/2022 10:56:12 69.60 68.80 69.10 75.10
8/31/2022 10:57:12 69.20 68.70 68.90 74.30
8/31/2022 10:58:12 69.50 68.80 69.00 74.90
8/31/2022 10:59:12 69.90 68.70 69.10 75.40
8/31/2022 11:00:12 69.50 68.70 68.90 74.30
8/31/2022 11:01:12 69.70 68.70 69.10 75.90
8/31/2022 11:02:12 69.30 68.70 68.90 75.00
8/31/2022 11:03:12 69.60 68.60 69.00 75.40
8/31/2022 11:04:12 68.90 68.50 68.60 73.60
8/31/2022 11:05:12 69.00 68.40 68.60 73.70
8/31/2022 11:06:12 69.00 68.60 68.70 73.80
8/31/2022 11:07:12 68.90 68.60 68.60 73.90
8/31/2022 11:08:12 69.00 68.60 68.70 75.90
8/31/2022 11:09:12 69.30 68.60 68.80 73.90
8/31/2022 11:10:12 68.80 68.50 68.50 73.60
8/31/2022 11:11:12 68.80 68.50 68.60 73.50
8/31/2022 11:12:12 68.90 68.50 68.60 73.80
8/31/2022 11:13:12 69.50 68.40 68.80 74.00
8/31/2022 11:14:12 60.00 50.50 56.10 65.30
8/31/2022 11:15:12 53.50 47.90 50.40 65.40
8/31/2022 11:16:12 51.00 47.00 49.20 64.10
8/31/2022 11:17:12 51.50 46.80 49.10 63.80
8/31/2022 11:18:12 49.60 46.60 48.10 61.40
8/31/2022 11:19:12 50.50 44.80 47.60 60.30
8/31/2022 11:20:12 51.50 46.10 49.20 61.60
8/31/2022 11:21:12 50.00 46.10 47.80 60.60
8/31/2022 11:22:12 58.10 46.30 53.70 64.30
8/31/2022 11:23:12 50.50 46.70 48.80 63.40
8/31/2022 11:24:12 47.40 44.70 46.10 60.70
8/31/2022 11:25:12 48.40 45.60 46.90 62.10
8/31/2022 11:26:12 60.10 48.00 55.30 68.60
8/31/2022 11:27:12 67.50 50.20 62.70 72.60
8/31/2022 11:28:12 51.00 47.90 49.40 64.50
8/31/2022 11:29:12 51.20 47.70 49.30 63.00
8/31/2022 11:30:12 49.40 46.80 48.10 64.90
8/31/2022 11:31:12 49.60 46.00 47.70 61.40
8/31/2022 11:32:12 47.90 46.10 46.90 61.10
8/31/2022 11:33:12 50.30 47.40 48.80 61.80
8/31/2022 11:34:12 49.80 47.00 48.40 63.30
8/31/2022 11:35:12 50.20 46.50 48.70 62.60
8/31/2022 11:36:12 50.20 47.00 48.80 64.20
8/31/2022 11:37:12 47.60 45.90 46.60 61.30
8/31/2022 11:38:12 51.40 46.90 49.10 62.70
8/31/2022 11:39:12 49.60 46.30 47.90 61.30
8/31/2022 11:40:12 54.00 46.60 50.10 63.50
8/31/2022 11:41:12 54.70 53.30 54.00 68.80
8/31/2022 11:42:12 55.00 53.60 54.30 68.70
8/31/2022 11:43:12 54.70 53.70 54.10 68.20
8/31/2022 11:44:12 54.70 52.60 53.40 69.20
8/31/2022 11:45:12 54.30 52.00 52.90 68.60
8/31/2022 11:46:12 56.30 52.50 54.00 69.00
8/31/2022 11:47:12 61.00 54.20 58.70 71.70
8/31/2022 11:48:12 70.30 50.80 62.60 71.50
8/31/2022 11:49:12 63.10 50.50 59.70 73.70
8/31/2022 11:50:12 64.80 54.00 60.80 72.10
8/31/2022 11:51:12 63.50 55.80 61.40 74.30
8/31/2022 11:52:12 73.50 59.60 69.70 78.10
8/31/2022 11:53:12 74.80 73.50 74.20 81.50
8/31/2022 11:54:12 75.70 73.70 74.70 81.60
8/31/2022 11:55:12 75.20 73.50 74.30 81.50
8/31/2022 11:56:12 75.00 72.80 74.00 81.20
8/31/2022 11:57:12 75.20 73.50 74.40 81.60
8/31/2022 11:58:12 75.30 73.60 74.40 81.60
8/31/2022 11:59:12 75.10 73.30 74.30 81.60
8/31/2022 12:00:12 78.30 72.00 75.50 86.50
8/31/2022 12:01:12 79.00 60.70 74.30 85.00
8/31/2022 12:02:12 63.80 58.10 60.90 72.50
8/31/2022 12:03:12 62.70 54.30 59.30 73.00
8/31/2022 12:04:12 61.70 56.10 59.40 73.40
8/31/2022 12:05:12 63.00 47.50 58.70 73.30
8/31/2022 12:06:12 58.60 53.70 56.60 70.60
8/31/2022 12:07:12 60.80 52.80 57.90 72.90
8/31/2022 12:08:12 59.80 52.90 57.20 71.70
8/31/2022 12:09:12 61.00 54.60 58.30 69.90
8/31/2022 12:10:12 59.90 49.60 56.10 65.40
8/31/2022 12:11:12 53.90 49.10 51.60 71.10
8/31/2022 12:12:12 59.10 52.40 56.30 71.60
8/31/2022 12:13:12 64.50 54.50 60.50 73.20
8/31/2022 12:14:12 70.10 53.90 63.80 72.60
8/31/2022 12:15:12 71.20 62.80 68.30 78.00
8/31/2022 12:16:12 86.60 74.40 82.00 85.40
8/31/2022 12:17:12 75.90 73.20 74.40 81.90
8/31/2022 12:18:12 74.30 72.90 73.70 81.90
8/31/2022 12:19:12 74.20 73.00 73.70 82.10
8/31/2022 12:20:12 74.40 72.90 73.60 82.10
8/31/2022 12:21:12 73.90 72.30 73.30 82.20
8/31/2022 12:22:12 74.20 73.10 73.80 82.30
8/31/2022 12:23:12 74.30 73.10 73.70 82.30
8/31/2022 12:24:12 75.00 73.10 73.90 82.90
8/31/2022 12:25:12 74.80 73.20 73.90 82.50
8/31/2022 12:26:12 74.80 73.10 73.80 82.30
8/31/2022 12:27:12 74.60 72.90 73.70 82.10
8/31/2022 12:28:12 74.90 72.80 73.70 82.20
8/31/2022 12:29:12 74.60 73.00 73.80 82.40
8/31/2022 12:30:12 74.30 73.00 73.70 82.50
8/31/2022 12:31:12 74.70 72.60 73.60 82.40
8/31/2022 12:32:12 74.60 73.10 73.80 82.80
8/31/2022 12:33:12 74.70 73.00 73.70 82.60
8/31/2022 12:34:12 73.70 73.00 73.50 82.40
8/31/2022 12:35:12 74.00 72.40 73.50 82.20
8/31/2022 12:36:12 74.20 73.00 73.70 82.10
8/31/2022 12:37:12 74.20 72.90 73.60 82.00
8/31/2022 12:38:12 74.00 72.50 73.40 81.60
8/31/2022 12:39:12 76.00 73.10 74.20 82.00
8/31/2022 12:40:12 74.20 73.10 73.80 81.80
8/31/2022 12:41:12 77.60 73.30 75.10 83.90
8/31/2022 12:42:12 73.50 52.60 68.80 82.90
8/31/2022 12:43:12 59.50 47.40 56.00 68.60
8/31/2022 12:44:12 51.40 45.20 48.80 61.10



8/31/2022 12:45:12 49.10 45.60 47.50 60.20
8/31/2022 12:46:12 68.60 44.80 62.00 71.60
8/31/2022 12:47:12 66.70 55.30 63.20 74.50
8/31/2022 12:48:12 63.80 56.70 60.90 74.70
8/31/2022 12:49:12 66.30 51.70 62.90 79.20
8/31/2022 12:50:12 65.20 48.90 61.00 74.10
8/31/2022 12:51:12 48.10 45.40 46.90 61.40
8/31/2022 12:52:12 49.50 44.80 46.60 60.10
8/31/2022 12:53:12 49.10 45.50 47.40 61.10
8/31/2022 12:54:12 55.20 44.80 51.80 64.50
8/31/2022 12:55:12 51.80 45.00 48.00 62.30
8/31/2022 12:56:12 52.00 46.60 49.20 61.70
8/31/2022 12:57:12 49.40 46.90 48.20 61.50
8/31/2022 12:58:12 54.80 46.90 51.40 61.20
8/31/2022 12:59:12 50.20 47.20 48.80 62.20
8/31/2022 13:00:12 48.80 46.10 47.30 60.60
8/31/2022 13:01:12 50.00 46.30 48.40 63.50
8/31/2022 13:02:12 50.20 46.60 48.50 61.60
8/31/2022 13:03:12 48.80 46.00 47.10 61.30
8/31/2022 13:04:12 49.60 46.20 47.70 62.10
8/31/2022 13:05:12 48.00 45.70 46.60 61.30
8/31/2022 13:06:12 48.20 45.70 46.60 61.20
8/31/2022 13:07:12 48.90 45.50 47.00 60.80
8/31/2022 13:08:12 48.80 45.00 47.40 62.70
8/31/2022 13:09:12 49.40 46.90 48.00 63.40
8/31/2022 13:10:12 58.00 47.60 54.40 67.90
8/31/2022 13:11:12 61.40 48.90 58.20 70.20
8/31/2022 13:12:12 51.20 47.10 49.20 67.30
8/31/2022 13:13:12 52.90 48.30 50.90 69.90
8/31/2022 13:14:12 53.60 49.10 51.20 71.30
8/31/2022 13:15:12 51.00 47.50 49.10 69.20
8/31/2022 13:16:12 62.60 49.10 58.00 68.30
8/31/2022 13:17:12 55.40 49.30 52.50 70.60
8/31/2022 13:18:12 59.80 47.40 56.00 67.20
8/31/2022 13:19:12 51.80 47.60 49.80 66.90
8/31/2022 13:20:12 54.00 48.20 52.00 65.30
8/31/2022 13:21:12 48.40 46.70 47.50 64.70
8/31/2022 13:22:12 59.90 49.40 56.70 70.00
8/31/2022 13:23:12 50.90 47.10 49.00 65.50
8/31/2022 13:24:12 65.00 52.30 59.90 70.00
8/31/2022 13:25:12 47.60 44.00 46.50 62.10
8/31/2022 13:26:12 47.10 43.80 45.70 62.50
8/31/2022 13:27:12 47.50 44.60 45.90 61.40
8/31/2022 13:28:12 47.50 44.80 46.10 59.80
8/31/2022 13:29:12 48.50 45.80 47.20 61.60
8/31/2022 13:30:12 51.20 47.80 49.30 64.80
8/31/2022 13:31:12 52.10 46.70 49.70 67.50
8/31/2022 13:32:12 50.80 46.90 48.40 65.70
8/31/2022 13:33:12 48.70 46.10 47.40 67.00
8/31/2022 13:34:12 50.40 46.00 48.00 69.30
8/31/2022 13:35:12 47.30 44.80 45.80 67.50
8/31/2022 13:36:12 52.00 44.30 49.00 65.90
8/31/2022 13:37:12 49.90 44.10 47.00 67.60
8/31/2022 13:38:12 49.70 45.50 47.90 64.90
8/31/2022 13:39:12 50.70 44.30 48.70 63.60
8/31/2022 13:40:12 49.60 45.10 47.30 62.60
8/31/2022 13:41:12 48.30 45.10 46.60 59.10
8/31/2022 13:42:12 51.40 45.30 48.50 62.50
8/31/2022 13:43:12 49.70 45.10 47.40 62.40
8/31/2022 13:44:12 49.50 44.90 47.90 64.00
8/31/2022 13:45:12 57.40 44.50 54.80 68.90
8/31/2022 13:46:12 58.10 45.20 53.60 67.30
8/31/2022 13:47:12 48.40 44.20 46.40 59.40
8/31/2022 13:48:12 61.00 45.50 55.70 68.00
8/31/2022 13:49:12 58.20 44.90 53.10 64.00
8/31/2022 13:50:12 48.60 44.50 46.60 65.40
8/31/2022 13:51:12 53.20 48.20 50.70 64.30
8/31/2022 13:52:12 58.00 49.10 54.90 65.90
8/31/2022 13:53:12 57.90 47.70 53.20 64.50
8/31/2022 13:54:12 52.30 46.00 49.50 62.40
8/31/2022 13:55:12 49.20 45.70 47.80 62.10
8/31/2022 13:56:12 48.10 44.80 46.20 60.60
8/31/2022 13:57:12 54.50 47.70 51.90 62.30
8/31/2022 13:58:12 64.50 61.80 63.30 69.40
8/31/2022 13:59:12 66.80 63.30 64.90 71.80
8/31/2022 14:00:12 67.10 65.40 66.00 75.90
8/31/2022 14:01:12 68.70 64.90 67.00 74.80
8/31/2022 14:02:12 66.50 66.00 66.10 74.30
8/31/2022 14:03:12 69.60 66.50 69.70 79.90
8/31/2022 14:04:12 73.50 66.60 70.00 76.20
8/31/2022 14:05:12 67.40 66.50 66.80 74.10
8/31/2022 14:06:12 67.70 66.50 66.90 74.10
8/31/2022 14:07:12 67.10 66.60 66.70 74.60
8/31/2022 14:08:12 67.40 66.40 66.80 74.50
8/31/2022 14:09:12 66.90 66.30 66.50 73.90
8/31/2022 14:10:12 67.10 66.30 66.90 74.00
8/31/2022 14:11:12 66.90 66.40 66.50 74.00
8/31/2022 14:12:12 67.40 66.50 66.80 73.80
8/31/2022 14:13:12 68.40 66.60 67.10 74.00
8/31/2022 14:14:12 70.60 66.30 68.20 77.20
8/31/2022 14:15:12 71.10 69.10 69.80 80.40
8/31/2022 14:16:12 69.60 52.80 65.70 77.30
8/31/2022 14:17:12 52.70 48.20 50.60 68.00
8/31/2022 14:18:12 49.50 44.40 46.90 68.10
8/31/2022 14:19:12 51.60 46.20 49.20 69.70
8/31/2022 14:20:12 49.80 46.90 48.50 66.70
8/31/2022 14:21:12 50.00 46.90 48.50 67.60
8/31/2022 14:22:12 49.80 46.70 48.20 66.00
8/31/2022 14:23:12 50.30 46.90 48.90 66.80
8/31/2022 14:24:12 51.30 46.90 49.20 65.50
8/31/2022 14:25:12 48.50 46.30 47.50 65.70
8/31/2022 14:26:12 49.60 44.70 47.00 65.40
8/31/2022 14:27:12 49.40 44.40 46.90 64.90
8/31/2022 14:28:12 49.30 45.20 47.60 65.50
8/31/2022 14:29:12 54.10 49.80 52.20 70.30
8/31/2022 14:30:12 67.00 50.90 62.30 73.20
8/31/2022 14:31:12 52.60 47.80 50.70 66.30
8/31/2022 14:32:12 53.50 46.10 51.00 67.70
8/31/2022 14:33:12 49.50 45.90 47.50 64.70
8/31/2022 14:34:12 52.00 45.70 49.60 67.80
8/31/2022 14:35:12 50.50 46.20 48.80 67.10
8/31/2022 14:36:12 50.90 47.00 49.10 68.00
8/31/2022 14:37:12 51.40 46.70 49.20 70.60
8/31/2022 14:38:12 54.60 47.90 51.60 72.80
8/31/2022 14:39:12 54.00 51.30 52.60 73.90
8/31/2022 14:40:12 60.00 51.70 59.00 74.90
8/31/2022 14:41:12 57.10 51.90 54.50 73.60
8/31/2022 14:42:12 51.90 50.30 51.00 73.00
8/31/2022 14:43:12 55.30 51.90 53.40 74.60
8/31/2022 14:44:12 53.00 50.90 51.70 73.90
8/31/2022 14:45:12 59.10 51.30 55.20 74.60
8/31/2022 14:46:12 53.30 51.60 52.40 73.60
8/31/2022 14:47:12 52.70 51.70 52.10 74.20
8/31/2022 14:48:12 54.90 51.70 53.50 74.20
8/31/2022 14:49:12 57.80 52.90 55.30 73.50
8/31/2022 14:50:12 54.50 51.90 53.10 73.60
8/31/2022 14:51:12 53.10 51.60 52.50 74.30
8/31/2022 14:52:12 55.20 52.00 53.20 74.20
8/31/2022 14:53:12 53.20 51.30 52.20 73.90
8/31/2022 14:54:12 53.50 51.70 52.50 73.90
8/31/2022 14:55:12 58.90 50.90 55.70 74.60
8/31/2022 14:56:12 66.40 51.90 61.50 74.60
8/31/2022 14:57:12 68.60 51.40 63.10 74.30
8/31/2022 14:58:12 55.80 51.30 53.70 73.80
8/31/2022 14:59:12 60.90 52.10 57.50 76.30
8/31/2022 15:00:12 52.90 51.30 51.90 74.30
8/31/2022 15:01:12 53.30 51.60 52.30 73.40
8/31/2022 15:02:12 53.80 50.90 56.80 73.30
8/31/2022 15:03:12 61.10 50.10 57.70 72.80
8/31/2022 15:04:12 49.40 46.00 47.90 67.20
8/31/2022 15:05:12 51.50 48.20 50.10 67.60
8/31/2022 15:06:12 49.90 46.60 48.40 65.90
8/31/2022 15:07:12 50.50 46.90 48.70 67.10
8/31/2022 15:08:12 50.30 47.20 49.00 69.40
8/31/2022 15:09:12 48.90 46.70 47.60 63.70
8/31/2022 15:10:12 50.50 46.20 48.40 64.70
8/31/2022 15:11:12 49.30 45.80 47.50 61.70
8/31/2022 15:12:12 50.60 47.50 49.00 63.70
8/31/2022 15:13:12 51.40 47.50 49.50 64.70
8/31/2022 15:14:12 52.60 46.80 50.10 69.10



8/31/2022 15:15:12 53.60 46.30 50.30 67.90
8/31/2022 15:16:12 52.70 46.70 50.60 67.60
8/31/2022 15:17:12 53.60 47.00 51.00 64.50
8/31/2022 15:18:12 51.00 46.90 49.10 63.10
8/31/2022 15:19:12 50.20 46.00 48.30 62.90
8/31/2022 15:20:12 59.80 46.20 54.50 66.90
8/31/2022 15:21:12 54.20 48.00 50.60 63.60
8/31/2022 15:22:12 52.40 49.30 50.90 66.70
8/31/2022 15:23:12 53.60 50.50 52.10 68.70
8/31/2022 15:24:12 50.90 47.90 49.10 62.50
8/31/2022 15:25:12 49.90 47.00 48.40 64.20
8/31/2022 15:26:12 49.10 45.90 47.50 65.80
8/31/2022 15:27:12 51.70 47.30 49.80 65.70
8/31/2022 15:28:12 49.90 45.90 48.00 65.10
8/31/2022 15:29:12 58.00 46.70 53.80 66.90
8/31/2022 15:30:12 57.80 45.90 52.30 67.10
8/31/2022 15:31:12 49.60 46.10 48.00 64.60
8/31/2022 15:32:12 47.20 44.70 45.60 63.90
8/31/2022 15:33:12 49.00 45.90 47.00 63.60
8/31/2022 15:34:12 51.80 46.70 48.80 69.20
8/31/2022 15:35:12 50.30 46.10 48.10 63.10
8/31/2022 15:36:12 52.10 48.30 50.70 63.50
8/31/2022 15:37:12 52.90 47.00 50.10 62.50
8/31/2022 15:38:12 49.30 45.40 47.10 61.20
8/31/2022 15:39:12 51.20 47.80 49.60 62.10
8/31/2022 15:40:12 51.30 48.70 49.90 64.30
8/31/2022 15:41:12 49.20 46.50 47.80 62.90
8/31/2022 15:42:12 55.20 48.80 51.80 66.50
8/31/2022 15:43:12 48.50 45.90 47.30 63.40
8/31/2022 15:44:12 51.80 46.50 48.80 66.60
8/31/2022 15:45:12 55.90 48.70 55.10 68.20
8/31/2022 15:46:12 49.10 46.20 47.70 63.80
8/31/2022 15:47:12 58.30 47.60 52.70 70.20
8/31/2022 15:48:12 67.30 46.60 62.00 76.20
8/31/2022 15:49:12 51.30 46.40 48.80 69.00
8/31/2022 15:50:12 49.90 48.00 48.90 65.20
8/31/2022 15:51:12 58.40 48.40 55.50 72.00
8/31/2022 15:52:12 56.90 48.40 55.10 70.40
8/31/2022 15:53:12 48.40 45.70 47.10 66.30
8/31/2022 15:54:12 50.10 46.30 48.40 68.20
8/31/2022 15:55:12 55.60 48.00 53.70 71.50
8/31/2022 15:56:12 48.20 45.40 46.80 61.40
8/31/2022 15:57:12 48.90 46.20 47.60 63.10
8/31/2022 15:58:12 48.60 45.20 46.80 61.60
8/31/2022 15:59:12 49.10 46.10 47.70 62.80
8/31/2022 16:00:12 49.40 46.80 48.10 63.00
8/31/2022 16:01:12 49.20 46.60 48.00 66.00
8/31/2022 16:02:12 49.20 47.00 47.90 61.50
8/31/2022 16:03:12 50.30 47.20 49.00 65.20
8/31/2022 16:04:12 47.80 45.30 46.40 60.80
8/31/2022 16:05:12 51.70 47.10 49.50 64.90
8/31/2022 16:06:12 49.40 46.50 47.70 61.40
8/31/2022 16:07:12 49.60 46.70 48.00 63.80
8/31/2022 16:08:12 48.80 45.90 47.40 64.00
8/31/2022 16:09:12 51.30 46.20 48.90 66.80
8/31/2022 16:10:12 49.50 45.80 47.70 64.90
8/31/2022 16:11:12 49.50 46.80 48.10 63.40
8/31/2022 16:12:12 52.20 48.10 51.40 65.60
8/31/2022 16:13:12 50.20 46.70 48.60 62.30
8/31/2022 16:14:12 49.20 46.50 47.90 64.20
8/31/2022 16:15:12 50.90 48.50 49.50 65.40
8/31/2022 16:16:12 62.70 49.20 58.00 66.90
8/31/2022 16:17:12 57.00 49.20 52.40 68.60
8/31/2022 16:18:12 49.90 47.60 48.80 67.90
8/31/2022 16:19:12 49.90 46.40 48.40 66.70
8/31/2022 16:20:12 51.00 47.20 49.20 67.70
8/31/2022 16:21:12 50.30 47.20 48.90 68.60
8/31/2022 16:22:12 48.30 45.90 46.90 67.30
8/31/2022 16:23:12 48.90 45.60 47.20 67.20
8/31/2022 16:24:12 49.70 46.20 47.80 67.20
8/31/2022 16:25:12 51.60 45.60 49.40 67.40
8/31/2022 16:26:12 49.60 46.90 48.20 68.10
8/31/2022 16:27:12 53.50 46.80 50.70 65.70
8/31/2022 16:28:12 48.60 46.20 47.30 63.50
8/31/2022 16:29:12 48.10 45.70 47.30 64.50
8/31/2022 16:30:12 57.40 48.40 53.40 67.70
8/31/2022 16:31:12 49.30 46.90 47.90 64.20
8/31/2022 16:32:12 48.90 46.90 47.80 64.80
8/31/2022 16:33:12 51.10 47.60 49.20 65.40
8/31/2022 16:34:12 53.10 48.00 50.50 65.20
8/31/2022 16:35:12 50.00 47.20 48.40 64.90
8/31/2022 16:36:12 52.90 48.30 50.50 65.10
8/31/2022 16:37:12 49.50 46.60 48.20 65.70
8/31/2022 16:38:12 52.50 46.00 49.70 65.60
8/31/2022 16:39:12 49.80 46.20 48.20 66.50
8/31/2022 16:40:12 49.90 46.40 48.00 66.70
8/31/2022 16:41:12 50.80 47.20 49.10 66.30
8/31/2022 16:42:12 48.70 46.40 47.40 65.40
8/31/2022 16:43:12 48.10 45.60 46.80 65.70
8/31/2022 16:44:12 51.20 47.30 49.60 68.00
8/31/2022 16:45:12 49.30 47.10 48.20 67.20
8/31/2022 16:46:12 48.40 46.60 47.50 65.30
8/31/2022 16:47:12 51.20 47.40 49.30 67.70
8/31/2022 16:48:12 56.90 49.30 53.70 69.40
8/31/2022 16:49:12 53.50 48.90 51.60 67.20
8/31/2022 16:50:12 55.20 50.00 52.90 69.50
8/31/2022 16:51:12 51.30 48.80 49.90 65.90
8/31/2022 16:52:12 50.30 47.50 49.00 63.00
8/31/2022 16:53:12 56.10 48.80 52.70 66.10
8/31/2022 16:54:12 50.10 47.60 48.90 62.00
8/31/2022 16:55:12 51.40 47.20 49.50 65.70
8/31/2022 16:56:12 53.60 48.10 51.30 65.20
8/31/2022 16:57:12 50.70 48.30 49.40 64.00
8/31/2022 16:58:12 48.70 46.30 47.50 63.30
8/31/2022 16:59:12 49.80 47.20 48.50 64.40
8/31/2022 17:00:12 49.30 47.40 48.30 65.70
8/31/2022 17:01:12 49.20 47.50 48.30 68.80
8/31/2022 17:02:12 50.00 47.80 48.80 68.80
8/31/2022 17:03:12 48.30 45.90 47.00 67.80
8/31/2022 17:04:12 49.30 47.00 48.10 68.30
8/31/2022 17:05:12 49.40 47.30 48.40 68.00
8/31/2022 17:06:12 52.20 47.10 50.10 66.80
8/31/2022 17:07:12 48.70 46.60 47.60 66.20
8/31/2022 17:08:12 49.40 46.50 48.00 66.80
8/31/2022 17:09:12 49.90 47.30 48.70 65.40
8/31/2022 17:10:12 48.30 46.10 47.10 63.00
8/31/2022 17:11:12 49.90 47.20 48.50 64.40
8/31/2022 17:12:12 60.30 49.20 56.50 71.30
8/31/2022 17:13:12 57.40 48.60 53.90 65.40
8/31/2022 17:14:12 50.70 47.00 48.70 65.80
8/31/2022 17:15:12 52.20 48.50 50.40 66.70
8/31/2022 17:16:12 67.10 51.90 61.90 77.30
8/31/2022 17:17:12 60.50 46.70 54.10 69.50
8/31/2022 17:18:12 49.60 46.90 48.20 63.70
8/31/2022 17:19:12 56.80 48.00 53.30 68.00
8/31/2022 17:20:12 56.00 48.10 52.90 68.70
8/31/2022 17:21:12 54.10 45.60 50.50 63.50
8/31/2022 17:22:12 63.80 47.10 61.30 71.00
8/31/2022 17:23:12 47.40 45.30 46.40 62.40
8/31/2022 17:24:12 49.90 45.40 47.60 66.30
8/31/2022 17:25:12 47.30 44.80 46.20 66.20
8/31/2022 17:26:12 46.50 44.00 45.10 65.20
8/31/2022 17:27:12 49.20 44.30 47.00 67.70
8/31/2022 17:28:12 52.70 48.00 50.70 68.20
8/31/2022 17:29:12 50.20 46.50 48.10 68.30
8/31/2022 17:30:12 47.20 44.00 45.40 66.00
8/31/2022 17:31:12 53.80 46.20 50.90 65.20
8/31/2022 17:32:12 52.80 43.70 48.80 63.40
8/31/2022 17:33:12 56.50 46.00 52.10 64.80
8/31/2022 17:34:12 57.00 52.20 55.10 69.60
8/31/2022 17:35:12 51.30 45.60 48.60 63.60
8/31/2022 17:36:12 54.70 47.20 51.90 65.30
8/31/2022 17:37:12 56.70 46.90 52.90 67.10
8/31/2022 17:38:12 48.00 46.20 47.10 61.80
8/31/2022 17:39:12 53.60 44.60 50.00 65.10
8/31/2022 17:40:12 50.90 46.20 48.00 62.00
8/31/2022 17:41:12 50.40 46.60 48.50 63.10
8/31/2022 17:42:12 52.10 47.20 50.30 64.40
8/31/2022 17:43:12 50.20 46.80 48.60 63.40
8/31/2022 17:44:12 48.20 45.90 47.30 63.60



8/31/2022 17:45:12 51.70 45.60 49.00 64.00
8/31/2022 17:46:12 52.10 47.80 50.10 64.40
8/31/2022 17:47:12 56.50 49.20 52.30 69.50
8/31/2022 17:48:12 59.40 48.60 55.60 69.70
8/31/2022 17:49:12 53.50 49.30 51.20 66.00
8/31/2022 17:50:12 52.80 48.50 51.20 65.90
8/31/2022 17:51:12 57.90 49.50 54.20 67.90
8/31/2022 17:52:12 54.40 46.30 50.10 69.60
8/31/2022 17:53:12 51.50 47.20 49.80 70.20
8/31/2022 17:54:12 55.80 50.70 53.90 72.50
8/31/2022 17:55:12 51.30 46.90 49.50 66.20
8/31/2022 17:56:12 51.70 47.80 49.80 66.60
8/31/2022 17:57:12 51.50 47.70 49.40 67.30
8/31/2022 17:58:12 51.10 47.10 49.60 68.70
8/31/2022 17:59:12 53.00 48.60 50.80 70.10
8/31/2022 18:00:12 53.30 47.90 50.70 66.30
8/31/2022 18:01:12 53.00 48.90 50.90 68.90
8/31/2022 18:02:12 61.00 47.70 55.80 67.20
8/31/2022 18:03:12 51.70 47.40 49.70 64.40
8/31/2022 18:04:12 52.10 47.00 49.90 64.60
8/31/2022 18:05:12 61.80 48.50 56.30 67.50
8/31/2022 18:06:12 67.00 48.80 61.40 76.30
8/31/2022 18:07:12 59.10 49.00 55.60 65.60
8/31/2022 18:08:12 49.40 46.90 48.30 61.90
8/31/2022 18:09:12 55.20 48.50 52.40 64.40
8/31/2022 18:10:12 54.80 48.70 55.90 69.60
8/31/2022 18:11:12 55.40 48.90 56.00 67.80
8/31/2022 18:12:12 50.00 46.40 48.20 64.30
8/31/2022 18:13:12 49.60 45.80 47.40 63.10
8/31/2022 18:14:12 48.70 46.00 47.30 63.40
8/31/2022 18:15:12 58.70 46.70 53.10 69.00
8/31/2022 18:16:12 57.60 46.90 53.80 68.10
8/31/2022 18:17:12 49.40 45.70 47.40 63.20
8/31/2022 18:18:12 53.80 48.00 50.90 66.80
8/31/2022 18:19:12 50.60 45.80 48.40 64.80
8/31/2022 18:20:12 55.00 47.70 51.60 65.40
8/31/2022 18:21:12 50.90 47.40 49.00 66.40
8/31/2022 18:22:12 48.30 46.50 47.40 64.00
8/31/2022 18:23:12 48.70 46.30 47.20 65.50
8/31/2022 18:24:12 48.70 46.50 47.60 65.60
8/31/2022 18:25:12 47.90 46.00 46.90 65.00
8/31/2022 18:26:12 52.60 46.20 50.20 66.50
8/31/2022 18:27:12 50.90 48.60 49.80 67.70
8/31/2022 18:28:12 51.70 47.10 49.20 67.50
8/31/2022 18:29:12 51.60 45.50 48.50 66.70
8/31/2022 18:30:12 49.80 46.20 48.00 66.30
8/31/2022 18:31:12 49.60 46.80 48.10 66.10
8/31/2022 18:32:12 48.70 46.40 47.60 65.70
8/31/2022 18:33:12 55.60 44.70 51.70 65.00
8/31/2022 18:34:12 50.10 44.50 47.80 64.10
8/31/2022 18:35:12 49.20 46.70 47.80 66.70
8/31/2022 18:36:12 51.30 45.90 48.20 64.60
8/31/2022 18:37:12 55.00 49.00 53.80 67.40
8/31/2022 18:38:12 49.40 47.30 48.20 63.30
8/31/2022 18:39:12 50.30 46.00 48.30 62.70
8/31/2022 18:40:12 57.90 46.20 53.70 64.80
8/31/2022 18:41:12 59.40 50.20 56.10 69.90
8/31/2022 18:42:12 48.90 46.00 47.50 63.00
8/31/2022 18:43:12 48.70 46.50 47.50 61.80
8/31/2022 18:44:12 49.60 46.90 48.10 61.70
8/31/2022 18:45:12 51.50 48.00 49.50 62.00
8/31/2022 18:46:12 50.20 46.80 48.60 63.50
8/31/2022 18:47:12 57.40 50.90 55.00 63.30
8/31/2022 18:48:12 53.00 46.90 50.60 62.80
8/31/2022 18:49:12 49.10 45.80 47.60 61.60
8/31/2022 18:50:12 57.20 46.60 53.10 67.00
8/31/2022 18:51:12 51.40 47.50 49.60 67.80
8/31/2022 18:52:12 52.20 49.70 51.00 67.60
8/31/2022 18:53:12 50.20 47.80 49.10 63.90
8/31/2022 18:54:12 48.20 44.50 46.60 64.20
8/31/2022 18:55:12 47.70 45.60 46.70 64.70
8/31/2022 18:56:12 48.40 45.50 47.20 65.50
8/31/2022 18:57:12 51.70 47.00 50.00 69.50
8/31/2022 18:58:12 52.80 48.50 50.90 68.60
8/31/2022 18:59:12 50.80 47.00 48.90 67.20
8/31/2022 19:00:12 49.20 46.00 47.60 68.10
8/31/2022 19:01:12 49.30 46.90 48.10 66.10
8/31/2022 19:02:12 50.30 46.70 48.30 66.00
8/31/2022 19:03:12 50.20 48.10 49.10 65.70
8/31/2022 19:04:12 53.20 48.20 50.90 65.50
8/31/2022 19:05:12 51.10 47.90 49.50 65.50
8/31/2022 19:06:12 49.00 45.80 47.70 64.20
8/31/2022 19:07:12 51.90 45.30 48.50 63.20
8/31/2022 19:08:12 50.20 45.70 48.10 63.50
8/31/2022 19:09:12 51.40 48.50 49.80 65.60
8/31/2022 19:10:12 49.20 45.70 47.80 65.50
8/31/2022 19:11:12 53.70 45.90 50.40 63.80
8/31/2022 19:12:12 51.00 45.20 48.10 65.40
8/31/2022 19:13:12 49.90 45.50 47.90 66.10
8/31/2022 19:14:12 52.60 44.80 49.60 64.40
8/31/2022 19:15:12 58.80 47.50 53.90 63.90
8/31/2022 19:16:12 53.10 46.70 49.80 63.80
8/31/2022 19:17:12 47.60 44.20 45.90 62.30
8/31/2022 19:18:12 49.80 43.50 47.10 62.50
8/31/2022 19:19:12 52.40 47.40 50.40 64.30
8/31/2022 19:20:12 58.70 49.50 55.40 69.20
8/31/2022 19:21:12 56.80 46.60 53.00 68.60
8/31/2022 19:22:12 62.70 49.40 59.20 68.90
8/31/2022 19:23:12 48.30 45.50 47.00 62.10
8/31/2022 19:24:12 49.10 45.90 47.40 61.60
8/31/2022 19:25:12 47.10 44.50 45.80 61.20
8/31/2022 19:26:12 48.80 43.90 46.60 61.60
8/31/2022 19:27:12 48.40 43.90 47.00 61.60
8/31/2022 19:28:12 46.30 44.30 45.20 61.90
8/31/2022 19:29:12 50.20 45.10 48.20 62.60
8/31/2022 19:30:12 56.50 47.50 52.50 65.40
8/31/2022 19:31:12 52.30 46.30 49.50 63.60
8/31/2022 19:32:12 49.00 46.40 47.60 63.20
8/31/2022 19:33:12 50.90 45.10 48.40 62.90
8/31/2022 19:34:12 60.80 47.10 55.40 67.80
8/31/2022 19:35:12 48.20 45.80 46.90 62.50
8/31/2022 19:36:12 53.10 43.40 49.70 62.70
8/31/2022 19:37:12 47.30 44.80 46.00 62.00
8/31/2022 19:38:12 50.10 47.10 48.60 64.80
8/31/2022 19:39:12 57.20 51.10 54.40 67.60
8/31/2022 19:40:12 49.90 44.40 47.00 61.60
8/31/2022 19:41:12 47.20 44.50 45.80 61.80
8/31/2022 19:42:12 56.60 46.70 52.70 63.70
8/31/2022 19:43:12 50.10 45.50 47.70 61.70
8/31/2022 19:44:12 51.80 44.00 48.80 65.60
8/31/2022 19:45:12 53.20 47.50 50.50 62.00
8/31/2022 19:46:12 50.80 43.70 47.40 61.20
8/31/2022 19:47:12 49.40 45.90 48.00 64.00
8/31/2022 19:48:12 48.40 44.80 46.70 62.60
8/31/2022 19:49:12 49.10 45.40 47.50 62.30
8/31/2022 19:50:12 55.90 46.80 52.20 62.60
8/31/2022 19:51:12 48.40 45.60 46.90 60.90
8/31/2022 19:52:12 54.60 47.70 51.60 61.80
8/31/2022 19:53:12 49.00 44.90 47.10 60.20
8/31/2022 19:54:12 49.90 46.50 48.10 62.10
8/31/2022 19:55:12 55.80 47.00 52.10 63.00
8/31/2022 19:56:12 50.80 45.90 48.50 60.30
8/31/2022 19:57:12 49.20 46.00 47.60 61.30
8/31/2022 19:58:12 49.00 46.00 47.40 62.00
8/31/2022 19:59:12 58.00 46.00 53.50 63.70
8/31/2022 20:00:12 50.50 46.80 48.80 63.70
8/31/2022 20:01:12 50.70 45.20 47.70 61.90
8/31/2022 20:02:12 55.60 46.60 52.00 62.80
8/31/2022 20:03:12 50.60 45.80 48.10 62.60
8/31/2022 20:04:12 51.50 48.20 49.80 65.90
8/31/2022 20:05:12 62.50 52.60 59.50 71.80
8/31/2022 20:06:12 56.80 47.40 53.20 63.60
8/31/2022 20:07:12 49.80 46.10 47.80 62.50
8/31/2022 20:08:12 51.40 46.80 49.00 63.80
8/31/2022 20:09:12 53.70 46.10 50.20 62.50
8/31/2022 20:10:12 64.70 47.30 57.80 71.70
8/31/2022 20:11:12 63.70 46.20 56.80 67.40
8/31/2022 20:12:12 69.20 45.80 63.30 77.00
8/31/2022 20:13:12 48.90 46.40 47.60 61.80
8/31/2022 20:14:12 49.90 45.70 47.70 62.10



8/31/2022 20:15:12 48.80 45.90 47.30 61.50
8/31/2022 20:16:12 48.70 46.40 47.50 60.80
8/31/2022 20:17:12 54.50 48.40 52.30 62.50
8/31/2022 20:18:12 48.60 46.20 47.70 62.30
8/31/2022 20:19:12 49.20 46.30 47.60 60.60
8/31/2022 20:20:12 47.30 45.20 46.50 60.30
8/31/2022 20:21:12 58.10 48.40 54.20 67.20
8/31/2022 20:22:12 49.30 46.70 47.90 63.30
8/31/2022 20:23:12 49.70 46.10 48.30 64.30
8/31/2022 20:24:12 49.50 46.70 48.10 61.00
8/31/2022 20:25:12 49.20 44.90 47.30 61.50
8/31/2022 20:26:12 54.00 45.50 50.50 62.50
8/31/2022 20:27:12 48.70 43.60 46.40 61.60
8/31/2022 20:28:12 48.20 43.70 45.80 61.30
8/31/2022 20:29:12 47.00 43.60 45.30 61.10
8/31/2022 20:30:12 45.30 43.20 44.20 62.20
8/31/2022 20:31:12 48.70 42.30 45.80 67.00
8/31/2022 20:32:12 48.80 44.50 46.80 67.40
8/31/2022 20:33:12 46.00 43.80 44.80 62.30
8/31/2022 20:34:12 47.70 41.90 45.20 61.50
8/31/2022 20:35:12 47.00 41.50 44.50 61.90
8/31/2022 20:36:12 52.70 48.50 50.80 64.10
8/31/2022 20:37:12 53.30 43.60 49.70 62.50
8/31/2022 20:38:12 56.00 43.50 50.70 65.20
8/31/2022 20:39:12 43.50 41.50 42.60 61.50
8/31/2022 20:40:12 47.50 42.80 45.30 61.80
8/31/2022 20:41:12 56.30 45.10 53.30 68.10
8/31/2022 20:42:12 62.90 41.20 56.90 68.40
8/31/2022 20:43:12 47.00 39.20 43.90 60.10
8/31/2022 20:44:12 47.50 42.50 45.00 60.40
8/31/2022 20:45:12 44.00 41.10 42.60 60.20
8/31/2022 20:46:12 46.60 43.30 45.00 60.70
8/31/2022 20:47:12 52.60 44.90 49.10 63.60
8/31/2022 20:48:12 49.60 41.80 46.10 62.60
8/31/2022 20:49:12 45.40 42.20 43.90 59.40
8/31/2022 20:50:12 53.80 43.40 50.40 61.00
8/31/2022 20:51:12 50.20 41.20 46.20 60.60
8/31/2022 20:52:12 49.70 41.70 46.40 61.40
8/31/2022 20:53:12 43.30 40.40 41.50 60.00
8/31/2022 20:54:12 46.60 43.30 45.10 61.50
8/31/2022 20:55:12 51.30 43.60 48.00 62.20
8/31/2022 20:56:12 43.30 41.50 42.20 61.70
8/31/2022 20:57:12 50.70 42.80 47.60 62.60
8/31/2022 20:58:12 52.70 44.20 49.40 62.30
8/31/2022 20:59:12 46.80 43.60 45.40 62.20
8/31/2022 21:00:12 46.40 43.80 45.00 62.60
8/31/2022 21:01:12 44.80 42.40 43.70 64.90
8/31/2022 21:02:12 51.90 42.40 46.70 63.60
8/31/2022 21:03:12 54.50 43.70 50.40 64.30
8/31/2022 21:04:12 45.50 43.60 44.90 64.90
8/31/2022 21:05:12 55.50 45.20 51.60 65.80
8/31/2022 21:06:12 47.60 44.50 45.90 64.70
8/31/2022 21:07:12 59.00 45.10 53.90 66.30
8/31/2022 21:08:12 48.60 43.60 46.00 65.50
8/31/2022 21:09:12 48.30 43.10 45.80 63.60
8/31/2022 21:10:12 54.30 45.20 48.90 62.30
8/31/2022 21:11:12 55.20 45.50 51.20 62.20
8/31/2022 21:12:12 46.40 43.40 44.90 61.10
8/31/2022 21:13:12 44.80 42.80 43.60 59.30
8/31/2022 21:14:12 44.80 42.60 43.60 59.50
8/31/2022 21:15:12 45.60 42.70 43.80 60.00
8/31/2022 21:16:12 49.00 43.20 46.80 62.20
8/31/2022 21:17:12 44.50 42.20 43.40 60.70
8/31/2022 21:18:12 44.60 42.80 43.60 60.90
8/31/2022 21:19:12 55.10 44.10 50.70 61.50
8/31/2022 21:20:12 45.70 42.90 44.30 60.00
8/31/2022 21:21:12 48.80 42.60 45.30 61.60
8/31/2022 21:22:12 48.70 42.70 45.50 61.80
8/31/2022 21:23:12 48.10 41.90 45.50 61.00
8/31/2022 21:24:12 54.80 42.30 50.00 62.00
8/31/2022 21:25:12 46.80 42.30 44.40 61.70
8/31/2022 21:26:12 46.00 41.90 43.60 62.20
8/31/2022 21:27:12 45.10 41.40 42.80 61.00
8/31/2022 21:28:12 44.40 41.40 42.80 60.60
8/31/2022 21:29:12 48.30 42.20 45.90 62.00
8/31/2022 21:30:12 46.60 43.70 44.80 61.20
8/31/2022 21:31:12 44.10 41.40 42.60 57.90
8/31/2022 21:32:12 45.60 42.40 44.10 58.70
8/31/2022 21:33:12 48.70 41.40 44.70 58.90
8/31/2022 21:34:12 50.10 43.70 47.10 61.40
8/31/2022 21:35:12 49.30 45.40 47.30 62.30
8/31/2022 21:36:12 50.10 46.20 48.00 60.70
8/31/2022 21:37:12 51.60 48.60 50.20 61.60
8/31/2022 21:38:12 52.70 49.30 51.00 63.70
8/31/2022 21:39:12 51.10 46.50 49.30 61.10
8/31/2022 21:40:12 49.00 44.60 46.90 60.90
8/31/2022 21:41:12 64.00 46.90 58.40 67.20
8/31/2022 21:42:12 52.80 45.90 50.20 62.40
8/31/2022 21:43:12 47.00 42.10 44.20 60.70
8/31/2022 21:44:12 47.40 42.90 44.80 61.20
8/31/2022 21:45:12 50.00 43.50 47.70 63.30
8/31/2022 21:46:12 42.90 41.50 42.10 60.80
8/31/2022 21:47:12 54.70 42.90 50.10 66.20
8/31/2022 21:48:12 55.20 44.20 51.90 70.60
8/31/2022 21:49:12 54.00 44.00 50.10 62.20
8/31/2022 21:50:12 50.60 42.80 47.00 59.40
8/31/2022 21:51:12 47.70 45.20 46.50 59.40
8/31/2022 21:52:12 47.50 43.70 46.20 58.60
8/31/2022 21:53:12 44.20 41.50 42.90 58.30
8/31/2022 21:54:12 42.40 41.30 41.70 57.10
8/31/2022 21:55:12 43.50 42.00 42.50 58.80
8/31/2022 21:56:12 44.90 41.60 42.90 57.90
8/31/2022 21:57:12 44.30 41.40 42.90 58.10
8/31/2022 21:58:12 51.60 44.80 48.50 64.00
8/31/2022 21:59:12 48.60 42.70 45.20 59.90
8/31/2022 22:00:12 57.20 44.70 52.00 66.30
8/31/2022 22:01:12 47.00 41.70 44.90 60.40
8/31/2022 22:02:12 49.70 41.40 45.40 61.60
8/31/2022 22:03:12 54.70 46.10 50.70 71.90
8/31/2022 22:04:12 47.70 43.40 45.50 63.80
8/31/2022 22:05:12 45.40 43.10 44.00 58.80
8/31/2022 22:06:12 50.50 45.60 48.30 60.20
8/31/2022 22:07:12 46.50 43.10 44.80 58.10
8/31/2022 22:08:12 51.60 43.70 48.40 60.70
8/31/2022 22:09:12 58.20 49.20 54.40 69.90
8/31/2022 22:10:12 47.10 44.00 45.40 60.70
8/31/2022 22:11:12 49.50 45.90 47.50 63.80
8/31/2022 22:12:12 51.90 47.40 49.80 65.60
8/31/2022 22:13:12 58.70 48.10 55.00 66.40
8/31/2022 22:14:12 49.90 44.00 47.70 59.60
8/31/2022 22:15:12 46.60 43.80 45.00 57.40
8/31/2022 22:16:12 49.00 44.20 46.70 59.10
8/31/2022 22:17:12 45.30 42.40 44.10 57.30
8/31/2022 22:18:12 44.20 40.50 42.50 57.20
8/31/2022 22:19:12 44.00 41.10 42.40 58.20
8/31/2022 22:20:12 45.80 42.10 43.70 60.00
8/31/2022 22:21:12 45.60 42.70 44.30 59.10
8/31/2022 22:22:12 45.70 42.10 43.80 59.70
8/31/2022 22:23:12 44.50 41.50 43.20 59.80
8/31/2022 22:24:12 44.50 42.20 43.30 58.90
8/31/2022 22:25:12 45.40 42.40 43.90 58.90
8/31/2022 22:26:12 45.60 42.70 44.20 61.60
8/31/2022 22:27:12 54.30 44.20 50.00 65.60
8/31/2022 22:28:12 51.00 43.90 46.90 64.70
8/31/2022 22:29:12 47.80 43.40 45.90 66.90
8/31/2022 22:30:12 51.00 42.20 46.80 62.20
8/31/2022 22:31:12 48.80 42.30 45.60 60.40
8/31/2022 22:32:12 49.40 43.60 47.00 62.50
8/31/2022 22:33:12 54.30 43.20 50.10 61.00
8/31/2022 22:34:12 45.50 42.60 44.00 59.30
8/31/2022 22:35:12 46.30 42.30 44.30 60.40
8/31/2022 22:36:12 53.70 43.50 50.00 61.50
8/31/2022 22:37:12 58.10 45.90 53.50 66.80
8/31/2022 22:38:12 57.00 44.80 51.80 62.80
8/31/2022 22:39:12 53.30 45.30 49.80 60.00
8/31/2022 22:40:12 47.20 43.90 45.50 60.00
8/31/2022 22:41:12 52.60 47.10 50.50 64.60
8/31/2022 22:42:12 57.80 44.90 52.90 60.90
8/31/2022 22:43:12 55.40 43.40 50.80 59.80
8/31/2022 22:44:12 49.20 41.20 45.50 57.70



8/31/2022 22:45:12 45.30 40.90 42.60 56.90
8/31/2022 22:46:12 59.30 41.70 54.10 64.00
8/31/2022 22:47:12 45.30 41.10 42.90 57.80
8/31/2022 22:48:12 58.00 42.30 54.60 65.80
8/31/2022 22:49:12 50.60 41.90 45.80 59.80
8/31/2022 22:50:12 50.90 40.80 46.30 58.90
8/31/2022 22:51:12 57.90 45.60 54.10 65.70
8/31/2022 22:52:12 46.40 40.50 43.50 57.30
8/31/2022 22:53:12 46.20 41.40 43.70 62.40
8/31/2022 22:54:12 44.80 40.50 42.90 61.70
8/31/2022 22:55:12 55.20 43.80 51.30 59.80
8/31/2022 22:56:12 53.30 43.90 50.40 63.20
8/31/2022 22:57:12 56.20 41.30 50.40 61.10
8/31/2022 22:58:12 51.60 42.70 47.60 60.20
8/31/2022 22:59:12 61.40 46.30 56.60 67.70
8/31/2022 23:00:12 58.50 45.50 54.50 64.90
8/31/2022 23:01:12 49.50 40.50 45.90 60.20
8/31/2022 23:02:12 52.70 41.00 48.20 61.40
8/31/2022 23:03:12 47.00 41.80 43.80 60.20
8/31/2022 23:04:12 49.60 44.10 47.30 60.00
8/31/2022 23:05:12 61.80 50.10 57.70 71.50
8/31/2022 23:06:12 48.00 41.40 45.30 59.30
8/31/2022 23:07:12 43.40 40.70 41.80 57.30
8/31/2022 23:08:12 46.80 44.20 45.50 57.70
8/31/2022 23:09:12 45.60 41.40 43.60 57.00
8/31/2022 23:10:12 60.80 44.90 57.70 66.60
8/31/2022 23:11:12 45.10 41.70 43.50 57.00
8/31/2022 23:12:12 58.20 41.40 54.10 65.30
8/31/2022 23:13:12 52.00 40.60 47.50 60.60
8/31/2022 23:14:12 50.70 40.40 47.00 59.20
8/31/2022 23:15:12 53.90 43.60 49.90 60.00
8/31/2022 23:16:12 47.40 43.30 45.10 58.60
8/31/2022 23:17:12 50.60 42.60 47.00 58.90
8/31/2022 23:18:12 49.90 42.70 46.60 59.10
8/31/2022 23:19:12 52.60 42.70 49.90 61.20
8/31/2022 23:20:12 42.50 40.10 41.30 56.30
8/31/2022 23:21:12 50.80 39.70 46.10 58.10
8/31/2022 23:22:12 52.30 42.00 47.60 59.00
8/31/2022 23:23:12 53.60 41.40 48.00 59.50
8/31/2022 23:24:12 52.50 42.10 47.90 59.10
8/31/2022 23:25:12 49.20 41.40 44.90 57.50
8/31/2022 23:26:12 47.10 42.20 44.40 57.50
8/31/2022 23:27:12 48.90 44.00 46.60 57.90
8/31/2022 23:28:12 53.30 41.50 49.00 59.80
8/31/2022 23:29:12 53.70 41.20 48.60 58.50
8/31/2022 23:30:12 44.90 41.20 43.00 56.30
8/31/2022 23:31:12 43.90 41.50 42.60 56.80
8/31/2022 23:32:12 51.20 45.10 49.00 62.10
8/31/2022 23:33:12 46.30 42.40 44.50 57.70
8/31/2022 23:34:12 44.80 41.00 43.00 56.30
8/31/2022 23:35:12 54.60 42.80 51.00 60.90
8/31/2022 23:36:12 47.00 43.20 45.10 57.60
8/31/2022 23:37:12 45.40 43.30 44.40 57.60
8/31/2022 23:38:12 49.40 45.50 47.60 59.40
8/31/2022 23:39:12 46.30 43.90 45.10 57.40
8/31/2022 23:40:12 47.10 42.50 44.80 56.60
8/31/2022 23:41:12 45.40 42.30 43.90 57.10
8/31/2022 23:42:12 50.10 42.40 47.20 57.90
8/31/2022 23:43:12 47.50 44.60 46.30 57.50
8/31/2022 23:44:12 50.20 47.00 48.60 62.70
8/31/2022 23:45:12 47.20 43.70 45.70 58.00
8/31/2022 23:46:12 45.20 42.70 44.00 57.20
8/31/2022 23:47:12 45.30 42.70 43.80 55.90
8/31/2022 23:48:12 44.00 42.00 42.80 56.40
8/31/2022 23:49:12 44.70 42.10 43.40 56.90
8/31/2022 23:50:12 47.10 43.20 45.10 58.10
8/31/2022 23:51:12 46.60 42.30 44.40 62.10
8/31/2022 23:52:12 46.50 43.40 45.00 62.80
8/31/2022 23:53:12 46.50 44.00 45.10 58.50
8/31/2022 23:54:12 45.30 42.80 44.10 57.30
8/31/2022 23:55:12 45.50 42.60 44.30 56.70
8/31/2022 23:56:12 52.30 45.10 48.30 59.60
8/31/2022 23:57:12 45.10 43.80 44.50 57.20
8/31/2022 23:58:12 46.20 42.80 44.90 58.60
8/31/2022 23:59:12 47.50 43.30 46.40 60.20
9/1/2022 0:00:12 52.20 43.60 48.00 62.00
9/1/2022 0:01:12 45.90 43.40 44.90 61.50
9/1/2022 0:02:12 47.70 44.90 46.30 64.80
9/1/2022 0:03:12 48.00 44.90 46.50 62.90
9/1/2022 0:04:12 49.90 44.80 47.30 61.20
9/1/2022 0:05:12 46.40 44.60 45.40 61.30
9/1/2022 0:06:12 49.30 45.90 47.40 63.10
9/1/2022 0:07:12 46.40 44.50 45.40 62.30
9/1/2022 0:08:12 47.40 44.80 46.20 63.70
9/1/2022 0:09:12 48.80 45.70 47.20 62.70
9/1/2022 0:10:12 51.90 45.80 48.50 63.80
9/1/2022 0:11:12 46.90 44.40 45.70 62.40
9/1/2022 0:12:12 46.10 44.20 45.10 63.90
9/1/2022 0:13:12 47.30 44.70 46.00 65.90
9/1/2022 0:14:12 46.80 45.20 45.90 66.20
9/1/2022 0:15:12 45.20 43.20 44.30 62.30
9/1/2022 0:16:12 46.60 42.20 43.90 60.60
9/1/2022 0:17:12 47.50 42.40 45.00 61.70
9/1/2022 0:18:12 44.30 42.00 42.90 58.60
9/1/2022 0:19:12 42.90 41.10 41.80 58.60
9/1/2022 0:20:12 43.30 41.60 42.30 57.50
9/1/2022 0:21:12 43.60 41.40 42.30 57.40
9/1/2022 0:22:12 43.00 41.60 42.30 56.40
9/1/2022 0:23:12 44.00 41.50 42.70 56.50
9/1/2022 0:24:12 46.50 43.90 45.10 58.50
9/1/2022 0:25:12 46.10 42.90 44.70 58.90
9/1/2022 0:26:12 44.00 42.80 43.20 56.80
9/1/2022 0:27:12 48.30 42.20 45.00 57.00
9/1/2022 0:28:12 43.20 42.00 42.50 56.10
9/1/2022 0:29:12 43.80 41.40 42.40 56.70
9/1/2022 0:30:12 45.90 42.00 44.00 57.70
9/1/2022 0:31:12 46.90 42.30 44.70 59.30
9/1/2022 0:32:12 44.90 43.00 43.80 57.10
9/1/2022 0:33:12 46.40 43.30 44.30 57.70
9/1/2022 0:34:12 61.20 43.00 56.40 69.00
9/1/2022 0:35:12 44.50 43.10 43.70 59.00
9/1/2022 0:36:12 44.20 42.30 43.30 58.80
9/1/2022 0:37:12 44.30 42.50 43.40 59.40
9/1/2022 0:38:12 44.40 43.40 43.70 59.00
9/1/2022 0:39:12 44.80 43.60 44.20 59.50
9/1/2022 0:40:12 44.70 43.50 43.90 60.00
9/1/2022 0:41:12 44.70 43.50 44.00 60.30
9/1/2022 0:42:12 45.70 43.70 44.80 60.80
9/1/2022 0:43:12 44.90 43.90 44.30 61.10
9/1/2022 0:44:12 46.70 44.10 45.60 62.80
9/1/2022 0:45:12 51.00 46.30 48.90 67.50
9/1/2022 0:46:12 47.90 44.90 46.20 60.00
9/1/2022 0:47:12 48.40 44.00 45.70 61.50
9/1/2022 0:48:12 46.50 43.80 45.00 60.70
9/1/2022 0:49:12 45.90 43.30 44.60 59.70
9/1/2022 0:50:12 47.30 43.10 44.70 59.90
9/1/2022 0:51:12 45.40 42.50 43.60 59.20
9/1/2022 0:52:12 52.50 42.60 48.40 63.10
9/1/2022 0:53:12 42.90 42.00 42.30 59.20
9/1/2022 0:54:12 43.40 41.30 42.40 60.00
9/1/2022 0:55:12 44.20 42.70 43.50 63.50
9/1/2022 0:56:12 45.70 42.50 44.10 61.50
9/1/2022 0:57:12 51.20 47.60 49.40 64.70
9/1/2022 0:58:12 46.10 42.80 44.50 60.90
9/1/2022 0:59:12 45.30 42.10 43.30 59.30
9/1/2022 1:00:12 42.90 41.40 42.20 58.40
9/1/2022 1:01:12 47.30 41.50 43.70 60.60
9/1/2022 1:02:12 46.20 40.40 43.40 60.80
9/1/2022 1:03:12 47.20 40.40 44.80 61.80
9/1/2022 1:04:12 49.10 44.00 46.20 65.20
9/1/2022 1:05:12 50.60 45.70 48.00 64.90
9/1/2022 1:06:12 50.60 46.10 48.80 63.30
9/1/2022 1:07:12 48.90 44.50 46.60 60.80
9/1/2022 1:08:12 46.90 44.30 45.60 59.80
9/1/2022 1:09:12 45.60 43.30 44.30 59.50
9/1/2022 1:10:12 44.10 42.90 43.50 59.50
9/1/2022 1:11:12 44.70 43.50 44.00 59.80
9/1/2022 1:12:12 48.10 43.90 45.50 59.60
9/1/2022 1:13:12 48.60 45.40 47.00 60.50
9/1/2022 1:14:12 49.70 44.50 46.90 60.60



9/1/2022 1:15:12 46.10 44.40 45.20 59.20
9/1/2022 1:16:12 45.00 43.80 44.30 59.30
9/1/2022 1:17:12 45.20 43.90 44.40 59.20
9/1/2022 1:18:12 44.90 43.90 44.40 59.10
9/1/2022 1:19:12 44.60 43.70 44.10 59.00
9/1/2022 1:20:12 44.40 43.10 43.70 59.00
9/1/2022 1:21:12 46.40 43.70 44.80 60.10
9/1/2022 1:22:12 46.60 43.90 45.20 59.70
9/1/2022 1:23:12 44.10 43.50 43.60 57.60
9/1/2022 1:24:12 44.50 43.40 43.80 58.10
9/1/2022 1:25:12 47.80 43.50 45.20 58.80
9/1/2022 1:26:12 48.00 43.50 45.80 58.40
9/1/2022 1:27:12 44.40 43.40 43.70 57.80
9/1/2022 1:28:12 49.50 44.00 46.80 59.10
9/1/2022 1:29:12 46.20 44.30 45.00 58.90
9/1/2022 1:30:12 47.30 44.00 45.60 64.70
9/1/2022 1:31:12 47.20 43.90 45.50 63.10
9/1/2022 1:32:12 47.30 43.60 45.00 62.80
9/1/2022 1:33:12 49.80 46.20 48.10 68.90
9/1/2022 1:34:12 48.80 45.00 46.60 62.50
9/1/2022 1:35:12 44.10 43.00 43.60 59.60
9/1/2022 1:36:12 46.90 43.50 45.80 59.20
9/1/2022 1:37:12 45.30 43.40 44.00 58.90
9/1/2022 1:38:12 43.70 43.20 43.30 58.50
9/1/2022 1:39:12 47.60 43.60 45.30 60.00
9/1/2022 1:40:12 44.10 43.50 43.70 60.30
9/1/2022 1:41:12 44.50 43.60 43.90 60.00
9/1/2022 1:42:12 44.40 43.50 43.80 61.00
9/1/2022 1:43:12 43.90 43.00 43.30 60.50
9/1/2022 1:44:12 44.00 42.90 43.50 62.70
9/1/2022 1:45:12 44.50 43.00 43.60 60.70
9/1/2022 1:46:12 44.80 43.40 43.90 61.20
9/1/2022 1:47:12 44.50 43.40 43.90 61.80
9/1/2022 1:48:12 44.80 43.90 44.20 62.20
9/1/2022 1:49:12 46.30 44.00 45.00 62.90
9/1/2022 1:50:12 45.30 44.20 44.70 63.00
9/1/2022 1:51:12 46.70 44.40 45.60 64.20
9/1/2022 1:52:12 45.10 43.90 44.40 61.50
9/1/2022 1:53:12 45.70 44.60 45.00 65.40
9/1/2022 1:54:12 44.60 43.50 44.00 61.90
9/1/2022 1:55:12 44.40 43.70 43.90 60.90
9/1/2022 1:56:12 45.00 43.40 44.00 59.90
9/1/2022 1:57:12 44.80 43.80 44.20 60.30
9/1/2022 1:58:12 45.40 43.60 44.20 60.60
9/1/2022 1:59:12 45.30 42.80 43.70 58.90
9/1/2022 2:00:12 44.10 43.20 43.60 58.30
9/1/2022 2:01:12 46.30 43.80 44.80 59.90
9/1/2022 2:02:12 47.00 44.20 45.60 59.20
9/1/2022 2:03:12 46.20 44.20 45.60 59.30
9/1/2022 2:04:12 45.00 43.80 44.30 58.80
9/1/2022 2:05:12 45.30 43.90 44.50 59.20
9/1/2022 2:06:12 47.90 45.30 46.50 62.90
9/1/2022 2:07:12 45.50 43.90 44.70 60.50
9/1/2022 2:08:12 46.80 44.40 45.50 59.30
9/1/2022 2:09:12 45.60 44.80 45.10 59.20
9/1/2022 2:10:12 45.90 44.70 45.10 60.20
9/1/2022 2:11:12 45.90 43.50 44.70 59.40
9/1/2022 2:12:12 47.00 44.50 45.60 59.70
9/1/2022 2:13:12 47.10 44.70 45.80 60.10
9/1/2022 2:14:12 45.50 44.00 44.50 59.00
9/1/2022 2:15:12 45.10 43.60 44.30 59.50
9/1/2022 2:16:12 45.00 43.60 44.10 60.70
9/1/2022 2:17:12 44.40 43.50 43.80 58.40
9/1/2022 2:18:12 45.00 43.80 44.30 58.50
9/1/2022 2:19:12 44.20 43.40 43.70 58.20
9/1/2022 2:20:12 44.20 42.50 43.40 58.00
9/1/2022 2:21:12 45.40 42.80 44.30 59.80
9/1/2022 2:22:12 44.80 44.00 44.30 58.70
9/1/2022 2:23:12 45.90 43.80 44.60 60.10
9/1/2022 2:24:12 44.70 43.60 44.10 59.20
9/1/2022 2:25:12 45.40 43.50 44.20 58.20
9/1/2022 2:26:12 44.10 43.60 43.70 58.10
9/1/2022 2:27:12 44.40 43.50 43.90 58.10
9/1/2022 2:28:12 44.50 43.40 43.90 59.10
9/1/2022 2:29:12 44.50 42.50 43.70 58.30
9/1/2022 2:30:12 44.80 43.30 44.10 58.80
9/1/2022 2:31:12 46.30 43.50 44.50 58.70
9/1/2022 2:32:12 44.40 43.70 44.00 58.30
9/1/2022 2:33:12 44.40 43.70 44.10 59.10
9/1/2022 2:34:12 46.60 44.20 45.00 58.70
9/1/2022 2:35:12 45.50 43.90 44.90 58.70
9/1/2022 2:36:12 44.30 43.80 43.90 59.00
9/1/2022 2:37:12 44.40 43.90 44.00 58.40
9/1/2022 2:38:12 44.50 43.80 44.00 59.60
9/1/2022 2:39:12 44.60 44.00 44.20 59.40
9/1/2022 2:40:12 45.40 44.00 44.80 59.20
9/1/2022 2:41:12 45.30 44.20 44.60 59.70
9/1/2022 2:42:12 45.80 44.70 45.00 60.70
9/1/2022 2:43:12 44.70 44.00 44.30 59.10
9/1/2022 2:44:12 45.60 44.30 44.90 59.90
9/1/2022 2:45:12 45.60 44.10 44.60 60.40
9/1/2022 2:46:12 44.40 43.50 43.90 58.90
9/1/2022 2:47:12 44.20 43.40 43.80 59.40
9/1/2022 2:48:12 43.90 43.20 43.40 58.40
9/1/2022 2:49:12 44.10 43.20 43.60 58.50
9/1/2022 2:50:12 44.30 43.40 43.80 58.60
9/1/2022 2:51:12 44.30 43.70 43.80 58.80
9/1/2022 2:52:12 44.20 43.50 43.80 59.00
9/1/2022 2:53:12 44.20 41.30 43.40 59.70
9/1/2022 2:54:12 44.80 43.70 44.20 59.70
9/1/2022 2:55:12 44.30 41.50 43.30 59.80
9/1/2022 2:56:12 43.90 42.10 43.20 59.10
9/1/2022 2:57:12 45.50 43.30 44.20 59.60
9/1/2022 2:58:12 50.20 45.80 48.30 61.20
9/1/2022 2:59:12 51.20 45.00 48.70 61.80
9/1/2022 3:00:12 44.80 43.60 44.10 59.00
9/1/2022 3:01:12 44.00 43.10 43.40 59.00
9/1/2022 3:02:12 44.60 43.30 44.30 59.30
9/1/2022 3:03:12 45.10 43.40 44.40 59.20
9/1/2022 3:04:12 44.10 43.40 43.70 59.20
9/1/2022 3:05:12 46.50 44.20 45.40 59.60
9/1/2022 3:06:12 44.90 43.80 44.30 58.70
9/1/2022 3:07:12 44.70 43.50 44.00 58.80
9/1/2022 3:08:12 47.20 43.50 45.10 59.20
9/1/2022 3:09:12 44.30 43.60 43.90 59.10
9/1/2022 3:10:12 44.20 43.60 43.80 59.80
9/1/2022 3:11:12 44.20 43.30 43.60 59.50
9/1/2022 3:12:12 44.40 43.10 43.60 59.30
9/1/2022 3:13:12 44.40 43.70 44.00 59.20
9/1/2022 3:14:12 45.30 43.80 44.30 59.60
9/1/2022 3:15:12 45.10 43.90 44.30 59.60
9/1/2022 3:16:12 44.30 43.60 43.90 59.90
9/1/2022 3:17:12 44.80 43.80 44.10 59.80
9/1/2022 3:18:12 44.30 43.80 43.90 59.40
9/1/2022 3:19:12 44.60 43.30 44.10 59.00
9/1/2022 3:20:12 44.60 41.20 43.60 59.20
9/1/2022 3:21:12 43.50 41.10 42.50 59.00
9/1/2022 3:22:12 43.70 42.90 43.30 59.30
9/1/2022 3:23:12 44.20 43.40 43.60 59.40
9/1/2022 3:24:12 44.60 42.80 43.50 59.30
9/1/2022 3:25:12 45.70 43.90 44.60 59.50
9/1/2022 3:26:12 45.70 44.10 44.60 59.40
9/1/2022 3:27:12 46.20 42.20 44.20 59.30
9/1/2022 3:28:12 44.90 43.30 44.00 59.60
9/1/2022 3:29:12 45.50 42.90 44.30 60.10
9/1/2022 3:30:12 45.50 44.30 44.80 59.80
9/1/2022 3:31:12 45.10 44.20 44.60 59.80
9/1/2022 3:32:12 46.40 44.30 45.30 60.10
9/1/2022 3:33:12 45.40 44.30 44.80 60.20
9/1/2022 3:34:12 47.20 44.90 45.80 61.50
9/1/2022 3:35:12 44.80 43.80 44.30 60.40
9/1/2022 3:36:12 44.90 44.10 44.40 59.50
9/1/2022 3:37:12 45.70 44.50 44.90 60.30
9/1/2022 3:38:12 48.70 45.70 47.10 61.90
9/1/2022 3:39:12 50.00 46.90 48.10 63.10
9/1/2022 3:40:12 47.50 46.60 46.90 62.80
9/1/2022 3:41:12 48.20 46.90 47.40 62.90
9/1/2022 3:42:12 47.80 46.50 47.00 62.80
9/1/2022 3:43:12 47.20 46.30 46.60 62.70
9/1/2022 3:44:12 47.00 46.40 46.60 62.90



9/1/2022 3:45:12 47.60 46.40 47.00 62.70
9/1/2022 3:46:12 47.20 46.50 46.70 62.90
9/1/2022 3:47:12 46.90 46.40 46.60 62.60
9/1/2022 3:48:12 47.90 46.50 47.30 63.20
9/1/2022 3:49:12 47.00 46.60 46.70 63.70
9/1/2022 3:50:12 47.10 46.40 46.70 62.90
9/1/2022 3:51:12 46.60 46.10 46.30 62.70
9/1/2022 3:52:12 46.80 46.00 46.40 62.80
9/1/2022 3:53:12 46.70 46.20 46.30 62.90
9/1/2022 3:54:12 47.30 46.10 46.60 63.10
9/1/2022 3:55:12 46.80 46.20 46.40 63.20
9/1/2022 3:56:12 46.80 44.50 46.10 62.80
9/1/2022 3:57:12 56.30 44.40 51.30 61.80
9/1/2022 3:58:12 62.00 52.20 57.80 65.60
9/1/2022 3:59:12 76.00 65.70 73.00 76.30
9/1/2022 4:00:12 61.60 47.00 59.40 64.10
9/1/2022 4:01:12 49.20 45.90 47.60 67.40
9/1/2022 4:02:12 47.40 44.20 46.80 63.80
9/1/2022 4:03:12 53.00 44.90 48.40 62.80
9/1/2022 4:04:12 66.10 51.30 61.90 69.90
9/1/2022 4:05:12 62.00 55.80 59.20 71.70
9/1/2022 4:06:12 60.00 52.90 57.70 71.10
9/1/2022 4:07:12 59.00 50.00 55.30 71.10
9/1/2022 4:08:12 55.30 50.00 53.70 69.80
9/1/2022 4:09:12 57.40 53.10 56.00 71.20
9/1/2022 4:10:12 57.20 51.30 54.70 70.00
9/1/2022 4:11:12 55.10 49.80 52.60 70.40
9/1/2022 4:12:12 74.90 51.80 71.20 78.30
9/1/2022 4:13:12 72.00 67.50 69.00 82.10
9/1/2022 4:14:12 69.10 50.90 64.40 71.70
9/1/2022 4:15:12 46.60 44.80 45.60 59.30
9/1/2022 4:16:12 45.20 44.20 44.60 59.30
9/1/2022 4:17:12 48.40 44.50 46.30 60.90
9/1/2022 4:18:12 50.10 48.50 49.20 64.90
9/1/2022 4:19:12 48.90 48.30 48.50 63.00
9/1/2022 4:20:12 49.10 48.30 48.50 62.90
9/1/2022 4:21:12 48.90 48.20 48.40 63.20
9/1/2022 4:22:12 50.20 48.30 49.00 63.40
9/1/2022 4:23:12 49.20 48.50 48.70 64.20
9/1/2022 4:24:12 50.80 47.80 48.80 62.60
9/1/2022 4:25:12 53.00 48.40 51.40 68.30
9/1/2022 4:26:12 52.90 47.40 51.00 65.90
9/1/2022 4:27:12 46.90 45.40 46.10 64.40
9/1/2022 4:28:12 46.60 45.30 46.00 65.80
9/1/2022 4:29:12 47.70 45.60 46.70 67.10
9/1/2022 4:30:12 51.80 46.30 48.60 68.50
9/1/2022 4:31:12 49.10 46.30 47.20 69.20
9/1/2022 4:32:12 46.00 45.20 45.50 64.40
9/1/2022 4:33:12 46.20 44.90 45.40 62.90
9/1/2022 4:34:12 45.60 44.70 45.20 62.50
9/1/2022 4:35:12 45.30 44.40 44.80 61.00
9/1/2022 4:36:12 45.80 44.70 45.20 61.70
9/1/2022 4:37:12 45.40 44.70 45.00 61.30
9/1/2022 4:38:12 45.50 44.80 45.10 61.10
9/1/2022 4:39:12 46.20 44.40 45.10 61.80
9/1/2022 4:40:12 46.30 45.10 45.60 61.10
9/1/2022 4:41:12 48.10 45.00 46.30 61.60
9/1/2022 4:42:12 45.90 45.20 45.40 61.40
9/1/2022 4:43:12 46.10 45.50 45.70 62.40
9/1/2022 4:44:12 46.90 45.40 45.90 61.20
9/1/2022 4:45:12 46.10 44.70 45.50 60.80
9/1/2022 4:46:12 45.60 45.00 45.20 61.00
9/1/2022 4:47:12 45.70 44.80 45.10 60.80
9/1/2022 4:48:12 45.70 44.70 45.20 60.70
9/1/2022 4:49:12 45.40 44.70 44.90 61.00
9/1/2022 4:50:12 46.80 44.40 45.40 61.10
9/1/2022 4:51:12 47.10 45.30 46.10 61.30
9/1/2022 4:52:12 45.90 45.10 45.50 61.30
9/1/2022 4:53:12 46.00 45.20 45.50 60.90
9/1/2022 4:54:12 47.60 45.60 46.30 61.20
9/1/2022 4:55:12 49.20 45.70 47.30 60.80
9/1/2022 4:56:12 46.30 45.30 45.70 60.50
9/1/2022 4:57:12 45.90 44.80 45.30 60.70
9/1/2022 4:58:12 46.10 45.00 45.40 61.50
9/1/2022 4:59:12 45.90 45.10 45.40 60.80
9/1/2022 5:00:12 46.20 45.40 45.70 60.80
9/1/2022 5:01:12 47.80 45.40 46.60 60.80
9/1/2022 5:02:12 46.00 45.20 45.50 60.80
9/1/2022 5:03:12 47.60 45.10 46.20 61.00
9/1/2022 5:04:12 45.70 43.50 44.70 60.90
9/1/2022 5:05:12 45.30 44.00 44.60 60.80
9/1/2022 5:06:12 47.30 44.40 45.50 61.50
9/1/2022 5:07:12 48.20 45.00 46.40 61.70
9/1/2022 5:08:12 46.10 45.00 45.50 61.80
9/1/2022 5:09:12 46.00 45.40 45.60 62.30
9/1/2022 5:10:12 46.40 45.20 45.70 62.70
9/1/2022 5:11:12 47.90 45.80 46.60 62.40
9/1/2022 5:12:12 50.70 46.70 48.40 61.80
9/1/2022 5:13:12 47.80 46.30 47.00 62.30
9/1/2022 5:14:12 47.90 46.30 47.00 62.00
9/1/2022 5:15:12 48.30 45.90 47.10 61.90
9/1/2022 5:16:12 48.80 45.80 47.10 62.50
9/1/2022 5:17:12 46.30 45.80 45.90 62.00
9/1/2022 5:18:12 50.00 45.70 47.60 62.60
9/1/2022 5:19:12 51.80 46.50 49.50 63.50
9/1/2022 5:20:12 48.60 46.30 47.40 63.30
9/1/2022 5:21:12 55.70 46.50 52.00 66.00
9/1/2022 5:22:12 49.10 45.50 47.20 63.20
9/1/2022 5:23:12 46.90 45.90 46.30 62.80
9/1/2022 5:24:12 48.70 45.90 46.90 62.90
9/1/2022 5:25:12 47.60 45.30 46.20 62.40
9/1/2022 5:26:12 46.60 45.60 46.10 63.00
9/1/2022 5:27:12 47.80 46.00 47.00 63.40
9/1/2022 5:28:12 53.10 48.20 50.80 65.40
9/1/2022 5:29:12 50.10 48.90 49.20 64.20
9/1/2022 5:30:12 52.70 49.70 50.80 64.80
9/1/2022 5:31:12 49.50 48.90 49.10 64.10
9/1/2022 5:32:12 49.50 48.80 49.10 64.00
9/1/2022 5:33:12 50.30 48.90 49.50 64.40
9/1/2022 5:34:12 54.40 49.00 51.10 64.60
9/1/2022 5:35:12 50.00 49.00 49.40 64.20
9/1/2022 5:36:12 50.30 49.30 49.70 64.20
9/1/2022 5:37:12 50.20 49.00 49.80 64.40
9/1/2022 5:38:12 51.40 49.40 50.20 64.70
9/1/2022 5:39:12 55.00 49.00 52.20 65.20
9/1/2022 5:40:12 59.80 54.80 60.30 66.80
9/1/2022 5:41:12 62.60 54.50 59.90 67.60
9/1/2022 5:42:12 58.00 54.30 56.30 67.30
9/1/2022 5:43:12 55.80 53.90 54.90 66.50
9/1/2022 5:44:12 57.50 54.50 56.50 67.60
9/1/2022 5:45:12 55.60 53.80 54.80 66.70
9/1/2022 5:46:12 55.40 49.30 52.80 65.10
9/1/2022 5:47:12 50.50 48.40 49.10 64.20
9/1/2022 5:48:12 49.60 47.10 48.10 64.20
9/1/2022 5:49:12 48.30 47.20 47.80 64.90
9/1/2022 5:50:12 50.50 47.20 48.40 64.80
9/1/2022 5:51:12 50.80 48.20 49.60 65.10
9/1/2022 5:52:12 50.60 47.80 49.00 64.60
9/1/2022 5:53:12 49.00 47.70 48.10 64.60
9/1/2022 5:54:12 48.60 47.50 48.00 64.60
9/1/2022 5:55:12 48.90 47.40 47.80 64.40
9/1/2022 5:56:12 48.90 47.50 48.00 64.50
9/1/2022 5:57:12 48.20 47.20 47.60 64.50
9/1/2022 5:58:12 50.90 47.00 49.00 65.00
9/1/2022 5:59:12 48.70 47.50 47.90 65.00
9/1/2022 6:00:12 50.50 47.50 48.60 65.30
9/1/2022 6:01:12 49.90 48.10 48.90 65.10
9/1/2022 6:02:12 52.20 47.90 49.60 65.30
9/1/2022 6:03:12 51.00 48.10 49.10 65.30
9/1/2022 6:04:12 49.30 48.20 48.70 65.90
9/1/2022 6:05:12 50.10 47.80 48.50 65.60
9/1/2022 6:06:12 50.20 48.00 49.00 65.50
9/1/2022 6:07:12 51.20 47.70 48.90 65.80
9/1/2022 6:08:12 49.20 47.70 48.30 65.60
9/1/2022 6:09:12 48.60 47.70 48.00 65.70
9/1/2022 6:10:12 49.50 47.80 48.40 65.40
9/1/2022 6:11:12 48.00 47.10 47.50 65.20
9/1/2022 6:12:12 49.10 47.50 48.20 65.80
9/1/2022 6:13:12 52.50 48.70 50.60 66.10
9/1/2022 6:14:12 54.50 47.00 50.50 66.80



9/1/2022 6:15:12 47.40 46.60 46.90 65.40
9/1/2022 6:16:12 47.80 47.00 47.30 65.60
9/1/2022 6:17:12 49.30 47.20 48.40 65.60
9/1/2022 6:18:12 51.40 47.60 49.10 66.00
9/1/2022 6:19:12 51.00 47.70 49.30 66.10
9/1/2022 6:20:12 50.50 48.80 49.50 65.80
9/1/2022 6:21:12 50.80 48.30 49.60 65.90
9/1/2022 6:22:12 51.90 50.30 51.10 66.90
9/1/2022 6:23:12 50.90 49.70 50.40 67.30
9/1/2022 6:24:12 52.00 49.40 51.10 67.60
9/1/2022 6:25:12 52.80 49.50 51.00 68.00
9/1/2022 6:26:12 51.90 49.10 50.30 67.60
9/1/2022 6:27:12 59.50 49.70 55.90 68.80
9/1/2022 6:28:12 49.50 48.40 48.90 67.00
9/1/2022 6:29:12 57.80 47.90 54.00 68.20
9/1/2022 6:30:12 49.50 48.00 48.80 67.60
9/1/2022 6:31:12 55.80 49.00 53.10 69.30
9/1/2022 6:32:12 51.10 48.80 49.80 68.00
9/1/2022 6:33:12 52.80 48.00 50.00 68.20
9/1/2022 6:34:12 62.40 48.70 57.40 69.00
9/1/2022 6:35:12 54.70 48.30 51.10 67.20
9/1/2022 6:36:12 53.20 49.40 51.00 67.40
9/1/2022 6:37:12 52.00 49.30 50.50 67.00
9/1/2022 6:38:12 51.70 48.70 50.30 66.70
9/1/2022 6:39:12 52.00 48.90 50.50 67.50
9/1/2022 6:40:12 52.90 50.20 52.00 68.70
9/1/2022 6:41:12 80.40 52.60 75.10 77.80
9/1/2022 6:42:12 73.70 49.70 70.90 73.30
9/1/2022 6:43:12 54.30 49.80 54.80 68.00
9/1/2022 6:44:12 63.30 50.30 58.50 70.20
9/1/2022 6:45:12 62.10 49.40 65.10 73.70
9/1/2022 6:46:12 62.80 54.60 61.20 76.00
9/1/2022 6:47:12 60.30 53.70 57.50 74.90
9/1/2022 6:48:12 62.20 52.90 59.00 74.80
9/1/2022 6:49:12 50.80 48.40 49.50 66.60
9/1/2022 6:50:12 53.70 48.70 51.70 66.90
9/1/2022 6:51:12 51.90 49.70 50.70 67.10
9/1/2022 6:52:12 72.60 50.00 64.30 72.40
9/1/2022 6:53:12 73.50 53.30 68.80 76.40
9/1/2022 6:54:12 51.50 49.50 50.60 66.70
9/1/2022 6:55:12 51.00 47.80 49.50 66.20
9/1/2022 6:56:12 50.10 48.30 49.20 66.20
9/1/2022 6:57:12 60.10 48.20 56.20 68.60
9/1/2022 6:58:12 70.60 54.00 65.70 77.50
9/1/2022 6:59:12 56.10 53.10 54.40 71.80
9/1/2022 7:00:12 56.50 48.20 53.30 69.80
9/1/2022 7:01:12 51.80 48.40 49.90 66.90
9/1/2022 7:02:12 51.50 49.60 50.30 67.00
9/1/2022 7:03:12 51.20 48.60 50.10 66.80
9/1/2022 7:04:12 55.50 48.40 51.20 66.60
9/1/2022 7:05:12 55.60 48.40 52.10 66.70
9/1/2022 7:06:12 49.80 48.20 49.00 66.90
9/1/2022 7:07:12 51.00 48.20 49.60 66.90
9/1/2022 7:08:12 52.60 48.70 50.70 67.30
9/1/2022 7:09:12 62.00 49.10 56.10 68.90
9/1/2022 7:10:12 53.20 50.30 52.10 67.70
9/1/2022 7:11:12 56.70 52.70 54.80 70.00
9/1/2022 7:12:12 52.60 49.70 51.00 68.70
9/1/2022 7:13:12 51.90 50.00 50.90 69.80
9/1/2022 7:14:12 52.80 50.20 51.40 68.90
9/1/2022 7:15:12 55.00 50.90 53.90 70.40
9/1/2022 7:16:12 60.10 53.40 57.70 72.40
9/1/2022 7:17:12 61.10 54.40 58.90 72.60
9/1/2022 7:18:12 61.80 59.50 60.80 74.50
9/1/2022 7:19:12 60.90 58.80 59.90 74.10
9/1/2022 7:20:12 61.70 58.80 59.90 73.60
9/1/2022 7:21:12 62.50 53.10 59.20 73.70
9/1/2022 7:22:12 62.50 59.90 61.00 74.60
9/1/2022 7:23:12 60.30 53.70 57.70 73.00
9/1/2022 7:24:12 61.10 58.70 60.00 76.20
9/1/2022 7:25:12 77.60 62.70 73.00 83.10
9/1/2022 7:26:12 78.00 76.00 77.50 88.70
9/1/2022 7:27:12 76.40 76.00 76.10 89.00
9/1/2022 7:28:12 76.30 76.00 76.10 88.90
9/1/2022 7:29:12 76.30 76.00 76.00 89.00
9/1/2022 7:30:12 76.30 76.00 76.10 89.50
9/1/2022 7:31:12 76.30 76.00 76.00 89.80
9/1/2022 7:32:12 76.30 76.10 76.10 89.70
9/1/2022 7:33:12 76.30 76.10 76.10 89.80
9/1/2022 7:34:12 76.30 76.00 76.10 89.80
9/1/2022 7:35:12 76.10 75.90 75.90 89.90
9/1/2022 7:36:12 76.10 75.90 75.90 89.90
9/1/2022 7:37:12 76.10 76.00 75.90 89.90
9/1/2022 7:38:12 76.10 75.90 75.90 89.90
9/1/2022 7:39:12 76.20 76.00 76.00 89.90
9/1/2022 7:40:12 76.10 75.80 75.90 89.80
9/1/2022 7:41:12 76.20 75.80 76.00 89.70
9/1/2022 7:42:12 77.60 75.70 76.50 89.60
9/1/2022 7:43:12 77.60 77.20 77.30 89.80
9/1/2022 7:44:12 80.00 57.80 75.00 85.50
9/1/2022 7:45:12 57.00 49.00 53.60 69.00
9/1/2022 7:46:12 52.70 50.30 51.60 67.20
9/1/2022 7:47:12 51.50 49.10 50.30 67.30
9/1/2022 7:48:12 53.50 49.10 51.30 67.70
9/1/2022 7:49:12 54.40 48.80 51.90 69.10
9/1/2022 7:50:12 50.60 48.40 49.20 66.90
9/1/2022 7:51:12 57.40 49.30 54.70 68.80
9/1/2022 7:52:12 56.10 50.60 53.30 67.60
9/1/2022 7:53:12 56.20 48.40 53.70 68.50
9/1/2022 7:54:12 51.50 48.20 49.80 66.20
9/1/2022 7:55:12 52.20 48.70 50.20 67.00
9/1/2022 7:56:12 51.60 49.40 50.40 67.40
9/1/2022 7:57:12 62.30 48.20 56.40 66.70
9/1/2022 7:58:12 48.90 47.80 48.30 66.60
9/1/2022 7:59:12 51.40 49.40 50.40 66.80
9/1/2022 8:00:12 54.00 48.70 51.20 66.90
9/1/2022 8:01:12 61.20 50.20 57.30 71.40
9/1/2022 8:02:12 59.20 52.30 56.70 69.60
9/1/2022 8:03:12 53.00 48.90 51.10 66.80
9/1/2022 8:04:12 52.40 49.00 50.90 66.60
9/1/2022 8:05:12 53.70 51.00 52.60 67.50
9/1/2022 8:06:12 54.90 48.80 52.50 67.10
9/1/2022 8:07:12 51.00 48.20 49.70 66.20
9/1/2022 8:08:12 49.20 47.20 48.10 65.80
9/1/2022 8:09:12 52.40 47.50 49.80 66.60
9/1/2022 8:10:12 52.60 47.40 49.60 67.30
9/1/2022 8:11:12 62.10 48.40 58.60 72.30
9/1/2022 8:12:12 55.70 50.10 53.40 70.20
9/1/2022 8:13:12 47.70 46.60 47.00 66.80
9/1/2022 8:14:12 50.20 47.00 48.60 67.50
9/1/2022 8:15:12 49.00 47.30 48.00 67.10
9/1/2022 8:16:12 54.40 47.50 50.90 66.60
9/1/2022 8:17:12 51.50 47.30 49.40 67.30
9/1/2022 8:18:12 50.30 46.50 48.30 66.70
9/1/2022 8:19:12 55.40 46.30 51.60 66.40
9/1/2022 8:20:12 51.20 47.30 50.70 66.80
9/1/2022 8:21:12 48.00 47.00 47.40 66.50
9/1/2022 8:22:12 51.20 47.30 48.80 67.30
9/1/2022 8:23:12 49.70 47.00 48.10 66.50
9/1/2022 8:24:12 51.10 47.80 49.30 66.60
9/1/2022 8:25:12 48.70 46.60 47.60 66.60
9/1/2022 8:26:12 58.10 49.90 55.30 68.40
9/1/2022 8:27:12 51.60 48.10 49.80 67.70
9/1/2022 8:28:12 51.20 48.40 49.70 67.30
9/1/2022 8:29:12 49.80 46.50 47.90 66.80
9/1/2022 8:30:12 52.50 47.80 50.10 67.00
9/1/2022 8:31:12 52.40 47.90 50.20 67.00
9/1/2022 8:32:12 50.30 47.30 48.90 66.40
9/1/2022 8:33:12 56.60 49.70 54.30 67.90
9/1/2022 8:34:12 64.00 49.50 58.30 69.80
9/1/2022 8:35:12 53.70 48.30 51.40 67.50
9/1/2022 8:36:12 54.30 49.20 51.50 66.50
9/1/2022 8:37:12 50.20 47.20 48.70 66.30
9/1/2022 8:38:12 51.80 48.50 50.20 66.50
9/1/2022 8:39:12 50.50 47.40 48.90 66.30
9/1/2022 8:40:12 55.80 46.90 52.30 66.50
9/1/2022 8:41:12 53.90 50.20 52.40 67.10
9/1/2022 8:42:12 58.00 51.40 54.90 69.40
9/1/2022 8:43:12 51.30 46.90 49.60 67.20
9/1/2022 8:44:12 51.40 46.90 49.50 67.20



9/1/2022 8:45:12 58.00 50.60 55.60 72.80
9/1/2022 8:46:12 62.80 54.30 60.30 75.20
9/1/2022 8:47:12 63.10 53.80 59.10 74.30
9/1/2022 8:48:12 60.20 53.20 57.30 73.50
9/1/2022 8:49:12 61.30 55.50 61.70 72.30
9/1/2022 8:50:12 60.60 53.50 58.30 73.60
9/1/2022 8:51:12 67.40 54.50 62.90 75.90
9/1/2022 8:52:12 67.40 54.00 63.60 77.00
9/1/2022 8:53:12 58.50 47.70 54.10 71.20
9/1/2022 8:54:12 54.70 46.00 51.50 67.20
9/1/2022 8:55:12 52.50 49.30 51.10 68.30
9/1/2022 8:56:12 50.80 47.10 49.00 67.30
9/1/2022 8:57:12 48.40 45.60 46.60 67.50
9/1/2022 8:58:12 58.80 47.20 54.40 69.50
9/1/2022 8:59:12 53.90 49.70 51.60 71.00
9/1/2022 9:00:12 54.50 48.70 52.10 69.30
9/1/2022 9:01:12 51.10 46.10 49.20 68.20
9/1/2022 9:02:12 52.30 45.80 49.10 67.30
9/1/2022 9:03:12 50.30 47.60 48.70 67.30
9/1/2022 9:04:12 56.30 46.30 52.80 69.70
9/1/2022 9:05:12 52.40 48.20 50.30 68.20
9/1/2022 9:06:12 51.10 46.40 48.70 67.00
9/1/2022 9:07:12 49.50 45.60 47.50 66.40
9/1/2022 9:08:12 58.00 48.50 54.10 69.00
9/1/2022 9:09:12 57.20 47.50 53.20 67.60
9/1/2022 9:10:12 57.40 48.90 54.30 68.80
9/1/2022 9:11:12 60.60 47.10 59.40 68.40
9/1/2022 9:12:12 65.90 51.00 61.70 76.80
9/1/2022 9:13:12 69.40 65.50 67.20 79.00
9/1/2022 9:14:12 68.70 65.40 66.70 77.50
9/1/2022 9:15:12 65.90 53.80 63.50 76.10
9/1/2022 9:16:12 70.90 45.80 64.70 70.30
9/1/2022 9:17:12 86.80 50.30 82.00 82.60
9/1/2022 9:18:12 68.00 53.00 63.40 78.60



 
 
 
 
 
 

ATTACHMENT E 
 

  



Receiver X  m Y  m Z  m GH  m Ldn  Leq,d Leq,n

Loc A 579208.4 4496531.2 5.2 3.7 52.4 45.9 45.9

Loc B 579168.3 4496575.1 4.9 3.4 54.5 48.1 48.1

Loc C 579114.9 4496609.1 4.9 3.4 58.9 52.5 52.5

Loc D 579071.8 4496610.6 5.3 3.8 61 54.6 54.6

Loc E 579024.1 4496584.9 8.6 7.1 61.6 55.2 55.2

Loc F 578968.4 4496569.9 13.4 11.9 50.8 44.4 44.4

Loc G 578899.0 4496599.5 13.3 11.8 53.6 47.2 47.2

Loc H 578925.6 4496672.9 7.2 5.7 57.3 50.9 50.9

Loc I 578945.0 4496701.9 3.9 2.4 55.5 49.1 49.1

Ldn

Receiver X/m Y/m Z/m GH/m 31.5Hz  63Hz 125Hz 250Hz 500Hz 1kHz 2kHz 4kHz 8kHz  dB(A)

Loc A 579208.4 4496531.15 5.2 3.7 60.7 57.0 59.4 54.7 52.2 43.2 37.9 25.1 ‐ 52.4

Loc B 579168.26 4496575.06 4.9 3.4 64.5 60.6 61.5 56.5 54.2 45.8 40.9 28.8 9.3 54.5

Loc C 579114.86 4496609.14 4.9 3.4 68.5 67.5 66.0 61.2 58.1 50.8 45.8 37.0 24.2 58.9

Loc D 579071.77 4496610.56 5.3 3.8 69.8 65.5 66.8 63.3 59.4 55.2 47.7 39.9 30.4 61.0

Loc E 579024.09 4496584.93 8.6 7.1 73.6 62.5 63.3 61.8 59.3 57.8 50.7 42.2 30.9 61.6

Loc F 578968.41 4496569.85 13.4 11.9 74.4 61.4 55.8 51.5 49.5 44.9 39.0 28.5 14.0 50.8

Loc G 578898.98 4496599.54 13.3 11.8 72.4 59.2 56.7 53.8 52.1 49.3 41.0 29.4 14.3 53.6

Loc H 578925.59 4496672.89 7.2 5.7 75.9 61.7 59.4 56.0 55.4 53.6 46.0 36.0 23.3 57.3

Loc I 578945.04 4496701.88 3.9 2.4 76.0 61.2 60.3 55.7 53.5 51.4 42.9 31.7 19.1 55.5

Ld / Ln

Receiver X/m Y/m Z/m GH/m 31.5Hz  63Hz 125Hz 250Hz 500Hz 1kHz 2kHz 4kHz 8kHz  dB(A)

Loc A 579208.4 4496531.15 5.16 3.66 54.3 50.6 53.0 48.3 45.8 36.8 31.4 18.7 ‐6.5 45.9

Loc B 579168.26 4496575.06 4.89 3.39 58.1 54.2 55.0 50.1 47.8 39.4 34.4 22.3 2.9 48.1

Loc C 579114.86 4496609.14 4.85 3.35 62.1 61.1 59.6 54.8 51.7 44.3 39.4 30.5 17.8 52.5

Loc D 579071.77 4496610.56 5.28 3.78 63.4 59.1 60.4 56.9 53.0 48.8 41.3 33.5 24.0 54.6

Loc E 579024.09 4496584.93 8.58 7.08 67.2 56.1 56.9 55.4 52.9 51.4 44.2 35.8 24.5 55.2

Loc F 578968.41 4496569.85 13.39 11.89 68.0 55.0 49.4 45.1 43.1 38.5 32.6 22.1 7.6 44.4

Loc G 578898.98 4496599.54 13.32 11.82 66.0 52.8 50.3 47.4 45.7 42.9 34.6 23.0 7.9 47.2

Loc H 578925.59 4496672.89 7.2 5.7 69.5 55.3 52.9 49.6 48.9 47.2 39.6 29.5 16.9 50.9

Loc I 578945.04 4496701.88 3.93 2.43 69.6 54.8 53.9 49.3 47.1 45.0 36.5 25.3 12.7 49.1

Spectral Sound Pressure Level Ldn [ dB ]

Spectral Sound Pressure Level Ld / Ln [ dB ]

Predicted Sound Level [ dBA ]



 
 
 
 
 
 

ATTACHMENT F 
 

 
 



Ld / Ln

No Receiver X  m Y  m Z  m GH  m Ldn  Leq,d Leq,n No Receiver X  m Y  m Z  m GH  m 31.5Hz  63Hz 125Hz 250Hz 500Hz 1kHz 2kHz 4kHz 8kHz  dB(A)

1 Waterfront Parcel NW‐1 579062.8 4496705.2 3.8 2.3 57.8 51.4 51.4 1 Waterfront Parcel NW‐1 579062.8 4496705.2 3.8 2.3 64.0 55.9 60.2 54.6 51.1 37.7 34.1 28.5 15.4 51.4

2 Waterfront Parcel NW‐2 579058.0 4496697.3 4.9 3.4 59.1 52.7 52.7 2 Waterfront Parcel NW‐2 579058.0 4496697.3 4.9 3.4 65.0 58.1 61.4 55.7 52.3 39.9 36.5 30.8 18.4 52.7

3 Waterfront Parcel NW‐3 579053.1 4496689.3 4.5 3.0 59.2 52.8 52.8 3 Waterfront Parcel NW‐3 579053.1 4496689.3 4.5 3.0 66.3 58.6 61.2 55.2 52.5 41.4 38.3 32.5 20.9 52.8

4 Waterfront Parcel NW‐4 579048.4 4496681.5 3.9 2.4 60.3 53.9 53.9 4 Waterfront Parcel NW‐4 579048.4 4496681.5 3.9 2.4 67.5 59.0 61.2 55.7 54.0 43.1 40.3 34.5 23.7 53.9

5 Waterfront Parcel NW‐5 579043.6 4496673.6 3.7 2.2 61.6 55.2 55.2 5 Waterfront Parcel NW‐5 579043.6 4496673.6 3.7 2.2 72.5 59.9 62.2 57.2 55.5 43.5 40.5 36.0 25.9 55.2

6 Waterfront Parcel NW‐6 579038.7 4496665.8 3.6 2.1 60.0 53.6 53.6 6 Waterfront Parcel NW‐6 579038.7 4496665.8 3.6 2.1 74.5 58.5 61.2 56.2 53.5 41.8 37.4 33.7 23.6 53.6

7 Waterfront Parcel SW‐7 579036.5 4496659.0 3.6 2.1 59.1 52.7 52.7 7 Waterfront Parcel SW‐7 579036.5 4496659.0 3.6 2.1 75.2 58.2 61.0 55.6 52.3 40.8 36.4 32.4 22.0 52.7

8 Waterfront Parcel SW‐8 579043.3 4496653.1 3.6 2.1 61.2 54.8 54.8 8 Waterfront Parcel SW‐8 579043.3 4496653.1 3.6 2.1 74.5 59.2 62.5 57.1 54.5 44.4 39.4 35.1 25.2 54.8

9 Waterfront Parcel SW‐9 579052.6 4496647.6 3.6 2.1 62.4 56.0 56.0 9 Waterfront Parcel SW‐9 579052.6 4496647.6 3.6 2.1 72.0 60.0 63.2 58.2 55.8 46.9 41.0 36.5 27.2 56.0

10 Waterfront Parcel SW‐10 579058.9 4496643.8 3.7 2.2 62.7 56.2 56.2 10 Waterfront Parcel SW‐10 579058.9 4496643.8 3.7 2.2 70.7 59.9 63.0 58.3 55.9 48.0 41.6 36.9 27.9 56.2

11 Waterfront Parcel SW‐11 579066.6 4496639.2 4.0 2.5 62.8 56.4 56.4 11 Waterfront Parcel SW‐11 579066.6 4496639.2 4.0 2.5 69.5 60.6 63.2 58.4 56.0 48.4 41.9 36.9 27.7 56.4

12 Waterfront Parcel SW‐12 579074.6 4496634.4 4.2 2.7 62.9 56.5 56.5 12 Waterfront Parcel SW‐12 579074.6 4496634.4 4.2 2.7 68.2 61.2 62.7 58.2 56.3 48.5 42.3 37.0 27.6 56.5

13 Waterfront Parcel SW‐13 579082.2 4496630.0 4.5 3.0 62.0 55.6 55.6 13 Waterfront Parcel SW‐13 579082.2 4496630.0 4.5 3.0 67.4 62.5 63.2 57.7 54.7 47.7 42.7 35.0 24.7 55.6

14 Waterfront Parcel SW‐14 579090.3 4496625.7 4.6 3.1 60.5 54.1 54.1 14 Waterfront Parcel SW‐14 579090.3 4496625.7 4.6 3.1 66.6 62.3 62.0 56.6 53.1 45.5 40.0 32.0 21.2 54.1

15 Waterfront Parcel SW‐15 579098.4 4496621.6 5.0 3.5 60.5 54.1 54.1 15 Waterfront Parcel SW‐15 579098.4 4496621.6 5.0 3.5 65.8 61.8 61.0 56.6 53.2 46.5 39.9 31.3 19.4 54.1

16 Waterfront Parcel SW‐16 579106.7 4496617.3 5.0 3.5 59.0 52.5 52.5 16 Waterfront Parcel SW‐16 579106.7 4496617.3 5.0 3.5 63.1 60.9 60.1 54.9 51.2 45.4 39.0 30.3 17.7 52.5

17 Waterfront Parcel SW‐17 579115.0 4496613.5 4.9 3.4 58.2 51.8 51.8 17 Waterfront Parcel SW‐17 579115.0 4496613.5 4.9 3.4 62.4 61.3 58.5 53.4 50.2 45.7 39.3 30.4 17.9 51.8

18 Waterfront Parcel SW‐18 579123.1 4496609.5 4.9 3.4 57.6 51.2 51.2 18 Waterfront Parcel SW‐18 579123.1 4496609.5 4.9 3.4 61.7 62.1 58.2 53.1 50.1 43.7 38.9 30.2 19.1 51.2

19 Waterfront Parcel SW‐19 579131.1 4496605.4 5.0 3.5 57.6 51.2 51.2 19 Waterfront Parcel SW‐19 579131.1 4496605.4 5.0 3.5 61.2 62.3 58.4 53.3 50.0 43.5 38.6 29.8 19.2 51.2

20 Waterfront Parcel SW‐20 579139.2 4496601.5 5.2 3.7 56.2 49.8 49.8 20 Waterfront Parcel SW‐20 579139.2 4496601.5 5.2 3.7 60.8 59.6 57.3 52.2 48.9 41.2 36.6 28.3 16.2 49.8

21 Waterfront Parcel SE‐21 579146.8 4496602.2 5.0 3.5 53.3 46.8 46.8 21 Waterfront Parcel SE‐21 579146.8 4496602.2 5.0 3.5 60.5 56.1 53.0 48.9 45.1 40.9 34.2 25.9 12.8 46.8

22 Waterfront Parcel SE‐22 579153.2 4496608.9 4.6 3.1 51.1 44.7 44.7 22 Waterfront Parcel SE‐22 579153.2 4496608.9 4.6 3.1 58.2 56.2 52.4 46.5 43.5 37.0 31.9 23.2 11.5 44.7

23 Waterfront Parcel SE‐23 579159.2 4496615.5 4.8 3.3 50.7 44.3 44.3 23 Waterfront Parcel SE‐23 579159.2 4496615.5 4.8 3.3 57.5 55.8 52.1 46.2 43.4 36.3 30.4 22.6 10.9 44.3

24 Waterfront Parcel SE‐24 579165.3 4496622.2 4.8 3.3 53.2 46.8 46.8 24 Waterfront Parcel SE‐24 579165.3 4496622.2 4.8 3.3 58.6 58.2 54.3 48.6 45.9 38.7 33.7 24.4 11.7 46.8

25 Upland Parcel NW‐1 578975.8 4496682.5 4.0 2.5 60.0 53.6 53.6 25 Upland Parcel NW‐1 578975.8 4496682.5 4.0 2.5 77.1 59.2 59.1 55.2 52.0 48.3 39.7 29.7 19.5 53.6

26 Upland Parcel NW‐2 578969.0 4496676.5 4.4 2.9 60.2 53.8 53.8 26 Upland Parcel NW‐2 578969.0 4496676.5 4.4 2.9 75.0 58.8 57.0 53.7 52.5 49.4 40.7 31.3 22.4 53.8

27 Upland Parcel NW‐3 578961.6 4496669.7 6.3 4.8 61.7 55.3 55.3 27 Upland Parcel NW‐3 578961.6 4496669.7 6.3 4.8 74.6 60.1 58.6 55.6 53.9 50.9 42.4 33.3 24.9 55.3

28 Upland Parcel NW‐4 578954.8 4496664.2 7.6 6.1 66.2 59.8 59.8 28 Upland Parcel NW‐4 578954.8 4496664.2 7.6 6.1 74.4 62.5 62.0 60.2 58.4 55.5 47.1 36.8 26.9 59.8

29 Upland Parcel NW‐5 578946.6 4496659.1 7.8 6.3 62.1 55.7 55.7 29 Upland Parcel NW‐5 578946.6 4496659.1 7.8 6.3 73.4 59.3 58.0 55.9 54.4 51.3 43.3 34.4 26.0 55.7

30 Upland Parcel NW‐6 578939.2 4496654.6 8.0 6.5 58.1 51.7 51.7 30 Upland Parcel NW‐6 578939.2 4496654.6 8.0 6.5 71.7 57.2 55.5 52.7 50.0 46.8 39.9 31.5 23.1 51.7

31 Upland Parcel SW‐7 578933.5 4496647.3 8.9 7.4 56.7 50.3 50.3 31 Upland Parcel SW‐7 578933.5 4496647.3 8.9 7.4 71.1 56.7 53.7 50.0 48.3 46.0 39.4 30.4 20.9 50.3

32 Upland Parcel SW‐8 578938.3 4496639.4 9.5 8.0 58.0 51.6 51.6 32 Upland Parcel SW‐8 578938.3 4496639.4 9.5 8.0 72.0 57.8 54.7 51.2 50.5 46.8 39.5 31.4 23.4 51.6

33 Upland Parcel SW‐9 578943.2 4496631.3 9.9 8.4 59.9 53.5 53.5 33 Upland Parcel SW‐9 578943.2 4496631.3 9.9 8.4 73.2 59.1 56.5 53.6 52.7 48.5 40.4 32.0 23.9 53.5

34 Upland Parcel NW‐10 578935.4 4496626.1 10.4 8.9 59.1 52.7 52.7 34 Upland Parcel NW‐10 578935.4 4496626.1 10.4 8.9 71.8 59.0 56.0 53.1 51.6 48.1 39.5 29.7 20.6 52.7

35 Upland Parcel NW‐11 578927.2 4496621.5 10.9 9.4 57.2 50.8 50.8 35 Upland Parcel NW‐11 578927.2 4496621.5 10.9 9.4 70.4 57.4 54.5 51.6 49.0 46.3 38.7 29.2 19.4 50.8

36 Upland Parcel NW‐12 578921.9 4496616.4 11.5 10.0 56.0 49.6 49.6 36 Upland Parcel NW‐12 578921.9 4496616.4 11.5 10.0 69.5 56.6 53.6 50.6 48.4 44.5 36.4 27.5 16.9 49.6

37 Upland Parcel NW‐13 578923.7 4496612.0 11.9 10.4 53.6 47.2 47.2 37 Upland Parcel NW‐13 578923.7 4496612.0 11.9 10.4 69.9 57.9 52.4 47.7 46.2 41.3 34.3 24.5 12.6 47.2

38 Upland Parcel NW‐14 578929.7 4496600.1 12.2 10.7 55.3 48.9 48.9 38 Upland Parcel NW‐14 578929.7 4496600.1 12.2 10.7 68.2 57.9 52.5 48.7 47.7 44.3 36.3 26.2 14.9 48.9

39 Upland Parcel NW‐15 578934.2 4496592.0 12.0 10.5 52.8 46.4 46.4 39 Upland Parcel NW‐15 578934.2 4496592.0 12.0 10.5 66.6 58.1 51.3 46.7 45.0 41.1 33.9 24.3 12.6 46.4

40 Upland Parcel NW‐16 578938.5 4496584.3 12.2 10.7 50.4 44.0 44.0 40 Upland Parcel NW‐16 578938.5 4496584.3 12.2 10.7 66.5 56.9 49.1 43.6 42.2 39.0 32.3 22.4 9.9 44.0

41 Upland Parcel SE‐17 578944.3 4496577.5 12.6 11.1 50.0 43.6 43.6 41 Upland Parcel SE‐17 578944.3 4496577.5 12.6 11.1 66.8 56.8 49.5 44.5 42.0 37.4 31.2 21.1 7.9 43.6

42 Upland Parcel SE‐18 578952.7 4496581.3 13.0 11.5 54.1 47.7 47.7 42 Upland Parcel SE‐18 578952.7 4496581.3 13.0 11.5 67.5 58.2 52.1 47.6 45.2 43.5 36.4 25.2 11.8 47.7

43 Upland Parcel SE‐19 578960.3 4496585.9 13.2 11.7 54.4 48.0 48.0 43 Upland Parcel SE‐19 578960.3 4496585.9 13.2 11.7 69.0 59.1 53.1 48.8 47.0 41.7 35.8 25.8 12.7 48.0

Predicted Sound Level [ dBA ] Spectral Sound Pressure Level Ld / Ln [ dB ]



No Receiver X  m Y  m Z  m GH  m Ldn  Leq,d Leq,n No Receiver X  m Y  m Z  m GH  m 31.5Hz  63Hz 125Hz 250Hz 500Hz 1kHz 2kHz 4kHz 8kHz  dB(A)

44 Upland Parcel SE‐20 578968.3 4496590.7 13.1 11.6 54.7 48.3 48.3 44 Upland Parcel SE‐20 578968.3 4496590.7 13.1 11.6 70.5 60.4 53.5 49.3 46.3 43.0 36.4 26.8 14.8 48.3

45 Upland Parcel SE‐21 578976.0 4496595.4 13.0 11.5 54.3 47.9 47.9 45 Upland Parcel SE‐21 578976.0 4496595.4 13.0 11.5 72.4 60.7 53.8 49.3 45.4 42.0 37.0 27.4 16.5 47.9

46 Upland Parcel SE‐22 578983.9 4496600.0 12.7 11.2 54.4 48.0 48.0 46 Upland Parcel SE‐22 578983.9 4496600.0 12.7 11.2 74.2 60.8 54.3 50.2 45.0 41.9 35.1 26.2 16.0 48.0

47 Upland Parcel SW‐23 578990.4 4496593.8 12.9 11.4 53.9 47.5 47.5 47 Upland Parcel SW‐23 578990.4 4496593.8 12.9 11.4 73.1 58.5 52.3 47.7 43.1 43.8 36.7 27.0 15.3 47.5

48 Upland Parcel SW‐24 578996.0 4496586.8 13.1 11.6 52.5 46.1 46.1 48 Upland Parcel SW‐24 578996.0 4496586.8 13.1 11.6 71.7 57.0 50.9 45.9 42.1 42.1 36.0 25.7 12.8 46.1

49 Upland Parcel SW‐25 579001.5 4496579.7 13.3 11.8 50.6 44.2 44.2 49 Upland Parcel SW‐25 579001.5 4496579.7 13.3 11.8 69.8 55.8 50.2 45.4 41.8 38.4 32.6 23.6 10.9 44.2

50 Upland Parcel SE‐26 579008.6 4496579.6 11.9 10.4 55.9 49.4 49.4 50 Upland Parcel SE‐26 579008.6 4496579.6 11.9 10.4 70.1 56.2 54.0 50.2 45.6 45.5 39.0 30.8 18.9 49.4

51 Upland Parcel SE‐27 579016.3 4496584.3 9.3 7.8 57.4 51.0 51.0 51 Upland Parcel SE‐27 579016.3 4496584.3 9.3 7.8 67.8 54.3 53.4 49.6 47.1 47.9 41.2 33.3 22.4 51.0

52 Upland Parcel SE‐28 579023.9 4496588.8 8.5 7.0 59.9 53.5 53.5 52 Upland Parcel SE‐28 579023.9 4496588.8 8.5 7.0 66.7 55.8 56.5 53.7 50.8 49.7 42.6 34.6 24.6 53.5

53 Upland Parcel SE‐29 579031.8 4496593.6 7.6 6.1 61.8 55.4 55.4 53 Upland Parcel SE‐29 579031.8 4496593.6 7.6 6.1 64.4 58.8 58.5 56.0 53.3 51.2 43.5 35.4 26.4 55.4

54 Upland Parcel SE‐30 579039.6 4496598.2 6.7 5.2 61.9 55.5 55.5 54 Upland Parcel SE‐30 579039.6 4496598.2 6.7 5.2 64.3 59.9 59.2 56.5 53.8 50.8 43.2 35.4 27.6 55.5

55 Upland Parcel SE‐31 579047.5 4496603.1 5.7 4.2 60.8 54.4 54.4 55 Upland Parcel SE‐31 579047.5 4496603.1 5.7 4.2 63.8 59.2 58.3 56.0 52.6 49.3 42.2 35.5 28.4 54.4

56 Upland Parcel SE‐32 579055.5 4496607.9 5.3 3.8 60.2 53.8 53.8 56 Upland Parcel SE‐32 579055.5 4496607.9 5.3 3.8 63.3 58.7 57.9 54.7 52.3 48.8 41.8 35.0 27.7 53.8

57 Upland Parcel SE‐33 579063.1 4496612.5 5.2 3.7 60.3 53.9 53.9 57 Upland Parcel SE‐33 579063.1 4496612.5 5.2 3.7 63.0 58.6 58.6 55.1 52.4 48.7 41.6 34.6 26.6 53.9

58 Upland Parcel SE‐34 579071.0 4496617.4 5.2 3.7 60.7 54.3 54.3 58 Upland Parcel SE‐34 579071.0 4496617.4 5.2 3.7 63.9 59.0 60.3 56.8 53.0 47.8 41.0 34.2 25.1 54.3

59 Upland Parcel NE‐35 579073.1 4496624.9 4.6 3.1 61.3 54.9 54.9 59 Upland Parcel NE‐35 579073.1 4496624.9 4.6 3.1 67.9 59.5 61.9 57.7 54.2 46.2 40.2 34.6 24.8 54.9

60 Upland Parcel NE‐36 579065.5 4496630.0 4.3 2.8 61.9 55.5 55.5 60 Upland Parcel NE‐36 579065.5 4496630.0 4.3 2.8 68.9 60.1 62.7 58.1 54.5 47.4 41.2 35.5 26.3 55.5

61 Upland Parcel NE‐37 579057.8 4496634.8 4.1 2.6 62.0 55.6 55.6 61 Upland Parcel NE‐37 579057.8 4496634.8 4.1 2.6 70.2 59.5 61.7 58.4 54.5 48.3 42.4 36.5 28.2 55.6

62 Upland Parcel NE‐38 579050.1 4496639.7 3.8 2.3 61.9 55.5 55.5 62 Upland Parcel NE‐38 579050.1 4496639.7 3.8 2.3 71.8 58.9 61.8 58.3 54.4 47.9 42.1 36.6 28.6 55.5

63 Upland Parcel NE‐39 579042.3 4496644.5 3.7 2.2 60.7 54.3 54.3 63 Upland Parcel NE‐39 579042.3 4496644.5 3.7 2.2 73.8 59.0 62.2 57.1 53.4 45.4 39.5 34.1 24.2 54.3

64 Upland Parcel NE‐40 579034.5 4496649.3 3.7 2.2 59.7 53.3 53.3 64 Upland Parcel NE‐40 579034.5 4496649.3 3.7 2.2 76.7 59.5 61.9 56.6 52.1 42.8 37.5 32.4 22.1 53.3

65 Upland Parcel NE‐41 579026.8 4496654.0 3.6 2.1 59.4 53.0 53.0 65 Upland Parcel NE‐41 579026.8 4496654.0 3.6 2.1 79.3 60.6 61.9 56.8 51.2 41.2 35.9 30.8 19.8 53.0

66 Upland Parcel NE‐42 579019.1 4496658.7 3.6 2.1 59.0 52.5 52.5 66 Upland Parcel NE‐42 579019.1 4496658.7 3.6 2.1 80.0 60.9 61.6 56.7 50.3 39.1 34.2 29.2 17.5 52.5

67 Upland Parcel NE‐43 579011.2 4496663.7 3.7 2.2 58.5 52.1 52.1 67 Upland Parcel NE‐43 579011.2 4496663.7 3.7 2.2 80.1 60.8 61.1 56.5 49.5 38.6 33.5 27.9 15.7 52.1

68 Upland Parcel NE‐44 579003.7 4496668.6 3.7 2.2 57.7 51.3 51.3 68 Upland Parcel NE‐44 579003.7 4496668.6 3.7 2.2 80.0 60.6 60.5 55.8 48.1 38.1 32.7 26.4 14.1 51.3

69 Upland Parcel NE‐45 578995.9 4496673.3 3.7 2.2 57.0 50.6 50.6 69 Upland Parcel NE‐45 578995.9 4496673.3 3.7 2.2 79.7 60.2 60.0 55.2 47.1 36.6 31.6 25.4 13.3 50.6

70 Upland Parcel NE‐46 578987.8 4496678.2 3.7 2.2 57.6 51.2 51.2 70 Upland Parcel NE‐46 578987.8 4496678.2 3.7 2.2 79.0 59.5 59.2 54.4 47.4 44.5 36.4 28.0 17.8 51.2

71 Upland Parcel NE‐47 578980.2 4496682.9 3.8 2.3 60.3 53.9 53.9 71 Upland Parcel NE‐47 578980.2 4496682.9 3.8 2.3 77.9 59.4 59.1 56.0 52.4 48.2 39.6 30.1 19.5 53.9
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will 

1.0 PROJECT LOCATION 

The Facility includes installation of a submarine cable system in New York State Waters with  
landfall at a proposed Converter Station on the eastern shore of Staten Island, and an HVAC 
Submarine Cable System which will exit the Converter Station and cross the Upper New York 
Bay to the Brooklyn Landing on the western shore of Brooklyn, NY, where it will be routed on 
land to the proposed POI. The Facility components include: 

1. 12.9 miles (11.2 nautical miles) of HVDC buried beneath the seabed of New 
York  State waters 

2. A Converter Station at 200 Edgewater Street on the eastern shore of Staten Island where 
an existing industrial facility will be demolished to allow the Station's construction                      

3. Underground Transition Vaults, where the HVDC Submarine Cable System will be 
spliced to the HVDC Land Cable to be located entirely within the limits of the Converter Station 
site 

4. 4.6 miles (4.0 Nautical Miles) of HVAC, four tri-core cables, exiting the Converter 
Station and travelling beneath the seabed of the Upper New York Bay 

5. Underground Transition Vaults at the Brooklyn Landing, where the HVAC Submarine 
Cable System will be spliced to the HVAC Land Cable using HDD installation methods 

6. 1.2 miles of HVAC Land Cable System to be buried beneath public roadways 
and ROWs extending from the Transition Vault to the Preferred POI within 
Gowanus Substation 

7. An Alternate HVAC Land Cable System extending 5.7 miles and located beneath 
public roadways and ROW to extend from the Transition Vaults to POI within the BCEH 
(if available for interconnections) 

This Assessment focuses on New York State waters surrounding the Facility’s Submarine Cable 
Route (Study Area). 
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2.0 HABITAT DESCRIPTION 

The Study Area includes oceanic waters of the New York Bight, and tidal waters of the Lower and 
Upper New York Bays and Gowanus Bay (see Figure 1). 

2.1 Sediment Characteristics 

Sediment in the vicinity of the Facility’s Submarine Cable Route can be characterized regionally 
based on its physical and chemical properties. In support of the New York State’s Article VII 
Application that is being prepared for the Facility, the Applicant is preparing a Sediment Sampling 
and Analysis Work Plan (SSAWP) to characterize and document existing physical and chemical  
composition of seabed sediment properties along the Submarine Cable Route. However, 
sediment along the Submarine Cable Route in the Study Area is generally comprised of sands, 
gravels, and slightly gravelly sand. 

Sediment quality is degraded in several areas along the Submarine Cable Route. Contaminant 
levels including heavy metals, pesticides, polycyclic aromatic hydrocarbons (PAHs), and 
dioxins/furans are heightened in the Upper New York Bay. Sediment in the Lower New York Bay 
and the larger New York Bight however is observed to be generally much less contaminated 
(Litten 2003). 

2.2 Water Quality 

New York State Water Quality Standards promulgated under 6 NYCRR Part 703 set the required 
water quality criteria that must be met to support the best use indicated. Waterbodies that do not 
meet the criteria associated with their use classification are considered to be impaired. 
Waterbodies traversed by the Submarine Cable Route are classified as Class I waters in the 
Upper New York Bay (1701-0022) and Lower New York Bay (1701-0179), which have best 
usages for secondary contact recreation and fishing, and Class SB waters in the Lower New York 
Bay/Gravesend Bay (1701-0004), which have best usages for primary and secondary contact 
recreation and fishing. 

The U.S. Environmental Protection Agency (EPA) most recently assessed the overall water 
quality of Northeast coastal waters, including the coastal waters of New York and New Jersey, in 
the National Coastal Conditions Report IV (September 2012). Based on an index derived from 
water quality parameters of nutrient concentrations, dissolved oxygen (DO), water clarity, and 
chlorophyll a concentration, EPA rated the overall water quality for this area as “good” (EPA 2012). 

2.3 Dissolved Oxygen 

The level of dissolved oxygen (DO) in the water is used to measure habitat quality for fish and 
other aquatic organisms. Fish tend to swim away from and are otherwise stressed by areas of 
low DO, but benthic invertebrates are likely to die in low DO areas. The amount of DO is influenced 
by the time of day (sunlight promotes photosynthesis and therefore the production of oxygen), 
tidal cycle, season, temperature, and depth of the water. In addition, the consumption of oxygen 
(i.e., respiration) by microbes, algae, and fish can also reduce the DO in a waterbody. As these 
factors change the concentration of DO, the abundance of aquatic organisms also changes. Acute 
hypoxia (very low dissolved oxygen) can cause fish kills, and if levels remain chronically low, 
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predator-prey relationships in the estuary can be affected (Yozzo 2018). The level of DO in most 
of the Study Area is generally greater than the EPA threshold for chronic hypoxia (4.8 mg/L).  

2.4 Salinity 

The Submarine Cable Route would enter New York State waters approximately 3.7 NM south of 
Breezy Point Park at Rockaway Beach and would run for approximately 3.9 NM miles through the 
Atlantic Ocean before passing through the channel between the Rockaway Beach and Sandy 
Hook and into Lower New York Bay. Previous New York City Department of Environmental 
Protection (NYCDEP) Harbor Survey Reports recorded bottom sampled salinity in this area as 
ranging from 29 psu to 31 psu. As the Submarine Cable Route continues due north into the Upper 
New York Bay, previously recorded bottom sampled salinity levels decreased to approximately 
23 psu to 32 psu (NYCDEP 2022). 

2.5 Temperature 

Seasonal trends directly affect the water temperature of the Study Area with the warmest water 
temperatures occurring during the summer months and coldest water temperatures occurring 
during the winter months of the year. Though significant weather events can spawn unusual 
temperatures throughout the year, the New York Harbor region sees its warmest water 
temperatures during late summer to early fall while the coldest temperatures occur during late 
winter into early spring. Generally, the warmest waters can be found closest to the surface with 
temperatures decreasing as depth increases. However, during the coldest months deeper waters 
can sometimes retain slightly warmer temperatures compared to those of the surface. Surface 
water temperatures in the region range on average annually by 40 degrees Fahrenheit (°F) (22 
degrees Celsius [°C]), with the warmest temperatures in August averaging 74° F and the coldest 
in February averaging 36° F (NOAA 2022). 

  



To Wind
Energy Areas

,

Converter
Station

Brooklyn Clean Energy Hub
(Alternate POI)

Gowanus
Substation

  -  
Anbaric Development Partners, LLC - Hera Power Link
Article VII Application

Legend
G Point of Interconnection (POI)

HVDC Submarine Cable Route (State Waters)
HVDC Submarine Cable Route (Federal Waters)
HVAC Submarine Cable Route
HVAC Land Cable Route
HVAC Alternate Land Cable Route
State Territorial Waters Boundary
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3.0 ESSENTIAL FISH HABITAT SPECIES DESIGNATIONS 

To determine the potential presence of EFH in the Study Area, NOAA’s EFH Mapper – an 
interactive, web-based guide that provides lists of species with designated EFH based on 10-
minute (10’) by 10’ squares of latitude and longitude – was consulted. The Study Area 
encompasses all or part of six NOAA EFH 10’ by 10’ squares. These squares include offshore 
and coastal waters of the New York Bight, Lower and Upper New York Bays, and Gowanus Bay 
(see Figure 1). Table 1, below, provides the identification numbers of each NOAA EFH square 
in the Study Area. 

Table 1, NOAA 10’ by 10’ EFH Squares in the Study Area 

Identification Numbers  
407313 407324 407462 
407314 407334 407463 

Within the six squares, NOAA has designated EFH for at least one life stage for 30 fish and 4 
invertebrate species. These species, which include all species and life stages identified by NOAA 
in the EFH Mapper, are detailed in Table 2 and described in greater detail in Section 5.1 below. 
Habitat Areas of Particular Concern (HAPC) are discrete subsets of EFH that provide important 
ecological functions or are especially vulnerable to degradation. A HAPC for summer flounder 
(Paralichthys dentatus) is included in this EFH Assessment for portions of the Study Area. 

Table 2, Summary of Life Stages for EFH Species in the Study Area 

Common Name Scientific Name Life Stage 
Eggs Larvae Juvenile Adult 

Atlantic Bluefin Tuna Thunnus thynnus   X X 
Atlantic Butterfish Peprilus triacanthus X X X X 
Atlantic Cod Gadus morhua X X  X 
Atlantic Herring Clupea harengus  X X X 
Atlantic Mackerel Scomber scombrus X X X  
Atlantic Skipjack Tuna Katsuwonus pelamis   X X 
Atlantic Sea Scallop Placopecten magellanicus X X X X 
Atlantic Shortfin Mako 
Shark Isurus oxyrinchus  N X X 

Atlantic Surfclam Spisula solidissima   X X 
Black Sea Bass Centropristis striata  X X X 
Bluefish Pomatomus saltatrix X X X X 
Clearnose Skate Raja eglanteria   X X 
Common Thresher Shark Alopias vulpinus  N X X 
Dusky Shark Carcharhinus obscurus  N X X 
Haddock Melanogrammus aeglefinus   X  
Little Skate Raja erinacea   X X 
Longfin Inshore Squid Doryteuthis pealeii X  X X 
Monkfish (Goosefish) Lophius americanus X X X X 
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Ocean Pout Macrozoarces americanus X  X X 
Ocean Quahog Arctica islandica   X X 
Red Hake Urophycis chuss X X X X 
Sand Tiger Shark Carcharias taurus  N X  
Sandbar Shark Carcharhinus plumbeus  N X X 
Scup (porgy) Stenotomus chrysops X X X X 
Silver Hake Merluccius bilinearis X X  X 
Smoothhound Shark  Mustelis canis/norrisi  N X X 
Spiny Dogfish Squalus acanthias    X* 
Summer Flounder Paralichthys dentatus  X X X 
White Shark Carcharodon carcharias  N X X 
Windowpane Flounder Scophthalmus aquosus X X X X 

Winter Flounder Pseudopleuronectes 
americanus 

X X X X 

Winter Skate Leucoraja ocellata   X X 
Witch Flounder Glyptocephalus cynoglossus X X   
Yellowtail Flounder Limanda ferruginea X X X X 

Notes: N = neonates 
X* = Subadult females, and adult males and females 

3.1 Essential Fish Habitat Species Descriptions 

3.1.1 Atlantic Highly Migratory Species 

3.1.1.1 Common Thresher Shark (Alopias vulpinus) 

Neonates, Juveniles, and Adults: At this time, insufficient data is available to differentiate EFH 
between size classes of the common thresher shark; therefore, EFH designations for all life 
stages have been combined. EFH extends from Georges Bank (at the offshore extent of the 
Atlantic Exclusive Economic Zone [EEZ] boundary) to Cape Lookout, North Carolina. EFH also 
extends from Maine to offshore of Cape Ann, Massachusetts. EFH occurs with certain habitat 
associations in nearshore waters of North Carolina, especially in areas with temperatures from 
18.2 to 20.9 °C and at depths from 4.6 to 13.7 meters (McCandless et al. 2002). NOAA has 
designated EFH for this neonate, juvenile, and adult life stages in the Study Area (NOAA Fisheries 
2023). 

3.1.1.2 Dusky Shark (Carcharhinus obscurus) 

Neonates: EFH for dusky shark neonates includes offshore areas from southern New England 
to Cape Lookout, North Carolina. EFH includes areas with temperatures from 18.1 to 22.2°C, 
salinities from 25 to 35 ppt, and depths from 4.3 to 15.5 meters (14 to 50 feet). The seaward 
extent of the EFH for this life stage in the Atlantic is 60 meters in depth. NOAA has designated 
EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Juveniles and Adults: EFH for juvenile and adult dusky sharks include coastal and pelagic 
waters inshore of the Continental Shelf break (< 200 meters in depth) along the Atlantic east coast 
from habitats offshore of southern Cape Cod to Georgia, including the Charleston Bump and 
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adjacent pelagic habitats. Inshore extent for these life stages is the 20 meter bathymetric line, 
except in habitats of southern New England, where EFH is extended seaward of Martha’s 
Vineyard, Block Island, and Long Island. Pelagic habitats of southern Georges Bank and the 
adjacent Continental Shelf break from Nantucket Shoals and the Great South Channel to the 
eastern boundary of the United States EEZ. Adults are generally found deeper (to 2000 meters) 
than juveniles, however there is overlap in the habitats utilized by both life stages. NOAA has 
designed EFH for juvenile and adult life stages in the Study Area (NOAA Fisheries 2023). 

3.1.1.3 Sand Tiger Shark (Carcharias taurus) 

Neonates: EFH for sand tiger shark neonates ranges from Massachusetts to Florida, including 
several bays and coastal sounds. Sand tiger shark neonates are often found in very shallow water 
(4 meters) (Castro 1983). NOAA has designated EFH for this life stage in the Study Area (NOAA 
Fisheries 2023). 

Juveniles: EFH for juvenile sand tiger sharks ranges from Massachusetts to New York, and from 
mid-New Jersey to northern Florida, including several bays. Juveniles are thought to be 
associated mud or sand substrate, with temperatures from 19 to 27°C, salinities from 30 to 31 
ppt, and depths from 8.2 to 13.7 meters. Juveniles migrate seasonally and generally occur in New 
York waters around the wintertime. NOAA has designated EFH for this life stage in the Study 
Area (NOAA Fisheries 2023). 

3.1.1.4 Sandbar Shark (Carcharhinus plumbeus) 

Neonates: EFH for neonate sandbar sharks includes coastal areas from Long Island, New York 
to Amelia Island, Florida. Neonates are associated with water temperatures from 15 to 30°C, 
salinities from 15 to 35 ppt, and depths from 0.8 to 23 meters (3 to 75 feet). Benthic habitat 
includes rocky, sand, mud, and shell sediments. NOAA has designated EFH for this life stage in 
the Study Area (NOAA Fisheries 2023). 

Juveniles: EFH for juvenile sandbar sharks includes coastal areas from southern New England 
to Georgia. Juveniles are associated with water temperatures from 15 to 30°C, salinities from 15 
to 35 ppt, and depths from 0.8 to 23 meters (3 to 75 feet). Benthic habitat includes rocky, sand, 
mud, and shell sediments. NOAA has designated EFH for this life stage in the Study Area (NOAA 
Fisheries 2023). 

Adults: EFH for adult sandbar sharks includes coastal areas from southern New England to the 
Florida Keys, ranging from inland waters to the Continental Shelf break. The sandbar shark is a 
bottom-dwelling, coastal-pelagic species found in inshore shallow coastal waters (20 to 55 
meters) and deep offshore waters (183 to 247 meters). NOAA has designated EFH for this life 
stage in the Study Area (NOAA Fisheries 2023). 

3.1.1.5 Smoothhound Shark Complex: Smooth Dogfish (Mustelus canis) 

Neonates, Juveniles, and Adults: At this time, insufficient data is available to differentiate EFH 
between size classes of the smooth dogfish; therefore, EFH designations for all life stages have 
been combined and are considered the same. EFH for all life stages ranges from Massachusetts 
to South Carolina, including estuaries and bays. Smooth dogfish can also be found on the 
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Continental Shelf between southern New Jersey and Cape Hatteras, North Carolina. Smooth 
dogfish are primarily demersal sharks that inhabit continental shelves and are typically found in 
inshore waters down to 200 meters in depth (Compagno 1984). Smooth dogfish can tolerate a 
range of temperatures from 6 to 27°C. In the spring, smooth dogfish move along the coast when 
bottom temperature reaches at least 6 to 7°C. Smooth dogfish move offshore in the winter. NOAA 
has designated EFH for neonate, juvenile, and adult life stages in the Study Area (NOAA Fisheries 
2023). 

3.1.1.6 White Shark (Carcharodon carcharias) 

Neonates: EFH for neonate white sharks includes inshore waters to habitats 105 kilometers (km) 
from Cape Cod, Massachusetts, to an area offshore of Ocean City, New Jersey. NOAA has 
designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Juveniles: EFH for juvenile white shark EFH includes inshore waters to habitats 105 km from 
shore, commonly found in water temperatures from 14 to 23 °C from Cape Ann, Massachusetts, 
including parts of the Gulf of Maine, to Long Island, New York, and from Jacksonville to Cape 
Canaveral, Florida. Seasonally, White Sharks were reported from April through December in the 
mid-Atlantic Bight (Casey and Pratt 1985; Curtis et al. 2014). NOAA has designated EFH for this 
life stage in the Study Area (NOAA Fisheries 2023). 

Adults: EFH for adult white shark includes inshore waters to habitats 105 km from shore. Adults 
are found in water temperatures ranging from 9°C to 28°C, but more commonly found in water 
temperatures from 14 °C to 23°C from parts of the Gulf of Maine to Long Island, New York, and 
in northern Florida. NOAA has designated EFH for this life stage in the Study Area (NOAA 
Fisheries 2023). 

3.1.1.7 Atlantic Shortfin Mako Shark (Isurus oxyrinchus) 

Neonates, Juveniles, and Adults: At this time, insufficient data is available to differentiate EFH 
by life stage for the Atlantic shortfin make shark; therefore, EFH designations for all life stages 
have been combined and are considered the same. EFH for all life stages in the Atlantic Ocean 
includes pelagic habitats seaward of the Continental Shelf break between the seaward extent of 
the U.S. EEZ boundary on Georges Bank (off Massachusetts) to Cape Cod (seaward of the 200m 
bathymetric line); coastal and offshore habitats between Cape Cod and Cape Lookout, North 
Carolina; and localized habitats off South Carolina and Georgia. NOAA has designated EFH for 
neonate, juvenile, and adult life stages in the Study Area (NOAA Fisheries 2023). 

3.1.1.8 Atlantic Bluefin Tuna (Thunnus thynnus) 

Juveniles: EFH for juvenile Atlantic bluefin tuna in the mid-Atlantic includes coastal and pelagic 
habitats of the mid-Atlantic Bight, from southern Maine to Cape Lookout, North Carolina. Atlantic 
bluefin tuna juveniles are typically found in temperatures from 4°C to 26°C and depths less than 
20 meters (66 feet) but can be found in waters that are 40 to 100 meters in depth, during the 
winter. Juveniles migrate southernly during the fall months along the Continental Shelf break and 
reverse in trend during the spring months (Galuardi and Lutcavage 2012). NOAA has designated 
EFH for this life stage in the Study Area (NOAA Fisheries 2023). 
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Adults: EFH for adult Atlantic bluefin tuna is located in offshore and coastal regions of the Gulf 
of Maine the mid-coast of Maine to Massachusetts; on Georges Bank; offshore pelagic habitats 
of southern New England; from southern New England to coastal areas between the mouth of 
Chesapeake Bay and Onslow Bay, North Carolina; from coastal North Carolina south to the outer 
extent of the U.S. EEZ, inclusive of pelagic habitats of the Blake Plateau, Charleston Bump, and 
Blake Ridge. EFH also consists of pelagic waters of the central Gulf of Mexico from the 
Continental Shelf break to the seaward extent of the U.S. EEZ between Apalachicola, Florida, 
and Texas. NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 
2023). 

3.1.1.9 Atlantic Skipjack Tuna (Katsuwonus pelamis) 

Juveniles: EFH for juvenile Atlantic skipjack tuna occurs offshore pelagic habitats seaward of the 
Continental Shelf break between the seaward extent of the U.S. EEZ boundary on Georges Bank 
(off Massachusetts); coastal and offshore habitats between Massachusetts and South Carolina; 
localized in areas off Georgia and South Carolina; and from the Blake Plateau through the Florida 
Straits. In all areas juveniles are found if waters greater than 20 m. 

Adults: EFH for adult Atlantic skipjack tuna includes coastal and offshore waters from 
Massachusetts to Cape Lookout, North Carolina, and localized in waters off South Carolina to 
southern Florida. They inhabit waters that are 20°C to 31°C but prefer temperatures around 27°C. 
Adult skipjack tuna are seasonal residents of the nearby New York Bight during the summer 
(USFWS 1997). NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 
2023). 

3.1.2 Northeast Multispecies Management Plan 

3.1.2.1 Atlantic Cod (Gadus morhua) 

Eggs: EFH for Atlantic cod eggs and larvae includes the pelagic zone from the Gulf of Maine to 
the mid-Atlantic region. They can also be found in the high salinity zones of some bays and 
estuaries. NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Larvae: EFH for larval Atlantic cod includes the pelagic zone from the Gulf of Maine to the mid-
Atlantic region. They can also be found in the high salinity zones of some bays and estuaries. 
NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Adults: EFH for adult Atlantic cod is comprised of bottom habitats with rock, pebble, or gravel 
substrate throughout the Gulf of Maine and Georges Bank, including the high salinity zones of 
some bays and estuaries. This life stage is typically found in depths from 30 to 160 meters (98 to 
525 feet). Adults can also be found on deeper slopes and sandy bottoms along the shore. 
Spawning occurs in depths less than 70 meters (230 feet). NOAA has designated EFH for this life 
stage in the Study Area (NOAA Fisheries 2023). 

3.1.2.2 Haddock (Melanogrammus aeglefinus) 

Juveniles: EFH for juvenile haddock is comprised of sub-tidal benthic habitats between 40 and 
140 meters in the Gulf of Maine, on Georges Bank and in the Mid-Atlantic region, and as shallow 
as 20 meters along the coast of Massachusetts, New Hampshire, and Maine. Young-of-the-year 
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juveniles settle on sand and gravel on Georges Bank but are found predominantly on gravel 
pavement areas within a few months after settlement. As they grow, they disperse over a greater 
variety of substrate types on the bank. Young-of-the-year haddock do not inhabit shallow, inshore 
habitats. NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

3.1.2.3 Ocean Pout (Zoarces americanus) 

Eggs: EFH for ocean pout eggs includes pelagic inshore and offshore habitats in the Gulf of 
Maine, on Georges Bank, and in southern New England. Nests are typically made where water 
temperatures are below 10°C, depths are less than 50 meters, and salinity ranges from 32 to 34 
ppt. Eggs are typically laid and developing over the late fall and winter, although they are not likely 
to occur in the Study Area earlier than December (Steimle et al. 1999). NOAA has designated 
EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Juveniles: EFH for juvenile ocean pout includes Intertidal and sub-tidal benthic habitats in the 
Gulf of Maine and on the Continental Shelf north of Cape May, New Jersey, on the southern 
portion of Georges Bank, and in the high salinity zones of a number of bays and estuaries north 
of Cape Cod, extending to a maximum depth of 120 meters. EFH for juvenile ocean pout occurs 
on a wide variety of substrates, including shells, rocks, algae, soft sediments, sand, and gravel. 
NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Adults: EFH for adult ocean pout includes sub-tidal benthic habitats between 20 and 140 meters 
in the Gulf of Maine, on Georges Bank, in coastal and Continental Shelf waters north of Cape 
May, New Jersey, and in the high salinity zones of a number of bays and estuaries north of Cape 
Cod. EFH for adult ocean pout includes mud and sand, particularly in association with structure 
forming habitat types; i.e., shells, gravel, or boulders. Ocean pouts congregate in rocky areas 
prior to spawning and frequently occupy nesting holes under rocks or in crevices in depths less 
than 100 meters (328 feet). NOAA has designated EFH for this life stage in the Study Area (NOAA 
Fisheries 2023). 

3.1.2.4 Red Hake (Urophycis chuss) 

Eggs: EFH for red hake eggs includes pelagic habitat in the Gulf of Maine, on Georges Bank, 
and in southern New England. Eggs are most often observed between May and November, with 
peaks in June and July. Water conditions generally include sea surface temperatures below 10°C 
and salinity below 25 ppt. NOAA has designated EFH for this life stage in the Study Area (NOAA 
Fisheries 2023). 

Larvae: EFH for red hake larvae includes pelagic habitat in the Gulf of Maine and Georges Bank 
along the inner Continental Shelf south to Cape Hatteras, North Carolina, including some bays 
and estuaries. Red hake larvae typically occur in surface temperatures below 19°C, water depths 
less than 200 meters (656 feet), and salinity greater than 0.5 ppt. Red hake larvae are most often 
observed from May through December, with peaks in September and October. NOAA has 
designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Juveniles: EFH for red hake juveniles includes intertidal and sub-tidal benthic habitats throughout 
the region on mud and sand substrates, to a maximum depth of 80 meters, including the bays 
and estuaries between Maine and Massachusetts. Juvenile Red Hake prefer bottom habitats 
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providing shelter (i.e., complex habitats) or mud with biogenic depressions. Juvenile red hake 
typically occur in temperatures below 16°C, depths less than 100 meters (328 feet), and salinity 
between 31 and 33 ppt. NOAA has designated EFH for this life stage in the Study Area (NOAA 
Fisheries 2023). 

Adults: EFH for red hake adults includes benthic habitats in the Gulf of Maine and the outer 
Continental Shelf and slope in depths between 50 and 750 meters (164 and 2,461 feet) and as 
shallow as 20 meters (66 feet) in a number of inshore estuaries and embayment's as far south as 
Chesapeake Bay. They are typically found in soft sediments, shell beds, artificial reefs, or in soft 
sediment depressions. NOAA has designated EFH for this life stage in the Study Area (NOAA 
Fisheries 2023). 

3.1.2.5 Silver Hake (Merluccius bilinearis) 

Eggs and Larvae: EFH for silver hake eggs and larvae includes pelagic habitats from the Gulf of 
Maine to Cape May, New Jersey, including some areas of Georges Bank and in the Mid-Atlantic. 
NOAA has designated EFH for egg and larvae life stages in the Study Area (NOAA Fisheries 
2023). 

Adults: EFH for adult silver hake includes pelagic and benthic habitats at depths greater than 35 
meters in the Gulf of Maine and the coastal bays and estuaries between 70 and 400 meters on 
Georges Bank and the outer Continental Shelf in the northern portion of the Mid-Atlantic Bight, 
and in some shallower locations nearer the coast, on sandy substrates. Adult silver hake are often 
found in bottom depressions or in association with sand waves and shell fragments. They have 
also been observed at high densities in mud habitats bordering deep boulder reefs, resting on 
boulder surfaces, and foraging over deep boulder reefs in the southwestern Gulf of Maine. This 
species makes greater use of the water column (for feeding, at night) than red or white hake. 
NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

3.1.2.6 Witch Flounder (Glyptocephalus cynoglossus) 

Juveniles: EFH for juvenile witch flounder includes sub-tidal benthic habitats between 50 and 
400 meters in the Gulf of Maine and as deep as 1500 meters on the outer Continental Shelf and 
slope, with mud and muddy sand substrates. NOAA has designated EFH for this life stage in the 
Study Area (NOAA Fisheries 2023). 

Adults: EFH for adult witch flounder includes sub-tidal benthic habitats between 35 and 400 
meters in the Gulf of Maine and as deep as 1500 meters on the outer Continental Shelf and slope, 
with mud and muddy sand substrates. NOAA has designated EFH for this life stage in the Study 
Area (NOAA Fisheries 2023). 

3.1.2.7 Windowpane Flounder (Scophthalmus aquosus) 

Eggs: EFH for windowpane flounder eggs includes pelagic habitats on the Continental Shelf from 
Georges Bank to Cape Hatteras, including high salinity bays and estuaries. They are generally 
found where sea surface temperatures are less than 20°C and water depths less than 70 meters 
(230 feet). Windowpane flounder eggs are most often observed from February to November with 
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peaks in May and October in the mid-Atlantic. NOAA has designated EFH for this life stage in the 
Study Area (NOAA Fisheries 2023). 

Larvae: EFH for windowpane flounder larvae includes pelagic habitats on the Continental Shelf 
from Georges Bank to Cape Hatteras, including high salinity bays and estuaries. They are most 
often observed from February to November with peaks in May and October in the mid-Atlantic, 
where water conditions include sea surface temperatures less than 20°C and depths less than 70 
meters (230 feet). NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 
2023). 

Juveniles: EFH for juvenile windowpane flounder includes intertidal and sub-tidal benthic habitats 
in estuarine, coastal, or Continental Shelf waters from the Gulf of Maine to Florida. They are most 
often found in mud and sand benthic habitats to depths of 60 meters (197 feet). They prefer 
temperatures below 25°C and salinities from 5.5 to 36 ppt. NOAA has designated EFH for this life 
stage in the Study Area (NOAA Fisheries 2023). 

Adults: EFH for adult windowpane flounder includes intertidal and sub-tidal benthic habitats in 
estuarine, coastal, or Continental Shelf waters from the Gulf of Maine to Cape Hatteras, North 
Carolina. They are most often found on mud and sand benthic habitats to depths of 70 meters 
(230 feet). They tend to occur in water temperatures below 26.8°C and salinities from 5.5 to 36 
ppt. NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

3.1.2.8 Winter Flounder (Pseudopleuronectes americanus) 

Eggs: EFH for winter flounder eggs includes sub-tidal estuarine and coastal benthic habitats from 
mean low water to 5 meters from Cape Cod to Absecon Inlet (39° 22’ N), and as deep as 70 
meters on Georges Bank and in the Gulf of Maine. The eggs are adhesive and deposited in 
clusters on muddy or sandy bottom. Winter flounder spawning generally occurs in winter and 
spring; the general conditions where winter flounder eggs are found include water temperatures 
less than 10°C, depths less than 5 meters, and salinity between 10 and 30 ppt. In Raritan Bay 
and the New York Bight, winter flounder eggs have been documented from November to April 
(Stone et al. 1994, Pereira et al. 1999). NOAA has designated EFH for this life stage in the Study 
Area (NOAA Fisheries 2023). 

Larvae: EFH for winter flounder larvae comprises estuarine, coastal, and Continental Shelf water 
column habitats from the shoreline to a maximum depth of 70 meters from the Gulf of Maine to 
Absecon Inlet (39° 22’ N) and including Georges Bank. Larvae are initially planktonic but become 
increasingly bottom-oriented as metamorphosis approaches. Generally, the following habitat 
conditions exist where larvae are found sea surface temperatures below 15°C, depths less than 
6 meters, and a salinity range of between 4 to 30 ppt. Winter flounder larvae have been 
documented in Raritan Bay and the New York Bight from November to August (Stone et al. 1994, 
Pereira et al. 1999). NOAA has designated EFH for this life stage in the Study Area (NOAA 
Fisheries 2023). 

Juveniles: EFH for juvenile winter flounder comprises estuarine, coastal, and Continental Shelf 
benthic habitats from the Gulf of Maine to Absecon Inlet (39° 22’ N) and including Georges Bank. 
EFH for juvenile winter flounder extends from the intertidal zone to a maximum depth of 60 meters 
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and occurs on a variety of bottom types. Young-of-the-year juveniles tend to settle to the bottom 
in soft-sediment depositional areas and disperse into coarser-grained substrates as they get 
older. NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Adults: EFH for adult winter flounder comprises estuarine, coastal, and Continental Shelf benthic 
habitats from the Gulf of Maine to Absecon Inlet (39° 22’ N) and including Georges Bank. Winter 
flounder are common year-round in the New York Bight and Raritan Bay and are most abundant 
between October and May (Stone et al. 1994, Pereira et al. 1999). As temperatures increase, 
winter flounder move further offshore where the water remains cool. In the estuary, most adults 
are found at temperatures ranging from 4 to 12°C and at salinities greater than 22 ppt (Pereira et 
al. 1999). NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

3.1.2.9 Yellowtail Flounder (Limanda ferruginea) 

Eggs: EFH for yellowtail flounder eggs occurs in coastal and Continental Shelf pelagic habitats 
in the Gulf of Maine, on Georges Bank, and in the Mid-Atlantic region as far south as the upper 
Delmarva peninsula. NOAA has designated EFH for this life stage in the Study Area (NOAA 
Fisheries 2023). 

Larvae: EFH for yellowtail flounder larvae occurs in coastal marine and Continental Shelf pelagic 
habitats in the Gulf of Maine, and from Georges Bank to Cape Hatteras, including some high 
salinity zones of the bays and estuaries. NOAA has designated EFH for this life stage in the Study 
Area (NOAA Fisheries 2023). 

Juveniles: EFH for juvenile yellowtail flounder occurs in sub-tidal benthic habitats in coastal 
waters in the Gulf of Maine and on the Continental Shelf on Georges Bank and in the Mid-Atlantic, 
including some high salinity zones of the bays and estuaries. EFH for juvenile yellowtail flounder 
occurs on sand and muddy sand between 20 and 80 meters. In the Mid-Atlantic, young-of-the-
year juveniles settle to the bottom on the Continental Shelf, primarily at depths of 40-70 meters, 
on sandy substrates. NOAA has designated EFH for this life stage in the Study Area (NOAA 
Fisheries 2023). 

Adults: EFH for adult yellowtail flounder occurs in sub-tidal benthic habitats in coastal waters in 
the Gulf of Maine and on the Continental Shelf on Georges Bank and in the Mid-Atlantic, including 
some high salinity zones of the bays and estuaries. EFH for adult yellowtail flounder occurs on 
sand and sand with mud, shell hash, gravel, and rocks at depths between 25 and 90 meters. They 
are typically found in temperatures below 15°C and salinity from 32.4 to 33.5 ppt. NOAA has 
designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

3.1.3 Atlantic Sea Scallop Fisheries Management Plan 

3.1.3.1 Atlantic Sea Scallop (Placopecten magellanicus) 

Eggs: EFH for Atlantic sea scallop eggs occurs in benthic habitats in inshore areas and on the 
Continental Shelf, in the vicinity of adult scallops (see description below). Eggs are heavier than 
seawater and remain on the seafloor until they develop into the first free-swimming larval stage. 
NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 
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Larvae: EFH for Atlantic sea scallop larvae occurs in benthic and water column habitats in inshore 
and offshore areas throughout the region, including in the Mid-Atlantic. Any hard surface can 
provide an essential habitat for settling pelagic larvae (“spat”), including shells, pebbles, and 
gravel. They also attach to macroalgae and other benthic organisms such as hydroids. Spat 
attached to sedentary branching organisms or any hard surface have greater survival rates; spat 
that settle on shifting sand do not survive. NOAA has designated EFH for this life stage in the 
Study Area (NOAA Fisheries 2023). 

Juveniles: EFH for juvenile Atlantic sea scallops occurs in benthic c habitats in the Gulf of Maine, 
on Georges Bank, and in the Mid-Atlantic, in depths of 18 to 110 meters. Juveniles (5-12 mm 
shell height) leave the original substrate on which they settle (see spat, above) and attach 
themselves by byssal threads to shells, gravel, and small rocks (pebble, cobble), preferring gravel. 
As they grow older, they lose their byssal attachment. Juvenile scallops are relatively active and 
swim to escape predation. While swimming, they can be carried long distances by currents. 
Bottom currents stronger than 10 cm/sec retard feeding and growth. In laboratory studies, 
maximum survival of juvenile scallops occurred between 1.2 and 15°C and above salinities of 25 
ppt. EFH for older juvenile scallops are the same as for the adults (gravel and sand). NOAA has 
designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Adults: EFH for adult Atlantic sea scallops occurs in benthic habitats in the Gulf of Maine, on 
Georges Bank, and in the Mid-Atlantic. EFH for older juvenile and adult sea scallops are found 
on sand and gravel substrates in depths of 18 to 110 meters, but they are also found in shallower 
water and as deep as 180 meters in the Gulf of Maine. In the Mid-Atlantic they are found primarily 
between 45 and 75 meters and on Georges Bank they are more abundant between 60 and 90 
meters. They often occur in aggregations called beds which may be sporadic or essentially 
permanent, depending on how suitable the habitat conditions are (temperature, food availability, 
and substrate) and whether oceanographic features (fronts, currents) keep larval stages in the 
vicinity of the spawning population. Bottom currents stronger than 25 cm/sec (half a knot) inhibit 
feeding. Growth of adult scallops is optimal between 10 and 15°C and they prefer full strength 
seawater. NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

3.1.4 Atlantic Herring Fishery Management Plan 

3.1.4.1 Atlantic Herring (Clupea harengus) 

Larvae: EFH for Atlantic herring larvae includes inshore and offshore pelagic habitats in the Gulf 
of Maine, on Georges Bank, and in the upper Mid-Atlantic Bight and in some bays and estuaries. 
Atlantic herring have a very long larval stage, lasting 4-8 months, and are transported long 
distances to inshore and estuarine waters where they metamorphose into early stage juveniles 
(“brit”) in the spring. NOAA has designated EFH for this life stage in the Study Area (NOAA 
Fisheries 2023). 

Juveniles: EFH for juvenile Atlantic herring includes intertidal and sub-tidal pelagic habitats to 
300 meters throughout the region, including some bays and estuaries. One and two-year old 
juveniles form large schools and make limited seasonal inshore-offshore migrations. Older 
juveniles are usually found in water temperatures of 3 to 15°C in the northern part of their range 
and as high as 22°C in the Mid-Atlantic. Young-of-the-year juveniles can tolerate low salinities, 
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but older juveniles avoid brackish water. NOAA has designated EFH for this life stage in the Study 
Area (NOAA Fisheries 2023). 

Adults: EFH for adult Atlantic herring includes sub-tidal pelagic habitats with maximum depths of 
300 meters throughout the region, as, including some bays and estuaries. Adults make extensive 
seasonal migrations between summer and fall spawning grounds on Georges Bank and the Gulf 
of Maine and overwintering areas in southern New England and the Mid-Atlantic region. They 
seldom migrate beyond a depth of about 100 meters and – unless they are preparing to spawn – 
usually remain near the surface. They generally avoid water temperatures above 10°C and low 
salinities. Spawning takes place on the bottom, generally in depths of 5 – 90 m on a variety of 
substrates (see eggs). NOAA has designated EFH for this life stage in the Study Area (NOAA 
Fisheries 2023). 

3.1.5 Atlantic Surfclam and Ocean Quahog Fishery Management Plan 

3.1.5.1 Atlantic Surfclam (Spisula solidissima) 

Juveniles and Adults : EFH for juvenile and adult Atlantic surfclams occurs throughout the 
substrate, to a depth of three feet below the water/sediment interface, within federal waters from 
the eastern edge of Georges Bank and the Gulf of Maine throughout the Atlantic EEZ. Surfclams 
generally occur from the beach zone to a depth of about 200 feet, but beyond about 125 feet 
abundance is low. NOAA has designated EFH for juvenile and adult life stages in the Study Area 
(NOAA Fisheries 2023). 

3.1.5.2 Ocean Quahog (Arctica islandica) 

Juveniles and Adults: EFH for juvenile and adult ocean quahog occurs throughout the substrate, 
to a depth of three feet below the water/sediment interface, within federal waters from the eastern 
edge of Georges Bank and the Gulf of Maine throughout the Atlantic EEZ. Distribution in the 
western Atlantic ranges in depths from 30 feet to about 800 feet. Ocean quahogs are rarely found 
where bottom water temperatures exceed 60 °F and occur progressively further offshore between 
Cape Cod and Cape Hatteras. NOAA has designated EFH for juvenile and adult life stages in the 
Study Area (NOAA Fisheries 2023). 

3.1.6 Atlantic Mackerel, Squid, and Butterfish Fishery Management Plan 

3.1.6.1 Atlantic Mackerel (Scomber scombrus) 

Eggs: EFH for Atlantic mackerel eggs includes pelagic habitats in inshore estuaries and 
embayments from Great Bay, New Hampshire to the south shore of Long Island, New York, 
inshore and offshore waters of the Gulf of Maine, and on the Continental Shelf from Georges 
Bank to Cape Hatteras, North Carolina (mostly north of 38°N). EFH for Atlantic mackerel eggs is 
generally found over bottom depths of 100 meters or less with average water temperatures of 6.5 
to12.5°C in the upper 15 meters of the water column. NOAA has designated EFH for this life stage 
in the Study Area (NOAA Fisheries 2023). 

Larvae: EFH for larval Atlantic mackerel includes pelagic habitats in inshore estuaries and 
embayments from Great Bay, New Hampshire to the south shore of Long Island, New York, 
inshore waters of the Gulf of Maine, and on the Continental Shelf from Georges Bank to Cape 
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Hatteras, North Carolina (mostly north of 38°N). EFH for Atlantic mackerel larvae is generally 
found over bottom depths between 21 and 100 meters with average water temperatures of 5.5 to 
11.5°C in the upper 200 meters of the water column. NOAA has designated EFH for this life stage 
in the Study Area (NOAA Fisheries 2023). 

Juveniles: EFH for juvenile Atlantic mackerel includes pelagic habitats in inshore estuaries and 
embayments from Passamaquoddy Bay and Penobscot Bay, Maine to the Hudson River, in the 
Gulf of Maine, and on the Continental Shelf from Georges Bank to Cape Hatteras, North Carolina. 
EFH for juvenile Atlantic mackerel is generally found over bottom depths between 10 and 110 
meters and in water temperatures of 5 to 20°C. NOAA has designated EFH for this life stage in 
the Study Area (NOAA Fisheries 2023). 

3.1.6.2 Longfin Inshore Squid (Doryteuthis pealeii) 

Eggs: EFH for longfin inshore squid eggs includes inshore and offshore bottom habitats from 
Georges Bank down to Cape Hatteras, North Carolina. Longfin squid eggs are generally found at 
bottom depths less than 50 meters where temperatures are between 10°C and 23°C and salinities 
are between 30 and 32 ppt. The longfin squid egg masses or “mops” are demersal and anchored 
to the substrates on which they are laid, which include a variety of hard bottom types (e.g., shells, 
lobster pots, piers, fish traps, boulders, and rocks), submerged aquatic vegetation (e.g., Fucus 
sp.), sand, and mud. NOAA has designated EFH for this life stage in the Study Area (NOAA 
Fisheries 2023). 

Juveniles: EFH for juvenile longfin inshore squid includes pelagic habitats in inshore and offshore 
Continental Shelf waters from Georges Bank to South Carolina, in the southwestern Gulf of 
Maine, and in embayments such as Narragansett Bay, Long Island Sound, and Raritan Bay. EFH 
for juvenile longfin squid is generally found over bottom depths between 6 and 160 meters where 
bottom water temperatures are 8.5 to 24.5°C and salinities are 28.5 to 36.5 ppt. Juveniles migrate 
offshore in the fall where they overwinter in deeper waters along the edge of the shelf. They make 
daily vertical migrations, moving up in the water column at night and down in the daytime. Small 
immature individuals feed on planktonic organisms while larger individuals feed on crustaceans 
and small fish. NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 
2023). 

Adults: EFH for juvenile longfin inshore squid includes pelagic habitats in inshore and offshore 
Continental Shelf waters from Georges Bank to South Carolina, in inshore waters of the Gulf of 
Maine, and in embayments such as Narragansett Bay, Long Island Sound, Raritan Bay, and 
Delaware Bay. EFH for recruit longfin inshore squid is generally found over bottom depths 
between 6 and 200 meters where bottom water temperatures are 8.5-14°C and salinities are 24-
36.5 ppt. Recruits inhabit the Continental Shelf and upper continental slope to depths of 400 
meters. They migrate offshore in the fall and overwinter in warmer waters along the edge of the 
shelf. Adults make daily vertical migrations. Individuals larger than 12 cm feed on fish and those 
larger than 16 cm feed on fish and squid. Females deposit eggs in gelatinous capsules which are 
attached in clusters to rocks, boulders, and aquatic vegetation and on sand or mud bottom, 
generally in depths less than 50 meters. NOAA has designated EFH for this life stage in the Study 
Area (NOAA Fisheries 2023). 
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3.1.6.3 Atlantic Butterfish (Peprilus triacanthus) 

Eggs: EFH for Atlantic butterfish eggs includes pelagic habitats in inshore estuaries and 
embayments from Massachusetts Bay to the south shore of Long Island, New York, in 
Chesapeake Bay, and on the Continental Shelf and slope, primarily from Georges Bank to Cape 
Hatteras, North Carolina. EFH for Atlantic butterfish eggs is generally found over bottom depths 
of 1,500 meters or less where average temperatures in the upper 200 meters of the water column 
are 6.5-21.5°C. NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 
2023). 

Larvae: EFH for Atlantic butterfish larvae includes pelagic habitats in inshore estuaries and 
embayments in Boston harbor, from the south shore of Cape Cod to the Hudson River, and in 
Delaware and Chesapeake bays, and on the Continental Shelf from the Great South Channel 
(western Georges Bank) to Cape Hatteras, North Carolina. EFH for Atlantic butterfish larvae is 
generally found over bottom depths between 41 and 350 meters where average temperatures in 
the upper 200 meters of the water column are 8.5-21.5°C. NOAA has designated EFH for this life 
stage in the Study Area (NOAA Fisheries 2023). 

Juveniles: EFH for juvenile Atlantic butterfish includes pelagic habitats in inshore estuaries and 
embayments from Massachusetts Bay to Pamlico Sound, North Carolina, in inshore waters of the 
Gulf of Maine and the South Atlantic Bight, and on the inner and outer Continental Shelf from 
southern New England to South Carolina. EFH for juvenile Atlantic butterfish is generally found 
over bottom depths between 10 and 280 meters where bottom water temperatures are between 
6.5 and 27°C and salinities are above 5 ppt. Juvenile butterfish feed mainly on planktonic prey. 
NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Adults: EFH for adult Atlantic butterfish includes pelagic habitats in inshore estuaries and 
embayments from Massachusetts Bay to Pamlico Sound, North Carolina, inshore waters of the 
Gulf of Maine and the South Atlantic Bight, on Georges Bank, on the inner Continental Shelf south 
of Delaware Bay, and on the outer Continental Shelf from southern New England to South 
Carolina. EFH for adult Atlantic butterfish is generally found over bottom depths between 10 and 
250 meters where bottom water temperatures are between 4.5 and 27.5°C and salinities are 
above 5 ppt. Spawning probably does not occur at temperatures below 15°C. Adult butterfish feed 
mainly on planktonic prey, including squids and fishes. NOAA has designated EFH for this life 
stage in the Study Area (NOAA Fisheries 2023). 

3.1.7 Summer Flounder, Scup, Black Sea Bass Fishery Management Plan 

3.1.7.1 Summer Founder (Paralichthys dentatus) 

Larvae: EFH for summer flounder larvae includes pelagic waters found over the Continental Shelf 
(from the coast out to the limits of the EEZ), from the Gulf of Maine to Cape Hatteras, North 
Carolina. Inshore, EFH for summer flounder larvae includes all estuaries where summer flounder 
were identified as being present (rare, common, abundant, or highly abundant) in the "mixing" 
(0.5 to 25.0 ppt) and "seawater" (as greater than 25 ppt) salinity zones. In general, summer 
flounder larvae are most abundant nearshore (12-50 miles from shore) at depths between 30 to 
230 ft. They are most frequently found in the northern part of the Mid-Atlantic Bight from 
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September to February, and in the southern part from November to May. NOAA has designated 
EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Juveniles: EFH for juvenile summer flounder includes demersal waters over the Continental 
Shelf (from the coast out to the limits of the EEZ), from the Gulf of Maine to Cape Hatteras, North 
Carolina. Inshore, EFH for juvenile summer flounder includes all of the estuaries where summer 
flounder were identified as being present for the "mixing" and "seawater" salinity zones. In 
general, juveniles use several estuarine habitats as nursery areas, including salt marsh creeks, 
seagrass beds, mudflats, and open bay areas in water temperatures greater than 37 °F and 
salinities from 10 to 30 ppt range. NOAA has designated EFH for this life stage in the Study Area 
(NOAA Fisheries 2023). 

Adults: EFH for adult summer flounder includes demersal waters over the Continental Shelf (from 
the coast out to the limits of the EEZ), from the Gulf of Maine to Cape Hatteras, North Carolina. 
Inshore, EFH for adult summer flounder includes estuaries where summer flounder were identified 
as being common, abundant, or highly abundant for the "mixing" and "seawater" salinity zones. 
Generally, summer flounder inhabit shallow coastal and estuarine waters during warmer months 
and move offshore on the outer Continental Shelf at depths of 500 ft in colder months. NOAA has 
designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

A HAPC has been identified for summer flounder in the Study Area. The HAPC for summer 
flounder is defined as all areas included as EFH that also contain native submerged aquatic 
vegetation species such as macroalgae and seagrasses. Eelgrass beds may be present near the 
Study Area. 

3.1.7.2 Scup (porgy) (Stenotomus chrysops) 

Eggs and Larvae: EFH for scup (porgy) eggs and larvae include where scup eggs were identified 
as common, abundant, or highly abundant in the "mixing" and "seawater" salinity zones. In 
general, scup eggs are found from May through August in southern New England to coastal 
Virginia, in waters between 55 and 73 °F and in salinities greater than 15 ppt. NOAA has 
designated EFH for scup (porgy) eggs and larvae life stages in the Study Area (NOAA Fisheries 
2023). 

Juveniles: EFH for juvenile scup includes demersal waters over the Continental Shelf from the 
Gulf of Maine to Cape Hatteras, North Carolina and in inshore estuaries. In general, juvenile scup 
are found during the summer and spring in estuaries and bays between Virginia and 
Massachusetts, in association with various sands, mud, mussel and eelgrass bed type substrates 
and in water temperatures greater than 45°F and salinities greater than 15 ppt. NOAA has 
designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Adults: EFH for adult scup includes demersal waters over the Continental Shelf from the Gulf of 
Maine to Cape Hatteras, North Carolina and in inshore estuaries. Generally, wintering adults 
(November through April) are usually offshore, south of New York to North Carolina, in waters 
above 45°F. NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 
2023). 
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3.1.7.3 Black Sea Bass (Centropristis striata) 

Larvae: EFH for black sea bass larvae occurs in pelagic waters found over the Continental Shelf 
(from the coast out to the limits of the EEZ), from the Gulf of Maine to Cape Hatteras, North 
Carolina. Generally, the habitats for the transforming (to juveniles) larvae are near the coastal 
areas and into marine parts of estuaries between Virginia and New York. When larvae become 
demersal, they are generally found on structured inshore habitat such as sponge beds. NOAA 
has designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Juveniles: EFH for juvenile black sea bass occurs in demersal waters over the Continental Shelf 
(from the coast out to the limits of the EEZ), from the Gulf of Maine to Cape Hatteras, North 
Carolina. Juveniles are found in the estuaries in the summer and spring. Generally, juvenile black 
sea bass are found in waters warmer than 43°F with salinities greater than 18 ppt and coastal 
areas between Virginia and Massachusetts, but winter offshore from New Jersey and south. 
Juvenile black sea bass are usually found in association with rough bottom, shellfish and eelgrass 
beds, man-made structures in sandy shelly areas; offshore clam beds and shell patches may also 
be used during the wintering. NOAA has designated EFH for this life stage in the Study Area 
(NOAA Fisheries 2023). 

Adults: EFH for adult black sea bass occurs in demersal waters over the Continental Shelf (from 
the coast out to the limits of the EEZ), from the Gulf of Maine to Cape Hatteras, North Carolina. 
Black sea bass are generally found in estuaries from May through October. Wintering adults 
(November through April) are generally offshore, south of New York to North Carolina. 
Temperatures above 43°F seem to be the minimum requirements. Structured habitats (natural 
and man-made), sand and shell are usually the substrate preference. NOAA has designated EFH 
for this life stage in the Study Area (NOAA Fisheries 2023). 

3.1.8 Bluefish Fishery Management Plan 

3.1.8.1 Bluefish (Pomatomus saltatrix) 

Eggs: EFH for bluefish eggs include pelagic waters found over the Continental Shelf (from the 
coast out to the limits of the EEZ) at mid-shelf depths, from Montauk Point, NY south to Cape 
Hatteras. Bluefish eggs are generally not collected in estuarine waters and thus there is no EFH 
designation inshore. Generally, bluefish eggs are collected between April through August in 
temperatures greater than 64°F (18 °C) and normal shelf salinities (>31 ppt). NOAA has 
designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Larvae: EFH for bluefish larvae include pelagic waters found over the Continental Shelf (from the 
coast out to the limits of the EEZ most commonly above 49 ft (15 m), from Montauk Point, New 
York south to Cape Hatteras, as well as the "slope sea" and Gulf Stream between latitudes 29° 
00 N and 40° 00 N. Bluefish larvae are not generally collected inshore, so there is no EFH 
designation inshore for larvae. Generally, bluefish larvae are collected April through September 
in temperatures greater than 64 °F (18 °C) in normal shelf salinities (>30 ppt). NOAA has 
designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Juveniles: EFH for juvenile bluefish includes pelagic waters found over the Continental Shelf 
from Nantucket Island, Massachusetts to Key West, Florida and occur in estuaries from May 
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through October. Typical conditions for juveniles are water temperatures between 19°C and 24°C 
and salinities between 23 and 36 ppt. NOAA has designated EFH for this life stage in the Study 
Area (NOAA Fisheries 2023). 

Adults: EFH for adult bluefish includes pelagic waters found over the Continental Shelf from Cape 
Cod Bay, Massachusetts south to Key West, Florida. Adult bluefish are found in North Atlantic 
estuaries from June through October, mid-Atlantic estuaries from April through October, and in 
south Atlantic estuaries from May through January in the "mixing" and "seawater" zones. Bluefish 
adults are highly migratory, and distribution varies seasonally and according to the size of the 
individuals comprising the schools. Bluefish are generally found in normal shelf salinities (>25 
ppt) in water temperatures between 14°C and 16°C. NOAA has designated EFH for this life stage 
in the Study Area (NOAA Fisheries 2023). 

3.1.9 Monkfish Fishery Management Plan 

3.1.9.1 Monkfish (Goosefish) (Lophius americanus) 

Eggs and Larvae: EFH for monkfish eggs and larvae exists in pelagic habitats in inshore areas, 
and on the Continental Shelf and slope throughout the Northeast region. Monkfish eggs are shed 
in very large buoyant mucoidal egg “veils.” Monkfish larvae are more abundant in the Mid-Atlantic 
region and occur over a wide depth range, from the surf zone to depths of 1000 to 1500 meters 
on the continental slope. NOAA has designated EFH for egg and larvae life stages in the Study 
Area (NOAA Fisheries 2023). 

Juveniles: EFH for juvenile monkfish exist in sub-tidal benthic habitats in depths of 50 to 400 
meters in the Mid-Atlantic, between 20 and 400 meters in the Gulf of Maine, and to a maximum 
depth of 1000 meters on the continental slope. A variety of habitats are essential for juvenile 
monkfish, including hard sand, pebbles, gravel, broken shells, and soft mud; they also seek 
shelter among rocks with attached algae. Juveniles collected on mud bottom next to rock-ledge 
and boulder fields in the western Gulf of Maine were in better condition than juveniles collected 
on isolated mud bottom, indicating that feeding conditions in these edge habitats are better. 
Young-of-the-year juveniles have been collected primarily on the central portion of the shelf in the 
Mid-Atlantic, but also in shallow nearshore waters off eastern Long Island, up the Hudson Canyon 
shelf valley, and around the perimeter of Georges Bank. They have also been collected as deep 
as 900 meters on the continental slope. NOAA has designated EFH for this life stage in the Study 
Area (NOAA Fisheries 2023). 

Adults: EFH for adult monkfish exist in sub-tidal benthic habitats in depths of 50 to 400 meters in 
southern New England and Georges Bank, between 20 and 400 meters in the Gulf of Maine, and 
to a maximum depth of 1000 meters on the continental slope. EFH for adult monkfish is composed 
of hard sand, pebbles, gravel, broken shells, and soft mud. They seem to prefer soft sediments 
(fine sand and mud) over sand and gravel, and, like juveniles, utilize the edges of rocky areas for 
feeding. NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 
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3.1.10 Northeast Skate Complex Fishery Management Plan 

3.1.10.1 Little Skate (Leucoraja erinacea) 

Juveniles: EFH for juvenile little skates includes intertidal and sub-tidal benthic habitats in coastal 
waters of the Gulf of Maine to Delaware Bay, and on Georges Bank, extending to a maximum 
depth of 80 meters (262 feet). EFH also includes some bays and estuaries with high salinities. 
They are typically found on sand, gravel, or mud substrate. NOAA has designated EFH for this 
life stage in the Study Area (NOAA Fisheries 2023). 

Adults: EFH for adult little skates includes intertidal and sub-tidal benthic habitats from the Gulf 
of Maine to Delaware Bay, and on Georges Bank to a depth of 80 meters (262 feet). EFH also 
includes some bays and estuaries with high salinities. They are typically found on sand, gravel, 
or mud substrate. NOAA has designated EFH for this life stage in the Study Area (NOAA Fisheries 
2023). 

3.1.10.2 Winter Skate (Leucoraja ocellata) 

Juveniles: EFH for juvenile winter skates includes sub-tidal benthic habitats in coastal waters 
from eastern Maine to Delaware Bay and on the Continental Shelf in southern New England and 
the mid-Atlantic region, and on Georges Bank, from the shoreline to a maximum depth of 90 
meters (295 feet), including the high salinity zones of the bays and estuaries. EFH for juvenile 
winter skates occurs on sand and gravel substrates, but they are also found on mud. NOAA has 
designated EFH for this life stage in the Study Area (NOAA Fisheries 2023). 

Adults: EFH for adult winter skates includes sub-tidal benthic habitats from Maine to Delaware; 
the Continental Shelf in southern New England and the mid-Atlantic; and on Georges Bank to 
depth of 80 meters (262 feet). They also reside in high salinity zones of some bays and estuaries. 
They are most often found on mud, sand, or gravel benthic habitat. NOAA has designated EFH 
for this life stage in the Study Area (NOAA Fisheries 2023). 

3.1.10.3 Clearnose Skate (Raja eglanteria) 

Juveniles: EFH for juvenile clearnose skates includes sub-tidal benthic habitats in coastal and 
inner Continental Shelf waters from New Jersey to the St. Johns River in Florida, including the 
high salinity zones of Chesapeake Bay, Delaware Bay, and Raritan Bay, among other bays and 
estuaries. EFH for juvenile clearnose skates occurs from the shoreline to 30 meters, primarily on 
mud and sand, but also on gravelly and rocky bottom. NOAA has designated EFH for this life 
stage in the Study Area (NOAA Fisheries 2023). 

Adults: EFH for adult clearnose skates includes sub-tidal benthic habitats in coastal and inner 
Continental Shelf waters from New Jersey to Cape Hatteras, including the high salinity zones of 
Chesapeake Bay, Delaware Bay, and Raritan Bay, among other bays and estuaries. EFH for 
adult clearnose skates occurs from the shoreline to 40 meters, primarily on mud and sand, but 
also on gravelly and rocky bottom. NOAA has designated EFH for this life stage in the Study Area 
(NOAA Fisheries 2023). 
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4.0 FISH AND WILDLIFE COORDINATION ACT SPECIES 

The area surrounding the Facility’s Submarine Cable Route includes highly productive habitat for 
a wide variety of non-EFH species managed by NOAA Fisheries and the United States Fish and 
Wildlife Service (USFWS) under the Fish and Wildlife Coordination Act (FWCA). A general 
description of 10 representative fish species that have the potential to occur in the area 
surrounding the Study Area, including time-of-year and life stages of these representative fish 
species, is presented below.  

River herring: Alewife (Alosa psuedoharengus) and Blueback herring (Alosa aestivalis) 

Two species of fish – the alewife (Alosa psuedoharengus) and the blueback herring (A. aestivalis) 
– are known collectively as river herring. River herring are anadromous, meaning that they mature 
in the ocean and then migrate up coastal rivers to estuarine and freshwater rivers, ponds, and 
lake habitats to spawn. Adult river herring generally live in the ocean for two years (mid-Atlantic 
states) to four years (Northeast states) before returning to freshwater rivers to spawn (NOAA 
2022a). While some adults die after spawning, most return to the ocean until the following year’s 
spawning. Alewife and blueback herring can live up to eight years. 

River herring spawn over a wide range of substrates such as gravel, sand, detritus, and 
submerged vegetation. In areas where alewife and blueback herring co-exist, blueback herring 
will exhibit more variety in spawning site selection including shallow areas covered in vegetation, 
swampy areas, and small tributaries upstream from the tidal zone. In the mid-Atlantic region, 
alewife herring spawn from late February through April, whereas blueback herring spawn from 
late March through mid-May (NOAA 2022a). Spawning is generally initiated when water 
temperatures reach approximately 5°C to 10°C (41°F to 50°F) and spawning generally takes 
place when water temperatures are between 16°C (60.8°F) and 19°C (33.2°F) (NOAA 2022a). 

Silversides (Menidia spp.) 

Atlantic silversides can be found along the Atlantic Coast of North America from the Gulf of St. 
Lawrence, Canada to the northeast part of Florida (Chesapeake Bay Program 2022a). They can 
tolerate a wide range in salinities and can be found in dense feeding schools along the shoreline 
in summer or in beds of underwater grasses hiding from predators. In winter they migrate to 
deeper, warmer waters. Atlantic silversides are small fish that grow no bigger than six inches. 
They breed from May to July. Atlantic silversides eat algae and small invertebrates including 
crustaceans, polychaete worms, zooplankton, and fish. Predators of Atlantic silversides include 
large predatory fish such as bluefish, mackerel, and striped bass as well as shorebirds. Smaller 
fish like mummichog eat their eggs and larvae. 

Killifish (Fundulus spp.) 

Killifish are found on the Atlantic Coast of North America from Laborador, Canada, to Mexico 
(Chesapeake Bay Program 2022b). The prefer muddy marshes, tidal creeks, and grass flats along 
sheltered shorelines in summer. During colder months they often retreat to deeper waters or 
burrow into bottom mud or silt. Killifish are opportunistic feeders eating a range of items including 
algae, plants, insects, insect larvae, worms, small crustaceans, mollusks, and other fish. 
Predators of killifish include larger fish, wading birds, and seabirds. 
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Menhaden (Brevoortia tyrannus) 

Menhaden inhabit estuaries along the western Atlantic coast, forming large schools that swim just 
below the water’s surface from spring through fall and then migrate to deeper, warmer waters in 
winter (Chesapeake Bay Program 2022c). Spawning occurs over the mid-Atlantic continental 
shelf in spring and autumn. Eggs hatch at sea and larvae spend about two months there before 
drifting into estuaries. Larvae eventually move into brackish waters where they grow rapidly 
throughout the summer. Menhaden are an important source of food for larger predators, including 
bluefish, weakfish, striped bass, sharks, mackerels, and fish-eating seabirds and mammals. 

Anchovies (Anchoa spp.) 

Anchovies also inhabit estuaries along the western Atlantic coast, forming large schools and are 
generally abundant throughout the year (Chesapeake Bay Program 2022d). They are an 
important food source for larger predators including bluefish, weakfish, striped bass, sharks, 
mackerels, and fish-eating seabirds and mammals. 

American eel (Anguilla rostrata) 

American eels can be found along the Atlantic coast from Greenland to northern South America. 
American eels spawn in the Sargasso Sea. After hatching, larvae float and drift for about a year 
until they develop into glass eels and migrate into fresh and brackish tributaries including rivers, 
streams, creeks, lakes, and ponds (Chesapeake Bay Program 2022e). Once they reach 
freshwater, they develop pigment. Eels may spend anywhere from 10 to 40 years in freshwater 
before returning to the Sargasso Sea to spawn. 

Striped bass (Morone saxatilis) 

Striped bass range along the western Atlantic coast from the St. Lawrence River and southern 
Gulf of St. Lawrence, Canada to the St. Johns River, Florida (Atlantic States Marine Fisheries 
Commission 2022a). In Atlantic coast rivers from Albermarle Sound, North Carolina north, many 
adult striped bass are migratory, travelling annually from the ocean to riverine spawning grounds 
and back again to the ocean. Upon returning to the ocean, they undertake a northern summer 
migration and southward winter migration. However, some adults in the Mid-Atlantic region remain 
in or near their areas of origin. 

Young and juvenile fish are generally found over clean, sandy bottoms in shallow water with 
salinities between 0.2 and 16 ppt. Adults occur over a wide variety of substrates including rock, 
gravel, sand, submerged aquatic vegetation and mussel beds. Atlantic striped bass have formed 
the basis of one of the most important fisheries on the Atlantic coast for centuries. However, 
overfishing, and poor environmental conditions lead to the collapse of the fishery in the 1980s. 

Tautog (Tautoga onitis) 

Tautog are found from Nova Scotia, Canada, to South Carolina but are most abundant from Cape 
Cod to the Chesapeake Bay (Atlantic States Marine Fisheries Commission 2022b). Tagging 
studies show that tautog do not migrate north and south along the coast but make inshore/offshore 
seasonal migrations triggered by changes in bottom water temperatures. In late fall when water 
temperatures fall below 10°C (50°F), adult tautog migrate to deep (25 to 45 meters [78.7 to 147.6 
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ft]) offshore wintering areas. In spring when water temperatures warm to 11°C (51.8°F), they 
migrate inshore to spawn in the vicinity of estuaries and inshore marine waters. The most 
important habitat parameter affecting the distribution and abundance of juvenile and adult tautog 
is the availability of cover. They depend on shelter for protection from predation during the night 
when they are not foraging. Shelter may consist of rock reefs, rock outcrops, gravel, eelgrass 
beds, and kelp or sea lettuce beds. 

Weakfish (Cynoscion regalis) 

Weakfish are found along the western Atlantic coast from Massachusetts to southern Florida and 
are occasionally occurring up to Nova Scotia, Canada and into the eastern Gulf of Mexico 
(Chesapeake Bay Program 2022f). They are most abundant from New York to North Carolina. 
Adults migrate both north and south and onshore/offshore seasonally along the Atlantic coast. 
Warming waters in spring keys migration inshore and northwards to bays, estuaries, and sounds. 
Weakfish spawn in estuarine and nearshore habitats throughout its range. Principal spawning 
areas are from North Carolina to Montauk, New York. Nursery habitat also includes estuarine and 
nearshore waters. 
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5.0 ASSESSMENT OF IMPACTS 

This section identifies and assesses potential impacts to EFH and FWCA species during 
construction and operation of the Facility. The Facility will utilize low impact underwater cable 
installation techniques and employ a series of additional mitigation measures, including fishery 
time of year restrictions to avoid or minimize potential impacts to finfish resources in the Facility 
Study Area. Therefore, construction and operation of the Facility will result in negligible to minor 
impacts to finish species. Additional details are provided in the following sections. 

5.1 Construction Impacts 

5.1.1 Impacts to EFH Species 

Direct impacts to essential fish species may occur as a result of dredging activities and installation 
of the Temporary Cofferdam or Temporary Gravity Cells, and jet plow embedment Submarine 
Cable System. Benthic egg and larval stages of essential fish species that lie within the direct 
footprint of these activities are expected to experience mortality since they lack mobility. Species 
with pelagic eggs and larvae will be less affected by temporary benthic disturbance since they are 
not as closely associated with the bottom; however, those within and immediately adjacent to 
areas of construction could experience some injury or mortality. Juvenile and adult essential fish 
species are likely to temporarily relocate to adjacent areas of the waterway during cable 
installation as a natural avoidance response but are expected to return to the area as soon as 
construction activities end. Juvenile and adult essential fish species are also not expected to 
become buried or suffocated by elevated suspended sediment in the vicinity of mobile jet plowing 
operations given the slow rate at which the jet plow advances, and their own mobility and the 
limited nature of the sediment disturbance and deposition associated with jetting activities.  

Juvenile and adult life stages of many essential fish species may be present in the Facility Study 
Area during the construction period. In addition, longfin inshore squid may be present during the 
construction period. Many of these species are pelagic; however, even the demersal species are 
highly mobile and have the ability to avoid the temporary area of disturbance during installation. 
The narrow area of sediment disturbance assures that these fish species will relocate at minimal 
distance. Therefore, the direct mortality resulting from Facility construction activities will be 
minimal. 

Egg and larval stages of essential fish species present in the Facility Study Area during 
construction activities are more likely to be impacted because they lack mobility. The species 
listed in Table 2 with demersal eggs and/or larvae that may be present in the Facility Study Area 
during the in-water construction period. These species may experience some level of unavoidable 
mortality; however, the area within the Submarine Cable Route and the Temporary Cofferdam or 
Temporary Gravity Cells area is relatively small and the expected timeline is anticipated to be 
short in duration, such that any impact would be minor and would not result in population-level 
effects. 

Essential fish species with pelagic eggs and larvae will be less affected by temporary benthic 
disturbance since they are not as closely associated with the bottom; however, those in the 
immediate area of construction activities have the potential to experience some level of 
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unavoidable injury or mortality. Pelagic eggs and/or larvae of several species could be present 
during the in-water construction period; however, these early life stages should not be directly 
affected by jet plowing embedment since they will occur in the water column above the direct 
influence of installation activities. Indirect impacts that have the potential to occur to these species 
and life stages are discussed below. 

In summary, the limited temporal and special nature of activities associated with construction and 
installation of the submarine cable, including jet plow embedment, HDD installation, and dredging 
within the area of the Temporary Cofferdam or Temporary Gravity Cells at the landfall location, 
will have a minor impact on the growth and development of essential fish species, which will not 
impact the overall success of EFH species’ populations. 

5.1.2 Impacts to Marine EFH 

5.1.2.1 Sedimentation and Total Suspended Sediments (TSS) 

Landing and connection of the HVDC Submarine Cable System at the Converter Station would 
utilize HDD and temporary coffer dams thereby minimizing the effects of suspended sediment in 
adjacent essential fish habitats. Erosion and Sediment Control Measures would be undertaken 
within and between work areas/stockpiled soils and downslope waterbodies to reduce the risk of 
soil erosion and siltation into the waterway. Final design and implementation of the erosion 
controls for the Land Cable System will be submitted as part of the EM&CP.  

Installation of the Submarine Cable System would involve dredging, jet plowing, vessel 
movements and Temporary Cofferdam or Temporary Gravity Cells construction that could be 
expected to produce suspended sediments. These activities would result in a temporary and 
localized increase in turbidity in waters directly surrounding construction activities. The proposed 
use of HDD that and jet plow installations that minimize the duration of construction in-water are 
expected to minimize the adverse effects within EFH. In order to estimate the extent of potential 
sediment transport associated with Facility Submarine Cable System installation, a project 
specific sediment transport model was prepared. 

The model results show that the highest concentrations of jet plow included suspended sediment 
and deposition generally occur near the jet plow device. Concentrations and deposition 
thicknesses are predicted to decrease rapidly with distance from the jet plow and in-time as the 
plow advances along the Submarine Cable Route. In addition, the modeling indicates that the 
suspended sediment would settle out quickly and suspended sediment concentrations would 
result in ambient conditions within 24 hours after passage of the jet plow. 

Resuspension of sediments may have a range of impacts to fish depending on the magnitude 
and duration of the event, its spatial and temporal extent, and species and life stages being 
considered. However, studies of the effects of turbid water on fish suggest that concentrations of 
suspended sediment can reach thousands of milligrams per liter before an acute toxic reaction is 
expected. Lethal effects of exposure to TSS in the Delaware River were demonstrated between 
concentrations of 580 and 700,000 mg/L, depending on species (580 mg/L for sensitive species 
and 1,000 mg/L as more typical) (Burton 1993). Common non-lethal impacts to species include 
abrasion of gill membranes or filaments and respiration impairment, impairment of feeding, 
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reduction on dissolved oxygen, inhibition of migratory movements, and mortality to early life 
stages. A study conducted by NOAA concluded that TSS concentrations as low as 350 mg/L have 
the potential to block upstream migrations of various anadromous finfish species (NOAA 2001). 
Most adult and juvenile fish, however, are mobile and generally able to avoid unsuitable 
environments (Clarke and Wilber 2000). Based on the results of the sediment transport model, 
increased suspended sediment concentrations during jet plowing will be below 500 mg/L at a 
distance of 500 meter from the trench centerline.  Suspended sediment concentrations are 
predicted to return to ambient conditions within 1 to 4 hours and in all cases within 24 hours after 
passage of the jet plow.   

Juvenile and adult stages of many essential fish species have the potential to be present in the 
Facility Study Area during the in-water construction period (Table 2). In addition, inshore longfin 
squid may be present during this construction period. No substantial adverse impacts to juvenile 
or adult life stages are expected from sediment resuspension by jet plow installation or dredging 
for the Temporary Cofferdam or Temporary Gravity Cells since these life stages are highly mobile 
and would have the ability to avoid the temporary area of disturbance during construction. 
Therefore, indirect disturbance from temporary elevated suspended sediment concentrations to 
these older life stages will be minimal. 

Egg and larval stage fish species, particularly those with demersal phases, are more likely to be 
affected by low-level increases in suspended sediment; however, they also exhibit a wide 
tolerance range to suspended sediment. During a laboratory assessment of the effects of 
suspended sediment on fish eggs and larvae, exposure to concentrations of up to 1000 mg/L of 
suspended sediment did not significantly affect the egg hatching success of blueback herring, 
alewife, or American shad eggs. Concentrations of 1000 mg/L did, however, significantly reduce 
the egg hatching success of striped bass (Auld and Schubel 1978). Concentrations of at least 500 
mg/L also significantly reduced the survival of larval Striped bass; American shad larvae appeared 
to be less tolerant than Striped bass with concentrations of at least 100 mg/L significantly reducing 
the survival of shad larvae continuously exposed for 96 hours. However, Striped bass and 
American shad are not anticipated within the Facility Study Area during egg and larval life stages. 
It is anticipated that these generalized effects to egg and larval stage essential fish species within 
the Facility Study Area, including potential habitat area, would be insignificant in comparison to 
areas of egg and larval habitat in the surrounding waterway. 

Given the tolerance of essential fish species potentially within the Facility Study Area to high 
concentrations of suspended sediments, the natural variation of suspended sediments in the 
Facility Study Area under ambient conditions, and the limited area over which suspended 
sediment would be increased, the resuspension of bottom sediment that would result from 
construction activities would not result in adverse impacts to essential fish species. 

5.1.2.2 Effects of Sediment Deposition Resulting from Jet Plow Embedment and 
Temporary Cofferdam or Temporary Gravity Cell Dredging 

Deposition of the sediment suspended in the water column during jet plowing embedment and 
dredging for the Temporary Cofferdam or Temporary Gravity Cells would occur over time as 
sediment particles settle through the water column to the seabed. The sediment transport model 
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was used to predict the cumulative suspended sediment deposition thickness resulting from 
jetting of the Submarine Cable Route. Sediment deposition thickness will be highest closest to 
the trench with fine sands settling within 16 ft (5 m) of the trench, and deposition depths 
decreasing rapidly moving further from the trench.  

Sediment deposition depths greater than 1 millimeter (mm) would be limited to distances less 
than 500 m from the trench. Sediment deposition thickness beyond 500 m from the trench are 
predicted to be less than 0.2 mm.  

The sediment that falls along the path of the operating jet plow would provide sediment cover for 
the submarine cables. Resettling sediments have the potential to bury demersal eggs and larvae 
that are within the zone of deposition in the Facility Study Area. Any demersal eggs or larvae in 
the immediate vicinity of the jet plow or dredging area of the Temporary Cofferdam or Temporary 
Gravity Cells have the potential to experience mortality and others may experience localized 
increases in physical abrasion, burial, or mortality. However, the area affected by the jet plow 
embedment and dredging for the Temporary Cofferdam or Temporary Gravity Cells is small when 
compared to the surrounding habitat of the New York Bight. Therefore, the Facility would not 
result in population-level effects. Burial of older life stages of demersal fish is not expected 
because the amount of sediment displaced would be minimized by the jet plow technology and 
also because construction activity would facilitate avoidance behavior in fish before sediments 
are settled. 

5.1.2.3 Effects of Sediment Contaminants 

The use of jet plow technology for installation of the submarine cables would greatly limit the 
amount of sediment and contaminants introduced into the water column. The sediments disturbed 
by jet plow embedment of the submarine cables would contain various chemical constituents, in 
most cases, at concentrations comparable to existing surface sediment. The suspended sediment 
plumes generated by the jetting process are predicted to dissipate rapidly after embedment 
activities cease and potential impacts to surface water would be minor. HDD would be used at 
the landfall site to minimize impacts to sediment and water quality at the shoreline and nearshore 
areas. 

5.1.2.4 Effects of Accidental Spills 

During installation of the submarine cable, vessels including tugs, barges, cranes, and workboats 
would be employed. Each of these vessels contains fuels, hydraulic fluid, oil, and other potentially 
hazardous materials that have the potential be accidentally released into the waterway. A Spill 
Prevention Control and Countermeasure (SPCC) plan would be developed and employed 
throughout the construction timeframe and spill procedures would be implemented in the case of 
a spill to limit potential impacts. With proper training and implementation, the likelihood of a spill 
is small, and the impact would be minor.  

A possible indirect impact to essential fish species and habitat during HDD operations that has 
the potential to occur is if bentonite (drilling fluid) is released and not contained during 
construction. To address a possible bentonite release, operation of the HDD would be designed 
to include a drilling fluid fracture or overburden breakout monitoring program to minimize the 
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potential for drilling fluid breakout into the waterway. Details of the monitoring program would be 
provided in the EM&CP. HDD activities would also use bentonite drilling fluids that gel or 
coagulate upon contact with saline or brackish water to minimize potential impacts. In the unlikely 
event of a drilling fluid release, the bentonite fluid density and composition would result in a 
release of a cohesive mass on the seabed, which could be quickly cleaned and removed by diver-
operated vacuum equipment, further minimizing any long-term impacts to essential fish species 
and habitat. 

5.1.2.5 Noise Impacts 

The Project will generate noise during construction that could directly and indirectly affect 
essential fish species. Construction activities such as jetting, Project-related vessel noise, and 
pile driving associated with the Temporary Cofferdam or Temporary Gravity Cells will temporarily 
increase underwater noise in the Facility Study Area; this increase in noise would have the 
potential to indirectly impact essential fish species. 

Hearing among fish varies among species and auditory physiology. Fish hear sounds using 
pressure and particle motion and detect the motion of surrounding water (Popper et al. 2008). 
Fish detect and have the potential to be affected by noise in different manners. Fish with swim 
bladders are generally sensitive to pressure waves, while those that lack swim bladders are more 
sensitive to particle motion. Generally pelagic species have swim bladders, while demersal 
species like flounders do not have swim bladders. In addition, different fish species vary greatly 
in their hearing structures and auditory capabilities, and this may change during different life 
stages. 

5.1.2.6 Lighting Impacts 

Installation of the submarine cables would occur on a 24-hour basis until construction activities 
are complete, which would require nighttime lighting on the construction vessels. Some species 
of essential fish are attracted to light at night, while other species avoid illuminated areas. Fish 
that are attracted to the vessels due to illuminated areas around the vessels may be exposed to 
areas of increased suspended sediment concentrations from jetting. Adverse effects due to this 
behavior will be minimized by the separation distance between the water jetting device on the 
seafloor and lighting at the surface. In addition, most fish will avoid waters around the water jetting 
device and vessels due to elevated noise levels, which may partly compensate for any attraction 
behaviors exhibited by the fish. Because installation of the submarine cables would be completed 
in a relatively brief period, the use of nighttime lighting would be short in duration and impacts to 
essential fish would be minimal. 

5.2 Operational Impacts 

5.2.1 Effects of EMF 

Operation of the Facility and, specifically, the Submarine Export Cable, will result in the generation 
of both magnetic and electric field emissions. The intensity of this electromagnetic field (EMF) is 
a direct function of voltage, although separation between the Submarine Cable System and burial 
depth also influence field strengths. Electric fields can easily be controlled by a wide range of 
materials that are effective in screening exposure to the fields or simply by increasing the distance 
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from the source of the electric field. Magnetic fields, unlike electric fields, cannot easily be 
controlled by shielding or by simply burying the transmission cables in the ground or seabed; 
however, the predicted magnetic field for these cables is strongest directly over the cables. 

Three major factors determine the exposure of marine organisms to electric and magnetic fields 
from submarine export cables: 1) the amount of electrical current being carried by the cable, 2) 
the design of the cable, and 3) the distance of marine organisms from the cable. However, the 
sensitivity of fish to EMF is largely based on the basic functions of their sensory organs; 
electrosensitive fish contain specialized organs that perceive naturally occurring electric fields 
and use them to locate prey or detect the presence of predators (CSA Ocean Sciences Inc. and 
Exponent 2019). Demersal fish species (i.e., species that reside closer to the seafloor) are more 
likely to potentially detect electric fields than pelagic fish species (i.e., species that reside closer 
to the surface). Sharks and skates, among other cartilaginous fishes, are also more likely to 
potentially detect electric fields as these essential fish species have the ability to sense electric 
fields (CSA Ocean Sciences Inc. and Exponent 2019). Most exposures are expected to be very 
short, however, occurring only when fish swim through the Submarine Cable Route area. Because 
the area around submarine cables where EMF levels are elevated is small (less than 
approximately 10 m [33 ft] around the cable), it represents only a tiny portion of the available 
habitat for fish species.  

Based on the results of an outer Continental Shelf study conducted by BOEM’s Office of 
Renewable Energy Programs in 2019, the operation of offshore wind energy projects, including 
the operation of the proposed Submarine Export Cable, is not expected to negatively affect 
pelagic or demersal fish species within open waters of the southern New England area. This area 
is directly adjacent to the north of the oceanic waters of the New York Bight in the vicinity of the 
Facility’s Submarine Cable Route. Negligible effects, if any, on demersal fish species are 
anticipated; no negative effects on pelagic fish species are expected due to their distance from 
the Submarine Export Cables buried on the seafloor (CSA Ocean Sciences Inc. and Exponent 
2019). 

5.3 Decommissioning Impacts 

While the potential impacts of decommissioning the Facility are largely expected to be similar to, 
but lesser than, the impacts of constructing the Facility, certain activities employed during 
construction that have the potential to negatively impact EFH and FCWA species (e.g., pile 
driving) will not be applicable to decommissioning. If it is determined during decommissioning that 
the Submarine Cable Route be left in pace, the hard surface provided by the cable shielding would 
become a permanent habitat feature. Aquatic organisms that prefer hard substrate could then 
colonize that hard surface while organisms that prefer soft substrate would continue to colonize 
surrounding soft-substrate areas. This effect has the potential to be beneficial in that it would 
support a more diverse biotic community, or it could isolate populations established on either side 
of the Submarine Cable Route, thus creating a corridor facilitating the spread of invasive species. 
If this “reef effect” is determined to have a negative impact on EFH and FCWA species, the 
submarine cables could be removed, which would result in a minor temporary disruption to benthic 
habitat before recolonization occurs. As no permanent impacts are associated with 
decommissioning offshore wind projects and new information and technology that could reduce 
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potential environmental impacts may be available, the impacts of decommissioning the Facility 
are considered to be negligible. 
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6.0 CONCLUSION 

Construction of the Facility will result in temporary impacts to benthic species and has the potential 
to result in localized increases in physical abrasion, burial, or mortality in both demersal and 
pelagic fish species. However, highly mobile fish species have the ability to avoid the temporary 
area of disturbance during installation and would not experience the same level of impact as those 
species that lack mobility during egg and larval life stages. Pelagic fish species are most likely to 
be impacted by construction noise, accidental spills, or the release of contaminants, although 
behavioral avoidance of impacted areas is expected to reduce the extent of this impact. Negligible 
effects, if any, on demersal fish species are anticipated while no negative effects on pelagic fish 
species are expected. The implementation of best management practices and adherence to 
project-specific control plans (e.g., EM&CP and SPCC) will offset the potential for adverse effects, 
while the implementation of construction technology including jet plow embedment, HDD, 
dynamic positioning vessels, and adherence to regulations pertaining to vessel speed, spill 
response, and construction time of year restrictions, will minimize construction impacts. While 
potential impacts of necessary maintenance activities and decommissioning the Facility will be 
similar to the impacts of constructing the Facility, certain activities employed during construction 
will not be applicable to decommissioning. The same avoidance, minimization, and mitigation 
measures would be employed during construction, maintenance, and decommissioning activities.  
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Project Summary  
SHPO Project Review Number: 23PR01154 
 
Involved City, State and Federal Agencies: New York Public Service Commission 
Phase of Survey: Phase IA Archaeological Assessment 
 
Location Information 
Location:  Preferred Route, from south to north, would follow these streets, 1st Avenue, 39th Street, 2nd 
Avenue to Gowanus Substation;  
Alternate Route, from south to north, would follow these streets, 1st Avenue, 39th Street, 2nd Avenue 29th 
Street, 4th Avenue, Atlantic Avenue, Boerum Place, Adams Street, Sands Street, Gold Street, and John Street. 
Minor Civil Division: not applicable (n/a).  There are no defined work areas outside of the centerline streets 
noted, the 42nd Street Pier, and the BCEH location.  
County: Kings (Brooklyn Borough) 
 
Survey Area (Metric & English) 
Length: Alternate, 5.8 miles (9.3 kilometers)  
Width:  land cable trench, in streets, will be 9 feet (2.7 meters) wide by 6 ft. 4 inches (1.9 meters) deep.   
Depth (when appropriate): not applicable 
Number of Acres Surveyed (when appropriate):  n/a 
Number of Square Meters and Feet Excavated:  n/a 
Percentage of Site Excavated: n/a 
 
USGS 7.5 Minute Quadrangle Map: Jersey City PR1981, Brooklyn 1995 
 
Archaeological Survey Overview 
GPR Survey Blocks: none 
Plow Strips: none 
Number & Size of Units: none  
Width of Plowed Strips:  none 
Survey Transect Interval:  
 
Results of Archaeological Survey 
Number & Name of Archaeological Sites identified: none 
Number & Name of Historic Sites identified: see Table 1 in the body of the report.  Five archaeological site 
sensitivity areas overlap the project streets or the adjacent 200-foot-wide buffer areas to either side of the 
streets.  Following research, six locations are recommended for monitoring.   
Number & Name of Sites Recommended for Phase II/Avoidance: n/a 
 
Report Author(s): Carol S. Weed, M.A. (RPA #989090) 
 
Date of Report: June 2023 
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Executive Summary  

Administration and Regulatory 
Approvals 
Anbaric Development Partners, LLC (Anbaric; Applicant) is applying for a Certificate of Environmental 
Compatibility and Public Need (Application) to the New York Public Service Commission (Commission).  The 
Application supports the Applicant’s request for Commission authorization to construct and operate the Hera 
Power Link, a wind-powered energy source (the Project).   
 
Hera Power Link (Facility) is a proposed transmission facility that will connect offshore wind areas in Federal 
Waters to the New York Independent System Operator’s (NYISO) Zone J in Brooklyn (Appendix A, Figure 1 – 
USGS overview, Figure 2 – Route from 42st Street to BCEH).  Subsequent figures herein are numbered in the 
order of text call-out as are photographs. 
 
In 2022, the Applicant defined Preferred HVDC Routes, Preferred HVAC Routes, and eight Alternative Options. 
In Fall 2022 and early 2023, all the off-shore and upland routes were subjected to due diligence review and 
reported to the New York State Office of Parks, Recreation and Historic Preservation, State Historic 
Preservation Office (NYOPRHP, SHPO) and the New York City Landmarks Preservation Commission (LPC) 
(Appendix B – Agency Correspondence).  The cover letters were submitted to the two agencies on February 
11, 2023 (LPC) and February 12, 2023 (NYSHPO).  Each letter detailed the particulars of the submarine and 
land preferred and alternative routes, the results of the due diligence reviews, and proposed work plans for 
any subsequent Phase  IA/IB-level investigations requested by the agencies.   
 
By letters dated March 6, 2023 (LPC) and March 7, 2023 (NYSHPO) both agencies responded with comments 
(see Appendix B).  NYSHPO requested a terrestrial Phase IA Archaeological Assessment report, a 
Reconnaissance Level Historic Resources Survey report, and a marine archaeological report.  The 
Reconnaissance Level Survey report is being submitted concomitant with this Phase IA Archaeological 
Assessment.  The marine archaeological report will be submitted separately later this year.   
 
The two terrestrial reports consider the same terrestrial routes in northwest Brooklyn. These two routes are 
now referred to as the Preferred Route (to Gowanus) and the Alternate Route (to BCEH).  Gowanus is the 
existing Consolidated Edison (ConEd) Gowanus Substation and BCEH is the proposed Brooklyn Clean Energy 
Hub (BCEH).   
 
 

1 
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Project and Route Descriptions  
The preferred submarine routes will come ashore on the west shore of Brooklyn.  The Preferred Route (to 
Gowanus) is effectively an off-shore route that would end at the Gowanus Station. Three alternative landings 
were initially considered for this option.  The southernmost alternative was proposed to come ashore in the 
65th Street railyard.  The second alternative landing would align with the 54th Street pier.  The first and second 
alternative routes would follow 1st Avenue, 39th Street and 2nd Avenue to reach the Gowanus Station.  The 
third option took the Preferred Route from the Brooklyn Landfall to the Gowanus Station and it was advanced 
as a preferred option.  Appendix C (Photographs) herein includes setting views of the streets that will be 
impacted by the proposed land cable trench.   
 
The Alternate Route (to BCEH) begins at the 42nd Street Pier at 1st Avenue and it wends northward to John 
Street south of the East River (see Figure 2).  The Alternate Route would result in 5.8 miles (9.3 kilometers) of 
street work following the sequence of roads listed on Table 1.  Table 1 contains listings of each centerline 
road, and each road crossed by the centerline road.  The cable trench will be laid in the street.  The trench line 
in each road is assumed to be along the right side of the road. Because this is not definite yet, however, the 
centerline was placed in road center and a 200-foot-wide buffer was emplaced to each side of the centerline.   
 
The Land Cable System will consist of a manhole and concrete-encased conduit bank system, installed using 
cut and cover methodologies, as shown in Figure 3 – Typical Duct Bank and Land Trench.  The width of the 
temporary trench during installation (area of disturbance) will be 9 feet (2.7 meters) wide when accounting 
for excavation of side slopes of up to 2:1.  Once completed, the permanent trench will be 4 feet, 6 inches (1.4 
meters) below grade.  The temporary trench will be backfilled and topped with road pavement.  
 
The Applicant, in consultation with regulatory authorities and ConEd, will determine the final interconnection 
facility (and its associated terrestrial route) prior to its final design and approvals. This report considers all 
sensitivity areas and inventoried archaeological sites within the subject streets and the adjacent 200-foot-
wide buffers.  The report also includes consideration of locations where historic street widening resulted in 
the ‘takes’ of existing buildings and structures.   
 

Report Organization 
The report that contains this Executive Summary, two chapters, references cited, and four appendices.  The 
principal sections are  
 

• Executive Summary  
• Chapter 2 – Methods and Results  
• Chapter 3 – Assessment Conclusions and Recommendations 
• References Cited  

 
The appendices included are  
 

• A - Figures  
• B – Agency Correspondence 
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• C – Photographs 
 
All tables are either embedded in the narrative or at the end of the applicable chapter.  
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Table 1.  Route Street Order – South to North 
Segment – South to 
North 

Centerline Road Going North, Streets Crossed by 
Centerline 

Archaeological 
Sensitivity Areas 
Present  

Segment 1:  
  42nd Street Pier, 1st 
Avenue to 39th 
Street 

42nd Street Pier 
to 2nd Ave. 

42nd to 39th Streets, E. to 2nd Ave., N. 
on 2nd Ave. to 29th St., E. to 4th Ave. 

None 

Segment 2:  
4thAvenue to 
Boerum Place 

4th Avenue On 4th Ave., N. across 28th through 1st 
streets, then across Garfield Place; 
Carroll, President, Union, Sackett, 
Degraw, Douglas, Butler, Baltic, and 
Warren streets; St. Marks Place; 
continue across Bergen and Dean 
streets; across Pacific Ave. to Atlantic 
Ave. 

a) Three sensitivity areas 
abut or overlap project 
route.  
 b) No archaeological 
sites plotted in the 
buffers or on the 
centerline.  

 Atlantic Avenue Continue W. on Atlantic Ave., crossing 
Nevins, Bond, Hoyt, and Smith streets 
to Boerum Place 

a) One sensitivity area 
overlaps project route;  
b) one archaeological 
site is in the north side 
buffer; one site outside 
but adjacent to buffer. 

Segment 3: Boerum 
Place to Sands 
Street 

Boerum Place 
blends to Adams 
Street  

N/NW onto Boerum Place, a divided 
highway to SE corner of Boerum Place 
and State Street, then continue 
Boerum Place N across Schermerhorn, 
Livingston Street, Fulton Street, to 
Willoughby Street.  

a) Boerum Place 
widened and historic 
buildings taken.  Boerum 
Place also lies 
perpendicular to the 
MTA HH Shuttle Line  
c) One cemetery is 
plotted in the buffer. 

 Adams Street N/NW on Adams St. to Sands Street One cemetery is plotted 
on the Adams Street 
centerline east of 
Cadman Plaza Park. 

Segment 4: Sands 
Street to John 
Street  

Sands Street Turn E. onto Sands Street going across 
Jay and Prospect Streets to Gold 
Street 

One archaeological site 
in the buffer near Trinity 
Park.  

 Gold Street N. on Gold Street, across Front Street, 
Water and Plymouth Streets to John 
St.  Enter the BCEH via Marshall St.  

None 
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Methods and Results 

Literature Review and Drive-over 
Methods 
Matrix New World Engineering (Matrix), under contract to the Applicant, is providing environmental support 
for the Project.  Carol S. Weed is contracted with Matrix as a Senior Cultural Resources Specialist.  The February 
agency packets were researched and developed by Ms. Weed and Sarah F. Sklar (for Matrix) and Neil N. 
Puckett and Jordon Loucks (SEARCH).  Ms. Weed was the editor and signed each letter.   
 
The terrestrial archaeological assessment for the Preferred and Alternate Routes in Brooklyn and the 
Reconnaissance-Level Historic Resource Survey (Weed 2023b) were researched and prepared by Ms. Weed.  
The project routes were reviewed in the field on April 4, 6, and 13.  The research focused on prior 
archaeological investigations near to and within the buffers and centerline.  Locations with road alignment 
changes were research between March 31 and May 15, 2023.   
 
For the February due diligence site file and project area review, the off-shore and upland routes were both 
considered.  The common sources used by both sets of investigators included the NYSHPO NYCRIS which 
subsumes the LPC Landmark properties and the NYSM site lists.  Meade’s (2020) New York City Cemetery 
inventory also was referenced for the terrestrial options.  
 
Mathew Shepard (NYSHPO CRIS) was provided with Geographic Information System (GIS) merged polygon 
shapefiles and, in turn, he provided data sets for both submerged and upland cultural resources in addition 
to listings of previously completed surveys. The merged polygon shapefiles were filed with the submission to 
NYSHPO and LPC. The February upland merged polygon/shapefile included the centerline and a 320-foot (97.5 
meters) buffer located to either side of the centerline.  The buffer width was purposefully broad to facilitate 
context development particularly as regarded archaeological sensitivity.   
 
For both this Phase IA report and Weed (2023b), the buffer to either side of the road centerline was reduced 
to 200-feet (ca. 61 meters).  This width encompassed all buildings and structures facing inward toward the 
centerline on any given road though is captured some buildings in the adjacent parallel blocks on either side 
of the centerline road.   

Overview and Sensitivity Assessments 
This environmental and historic overview is divided into four segments labelled 1 through 4.  The segments 
were defined based on common landscapes and land uses during the 19th and 20th centuries.  
 
A review of Perris 1855, Dripps 1869, Bromley 1880, Hopkins 1880, Sanborn Company 1887, Sanborn 
Company 1888, Ullitz 1889, Bromley and Bromley 1907, and Hyde 1916 was undertaken to establish a 

2 
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functional overview of the land uses to either side of the centerline.  Meade (2020) was reviewed for the 
particulars about cemeteries or vaults that either faced a centerline road or, in one instance, is plotted as ‘on’ 
the centerline road (Rapalye Family Cemetery).  In addition, the New York Transit Museum On-Line Collection 
subway construction and the NYC Department of Records and Information Services Brooklyn 1940s and 1980s 
Tax Photo collections were reviewed.  The archaeology reports available on-line at NYC Landmarks 
Preservation Commission also were accessed.   
 
The segment discussions below begin with consideration of three land use variables as indicators of 
archaeological sensitivity.  These indicators were age and route of the land cable centerline road; proximity 
of churches and cemeteries to the centerline road; and facing lot configuration/size.  Although USDA Web Soil 
Survey provided some information on presence/absence of fill or urban soils with stripped upper horizons, 
there was little useful information in that source.  Some of the historic-era maps did provide information on 
the presence of potable water sources that originally flowed perpendicular to the centerline roads.  These 
streams are noted when present.     

Segment 1: 1st Avenue/42nd Street to 29th 
Street/4th Avenue  

 
Although enclaves of residential buildings were historically present between the 42nd Street Pier/1st Avenue 
and 29th Street/4th Avenue, the land cable route, once off the pier, is confined to roads which follow their 
historic alignments.  Much of 1st Avenue in the project vicinity is made-land as is part of 2nd Avenue.  In order 
to facilitate heavy teamster use, some of the roads were brick paved and eventually the brick was paved over 
(Photographs 1 and 2 – 29th Street brick pavers).  Other current road alignments appear to have once been 
part of the railroad lines that moved goods between the warehouses and docked or off-shore ships (Figure 4 
– Hyde 1916).    
 
Meade identified no cemeteries along this segment nor do any of the atlas plates and sheets call out churches.  
Most importantly, however, is that the pier sets, 1st Avenue and 2nd Avenue were not fully realized until the 
late 1880s when the water lots that bounded 1st Avenue were completely developed (Figure 5 – Dripps 1869; 
Figure 6 – 1880 Bromley; see Figure 4 – Hyde 1916).  
 
The land cable route from the 42nd Street pier to the intersection of 29th Street and 4th Avenue crosses made 
land onto terraces that were documented as part of the Schermerhorn and Bergan landholdings among 
others.  The street grid for much of the length of the routing in this segment has been in place since the 1880s 
and it is underlain by water and sewer lines.  The adjacent buildings stock included large warehouses with 
subterranean elements but these likely did not extend under the street cover.    
 

Segment 2: 4th Avenue to Boerum Place  
 
Starting at 4th Avenue/29th Street and continuing along Atlantic Avenue to Boerum Place, the streetscapes to 
either side of the two centerline roads (4th Avenue and Atlantic Avenue) undergo functional changes.  Based 
on the Perris 1855 plan, relatively short buildings with street level store fronts and upper story apartments 
appear along both major thoroughfares.  Going north on 4th Avenue, the bounding streets like Bergen and 
Dean contain blocks of brick and brownstone rowhouses.  The residential stock dates from the late 1880s and 
the developers took advantage of large landholdings that were subdivided for such uses in the late 1800s.   
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Residual indicators of the earlier, farm-based land divisions were delimited by Meade (2020) who presented 
general plottings for five family cemeteries between 22nd Street and Degraw Street.  These cemeteries, used 
by farm families for years, were mapped by Meade (2020) to the larger land parcels rather than to specific, 
smaller spaces because of a lack of precise location data.  Thus, Meade’s general vicinity cemetery maps, 
bounded by dashed lines, represent the landholding in toto for the referenced families. 
 
Table 2, ordered south to north, presents the family farms laying perpendicular to 4th Avenue between 22nd 
Street and Degraw Street that had cemeteries.  The closest of these cemeteries to the project corridor is the 
Vechte-Cowenhoven Family Cemetery which is plotted just outside of the buffer between 2nd and 3rd Streets 
east of 4th Avenue.  
 

Table 3.  Cemetery General Vicinity Plottings – 4th Avenue Between 22nd Street and Degraw Street 
Streets Subsumed by 
General Vicinity Plotting 

Cemetery Name Cemetery Type Meade Based Mapping 
On  

4th Avenue between ca. 22nd 
to 19th Streets 

Woodard Farm Cemetery Homestead 1874 Fulton Farm Map 
showing Woodward land 
boundaries 

4th Avenue between ca. 19th 
Street to mid-way between 
Prospect Avenue and 16th 
Street 

Wyckoff Family Cemetery Homestead 1874 Fulton Farm Map 
showing Wyckoff land 
boundaries 

4th Avenue between ca. mid-
way between Prospect 
Avenue and 16th Street to 
12th Street 

Berry Farm Cemetery Homestead 1874 Fulton Farm Map 
showing Berry land 
boundaries 

4th Avenue between 12th  
Street to ca. 9th Street 

Van Brunt Farm Enslaved 
Persons Cemetery, 
Gowanus 

Homestead Mapped to the southern 
part of the Van Brunt 
farm (1874 Fulton Farm 
Map)  

4th Avenue between 2nd and 
3rd Streets 

Vechte-Cowenhoven 
Family Cemetery 

Homestead Unknown 

Garfield Place to slightly 
north of Degraw Street 

Polhemus Family 
Cemetery 

Homestead Mapped to the 
boundaries of the 
Polhemus farm on 1849 
Colton map 

 
Although the street grids were in place, the filling of the block lots was barely begun by the 1880s (Figure 7 – 
Bromley 1880).  The build-out of the blocks took some 40 years to complete.  Figure 8 – 1880 Hopkins clearly 
shows a large stream still unfettered crossing through the block between 3rd and 4th avenues between Warren 
and Wyckoff (nee St. Marks Place) streets.  The terraces to either side of the steam would have been ideal 
locations for both Indigenous Nation and early Colonial-era habitation.    
 
Archaeological sites and sensitivity areas are present within or near to Segment 2 though the identified sites 
are outside of the buffers.  These sites are USN 4701.020238 (Rear Yard of 197 9th Street/Gowanus Pre-K; HPI 
2006), USN 047801.014947 (Revolutionary War Mass Grave; Hanny 1999) and the Vechte-Cowenhoven Family 
Cemetery and the Bishop Mugavero Site (USN 04701.000508) and the Privy and Cistern Block 176 Lot 56 (USN 
04701.015450) in the buffers along Atlantic Avenue.  The 4th Avenue sites are called out in sensitivity areas 
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that lie adjacent to the west-side buffer between 4th and 10th streets while the two Atlantic Avenue sites are 
located between State Street and Pacific Avenue east of Hoyt Street.   
 
Toward the north end of the segment, a third sensitivity buffer associated with NYSM Site #3606 overlaps 4th 
Avenue.  Site #3606 is an Arthur C. Parker site with no information (Daria Merwin, personal communication, 
2022).  Parker’s (1920:382) notes on identified Indigenous use areas in Kings County include reference to only 
four sites.  Based on the work of others, Parker characterized these functional areas as a cache, a camp site, 
shell heaps, and a burial place.  He concluded “There is little recorded concerning the archaeology of Kings 
county (sic) the early erection of town and villages over this area soon blotting out aboriginal traces.  Without 
doubt, however, it was occupied in nearly every part, and once was an important place of Indian travel and 
traffic.”   
 

Segment 3: Boerum Place/Adams Street to 
Sands Street  

 
As the Alternate Route turns north onto Boerum Place (nee Street), the existing streetscape remains similar 
to that seen on the connecting Atlantic Avenue.  Residential properties lie east of Boerum Place on State Street 
and other residential blocks are south, clustered around Pacific Avenue and to the west around Court Street.  
Boerum Place, however, enters the heart of Brooklyn’s administrative center and as Boerum Place merges 
into Adams Street, the Brooklyn Borough Hall, Supreme and Family Court Building, Emmanuel Celler Federal 
Building and US Courthouse, Kings County Superior Court, and the Board of Education Office building are 
present.   
 
Adams Street, leading from the Borough center to Manhattan via the Brooklyn Bridge, was and is a major link 
between the two boroughs. This is not to say that there was no residential population.  Today, many of the 
original office and government buildings have been converted to residential functions or replaced by new 
condominiums and apartment buildings.  The project route, however, is commonly fronted by administrative 
and government buildings.    Public School 207, built in 1965, is the only lower-grade school inventoried in the 
study corridor though college buildings are present.  With the notable exceptions of St. John’s Church near 
the Superior Count buildings and the Friends Meeting House, now on the corner of Schermerhorn and Boerum 
Place, religious buildings are absent as well.  Such was not always the case, as an important synagogue was 
once present on the corner of State Street and Boerum Place as well.   
 
Meade’s (2020) survey results for this segment attest to a change in cemetery types as well (Table 3).    Two 
of the three cemeteries lie either in a buffer (the Brooklyn Village Cemetery) or on the centerline (Rapalye Family 
Cemetery.   
 

Table 3.  Cemetery General Vicinity Plottings – Boerum Place/Adams Street to Sands Street 
Streets Subsumed by 
General Vicinity Plotting 

Cemetery Name Cemetery Type Meade Based Mapping 
On  

Livingston Street to 
Fulton Street 

Brooklyn Village 
Cemetery 

Public Potter’s Field Mapped to general 
vicinity near Military 
Garden and courthouse 
as shown on Hopkins 
(1880), Plate 5F 
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Table 3.  Cemetery General Vicinity Plottings – Boerum Place/Adams Street to Sands Street 
Streets Subsumed by 
General Vicinity Plotting 

Cemetery Name Cemetery Type Meade Based Mapping 
On  

Northwest of the 
Brooklyn Superior Court 
Building off Johnson 
Street 

St. John’s Episcopal 
Church Cemetery 

House of Worship Matches the modern 
location.  Meade says 
obliterated in 1869.  

Adams Street between 
Tillary and Sands Streets 

Possible Rapalye Family 
Cemetery  

Homestead Impacted by 
construction in 1885 and 
burials reinterred at 
Kings County Almshouse 

 
Transportation was facilitated by the Brooklyn Bridge, the IRT Line Borough Hall Subway Station, and the 
Fulton Line HH Shuttle between Hoyt-Schermerhorn and Court streets (part of which is now 
the NY Transit Museum).  Trolley lines also were present, but were subsequently replaced with bus service.   
 
From Atlantic Avenue, the land cable trench will trend north onto Boerum Place.  Boerum Place is now a 
divided highway (Photographs 3 and 4) and the 1957-1962 widening process incorporated lots on both sides 
of the original street alignment (Roberts and Stone 1990; Downtown Brooklyn Development Association 
[DBDA 1979.021).  The eventual division widened Boerum Place and part of Adams Street between Atlantic 
Avenue and Fulton Street (DBDA March 15, 1957).  By 1962, there was a marked split between a route to 
Brooklyn Bridge (to the west) and Adams Street (to the east).  The named split occurs near to Livingston Street.   
 
The widening resulted in the takings of various historic buildings including the Society for the Prevention of 
Cruelty to Children Building, the Brooklyn Democratic Headquarters, the Kings County Trust Co. Building, and 
the Borough Hall of Records.  Also taken were both residences and commercial enterprises on the east side 
of Boerum Place.  What appears to have been left in place was Brooklyn House of Detention which opened 
the same year (1957) the widening project began.   
 
 It is unknown which side of Boerum Place will contain the land cable trench.  There are three locations on the 
east side of Boerum Place between Atlantic Avenue and Livingston that had ‘takes’ either before the 1957 
widening or because of it.  There is also the HH Fulton Street Shuttle Line that lies perpendicular the trench 
route.  The shuttle line is located under Schermerhorn Street. These four locations are discussed below.   
 
The southernmost location is between Atlantic Avenue and the south side of State Street.  The Congregation 
Beth Israel (also referred to as the Boerum Place Synagogue) was in place on the southeast corner of State 
Street and Boerum Place between 1862, when the cornerstone was laid, until at least 1916 (The Synagogue 
Journal 2006; also Figure 9 – Hopkins 1880; Figure 10 – Bromley 1907, V1 Plate 2; Figure 11 - Hyde 1916).  
The building was damaged in an 1899 fire but renovated according the synagogue’s journal.  Still standing in 
1923, Spellen (2014) believed that the building was removed after that date.  In 1954, construction began on 
the new Brooklyn House of Detention.  It was opened for use in 1957.  According to the DBDA papers, the 
detention center was not taken during the widening project.   
 
The second location is between State Street and Schermerhorn St.  The widening project took the lots west of 
the Friends Meeting House (Block 169, Lot 9) that historically contained commercial enterprises including a 
button factory and plumbing supply company (see Figures 9-11; also Figure 12 – Hopkins 1880 v5Plate5).  
With the removal of the Roy Johnson Company facilities, Boerum Place and its associated sidewalk then butted 
to the much reduced court yard of the Friends Meeting House.  There is no indication in Dibble (1981) that a 
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cemetery was associated with the Friends House but privies or cisterns may have been present as the Friends 
House was in continuous use from 1857 to the late 1880s when the sewer connections were made. 
 
The third location lies perpendicular to Boerum Place under Schermerhorn and it will be crossed by the land 
cable trench regardless of which side of the street the work in on.  This location is now inventoried as the New 
York Transit Museum in CRIS.  Historically it is the decommissioned (Independent Subway System) IND Fulton 
Street Court Street Station, one of the two stations on the HH Fulton Street Shuttle Line (Anonymous 2023).  
The other platform was located three blocks east at the corner of Hoyt and Schermerhorn streets.  The so-
called shuttle line opened in 1936 and closed in 1946.  Its relationship to the Fulton Street Line is shown on 
Figure 13 – USGS 1947.  
 
The HH line re-opened for limited use as a Special Exhibit in 1976. It also was used again in the 1980s for the 
so-called Nostalgia Specials which ran during summer weekends between Court Street and the Rockaways.  
The Museum has been in the Court Street Station since 1979 though the museum closed for a half-year in 
2000 for renovations.  The HH Shuttle line is maintained between Court Street and Hoyt-Schermerhorn Street 
stations and the stretch is used for movie productions (Feinman 1999-2000; Ridgeway 1994).  
 
Ridgeway (1994:8) characterized the Court Street Station as a “two-track, center platform subway station with 
full mezzanine.”  A photograph of the line construction along Schermerhorn Street in October 1930 suggests 
that the line was built using the typical open cut method (Figure 14 – Open Cut Image 14789).  The subway 
box as depicted is relatively shallow relative to street level. In cases where this method is used, street utility 
vaults are typically above the level of the subway box top.  Ridgeway (1994) stated the “Station is well 
preserved and architecturally significant.  It retains a great degree of its original architectural integrity despite 
having lost much of its original fabric to a period of disuse and subsequent adaptive reuse.”   
 
The fourth location, also impacted by the 1957-1962 street widening is the block between Schermerhorn and 
Livingston streets.  The Perris 1855 map (Figure 15 – Perris Plate 29) indicates the block was subdivided by 
that year.  The Society for the Prevention of Cruelty to Children Building is shown on Figure 11.  It was on the 
third lot east of Boerum Place on the north side of Schermerhorn.  All the lots west from the Society Building 
to Boerum between Schermerhorn and Livingston were taken for the road widening.   
 
Once on Adams Street, there is only one archaeological site.  Based on Meade’s (2020) plotting for her #2075, 
the Rapalye Cemetery could be present between Nassau and Concord streets to either side of the Adams 
centerline.  Though all burials were reportedly moved in 1885, such mass removals are not always successful.   
 

Segment 4: Sands Street to John Street  
 
The segment from Sands Street to John Street is bounded by commercial/residential and 
industrial/commercial buildings.  The historic residential component is now marked by three discontinuous 
remnants that form the Vinegar Hill Historic District.  The newer residential elements are either converted 
warehouses and commercial buildings or new apartments and condominiums that are replacing aged stock.  
Historically, the industrial uses in the general area include such locations as the oil manufactory that was 
present at on the east side of Gold Street between John and Marshall streets.     
 
There are no inventoried archaeological sites or NYSM sites in the segment centerline roads or buffers.  
However, Meade plots the African Wesleyan Methodist Church Cemetery Location 1 in Trinity Park which is 
in the south side buffer to Sands Street.  Bromley’s 1880 map of the area (Figure 16 – Bromley 1880 Plate 2) 
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indicates that the historic shore/water line cut across Gold Street at John Street leaving the block between 
John and Plymouth streets likely located on the shore, near shore embankment, or bluff features.  The only 
feature of interest along the bluff features Gold Stret routing historically was St. Ann’s Church, located on the 
northwest corner of Front and Gold Streets.  A 1934 picture of the church, now demolished, is presented in 
Presa (1997:17).  No cemetery is associated with the building on the Sanborn sheet and Meade (2020) does 
not call out a cemetery in this area.   
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Assessment Conclusions and 
Recommendations 

The Phase IA archaeological assessment resulted in the identification of six locations where monitoring seems 
to be warranted.  These six locations are in Segments 2 and 3.  There are no recommended monitoring 
locations in Segments 1 and 4.   
 
Segment 2, monitoring of the proposed cable trench between Baltic Street (on the south) and Bergen (to the 
north) is recommended.  The monitoring is to assess if intact buried A-horizons are present on the unnamed 
stream terraces which lie northeast-southwest perpendicular to 4th Avenue between Warren and historic 
Wykoff (now St. Marks Place) streets.    
 
Segment 3, monitoring is recommended from Atlantic Avenue to Livingston Street on the east side of Boerum 
Place (nee Street) at the following locations 

1. between Atlantic Avenue and State Street in order to confirm that no features related to the 
synagogue remained after the detention building was erected 

2. industrial and commercial buildings between State and Schermerhorn streets west of the Friends 
House 

3. HH Shuttle Line under Schermerhorn Street perpendicular to Boerum Place 
4. industrial, commercial, and government buildings between Schermerhorn and Livingston streets west 

of the Society for the Prevention of Cruelty to Children Building 
 
Segment 3, monitoring is recommended on Adams Street between Concord and Nassau streets which bracket 
the plotted location of the historic Rapalye Cemetery (Meade #2075) on the east side of Adams.   
 
No other archaeological monitoring is recommended.  Prior to monitoring, a work plan should be developed 
and reviewed by both NYSHPO and LPC.  The work plan should document prior in-street development within 
the listed street sections prior to the initiation of both construction and monitoring.  The work plan should be 
accompanied by an Unanticipated Find plan.   
  

3 
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11 February 2023  
 
Electronic Filing 
 
New York City Landmarks Preservation Commission 
Director of Environmental Review 
Ms. Gina Santucci 
Municipal Building 
1 Centre Street, 9th Floor North 
New York, NY 10007 
 
RE:  CULTURAL AND HISTORIC RESOURCES NOTICE OF PROJECT WITH WORK PLAN, ANBARIC DEVELOPMENT 
PARTNERS, LLC PROPOSED HERA POWER LINK, RICHMOND COUNTY (STATEN ISLAND), KINGS COUNTY 
(BROOKLYN), AND FEDERAL AND NEW YORK STATE WATERS   
 
Dear Ms. Santucci: 
 
On behalf of Anbaric Development Partners, LLC (Applicant), Matrix New World Engineering, Land Surveying, 
and Landscape Architecture, PC (Matrix) is requesting initial consultation on the proposed Hera Power Link 
(Proposed Project). An application to New York State Public Service Commission (PSC) for a Certificate of 
Environmental Compatibility and Public Need is currently being prepared for the Proposed Project. This 
application requires assessment of potential environmental impacts on cultural resources.  We are informing 
your office of the project and are seeking initial comment on the need to monitor street trenching if the 
Proposed Project is routed through LPC Districts or in the vicinity of cemeteries.  
 

INTRODUCTION 
 
Hera Power Link (Facility) is a proposed transmission facility that will connect offshore wind areas in Federal 
Waters of the Atlantic Ocean (WEAs) to the New York Independent System Operator’s (NYISO) Zone J in 
Brooklyn (Attachment A, Figure 1 – USGS overview, Figure 2 – Staten Island Detail, and Figure 3 – Brooklyn 
Detail).  As discussed below, the Applicant has defined both Preferred and Alternative Options that are primarily 
distinguished between those with upland or submarine routings.  In addition to the submarine cable 
transmission and land cable routes, eight preferred and alternative landing locations also were subjected to in-
field and site file review.  These include  
 

1. Staten Island – Option 1, Gateway, Arden Avenue 
2. Staten Island – Option 3, Great Kills, South Beach 
3. Staten Island – 200 Edgewater Street, HVDC to HVAC Converter Station (a point of interconnection 

[POI]) 
4. Brooklyn – Option 2 Brooklyn In-Water, an alternative landing in the railyard near 65th Street and 1st 

Avenue 
5. Brooklyn – Option 2 Brooklyn In-water, an alternative landing at the 42nd Street Pier off 1st Avenue 
6. Brooklyn – Option 2 Brooklyn In-water, preferred landing at Brooklyn’s ConEd Gowanus Generating 

Station land pier at 4100 1st Avenue  

http://www.mnwe.com/
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7. Brooklyn Consolidated Edison (ConEd) Clean Energy Hub (CEH) on Marshall Street off of John Street  
8. Brooklyn – Option 4 Gravesend, Bay Parkway landing 

 
The Preferred HVDC Route, Preferred HVAC Route, and Preferred Option A (to the ConEd CEH) were subjected 
to cultural resources due diligence review.  Unless directed otherwise, the Applicant will not advance Land 
Options 1, 2, 3, and 4.  However, these land routings also were subjected to cultural resources due diligence 
reviews with associated drive-overs.   
 
Dependent on agency responses, it is possible that any of the Preferred or Alternative Options might need a 
Phase IA Assessment, Documentary Study, Section 233 Permit, or a Phase I Maritime Archaeological Resource 
Assessment (MARA).   
 
This notice of project and work plan is being submitted New York State Office of Parks, Recreation and Historic 
Preservation, State Historic Preservation Office (NYSHPO) and the New York City Landmarks Preservation 
Commission (LPC). These materials also will be submitted to PSC in support of the Article 7 Application.  The 
New York State Museum (NYSM) and the New York State Office of General Services (OGS) also may be informed 
of the project depending on comments received from NYSHPO.  PSC is the lead agency as it will review and 
approve the Article 7 Application.   
 
NYSHPO, under Section 106 of the National Historic Preservation Act, as amended, and Section 14.09 of the New 
York State Historic Preservation Act, will comment on a proposed project that could directly or indirectly impact 
buildings, structures, objects, districts, archaeological sites, or traditional cultural properties that have the 
potential to be or are listed on the State and National Registers of Historic Places (S/NRHP).  Included in the suite 
of resources are National Historic Landmarks.  The LPC will comment on any proposed project that directly 
impacts city roads and/or that would have direct or indirect effects on landmarks, interior landmarks, or 
districts.  The OGS will not require a 233 permit for the initial High Resolution Geophysical (HRG) survey offshore 
in state waters.   
 
The discussion that follows is divided into three primary parts: Project Description, Cultural Resources Due 
Diligence Review and Results, and the Proposed Cultural Resources Work Plan.  Conclusions about specific 
properties are within the test.  The proposed work plan contains the following sections: Proposed Area of Effect 
Definition, Research Methods, Field Methods, Reporting, and Personnel.  Full-page numbered figures are 
presented in Attachment A; inset figures are included herein and they are lettered.  Attachment B contains 
submarine cable tables, Attachment C contains land cable photographs and tables, and Attachment D are the 
shapefiles for the preferred and option routes.  
 
This document was prepared jointly by Matrix (Carol S. Weed, Sarah Sklar) and SEARCH (Neil Puckett, Jordon 
Loucks) personnel.  Their contact information is presented in the personnel section of the proposed work plan.  
Construction information presented in the Project Description was taken from descriptions of similar actions 
provided by the Applicant and refined to fit the conditions for the proposed Hera Facility.  This document has 
been subject to review by the Matrix Project Managers (Robert Fiorile, Donna McCormack) and the Applicant.   

 
PROJECT DESCRIPTION 

 
The Facility proposes POIs at either ConEd‘s existing Gowanus Substation or the proposed ConEd CEH.  Both 
POIs are located in Brooklyn (see Figures 1 and 3).  Both interconnection options have been determined to have 
capacity to accommodate the injection of power from the Facility.  
 



 
 
 
 
 
 

3 
 

The Facility will provide for submarine transmission of 1,200 megawatts (MW) of High Voltage Direct Current 
(HVDC) electric from the WEA to a proposed Converter Station on the western shore of Staten Island where it 
will be converted to High Voltage Alternating Current (HVAC). The HVDC submarine cable system will land via 
Horizontal Directional Drilling (HDD) and be buried via a short length of cable to connect to the Converter 
Station.  
 
Then, following conversion, the HVAC cable system will exit the Converter Station via HDD.  The HVAC cable will 
be buried beneath the seabed of New York Bay, land on the western shore of Brooklyn (Kings County) and travel 
beneath public roadways and rights of way (ROW) to one of the POIs in Brooklyn.  
 
The Facility’s principal components will consist of the following elements: 
 

1. Approximately 12.9 miles (11.2 nautical miles) of HVDC bundled submarine cable buried beneath New 
York State waters in the seabed of the New York Bay with landfall to link to the proposed Converter 
Station on the eastern shore of Staten Island (see Figure A1). 

 
2. Approximately 0.5 miles (1 kilometer) of underground cable with associated fiber optic cable (HVDC 

Land Cable) to link the Submarine Cable System to the Facility Converter Station. 
 

3. An underground Transition Vault, where the Submarine Cable System and HVDC Land Cable are linked 
(the HVDC Cable System). 

 
4. Cofferdams or gravity cells with limited dredging to facilitate HDD installation for HVDC Cable System 

landfall. 
 

5. Converter Station that will use Voltage Source Converter-High Voltage Direct Current (VSC-HVDC) 
technology to convert power from DC to AC. It will be located on the 4.7acre (1.9 hectares) waterfront 
property at 200 Edgewater Street in Staten Island.  

 
6. Approximately 4.6 miles (4.0 nautical miles) of HVAC bundled fiber optic submarine cable (a total of 4 

cables) buried beneath New York State waters in the seabed of the New York Bay.  
 

7. Cofferdams or gravity cells with limited dredging to facilitate HDD installation for HVAC landfall. 
 

8. Approximately 1.2 miles (1.93 kilometers) of upland cable buried beneath public roadways and ROWs to 
transmit power from landing of the Submarine Cable System in Brooklyn to either the existing ConEd 
Gowanus Substation or approximately 5.8 miles (9.3 kilometers) to the proposed ConEd CEH (Option A).  

 
The particulars about the submarine and land routes are presented below.  
 
Submarine Cable Routes (HVDC and HVAC)  
 
Construction Methods 
In typical submarine conditions, the cable will be buried approximately 6 ft (1.8 m) beneath the seabed. A burial 
depth of up to 14 ft (4.3 m) will be required in extraordinary seabed conditions and beneath Federal Channels 
and other navigation channels. The final burial depths at each area of the Subsea Cable Route will be 
determined in consultation with the United States Army Corp of Engineers (USACE). The width of the cable 



 
 
 
 
 
 

4 
 

trench is 5 ft (1.5 m) and the width of the cable corridor for a single circuit cable bundle is 200 ft (61 m), with the 
actual cable trench placed in the middle, as shown in Figure A below.   
 

 
Figure A. Typical Submarine HVDC Single Circuit Corridor Trench 

 
Potential deviation from this configuration of the bundle will be expected at two locations of the route. The first 
one is at the proximity of the offshore converter station platforms, where the bundle will be separated to pull 
the individual cables inside the platform separately. The second one is at the landfall HDD, where the bundle will 
be split, and each cable will be pulled in separately. 
 
The Submarine Cable System from WEA to the Converter Station consists of a single core HVDC cable and 
potentially a standalone fiber optic cable, bundled together and buried to a depth specified to protect against 
anchor drags, damage due to fishery gear, and against exposure due to movement of the seabed. The main 
advantage of installing the cables in a bundle is the reduction of the necessary burial activities and space for 
installation as well as the limitation of the resulting magnetic field on the surface along the route. 
 
The HVAC Submarine Cable System will leave the Edgewater Converter Station and cross the Bay to land in 
Brooklyn.  The HVAC Submarine Cable System consists of a four single core HVAC cables and potentially a stand-
alone fiber optic cable.  
 
Submarine Cable System Landfalls 
The landfall of both submarine cable systems will be accomplished using HDD technology that minimizes overall 
disturbances in-water and on the shorelines. To facilitate HDD, submarine transition will require installation of 
temporary cofferdams with limited dredging inside the cofferdams. Upland of each cofferdam, transition vaults 
will be installed for the required splicing and connection of submarine cable to land cable. Plans herein depict 
the approximate location of cofferdams and transition vaults, but these locations will be finalized in the 
Environmental Management & Construction Plan (EM&CP). 
 
In Staten Island, landfall occurs on the Edgewater Converter Station site that is land controlled by the Applicant. 
The site was selected as one of few available waterfront properties with enough space to accommodate 
infrastructure required for the Converter Station.  Landfall in Brooklyn occurs at 102 41st Street; a NY 
Department of Small Business Services (SBS) owned land pier that extends into the Gowanus Bay.  This site was 
selected because it is undeveloped and provides space for the infrastructure required to land and splice the 
cable, occurs on public lands that do not require private acquisitions, and the location avoids conflicts with other 
existing or approved cable landings. 
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We note that either a cofferdam or temporary gravity cells could be used at the upland landings. The cofferdam 
would surround all the cables in the HDD at each of the two landings while a temporary gravity cell structure 
would have one cell for each cable.  Figure 4 – 345 kV Transmission Line HDD Layout Area provides a plan view 
of the possible configuration of the upland work space at the Brooklyn Gowanus pier landing.   
 
It is possible that the work space at the Brooklyn Landing would be as small as 70 by 20 feet (21 x 6 meters) 
though it could be as large (200 x 150 feet [61 x 46 meters]) as that depicted on Figure 4 referenced above.  
Under typical conditions, any temporary gravity cell structure will be no more than 2,000 feet (609 meters) from 
the landing location.  The final configuration of each preferred landing location (Edgewater and Brooklyn 
Gowanus pier) will be submitted to NYSHPO and NYC LPC upon receipt for their final review.  
 
Land Cable Routes (HVDC and HVAC) 
 
HVDC Land Cable Route to Edgewater Converter Station and HVAC Land Cable Route 
The HVDC Land Cable Route is entirely located on the site selected for construction of the Converter Station 
located at 200 Edgewater Street on Staten Island.  The Submarine Cable System lands on the Edgewater Street 
Converter Station site and connects to land cable through the transition vault with approximately 200 feet of 
Land Cable System to connect to the proposed Converter Station.  
 
The Staten Island-based Edgewater HVDC to HVAC Converter Station is proposed on a 4.7-acre waterfront 
property that is controlled by the Applicant.  The current tenants are Reynolds Shipyard.  The existing 
development on the site will be demolished and removed and Converter Station will occupy the entire site 
which includes a waterfront parcel and an adjoining upland parcel (Figure 5 – Proposed Converter Station Site 
(Edgewater Street) with Photograph Key; Photographs C1-C8).  The HVDC submerged cables will make landfall 
on the Converter Station property and the HVAC cables will exit the Converter Station in locations sufficient to 
provide separation of the AC and DC cables. The Applicant proposes to construct the Converter Station using 
typical site redevelopment techniques, which will include demolition, upland clearing, excavation, fill and 
infrastructure improvements. Within the Site, HVDC terrestrial cable will be installed underground. 
 
Submarine HVAC to Brooklyn Landings at Gowanus Station or Option A to CEH via Upland 
The Land Cable System will connect to either the existing ConEd Gowanus Station (Preferred Route) or the 
proposed ConEd CEH.  The latter is referred to as Option A. 
 
The Preferred Route interconnects with Gowanus Station via a transition from submarine to terrestrial at 4100 
1st Avenue (Figure 6 – Brooklyn Landing Route, Gowanus with Photograph Key; Photographs C9 through C13).  
The route then follows 1st Avenue, 39th Street and 2nd Avenue to the station.  The Applicant, in consultation with 
regulatory authorities and ConEd, will determine the final interconnection facility (and its associated terrestrial 
route) prior to its final design and approvals. Option A will extend the land routing following this sequence of 
streets: 29th Street, 4th Avenue, Atlantic Avenue, Boerum Place/Adams Street, Trinity to Gold Street.   
 
The HVAC Land Cable Route will carry the Land Cable System from the shoreline landing to the point-of-
intersection (POI) within public right-of-way (ROW) and primarily beneath paved roadways. The System will 
consist of a manhole and concrete-encased conduit bank system, installed using cut and cover methodologies, 
as shown in Figure B – Typical Duct Bank and Land Trench Corridor Details below.  The width of the temporary 
trench during installation (area of disturbance) will be 9 feet (2.7 meters) wide when accounting for excavation 
of side slopes of up to 2:1.  Once completed, the permanent trench will be 4 feet, 6 inches (1.37 meters) below 
grade.  The temporary trench will be backfilled and topped with road pavement.  
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Figure B. Typical Duct Bank and Land Trench Corridor Details 

 
 

 
Applicant Dismissed Alternatives  
 
To identify potential Land and Submarine Cable Routes between the WEAs and the CEH, the Applicant 
considered several factors concerning environmental impact, constructability, efficiency of the system, property 
control, and cost. The Applicant attempted to minimize overall route length, avoid geologic and navigational 
constraints, and avoid environmentally sensitive areas. The following criteria were used for selection of the 
Cable Routes: 
 

• Minimize overall cable length, electrical losses, environmental impacts, and costs. 
• Minimize longitudinal routing within limited access highway rights-of-way (ROWs). 
• Minimize turns (related to acceptable bending radius of the cable) and significant elevation changes. 
• Minimize disturbances to environmental resources such as wetlands and other environmentally 

sensitive lands, by utilizing previously disturbed lands for construction and cable installation. 
• The availability of easement rights along the route, given the lack of eminent domain authority. 
• Reduce potential for navigational conflicts. 
• Minimize the crossing impacts associated with established vessel anchorages, mooring areas, and 

existing submarine infrastructure such as cables, pipelines, municipal water intakes, etc. 
• Avoid or minimize environmental impacts to aquatic resources and known submerged historical 

resources. 
• Locate subsurface geological conditions conducive to burial of the Submarine Cable by jet plow 

embedment to avoid potential damage to the Cable System and to minimize environmental impacts. 
• Avoid/minimize impacts to sensitive habitat areas such as protected species, essential fish habitat, and 

protected habitats where possible. 
• Availability of properties along the route to construct a HVDC to HVAC converter station. 
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Construction Methods 
The upland construction methods will consist of a manhole and concrete-encased conduit bank system, installed 
using cut and cover methodologies, supplemented with trenchless installations.  The construction contractor 
indicates that the land trenches will be no wider than 9 feet (2.7 meters).  While the exact locations of the street 
trenches are currently unknown, the trench will not extend greater than 18 inches (1.5 ft or 0.46 meters) inside 
the curb line.  The construction equipment will occupy one street lane during the construction period.  In 
sequence, the construction will involve installation of the manholes and then “trenching will ‘connect the dots.”  
It is estimated that one manhole will be installed per week and that each manhole will be separated from the 
next by about 1500 ft (457 m).  The estimate is that approximately 100 feet (30.5 meters) of trench will be 
completed per day.   
 
Staten Island Option 1 – Gateway Land Route to Edgewater Converter Station  
Option 1 is the only one of the upland routes that would cross public beach and enter into public land (Figure 7 - 
Option 1 Gateway with Photograph Key; Photographs C14 through C17).  The Option branches off the 
preferred submerged HVDC cable route 1.76 mi (2.84 km) southeast of Verrazzano-Narrows Bridge. It is 
distributed 1.44 mi (2.32 km) northwest of the branch point, directly to Staten Island where South Beach and 
Fort Wadsworth Beach meet. This option goes ashore on the Fort Wadsworth beach, trends northeast up a 
paved beach path to enter on to USS North Carolina Road to the intersection with USS Constitution Court.  At 
that point, the routing takes the HVDC cable off Fort Wadsworth property via Lily Pond Avenue.  The road 
sequence from Lily Pond Avenue is School Road, Bay Street, Clifton Avenue, Edgewater Street to the Converter 
Station.   
 
Staten Island Option 3 – Great Kills Land Route to Edgewater Converter Station  
Option 3 branches off the preferred HVDC cable route 0.72 mi (1.16 km) north of the northernmost boundary 
point between New Jersey and New York within the Lower New York Bay. The option extends west 9.77 mi 
(15.73 km) toward Annadale Beach on Staten Island and making landfall at Arden Avenue. This is the longest of 
the terrestrial options spanning some 9.7 miles (15.6 km) through predominately residential and village 
commercial areas.  The roads traversed range from four-to-two lanes wide and some of them are bracketed by 
one-way streets making detour routing difficult.  Local truck traffic is heavy and most of the roads also carry bus 
and school bus traffic.  The landing for the HVDC transmission cable would be Arden Avenue, in a residential 
area (Figure 8 – Option 3 Great Kills with Photograph Key; Photographs C18 through C20).  The street sequence 
from there is Amboy Road, Richmond Road, Targee Street, Vanderbilt Avenue, Bay Street, Edgewater Street to 
the proposed Converter Station.  
 
Brooklyn Option 2 – Brooklyn In-Water to Gowanus Substation  
Option 2 has the shortest terrestrial component.  The converted HVAC cable will follow the east side of the 
Narrows Channel to Buttermilk Channel where it will follow the pier line from Buttermilk Channel to Bay 
Channel.  At Bay Channel it will enter via the 4100 1st Street pier in the Gowanus Station (see Figure 3).   Three 
landings were evaluated for this option.  Each of the locations would have required space for a converter 
station, but none offered such space. These landing options are discussed in the next section in detail.  
 
Brooklyn Option 4 – Gravesend Belt Parkway to Gowanus Substation  
Option 4’s submarine route branches off the preferred HVDC cable route at the same location as option 2: 3.44 
miles (5.53 kilometers) southeast of the Verrazzano-Narrows Bridge. It turns northeast 2.25 miles (3.62 
kilometers) southeast of the bridge, extending 1.40 miles (2.26 kilometers) towards King’s County. Based on 
observed conditions, the terrestrial route could result in major traffic disruptions particularly along the Belt 
Parkway and the dense industrial warehouse area along 2nd Avenue.  This option’s route takes it ashore at Bay 
Parkway between Bensonhurst Park and the shopping complex anchored by a Target Store (Figure 9 – 
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Gravesend Landing with Photograph Key; Photographs C21 – C25).  The trench line then follows the western 
side of the Belt Parkway which, for much of the distance, is adjacent to the Bensonhurst Park walkway.  The 
route would exit onto 2nd Avenue and follow that north to the Gowanus Station.   
 

CULTURAL RESOURCES DUE DILIGENCE REVIEW WITH RESULTS 
 
The due diligence site file review prefaced the creation of the proposed work plan.  The review was completed 
to determine 1) the overall archaeological sensitivity of the off-shore preferred and option routes; 2) the 
archaeological sensitivity of the upland options; and 3) the number of listed and eligible historic properties and 
districts that immediately bounded the proposed terrestrial street routes. The in-field reviews were limited to 
drive-overs of the land routes.  These were completed by Carol S. Weed and Sarah Sklar on October 27 and 28, 
2022.  
 
Data Sources Reviewed 
 
For due diligence site file and project area review, the off-shore and upland routes were both considered.  The 
common sources used by both sets of investigators included the NYSHPO NYCRIS which subsumes the LPC) 
landmark properties and the NYSM site lists.  Meade’s (2020) New York City Cemetery inventory also was 
referenced for the terrestrial options.  
 
Mathew Shepard (NYSHPO CRIS) was provided with Geographic Information System (GIS) merged polygon 
shapefiles and, in turn, he provided data sets for both submerged and upland cultural resources in addition to 
listings of previously completed surveys. The merged polygon shapefiles will be filed with this packet submission 
to NYSHPO and LPC.  
 
The offshore shapefiles included the centerline and a 1-mile (1.6 kilometer) buffer.  The upland merged 
polygon/shapefile included the centerline and a 320-foot (97.5 meter]) buffer located to either side of the 
centerline.  The latter width commonly included all buildings, structures, and objects facing inward toward the 
centerline on any given road.   SEARCH further reviewed the NYSHPO historic project plot maps for any 
submerged historic resource surveys within a one-mile search buffer of the proposed routes. SEARCH also used 
the BOEM Archaeological Resource Information Database, the National Oceanic and Atmospheric 
Administration’s (NOAA) Automated Wreck and Obstruction Information System (AWOIS), the NOAA Electronic 
Navigation Charts Database (ENC), and Global GIS Data Services, LLC’s Global Maritime Wrecks Database 
(GMWD) to identify known or potential shipwrecks within the buffer areas for all off-shore routing and the 
landing locations for Options 1, 2, 3, and 4.   
 
Submarine Cable Route Site File Review Results  
 
SEARCH’s due diligence site file review of the preferred and alternate routes reports all known submerged sites, 
shipwrecks, and surveys within the one-mile APE for each corridor. Each route and their associated results are 
discussed below.  A master table including all submerged cultural resources are presented by preferred and 
alternative options in Attachment B, Table B1- Master Previous Offshore Surveys, Table B2 - Master Offshore 
Cultural Resources Sites.  The submarine cable route figures are presented in Attachment A and are Figures 10 
through 13.  The latter show the locations of previously surveyed areas and the reported locations of offshore 
shipwrecks.   
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Preferred HVDC and HVAC Routes 
The due diligence record search of the preferred HVDC and HVAC routed found that 12 surveys had been 
conducted of some part of the two preferred routes (Table B1; see Figure 10 – Submerged Surveys within 1-
mile of the Preferred Route).   
 
An additional survey report provides supplementary information to one survey on the list (NYSHPO Survey 
08SR58377 supplements NYSHPO Survey 09SR59295) and it is not displayed on Figure B1. Five surveys cross the 
preferred route (see Figure 10). Survey 02SR52309 is a maritime shipwreck survey corridor that crosses the 
HVDC and HVAC routes at three locations across Upper and Lower New York Bay. Survey 02SR53363 is a 
maritime shipwreck survey that overlaps the northern portion of the HVDC route and the southern area of the 
HVAC route. Survey 09SR59295 is a large maritime survey located in Lower New York Bay and overlaps much of 
the HVDC route. Surveys 17SR0034 and 18SR56141 are maritime surveys associated with the same proposed 
construction project, with survey 18SR56141 supplementing survey 17SR0034. Both survey areas overlap a small 
portion of the HVDC route in Lower New York Bay. These surveys were the first identified in the record search 
review that include sub-bottom analysis for buried, pre-contact paleofeatures. Finally, survey 21SR00597 is a 
maritime survey located south of surveys 17SR00334 and 18SR56141 and overlaps the preferred HVDC route for 
a short stretch. 
 
The NYCRIS review yielded no information on submerged archaeological sites or historic properties within 1-mile 
(1.6 kilometer) of the preferred HVDC and HVAC routes. However, BOEM, NOAA AWOIS and ENC, and the 
GMWD databases contained 66 known shipwrecks within search area (Table B2; see Figure 11 – Shipwrecks 
within 1-mile of the Preferred Route). None of the shipwrecks are plotted within the 200 feet (61 meters) work 
corridor. Additionally, none of the wrecks identified are within 164 feet (50 meters) of the work corridor edge, 
ensuring that all of the plotted wreck locations have at least a 165-foot (50 meter) buffer between the work area 
and the plotted wreck locations. It is important to note that plotted wreck locations may include error based on 
reporting standards and potential for post-depositional movement. 
 
In addition to shipwreck and recorded sites, NYSHPO Surveys 17SR00334, 18SR56141, and 21SR00597 included 
sub-bottom analysis of the Lower New York Bay buried sediments for potential intact subaerial landforms and 
pre-Colonial period features. These features are commonly referred to as Ancient Submerged Landform 
Features (ASLFs).  None of the surveys identified any intact landforms within the work corridor of the preferred 
HVDC route. Surveys 17SR00334 and 18SR56141 identified one nearby ASLF, an intact peat deposits southwest 
of the Ambrose Channel (Schmidt et al. 2017, 2019). Survey 21SR00597 noted two areas with potential ASLFs, 
intact clinoform bedding northeast of Ambrose Channel and a preserved paleochannel feature to the southwest 
of the Ambrose Channel (Wilson and Gates 2021). These results suggest the presence of a preserved migrating 
paleochannel feature and potential margin deposits buried within Lower New York Bay.  
 
Staten Island Option Route Landings 
Option 1 – Gateway: The NYCRIS record search identified three (3) maritime surveys within 1 mile (mi) (1.6 
kilometers [km]) of the option’s submerged route (Table B1). Of these, NYSHPO Surveys 02SR52309 and 
02SR53363 cross the option where it branches off the preferred HVDC route (see Figure 12 – Submerged 
Surveys and Archaeological Sites within 1-mile of Optional Routes)). No submerged archaeological sites or 
historic resources identified in NYCRIS are within 1-mile (1.6 kilometer) of Option 1. SEARCH identified 11 
shipwrecks within 1 mile (1.6 kilometer) of the option, but none of these are within the 200 feet (61 meters) 
work corridor or within 50 m (164 ft) of the corridor’s edge (Table B2; Figure 13 – Shipwrecks within 1-mile of 
Optional Routes). 
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Option 3 – Great Kills: The NYCRIS database review identified six (6) maritime surveys within 1 mile (1.6 
kilometer) of the option (Table B1). Three of the surveys overlap the option route: surveys 02SR52309, 
02SR53363, and 09SR59295. Each of the surveys overlap the option across its eastern portion (Figure 12). 
 
Option 3 is the only route within 1 mile (1.6 kilometer) of submerged sites within the NYCRIS database. SEARCH 
identified 11 sites within the review area (Table B1; see Figure 12), but none of these were located within the 
200 feet (61 meters) work corridor or the 50 m (164 ft) buffer beyond the work corridor. An additional 17 
wrecks were identified within 1 mi (1.6 km) of the option (Table B1). As with the sites, none of the wrecks fall 
within the 200 feet (61 meters) work corridor or a 164-foot (50 meter) buffer beyond the corridor (see Figure 
13).  
 
Brooklyn Option Route Landings 
Option 2 – Brooklyn: SEARCH identified 12 maritime surveys located within 1 mile (1.6 kilometer) of the option 
(Table B1). Survey 02SR53363 overlaps the option’s route. Additionally, survey 08SR59099, a maritime survey 
located within Upper New York Bay, overlaps Option 2’s 200 feet (61 meters) work corridor near its proposed 
landfall location (see Figure 12).  
 
No submerged archaeological sites or historic resources within the NYCRIS system are within 1 mi (1.6 km) of 
Option 2.  SEARCH’s review identified 31 shipwrecks within 1 mile (1.6 kilometers) of the option. One of these is 
located within the 200 foot work zone and is classified on the NOAA ENC (n.d.) database as an ‘unknown 
dangerous wreck without a loss date’ (Table B1). No additional wrecks are located within the 200 foot work 
zone or within 50 m (164 ft) of the work zone edge (see Figure 13). 
 
Option 4 – Gravesend: Eight (8) maritime surveys from the NYCRIS database and the NYSHPO historic resource 
plot maps are within 1 mile (1.6 kilometers) of this option (Table B1).  Only one survey overlaps the option’s 
route and the 200 foot work corridor: survey 09SR59295. This survey overlaps the southern end of the option 
(see Figure 12).  
 
No submerged archaeological sites or historic resources identified within the NYCRIS database are within 1 mile 
(1.6 kilometer) of Option 3; however, SEARCH identified 44 shipwrecks within this distance (Table B1). One of 
these is located just outside the 200 foot work corridor, 104 feet (31.6 meters) from the option center line (see 
Figure 13). This wreck is classified on the NOAA ENC (n.d.) as an “unknown dangerous wreck without a sink 
date.”  
 
Land Route Site File Results  
 
The terrestrial options subject to site file review were HVAC Preferred Option A to CEH, Staten Island Options 1 
and 3 including landings on Edgewater Street, Arden Avenue, and South Beach; Brooklyn Options  2 and 4 and 
the vicinities of the landings on Bay Parkway,  the 65th Street Railyard north of 1st Avenue, the Bush Terminal 
42nd Street Pier off 1st Avenue, the Gowanus Station Pier east of the intersection of 2nd Avenue and 29th Street, 
and the proposed CEH near Marshall Street off of Johns Street.  The centerline streets were driven.    There was 
no access to the fenced location of the Reynolds Shipyard, which will be demolished for part of the Edgewater 
Converter Station, the 65th Street Railyard north of 1st Avenue, the Bush Terminal 42nd Street Pier off 1st Avenue, 
the Gowanus Station Pier east of the intersection of 2nd Avenue and 29th Street, or the proposed location of the 
CEH.  
 
Table 1 – Land Route Due Diligence Summary Data presents a summary by upland options.  NYSHPO Individual 
buildings, structures, districts, and NYC Landmarks are accounted for in the table.  Individual elements within 
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districts may not all be represented as some of these were outside of the buffer boundaries.  On the table, 
archaeological sites are noted by their NYSHPO Unique Site Numbers (USNs) or those applied to such properties 
by the NYSM and LPC.   Also summarized are those resources with an Undetermined status and those that have 
been determined Not Eligible for listing in the State or National Registers of Historic Places (S/NRHP). 
 

Table 1.  Land Route Due Diligence Summary Data 
Option Search 

Section 
Eligible Listed NR 

Listed 
LPC 
Landmark 

Not 
Eligible 

Undetermined 

Option 1 - 
Gateway 

Centerline 2 2   2 17 
Buffer 4    1 13 

Option 2 Centerline       
Buffer       

Option 3 – 
Great Kills 

Centerline 11 1  4 20 37 
Buffer 3   5 8 19 

Option 4 -
Gravesend 

Centerline 7 3   11 5 
Buffer 3 1  2 13 10 

Option A - 
To CEH 

Centerline 11 1 6  8 9 
Buffer 5 80 10  46 18 

        
TOTAL =   46 88 16 11 109 129 

 
Attachment C contains the detailed Master Land Route Cultural Resources table (Table C1) which is ordered by 
Option and eligibility status.  The option routes are illustrated on Figures 2 and 3.    
 
The following summaries focus on upland resources that by age, function, or location could be directly affected 
by proposed trenching.  A caveat is warranted at this point.  As noted earlier in the Upland Construction 
Methods section, the street trenches will be placed within the curbside lane.   The working assumption in all 
cases is that the working side of a road will follow the direction of land cable from its landing to its station 
(Edgewater Converter, ConEd CEH) or substation (Gowanus Station).  The second assumption is that the cable 
road trenches represent typical utility street installments.  Such installments routinely do not result in direct 
impacts to inventoried historic properties.  However, the resource types that might be directly affected are 
those such as cemeteries, archaeological sites, and underground transportation features such as tunnels and 
subways that could be physically intersected by a trench or destabilized by vibration.  
 
Staten Island – Option 1 Gateway 
Option 1 – Gateway is the terrestrial alternative that would link the HVDC offshore cable route to the Edgewater 
Converter Station via South Beach and city streets (Table C1).  The Gateway Landing would occur on South 
Beach and the buried HVDC cable route would skirt USS North Carolina Road within Fort Wadsworth, following 
Lily Pond Avenue, School Road, Bay Street, Clifton Avenue, to end at the Converter Station on Edgewater Street.   
 
In total, 41 resources are present, either facing the centerline roads or in the adjacent buffers.  NYSHPO has 
determined that South Beach, in general, and the adjacent 10-to-30- foot terraces are archaeologically sensitive.  
The reason for the assignment is the presence of the archaeological remains of the Old Doup Town (aka Dutch 
Oude Dorp; Oude Dorp; Old Town) on the 20- and 30-foot terraces (USN 08501.000027; Boller 1972, Salwen 
1967).  Bolton (1934), Anderson and Sainz (1965), and John Milner Associates (JMA 1978) also reported 
Indigenous Nation uses of the same setting dating to the Archaic and Woodland archaeological eras (John Milner 
Associates 1978).  Old Doup Town remnants are within the Fort Wadsworth Historic District (98NR01405, USN 
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8501.004168) and the buffer on the east side of Lily Pond Avenue and USS North Carolina includes various fort 
buildings at least one of which is demolished (USN 8501.003056).   
 
Once the terrestrial Gateway option leaves Lily Pond Avenue, it trends east onto School Road toward Bay Street 
with its bounding residential and commercial properties.  The side streets along Bay Street also exhibit the same 
functional characteristics though three building complexes of note are also present.  These are St. Mary’s R.C. 
Church with its rectory and school (USN 8501.003728; Anonymous 2022), St. John’s Church Complex 
(94NR00547), and the Rosebank United States Coast Guard Station which was the former Quarantine Station 
(USN 8501.003366; Howe 2013).  None of these resources have reported elements that could now be masked by 
existing Bay Street.  
 
Staten Island – Option 3 Great Kill 
Option 3 – Great Kill traverses the southeast quadrant of Staten Island via city streets.  This route would link the 
HVDC offshore cable route to the Converter Station via a landing at Arden Avenue. The cable route trends west 
to Amboy Road, and then continues generally eastward to the Converter Station via Richmond Road, Targee 
Street, Vanderbilt Avenue, Bay Street, ending on Edgewater Street at the proposed Edgewater Street Converter 
Station complex.   
 
In total, 111 resources are present either bounding the centerline roads or in the adjacent buffers.  The landing 
location is within a NYSHPO defined archaeological sensitivity area.  Arden Avenue, in the area, has received 
renovation since Hurricane Sandy according the NYSHPO (NYSHPO #19PR01002).  Two inventoried buildings are 
located on east of the landing’s HDD on Mayberry Promenade.  One of the residences was determined Not 
Eligible and the status of the other is Undetermined.   
 
From Arden Avenue through Richmond Road, the HVDC centerline route is bounded by residential and named 
neighborhoods with commercial enterprises, schools, and public facilities.  A suite of notable resources are 
adjacent to the centerline route in this segment: two cemeteries (Oceanview and Moravian), the Ernest Flagg’s 
Todt Hill house (LP-01407) on Richmond Road, and two National Register properties (90NR01012 Billou-Stillwell-
Penne House; St. Alban’s Episcopal Church - 90NR01040).  The two cemeteries are layered down ridge slopes 
and their current southern boundaries are marked by stone walls.  It is presently unknown if these boundary 
walls have been in place since the cemetery platting or if boundary walls were erected later in the resources’ 
use-span.  The Ernest Flagg House is the only one in that complex that fronts a major thoroughfare. The other 
associated elements are upslope and on the top of the adjacent ridge line to the west. The St. Albans Church 
Complex and the Billou-Stillwell-Penne house are representative of the types and ages of the buildings along 
both roads.   
 
As the HVDC cable route leaves Richmond Road and continues to its terminus at the Edgewater Converter 
Station, the neighborhoods give way to more commercial development and large institutional complexes also 
appear.  Residences, schools, and churches also are present.  The largest of the institutional complexes on the 
Great Kills Option is on Vanderbilt and it is the U.S. Marine Hospital Complex.  The complex buildings and 
structures are set on an upslope from Vanderbilt Road and are well away from the street proper.      
 
Brooklyn – Option 2 Brooklyn In-Water to Gowanus Substation  
Option 2 is effectively an off-shore route (discussed above) that would end at the Gowanus Station. Three 
alternative landings were proposed for the option.  The southernmost alternative was proposed to come ashore 
in the 65th Street railyard.  The second alternative landing would align with the 54th Street pier.  The first and 
second alternative routes would follow 1st Avenue, 39th Street and 2nd Avenue to reach the Gowanus Station.  
The third option takes Option 2 directly to the Gowanus Station.   
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As will be noted, there are no resources listed on Table 1 (summary data above) for Option 2 but historic 
properties are present.  Those resources include districts that have eastern boundaries on 2nd Avenue, are 
elements within those districts, or as a standalone resource.  The standalone resource is USN 4701.018845 (Owls 
Head WWTP).  It lies south of the 65th Street alternative landing site.  The resource was determined Not Eligible.  
The two districts in question are the United States (U.S.). Army Military Ocean Terminal (90NR01314; Smith 
1983) and the Bush Terminal Historic District (USN 4701.019392).  The U.S. Army Military Ocean Terminal 
nomination form indicates that the Terminal stretches along 2nd Avenue from 58th Street to 65th Street along 2nd 
Avenue.  Supporting figures in the nomination form show that rail lines present between 64th and 65th streets 
are part of the nominated resource but the form does not include the full extent of the lines between 65th Street 
and Shore Parkway.  It appears that the 65th Street landing could occur outside of the Terminal’s nomination 
boundaries.  The Bush Terminal Historic District (USN 4701.000057, USN 4701.019392; Wood and Gable 1974) 
encompasses parts of 1st and 2nd Avenues between 28th and 50th streets.  The 54th Street alternative landing 
location is outside the Bush Terminal district on the south but it would cut trench on both avenues.  The 
terminal Gowanus Generating Station was studied by John Milner and Associates (McVarish et al. 2008) and 
NYSHPO accepted their recommendation that no significant historic resources were present.   
 
Brooklyn – Option 4 Gravesend to Gowanus Substation  
On Table C1, Option 4 is divided into two parts.  Part 1 coincides with the landing on Bay Parkway and route as it 
follows the Belt Parkway to its exit on 2nd Avenue.  Part 2 covers the route after it leaves the Belt Parkway and 
continues northward along 2nd Avenue to the Gowanus Station. In total, 55 resources are present facing the 
centerline route and within the adjacent buffers.   
 
The proposed option’s landing could occur on Bay Parkway.  The parkway’s end at this point is effectively a cul-
de-sac with parking for users of both Bensonhurst Park facilities to the northwest and a Target/Kohl’s complex 
to the southeast (see Photograph C25).  Somewhat surprisingly, this section of the shoreline is not indicated as 
an archaeologically sensitive area though such locations are nearby in the Fort Hamilton vicinity (90NR01295 
Casement Fort; LP-00958 Casement Fort, Fort Hamilton Officer’s Club; USN 4701.020796 Fort Hamilton Army 
Base; USN 4701.024908 Fort Hamilton Interchange Area archaeological site).  Once on the Belt Parkway, the 
option route within the roadway is unknown.  All of the inventoried properties within the Belt Parkway segment 
are outside of the road ROW except for NYSM archaeological sites 3605 and 3611.  These were identified by 
Parker (1920) and their precise locations are unknown (Merwin 2022).  NYSHPO presents their boundaries as red 
blobs in NYCRIS and that means that the area is sensitive for such resources.   
 
The Part 2 resources, following along Shore Parkway and 2nd Avenue to Gowanus Station were discussed in the 
Option 2 discussion above.     
 
Brooklyn - HVAC Option A to CEH  
Option A originates on 29th Street at its intersection with 4th Avenue.  From 4th Avenue, it follows Atlantic 
Avenue, Boerum Place, Adams Street, to Gold Street (Figure 14 – CEH Photograph Key; Photographs C26 
through C28).  Along this routing there are 194 resources either on the centerline route or in the adjacent 
buffers.  Included in the total are 16 National Register properties and 97 that have been determined eligible to 
the S/NRHP or are now listed in the State Register.   
 
Archaeological sensitivity is shown by NYSHPO along 4th Avenue, Atlantic Avenue, and Adams Street.  Meade 
(2020) reported that the Rapalye Family Cemetery is documented as adjacent to or on Adams Street east of 
Walt Whitman Park.  Similarly, six transportation resources are present, all of which are underground resources 
that follow parts of 4th Avenue, Adams Street at Joraleman Street, and Atlantic Avenue.  The subway stations 
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include the 4th Avenue Subway Station (IND; 90NR05370), the Borough Hall Subway Station (IRT; 04NR05274), 
the Atlantic Avenue Subway Station IRT & BMT – Atlantic Avenue (USN 4701.013844), and the Atlantic Avenue 
Subway Station (IRT; 04NR05282).1  Also included are the Atlantic Avenue Control House (90NR01275) and the 
Atlantic Avenue Tunnel (aka Cobble Hill Tunnel; 90NR03137).  All but the Atlantic Avenue Subway Station IRT & 
BMT are National Register listed properties.  Though the Atlantic Avenue Tunnel is non-operational it is still 
intact and its terminus is at Boerum Place.  In all instances, these cemetery and transportation resources are 
susceptible to direct impacts from any subsurface construction direct impacts or indirect vibration impacts.  
 

PROPOSED CULTURAL RESOURCES WORK PLAN 
 
The proposed work plan presented below is predicated on the results of the due diligence review just presented.  
The work plan would be implemented and, as needed, modified if any of the review agencies request additional 
investigations on routing that will be advanced by the Applicant.   
 
The work plan is divided into six subsections (Supplemental Data Sources, Proposed Areas of Potential Effect 
(APEs), Field Methods, Reporting, Schedule, and Personnel).  The plan is structured to conform to the work plan 
specifications outlined in the New York City Landmarks Preservation Commission’s Guidelines for Archaeological 
Work in New York City (Sutphin et al. 2018).   
 
Supplemental Data Sources  
 
The review of supplemental data sources may be requested by reviewing agencies.  In the event that Phase IA or 
other reporting products are requested, these sources relevant to submerged resources would be referenced in 
addition to those used during the due diligence review: historic maps and maritime charts for the subject area.   
 
The supplemental sources that will be used for upland resources will be borough-specific historical societies; the 
New York Public Library Map Division Sanborn and borough specific coverage for road routing and dimensional 
data; Parker (1920) for Indigenous Nation village and camp site locations not noted in the NYSM inventory; 
Meade (2020) for the reported presence of historic cemeteries adjacent or crossed by the option centerline 
roads; and the United State Department of Agriculture Natural Resources Conservation Service Web Soil Survey 
data for the extent of fill and made soils particularly at landings and within the pier complex south of Gowanus 
Substation.   
 
Proposed Areas of Potential Effect (APEs)/Submerged and Terrestrial Routes 
 
Based on the results of the due diligence searches, we are proposing separate offshore and upland APEs.  The 
proposed offshore APE will encompass a 200-foot (61-meter horizontal work area extending to a depth of 4 ft 
(1.2 m) below the seafloor surface except below federal channels, navigation channels, and extraordinary 
seabed conditions where a burial depth of up to 14 ft (4.3 m) below the seafloor surface is expected. The final 
burial depth in each submarine area will be determined in consultation with the USACE. The total length of the 
proposed HVDC corridor is 36.2 mi (58.3 km). The corridor begins in Federal waters and continues northwest 
across Lower New York Bay (Figure 15 – Preferred Route with Recommended Survey Areas). The HVDC corridor 
remains on the northeastern side of the Ambrose Channel and it turns northward just south of Coney Island. At 
Gravesend Bay, the HVDC corridor crosses the Ambrose Channel and it then continues northward, under the 
Verrazzano-Narrows Bridge. Past the north side of the bridge, the corridor turns towards Staten Island, making 

 
1 The parenthetical initials after each subway name are the historic era corporations or companies that developed various lines in NYC.  In this case, they stand for 

Independent Subway System (IND), Brooklyn-Manhattan Transit Corporation (BMT), and Interborough Rapid Transit Company (IRT).  
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landfall at the proposed Edgewater Street Converter Station. The transition from submarine to terrestrial 
disturbance will occur at a coffer dam next to the station. The configuration of the terrestrial HDD receiving pit 
and the terrestrial work space are discussed below.    
 
After the conversion is completed at the Edgewater Street Converter Station, the submerged HVAC cable 
corridor will resume the size specifications of the HVDC corridor after leaving the HVAC cofferdam.  The corridor 
APE will be 200 ft (61 m) wide and 14 ft (4.3 m) deep. The corridor continues to the middle of the bay and then 
turns northward into Upper New York Bay. The HVAC corridor gradually turns to the northeast until it abruptly 
turns to the southeast and makes landfall at a pier located at 4100 1st Street. At the transition from submarine 
to terrestrial disturbance, the APE again consists of a cofferdam or a temporary gravity cell structure.  The 
proposed upland APE considers the on-shore work area of each landing including the vertical distance from 
existing ground surface to 10 ft (3 m) below the bottom of the trench line.  The vertical extent of the APE is 
based on the areas sandy soils which may necessitate extra space for shoring or other safety measures.  Once 
the upland cable lines leave the HDD pit, the APE will revert to the horizontal extent of the proposed trench plus 
10 ft (3 m) to either side of the trench wall. The expanded horizontal extent considers the presence of historic 
features such as cemeteries that are adjacent to the route roads and also changes in road alignments which may 
now mask historic features.      
 
Field Methods 
 
Offshore Field Methods 
SEARCH predicates the following discussion of methods on the conclusion that subsequent work would include 
HRG survey.  SEARCH may recommend secondary diver investigations and/or coring depending on findings from 
the HRG survey.  The areas that should be subject to HRG survey are based on the site file review and provide 
details for potential Phase 1b investigations. 
 
SEARCH’s due diligence site file review noted that 18.6 mi (29.9 km) of the total 36.2 mi (58.3 km) preferred 
HVDC and HVAC corridor has already been subject to maritime cultural resources survey. This consists of 51% of 
the APE. Of the portion of the corridor that has already been surveyed, 15.9 mi (25.6 km) has been surveyed for 
only shipwrecks and 2.7 mi (4.3 km) has been surveyed for both shipwrecks and preserved pre-contact features 
and landscapes. SEARCH recommend no additional survey for the 2.7 mi (4.3 km) of the corridor that has been 
surveyed for shipwreck and pre-contact landscape features. SEARCH recommends a Phase 1b HRG remote 
sensing survey for the remaining 33.5 mi (53.9 km) of the preferred route. The 15.9 mi (25.6 km) of the 
preferred route that has been surveyed for shipwrecks is recommended for sub-bottom profiler survey. The 17.6 
mi (28.3 km) of the preferred HVDC and HVAC corridor that has not been subject to maritime cultural resources 
survey is recommended for full remote sensing survey including sub-bottom, side-scan sonar, and 
magnetometer survey (see Figure 15). 
 
Submerged Remote Sensing Survey: SEARCH recommends maritime HRG survey along the Preferred HVDC and 
HVAC APEs, generally following guidelines established by BOEM in Guidelines for Providing Archaeological and 
Historic Property Information Pursuant to 30 CFR Part 585. By doing so, the survey results from New York State 
waters can be seamlessly integrated with results of survey in Federal waters. Based on these standards, SEARCH 
recommends HRG survey along the APE corridor be conducted using 98-foot (30 meter) line spacing. The entire 
APE survey corridor can be covered with three survey transects. As with the BOEM (2020) recommendations, 
SEARCH recommends a tie-line survey perpendicular to the corridor every 1640 feet (500 meters). 
 
The equipment used for HRG survey will depend on the data gaps that the survey is intended to fill. For locations 
where no maritime cultural resource survey has been conducted, a full suite of remote sensing equipment 
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should be used. These include a magnetometer, side-scan sonar system, and a sub-bottom profiler. Location 
data during the survey should be recorded using a state-of-the-art navigation system with sub-meter accuracy. 
Location data should be continuously recorded during the survey and logged digitally. 
 
The magnetometer will provide data about the location, size, and distribution of ferrous objects and associated 
shipwreck material within the APE. SEARCH recommends deploying a magnetometer and recovering a minimum 
of three transects of data at 98-foot (30-meter) spacing to provide sufficient data to identify potential cultural 
materials and distinguish them from infrastructure such as pipes and cables. During survey, the magnetometer 
should not exceed 19.7 feet (6 meters) above the sea floor. The magnetometer data should be sampled at 
greater than 4.0 Hz and the sensor data stored digitally. 
 
The side-scan sonar provides a visual representation of the sea floor based on acoustic reflections of the 
sediment surface. This image can be used to identify potential wreck debris, historic resource materials, changes 
in sedimentation, or glacial debris within the APE. The side-scan sonar system should operate at 500-kHz or 
greater and be capable of resolving targets as small as 1.6 feet (0.5 meters) at maximum range. The side-scan 
sonar data must provide 100 percent overlapping coverage of the work corridor. The sensor should be towed 
above the seafloor at a height between 10-20 percent of its maximum range. Data should be stored digitally and 
monitored during survey to ensure date quality and acquisition. 
 
The sub-bottom profiler provides a visual representation of changes in sediment below the sea-floor surface, 
helping to identify both potential buried post-contact cultural materials, such as shipwrecks, as well as buried 
and preserved ASLFs. These features may be indicative of preserved past landscapes including buried river and 
stream channels, lakes, estuaries, and the adjacent landscapes where past populations lived and thrived during 
periods of lower sea level. Due to the shallow depth of potential disturbance (<10 m), a Compressed High 
Intensity Radar Pulse (CHIRP) system is adequate for the sub-bottom survey. The system employed should 
provide a vertical bed resolution of 1.0 feet (0.3 meters).  
 
As discussed above, 15.9 miles (25.6 kilometers; 43%) of the preferred HVDC and HVAC corridor is 
recommended for full maritime survey using the magnetometer, side-scan sonar, and sub-bottom profilers. An 
additional 17.6 miles (28.3 kilometers; 48%) is recommended for only sub-bottom profiler survey rather than 
the entire suite of remote sensing tools. 
 
Based on the findings of the HRG survey, additional work may be recommended. These may include diver 
identification or sub-surface coring of potential submerged cultural resources and/or ASLFs. Conversely, the 
proposed route may be adjusted to avoid any potential cultural resources or ASLFs identified during survey, 
negating the need for further investigations. 
 
Upland Field Methods  
If the agencies request a Phase Ia or Documentary Study, they may also request additional drive-over/walkover 
to confirm the existing conditions of properties currently classified as Undetermined.  Each such location will be 
visited and its existing condition recorded.  Of particular interest should be those resources that were originally 
recorded as schools, churches, and similar cultural institutions that no longer function as originally recorded.   
 
Monitoring open trench work is an option if any upland option advances to construction.  In this event, a 
monitoring plan will be formulated based on the construction plans for the route section in question.   
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Reporting  
 
Since 2014, NYSHPO has requested that separate Phase 1a level documents be submitted for archaeological 
assessments and those considering buildings/structures.  The latter document is referred to as a Reconnaissance 
Level Historic Survey.  We assume, then, that the offshore routes will be completed as required with a minor 
contribution from Matrix to cover the terrestrial segment of any landing.   
 
Maritime reporting of the findings of the Phase 1a and subsequent 1b survey will adhere to NYSHPO guidelines 
for reporting. To ensure that reporting guidelines follow federal standards, a list of all magnetometer anomalies 
and side-scan sonar acoustic targets will be provided to NYSHPO, NYSM, and LPC. Side-scan sonar targets will be 
presented in a table with representative imagery. Finally, sub-bottom acoustic reflectors indicative of cultural 
resources or ASLFs will be presented with representative imagery and a plan view of the observed feature 
extents. 
 
Each report will be supported by glossary/abbreviation lists, references cited, figures, photographs with photo 
logs/keys, and, if needed artifact catalogs.  
 
Project Schedule 
 
The application is currently proposed to be submitted in the first half of 2023.  Once approved, it is anticipated 
that site clearing to final site work will take a maximum of 54 weeks.  Construction at the converter station 
location include site clearing, site grading, placement of foundations and underground facilities, building and 
equipment erection, and final site work.    
 
Personnel 
 
The current cultural resources team for the project is comprised of the following archaeologists and a senior 
planner.   
 
Submerged Cultural Resources (SEARCH) 
Project Manager: Jordon Loucks (Ph.D., RPA 39754531) Project Manager, SEARCH Florida – Jacksonville Office 
Email: jordon.loucks@searchinc.com, office: 904-379-8338, cell: 607-237-2517 
 
Principal Investigator, Field Lead, and Senior Author: Neil N. Puckett (Ph.D., RPA 4836) Senior Maritime 
Archaeologist, SEARCH – Austin Station 
Email: neil.puckett@searchinc.com, cell: 775-527-0016 
 
Terrestrial Cultural Resources 
Principal Investigator, Field Lead, and Senior Author/Editor: Carol S. Weed (M.A., RPA 989090) 
Senior Cultural Resources Specialist (for) Matrix New World Engineering 
Email: cweed@mnwe.com (cc: csw13108@gmail.com), cell: 646.276.2460 
 
Senior Planner: Sarah F. Sklar (AICP, LEED GA), Matrix New World Engineering 
Email: ssklar@mnwe.com, office: 646-273-5570 
 
 

mailto:jordon.loucks@searchinc.com
mailto:neil.puckett@searchinc.com
mailto:cweed@mnwe.com
mailto:csw13108@gmail.com
mailto:ssklar@mnwe.com
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In conclusion, Matrix requests your comment on the Proposed Project and the work plan outlined herein.  If you 
have any questions or require additional information, I can be reached at cell phone 646.276.2460 or 
cweed@mnwe.com (cc: csw13108@gmail.com) 
 
Sincerely, 
MATRIX NEW WORLD ENGINEERING 
 
 
 
Carol S. Weed, M.A. (RPA #989090) 
Senior Cultural Resource Specialist  
(for) Matrix New World Engineering 
 
Attachments: 

• A – Figures 1 through 15 
• B – Submarine Cable Tables (SEARCH)  
• C – Land Cable Photographs and Table 
• D – Preferred and Options Shapefiles 

 
Electronic copy to: 

• Matrix:  Donna McCormack, Sarah Sklar 
• SEARCH:  Neil Puckett, Jordon Loucks 

 
 
 

mailto:cweed@mnwe.com
mailto:csw13108@gmail.com
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